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Spatial and temporal analysis of a fatal landslide
inventory in China from 1950 to 2016

Abstract Landslides result in severe casualties every year in Chi-
na. However, there are few historical fatal landslide catalogs avail-
able to quantitatively assess the impact as well as the temporal and
spatial patterns of landslides. The Fatal Landslide Event Inventory
of China (FLEIC), which spans from 1950 to 2016, was compiled
based on multiple data sources. The inventory contains 1911 non-
seismically triggered landslides, which resulted in a total of 28,139
deaths in China during 1950–2016. The occurrence frequency of
fatal landslides presented significantly different trends for differ-
ent grades of events. Very large fatal landslide events (fatalities
> = 30) were on the rise during 1950–1999 and declined from 2000
to 2016. The decreasing trend after 2000 can be attributed to the
increase in landslide mitigation investments. The small and
medium-sized fatal landslide events (fatalities < 10) showed a
significant increasing trend between 1950 and 2016, especially
during the period of 2000–2016. This significant increasing trend
is partly due to the improvement of the availability of landslide
data online and may also be related to other factors including an
increase in extreme precipitation events, the effects of land urban-
ization, and so on. This suggested that the inherent incomplete-
ness of the landslide time series should be considered when
analyzing. The fatal landslides mainly occurred between April
and September (82.15%), which is consistent with the monthly
precipitation variation in China. Spatially, most of the fatal land-
slides occurred in 14 provinces: five southwestern provinces (Yun-
nan, Sichuan, Guangxi, Guizhou, and Chongqing), five
southeastern provinces (Hunan, Guangdong, Fujian, Jiangxi, and
Zhejiang), Shaanxi and Shanxi, Hubei and Gansu. These 14 prov-
inces account for 86% of the total fatal landslides and their asso-
ciated fatalities. The spatial association between the fatal landslide
density and possible influencing factors was assessed based on a
geographical detector method. The results showed that the
interacting factors between the precipitation and topography, soil,
lithology, vegetation and population density are more closely
related to the spatial distribution of fatal landslides than each
individual factor.

Keywords Fatal landslide . Inventory . Spatiotemporal
patterns . China . Geographical detector method

Introduction
China is one of the countries that experiences a severe loss of life
as a result of landslides (Petley 2012; Lin et al. 2017a, b). The
statistics of the China Statistical Yearbook show that 373,630 land-
slides occurred in China, which resulted in 10,996 total deaths,
with approximately 690 fatalities per year during 2000–2015
(Sheng et al. 2016). Moreover, the occurrence of landslide disasters
is on the rise for three main reasons (Gariano and Guzzetti 2016).
First, the excessive exploitation of natural resources and vegeta-
tion damage has increased the instability of the surface soil
(Nadim et al. 2006). Second, land urbanization, especially

mountainous urbanization, increases the exposed population (Li
et al. 2017). Third, an increase in extreme precipitation in China
has been found, and the areas experiencing unusually extreme
precipitation are also increasing (Fu et al. 2013). For cases that
recently occurred, a landslide occurred on June 24, 2017 in Diexi,
Mao County, Sichuan Province of southwestern China due to
continuous rainfall. This landslide caused approximately 120
deaths (MLRC 2017). Another rainfall triggered landslide killed
23 people on July 1, 2016 in Pianpo Village, Dafang County, Gui-
zhou Province of China (CIGEM 2016).

However, the losses resulting from landslide disasters are often
underestimated, which leads to an unrealistic understanding of
landslide disaster risk. The main reasons for the underestimation
of damages caused by landslides are difficulties observing the
occurrence of landslides, which result from the local impact of
landslides and lack of disaster monitoring networks, such as those
for earthquakes and typhoons. In addition, losses caused by disas-
ters are usually registered as the cause resulting in the damage
caused by the landslide is often registered to an earthquake,
typhoon, or flood (Kirschbaum et al. 2015). Therefore, it is key to
accurately understand landslide disaster risk by developing and
analyzing the historical landslide inventory.

Landslide inventories are critical step to understand, track and
analyze landslide disasters, and provide a foundation for landslide
hazard, vulnerability, and risk assessment. They can be divided
into event-based and historical inventories (Klose et al. 2015).
Event-based database refers to landslides caused by a triggering
factor (earthquake, typhoon, etc.). Such databases are often used
to analyze the causes and effects of a single disaster event. Histor-
ical landslide catalogs constitute a pool of data on landslides and
can be divided into global, continental, national, and regional
scales according to the landslides that occurred in certain areas
(Guzzetti et al. 2012; Klose et al. 2015). On a global scale,
Kirschbaum et al. (2015) established a global landslide catalog
covering the period of 2007 to 2013. Based on where and when
the landslides happened, the temporal and spatial distribution was
analyzed. The results showed that landslides were reported most
frequently from July to September. Most events occurred in Asia,
North America, and Southeast Asia. Petley (2012) compiled a
global fatal landslide database for the period from 2004 to 2010.
The method of running mean and spatial analysis were adopted to
investigate the spatiotemporal patterns. The results showed that
hotspots of global fatal landslides (causing death) are concentrated
in China, south Asia, southeast Asia, Latin America, and the
Caribbean. Such spatial concentration dominates the annual land-
slide cycle, which is highest in the summer in the northern hemi-
sphere (Petley 2012; Kirschbaum et al. 2015). On a continental
scale, Sepúlveda and Petley (2015) built a fatal landslide database
of Latin America and the Caribbean during 2004–2013, and ana-
lyzed its spatial distribution. The fatal landslides mainly occurred
in Haiti, Central America, Colombia, and southeastern Brazil.
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Moreover, by comparing the frequency of landslides in El Niño
and La Niña event years with that in common years, the effect
of El Niño-Southern Oscillation (ENSO) on landslide occurrence
was discussed. Their finding showed that ENSO has a significant
effect on the interdecadal fluctuations in the occurrence fre-
quency of fatal landslides in this area. Haque et al. (2016)
collected 476 deadly landslides for 27 European countries dur-
ing 1995–2014 and analyzed the spatiotemporal distribution
using space-time pattern mining tools in ArcGIS Pro 1.1; the
results of this study showed that fatal landslides are on the rise
in Europe, with landslides causing the most deaths in Turkey,
Italy, Russia, and Portugal. On a national scale, Guzzetti (2000)
compiled a landslide database of Italy for the period from 1279
to 1999 and assessed the risk of landslides in Italy. The results
showed that the areas where the landslides frequently occurred
were mainly located in the northern Alpine region and the
southern Campania area. The frequency of landslides against
their resulting fatalities plots for Italy were used to compared
those for Alps, Canada, Japan, China, and Hong Kong. The
result showed that the frequency in Italy was higher than in
the Alps, Canada, and Hong Kong, but lower than that of Japan
and China. The national landslide database of Great Britain has
been developed by Pennington et al. (2015) and enriched by
Taylor et al. (2015). Then, this landslide database was applied
to national daily landslide hazard assessment and landslide
domain mapping. Damm and Klose (2015) established a land-
slide database of Germany and discussed the database
application for analyzing landslide frequency and causes,
impact statistics, and modeling landslide susceptibility. Klose
et al. (2016) further assessed the landslide impacts on
infrastructure and society using three case studies from
Germany landslide database. Pereira et al. (2016) compiled a
catalog of 281 fatal landslides in Portugal between 1865 and
2010. Based on this database, the authors analyzed the spatio-
temporal distribution of landslide frequency and fatalities, and
assessed the mortality risk by mean annual average mortality
rate. They found that landslide fatalities mainly occurred in the
north of the Tagus valley. Besides, the landslide mortality rate
shows a slight upward trend in the Portuguese regions. There
are 22 out of 37 countries that have national landslide databases
in Europe (Van Eeckhaut and Hervás 2012).

However, there is still no complete historical fatal landslide
database for China. Li et al. (2016) collected 1221 historical land-
slides from 1949 to 2011 and analyzed the spatial distribution of
landslides. However, the losses (deaths, injured, and missing
persons) caused by the landslides were not considered, which is
important for landslide risk assessment and management. Al-
though the Durham Fatal Landslide Database is used for the
analysis of fatal landslides in Asia (Petley 2010), the global land-
slide database developed by Petley (2012) and Kirschbaum et al.
(2015) that contains some fatal landslide events in China, these
databases are incomplete of data for non-English-speaking coun-
tries such as China, because the collection of such databases were
based on English media. In addition, the shorter time coverage
(less than 10 years) of such databases may limit temporal trend
analyses.

In this paper, we attempt to bridge this gap by developing a
complete Fatal Landslide Event Inventory of China (FLEIC) for the
period from 1950 to 2016. Then, the temporal trends and spatial

distribution of fatal landslides of China in the past 60 years were
quantitatively assessed, and the cause was discussed. Finally, the
spatial association between fatal landslide density and possible
influencing factors was explored.

Material and methods

Fatal landslide event inventory of China
The landslide events that caused loss of life (fatal landslide events)
in China for the period from 1950 to 2016 were collected from
multiple sources including a geological hazard event dataset in
China (1949–2008), geological stress and geological disaster data in
China and neighbor region (1950–1998), the China Geological
Hazard Bulletin, Reports on the Geological Disaster Situation,
the Yesterday Disaster Report, media reports, and the literature.
The term Blandslide^ in this paper refers to the wider definition of
the landslide including landslides, rock falls, and debris flows,
which are the three major land mass wasting movements that
result in fatalities in China. A fatal landslide event in this paper
refers to a single landslide causing one death or multiple deaths.
The main process for compiling the FLEIC is as follows.

The fatal landslide events collected from different sources were
documented, and the duplicated events were removed through
proofreading. Each fatal landslide event is characterized by ten
fields, including ID, date, location, latitude, longitude, radius of
confidence, landslide type, fatality, trigger, and sources, which are
shown in Table 1. The method developed by Kirschbaum et al.
(2010) for landslide event compilation was applied to determine
the latitude, longitude, and radius of confidence. The latitudes and
longitudes were obtained based on Google Earth (http://
www.earth.google.com) and other online maps (http://
www.gpsspg.com/maps.htm). The radius of confidence, i.e., spatial
precision, was calculated based on the geographic location de-
scription of each fatal landslide event. For example, the most
accurate geographical location of fatal landslide 85 is Tonglu
County. Tonglu County covers an area of 1825 km2. Assuming that
the spatial range of Tonglu County is roughly circular, a radius of
24.12 km can be obtained based on the circle area calculation
formula. This means that fatal landslide 85 may be located in a
circle with a radius of 24.12 km, and the radius of confidence of
event 85 in Table 1 is less than 25 km. The field date is the day when
the fatal landslide occurred. If the description of the date is a fatal
landslide triggered by continuous rainfall during the multi-day
process, the intermediate date of the rainfall process is recorded
as the date of the landslide occurrence. Classification of landslide
type was difficult due to some of the data sources, such as media
reports lacking a detailed landslide description. Therefore, we
classified the landslides into three types: generic shallow landslide,
rock fall, and debris flow. The trigger of the fatal landslide was
determined based on the description of the landslide cause. For
example, according to the description by the China Geological
Hazard Bulletin, fatal landslide 1439 occurred at approximately
10:00 on July 24, 2010 in Qiaoergou, Gaobadian of Shanyang
County, Shaanxi Province, which resulted in landslides due to
heavy rainfall. This is an area prone to landsliding. The town of
Gaobadian is located in the Qinba mountainous area, with steep
mountains and slopes. The slope of the landslide is approximately
45–50 degrees with vegetation and an approximately 2–3 m thick,
weathered soil layer. The underlying rock is metamorphic, such as
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calcareous slate. According to the meteorological report, the rain-
fall continued since July 16, including cumulative rainfall of
66.9 mm from 8 o’clock on July 23 to 5 o’clock on July 24. Based
on the above, we attribute the trigger of fatal landslide event 1439
to the heavy rainfall. The fatalities caused by earthquake-triggered
landslides are often attributed to the earthquakes. The actual
fatalities caused by earthquake-triggered landslides can be
underestimated based on the collection of fatal landslide data
through media reports, geological hazard bulletin and online da-
tabases. For example, the May 12th, 2008 Wenchuan earthquake-
triggered landslides in China were estimated to result in a quarter
to one-third of all fatalities (Yin et al. 2009). These deaths were
recorded as a result of the earthquake in media reports, geological
hazard bulletin and other sources. We believe that the earthquake-
triggered landslides in China need to be documented for each
earthquake event through other data sources. Therefore, the fatal
landslide inventory in this paper only contains the non-seismically
triggered landslides.

Eventually, the Fatal Landslide Event Inventory of China
(FLEIC) included a total of 1911 fatal landslide events for the period
from 1950 to 2016, which resulted in a total of 28,139 fatalities. In
the FLEIC, the majority of the fatal landslides are generic shallow
landslides (1295, 67.8%), which are followed by debris flows (318,
16.6%) and rock falls (298, 15.6%). For the 1223 fatal landslides
(64%) in the FLEIC, the trigger was rainfall, and for 78 (4.08%), the
trigger was anthropogenic activity. In addition, 59 (3.09%) fatal
landslide events were caused by rainfall and human activities, and
19 (0.99%) landslides were caused by other natural environment
factors, such as snowmelt or a glacial lake outburst. The exact
triggers for the remaining 532 events (27.8%) are still unknown,
due to the lack of detailed descriptions of the causes. Compared to
the fatal landslides in China recorded during the same period as
the Emergency Events Database (EM-DAT), the fatal landslides in
FLEIC were 26 times that of the EM-DAT (73 events) and the
deaths in FLEIC were 5.1 times those contained in the EM-DAT
(5568 deaths). This indicates that FLEIC can more fully reflect the
losses caused by landslides in China. Compared with the statistics
of landslides in the China Statistical Yearbook from 2000 to 2015,
the number of fatalities in FLEIC for the same period was 8751,
which accounts for 80% of the total number of deaths in the China
Statistical Yearbook. For only the period from 2005 to 2015, the
proportion rose to 97.4%. This shows that the FLEIC can present
the impact of fatal landslide events in China.

Trend analysis

Sen’s slope method
Sen’s slope is a nonparametric method proposed by Sen (1968) to
analyze trends in time series. The Sen’s slope method is widely
used in trend analyses of time series (Wu et al. 2016; Zhang et al.
2017). The advantage of this method is that the time series samples
are not required to follow a specific distribution and are not
susceptible to outliers. The formula is as follows:

β ¼ Median
X j−Xi

j−i

� �
; ∀ j > i ð1Þ

where β is the Sen’s slope of the time series, xj and xi are elements
in time j and i (j > i) of the time series to be analyzed, respectively,

and Median is the median function. When the result of β is greater
than 0, the time series shows an increasing trend. When the result
of β is less than 0, this indicates that the time series shows a
decreasing trend.

Mann-Kendall test
The Mann-Kendall (MK) method is a nonparametric test method
with the advantage that it is not susceptible to outliers (Kendall
1948; Mann 1945). The MK test method has been widely applied to
test the significance of the trends in time series (Donat et al. 2013).
The equation is as follows:

S ¼ ∑
n−1

i¼1
∑
N

j¼iþ1
sign X j−Xi

� �

sign X j−Xi
� � ¼

1 X j−Xi > 0
0 X j−Xi ¼ 0
−1 X j−Xi < 0

8<
:

8>>>><
>>>>:

ð2Þ

where S is the MK test statistic, xi and xi are the i and j values of
the time series, respectively; and N is the length of the time series.
If a data value from a later time period is higher than a data value
from an earlier time period, the statistic S is incremented by 1. On
the other hand, if the data value from a later time period is lower
than a data value sampled earlier, S is decremented by 1. The net
result of all such increments and decrements yields the final value
of S (Shahid 2011). Then, the standard test statistic Z can be
computed from Formula (2) to evaluate the presence of a statisti-
cally significant trend.

Z ¼
S−1ð Þ=

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
n n−1ð Þ 2nþ 5ð Þ=18

p
S > 0

0 S ¼ 0
S−1ð Þ=

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
n n−1ð Þ 2nþ 5ð Þ=18

p
S < 0

8<
: ð3Þ

where the Z value is greater than 0, this indicates that the time
series is on the rise; if the Z value is less than 0, this suggests that
the time series is decreasing; and if the absolute value of the
statistic Z is greater than 1.96, this indicates that the trend in a
time series meets the 0.05 significance level.

Geographical detector method
The geographical detector method is a statistical method for
spatial variance analysis (Wang et al. 2010; Luo et al. 2016).
The core concept assumes that if an independent variable has
a significant effect on a dependent variable, the spatial distri-
bution of the independent and dependent variables should be
similar (Wang and Xu 2017). The geographical detector meth-
od was first applied to health risk assessment (Wang et al.
2010), and then, the method was applied to the dissection
density analysis (Luo et al. 2016), landslide susceptibility as-
sessment (Luo and Liu 2017), and urbanization driving force
analysis (Liu and Yang 2012). One of the advantages of the
geographical detector method is that both continuous and
categorical data can be analyzed. The formula is as follows:

qx ¼ 1−
1

Nσ2
∑
L

h¼1
Nhσh

2 ð4Þ
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where the qx value is the power of the determinant (PD) value for
factor X, h = 1,...; L is the category of the dependent variable Y or
factor X; Nh and N are the number of samples in category h and
the total samples, respectively; and σh

2 and σ2 are the variance of
the dependent variable Y of category h and the variance of the
entire area, respectively.

The range of qx is 0 to 1. The larger the value of qx, the closer the
relationship between the independent variable X and the depen-
dent variable Y. The qx value is 1, which indicates that factor X
completely controls the spatial distribution of Y. The qx value is 0,
which indicates that factor X has no relation to Y. The qx value
indicates the spatial variation proportion of Y explained by factor
X. This method is used to detect the spatial association of X and Y
rather than the direct causal relationship (Luo et al. 2016).

Another advantage of the geographical detector method is the
ability to detect the interaction of two factors with the dependent
variable. By calculating and comparing the qx of a single factor and
the qx value after the two factors interact, it can be evaluated
whether the interaction of the two factors will increase or decrease
the explanatory power of dependent variable Y. More details can
be found in these studies (Wang et al. 2010; Luo et al. 2016). In this
paper, the geographical detector method was applied to detect the
spatial association of the fatal landslide distribution in China and
the natural environmental and human activity factors.

The dependent variable in this paper is the fatal landslide density of
China, which can be calculated with the point density analysis function
in the ArcGIS spatial analysis toolbox. The fatal landslide with a radius
of confidence less than 25 km was used to calculate the density map.
Then, the spatial distribution of the fatal landslide density of China is
calculated using 25 km as the output raster cell and 3 × 3 pixels as the
neighbor (Fig. 8).

The landslide spatial distribution is affected by many factors,
which can be divided into seven categories (Lin et al. 2017a),
including topography, geology, hydrology, soil, precipitation, land
cover, and ground motion. In this study, we have selected 13
potential influencing factors (Fig. 8b–n), which can be roughly

divided into five categories: geology and soil property (lithology,
faults, soil type, and soil erosion type), climate (precipitation),
topography (elevation, slope, aspect, and curvature), land cover
(normalized difference vegetation index (NDVI) and vegetation
type), and human activity (road density, population density). The
data sources and detailed information for each influencing factor
are shown in Table 2.

For the geology factor, a new high resolution global lithological
map was used to represent the rock properties and contains 15
lithological classes including unconsolidated sediment, siliciclastic
sedimentary rock, pyroclastics, mixed sedimentary rock, carbon-
ate sedimentary rock, evaporites, acid volcanics, intermediate vol-
canics, basic volcanics, acid plutonics, intermediate plutonics,
basic plutonics, metamorphics, water bodies, ice, and glaciers
(Hartmann and Moosdorf 2012). The distance from Quaternary
active faults was calculated to represent the effect of geologic
structures.

The soil type map has 12 soil classes, which include alfisols,
semi-alfisols, pedocals, aridisols, desert soils, amorphic soils, semi-
aqueous soil, aqueous soils, alkali-saline soils, anthrosols, Alpine
soils, and ferrallisols. The soil erosion map is classified into three
main classes: soil erosion by water, wind, and freeze-thaw, accord-
ing to the type and nature of the dominant external erosion forces
such as water, wind, freezing, and thawing. The reason we included
the soil erosion factor is that soil erosion is the process of separa-
tion and transfer of soil particles under dominant natural erosion
forces, which gradually develops in gully regions. With the slight
loss of surface water and soil, rainfall infiltration in the slope area
gradually formed a shallow landslide. Due to the constant infiltra-
tion of rainfall, the softening soil gradually formed a soft slip
surface, and the landslide eventually became unstable. Some stud-
ies have investigated the application of the soil erosion model for a
shallow landslide early warning system (Liang et al. 2015; Lu et al.
2017). Pradhan et al. (2012) also concluded that the soil erosion
map can be used for shallow landslide hazard mapping. For the
climate factor, the average annual precipitation for the period

Table 2 Potential factors influencing the spatial distribution of fatal landslides

Category Factor Description Source

Climate Precipitation Average Annual Precipitation (1980~2010), 1 km resolution http://www.resdc.cn

Geology and soil Soil type 1 km resolution http://www.resdc.cn

Soil erosion type 1 km resolution http://www.resdc.cn

Lithology 1 km resolution Hartmann and Moosdorf (2012)

Distance from faults 1 km resolution

Topography Elevation SRTM 90 m DEM resolution http://srtm.csi.cgiar.org

Slope 90 m resolution Derived from DEM

Curvature 90 m resolution Derived from DEM

Aspect 90 m resolution Derived from DEM

Land cover NDVI Average Annual NDVI (1998~2015), 1 km resolution http://www.resdc.cn

Vegetation type 1 km resolution http://www.resdc.cn

Human activity Population density Population distribution (2000),
1 km resolution

http://www.resdc.cn

Road density Road length in each county divided by the
area and resampled to 1 km resolution

http://www.resdc.cn

Landslides



from 1980 to 2010 was calculated to represent the landslide trig-
gering condition.

The topography factors including elevation, slope, aspect, and
curvature were calculated and used to represent the intrinsic
landslide susceptibility condition. A digital elevation model
(DEM) was obtained from the USGS/NASA Shuttle Radar Topo-
graphic Mission (SRTM) data. The SRTM payload was equipped
on the Space Shuttle Endeavor. The SRTM uses interferometric
synthetic aperture radar (inSAR) which measures Earth’s elevation
with two antennas. Using two radar antennas and a single pass, it
generated a digital elevation model using inSAR. The SRTM data
are available as 3 arcsec (approx. 90 m) DEM covering the globe
from 60N to 60S. The 1 arcsec data product was also produced and
are now available for all countries. To reduce the computer pro-
cessing effort, the 90 m resolution DEM was used to derive the
terrain parameters.

For the land cover factor, vegetation type and NDVI were
adopted to represent the vegetation coverage property. The vege-
tation types include 11 classes such as taiga, mixed broadleaf-
conifer forest, broad-leafed forest, brushwood, desert, grasslands,
tussocks, meadow, swamp, Alpine vegetation, and cultivated veg-
etation. For the human activity factors, population density was
adopted to represent the potential exposure population condition,
and the road density was used to reflect the effects of human
engineering activities on landslides.

Vegetation type, soil type, soil erosion type, aspect, and lithology are
categorical variables which are directly used in the geographical detector

analysis. For continuous variables including precipitation, NDVI, eleva-
tion, slope, curvature, population density, and road density, the optimal
discretization method was adopted to discretize continuous variables
into categorical variables (Feng Cao et al. 2013). Specifically, five unsu-
pervised discretization methods, including equal interval (EI), natural
breaks (NB), quantile (QU), geometrical interval (GI), and standard
deviation (SD), are used to divide all continuous variables into a number
of classes. The number of discretization classes was set as 2–8 for each
method. Then, the PD values for each of the discretization experiments
were calculated and used to select the optimal classes for discretizing all
continuous variables.

Finally, the zonal statistic function in the ArcGIS spatial anal-
ysis toolbox was used to obtain the zonal mean and zonal majority
of the dependent variable and the independent variables, respec-
tively. The output data from the zonal statistic can be used to
detect the spatial association of the fatal landslide density and each
factor in the geographical detector method.

Results

Temporal trends of fatal landslides
Figure 1a shows that during the period from 1950 to 2016, the
frequency of fatal landslides that occurred in China was signifi-
cantly increased, with a growth rate of 0.8 times/a (P < 0.01). The
number of deaths caused by fatal landslides also showed a signif-
icant increasing trend, with a growth rate of 3 persons/a (P < 0.05).
The frequency of fatal landslides in the past 20 years was significantly

Fig. 1 Temporal variations in the frequency of fatal landslides and the resulting fatalities during 1950~2016
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higher than that in the previous 40 years. Figure 1b shows that the
fatalities caused by fatal landslides have fluctuated over the past 60 years.
In the past 20 years, the fatalities caused by each fatal landslide have
decreased. The frequency of fatal landslides and the number of deaths
caused by fatal landslides during different periods were compared. The
average annual frequencies of fatal landslides were 11, 31, and 68 for the
periods 1950–1989, 1990–1999, and 2000–2016, respectively, and the
average annual fatalities resulting from fatal landslides were 331, 589,
and 530 for the three periods, respectively. The average fatalities caused
by each fatal landslide were approximately 30 people during the period
of 1950–1989, 19 people during the period of 1990–1999, and 8 people
during the period of 2000–2016.

The long-term historical landslide database may have inherent
incompleteness due to non-instrument records, which leads to a bias
in the analysis. Specifically, for the fatal landslides that have caused a
large number of fatalities and serious impacts, more attention would
be paid to both the past and the current periods. However, fatal
landslides with few fatalities may be neglected because information
from the past was unavailable. To identify the impact of time series
incompleteness and avoid this effect, the fatal landslides were divid-
ed into four grades for further analysis based on the number of
deaths caused by each fatal landslide: very large (fatalities > = 30),
large (10–30), medium (3–10), and small (< 3).

The fatal landslide proportion frequency in the four categories
for the periods of 1950–1999 and 2000–2016 were different (Fig. 2a,

b). During the period of 1950–1999, the proportion of fatal land-
slides in the four categories were roughly equal. The proportion of
medium fatal landslides is 33.9%. The proportion of very large,
large, and small fatal landslides ranges from 20.5 to 23.8%. For the
period from 2000 to 2016, the proportion of very large and large
fatal landslides decreased to 3 and 11.9%, respectively. The propor-
tion of medium and small fatal landslides increases to 38.1 and
46.9%.

From Fig. 2c, the interdecadal changes in the different classes
of fatal landslide events show completely different trends. The
very large fatal landslide events (fatalities > = 30) generally
fluctuate between 1950 and 2016, rise from 1950 to 1999, and
peak between 1990 and 1999, based on an average of 2.5 to 4.5
events per year. After the year 2000, there was a declining trend,
with an average of 2.1 events per year. For the small and
medium-sized fatal landslide events (fatalities < 10), a signifi-
cant increasing trend is seen since 1950. Between 1950 and 1989,
there were an average of 5.9 events per year, which rose to 18.8
events per year between 1990 and 1999. After 2000, the upward
trend was even more pronounced. On average, approximately
57.8 fatal landslide events occurred every year.

This shows that a long time series landslide inventory has inconsis-
tent records of fatal landslide events for different periods. From this, we
can infer that the significant increasing trend of small and medium-
sized fatal landslide events is partly due to the incompleteness of small

Fig. 2 The fatal landslide events in different grades for different periods
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and medium-scale fatal landslide events during the older-stage (mainly
before 2000), which resulted in a proportion of very large and large fatal
landslide events that was rather high during that period (Fig. 2a, b). The
observed decrease in very large fatal landslide events (Fig. 2c) may be a
result of the improvement of landslide disaster mitigation, prevention,
and control. The statistics of the China Statistical Yearbook shows that
the investment in geological disaster prevention and control increased
annually, from 3.3 × 108 RMB in 2000 to 176 × 108 RMB in 2015 (Sheng
et al. 2016). The geological disaster prevention and control projects also
increased from 429 in 2000 to 26,289 in 2015.

The monthly variation in fatal landslide events is consistent with the
monthly distribution of precipitation. The fatal landslides were mainly
concentrated between April and September during 1950–2016, with a
total frequency of 1528 (82.15%) fatal landslides, resulting in 22,655
(87.1%) deaths (Fig. 3). During the summer (June to August), there were

1080 (58.06%) fatal landslides, which resulted in 16,817 (64.65%) deaths.
This was followed by the spring and autumn, with 363 (19.52%) and 292
(15.7%) fatal landslides, respectively, resulting in 4217 (16.21%) and 4010
(15.42%) fatalities, respectively. The frequency of fatal landslides in
winter was the least, with a total of 125 (6.72%) times, which resulted
in 967 (3.72%) deaths.

Spatial distribution of fatal landslides

Provincial scale
The fatal landslides were mainly distributed along the eastern margin of
the Qinghai-Tibet Plateau along the junctions of the first and second
slope-descending zone, the Loess Plateau, the middle reaches of the
Yangtze River, the Sichuan Basin and its surrounding mountains, the
Yunnan-GuizhouPlateau, and the southeast hilly area (Fig. 4). A number

Fig. 3 Monthly variations in the frequency of fatal landslides and the resulting fatalities

Fig. 4 Spatial distribution of fatal landslides in China
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of the fatal landslides occurred in the northwest Tianshan area, the
western part of the Kunlun Mountains and the Northeast Changbai
Mountain area.

The hotspot province of fatal landslides was in 14 provinces,
which account for 86% of the total fatal landslides and resulting
fatalities. These 14 provinces contain five southwestern provinces
(Yunnan, Sichuan, Guangxi, Guizhou and Chongqing), five
southeastern provinces (Hunan, Guangdong, Fujian, Jiangxi
and Zhejiang), Shaanxi and Shanxi, Hubei and Gansu (Fig. 5).
Specifically, fatal landslides most frequently occurred in the
Yunnan and Sichuan Provinces with 277 and 253 events, respec-
tively, resulting in the highest number of deaths, with 67 and 82
deaths per year, respectively. This was followed by Guizhou (142),
Shaanxi (130), Guangxi (128), Hunan (116) and Guangdong (113),
where the frequency of fatal landslides was more than 100 during
the period from 1950 to 2016, and resulted in an average of 14 to
29 deaths per year. There were 87 fatal landslides that occurred in
the Gansu Province, with an average annual number of 54 deaths.
The main reason is that the Zhouqu debris flow resulted in 1768
deaths in 2010; if this catastrophic event is removed, the average
annual deaths caused by fatal landslides in Gansu is 21. The
provinces with frequent occurrences of fatal landslides include
Hubei (86), Fujian (78), Jiangxi (68), Shanxi (62) and Chongqing
(60), with an average of 8 to 12 deaths per year. In addition, in
Henan and Tibet, the average annual number of deaths is more
than 10, although only 30 and 10 fatal landslides occurred in
these two provinces.

Geological environment region scale
According to the geological structure, geomorphology and cli-
matic conditions of different regions in China, the China Geo-
logical Survey divided the country into seven geological
environment regions. The seven geological environment regions
include the northeastern wetland ecology region (NE), the
Huang-Huaihai-Yangtze River Delta plain region (Yangtze), the
South China bedrock hills region (SC), the northwest Loess

Plateau region (Loess), the southwest karst mountain region
(SW), the northwest arid desert region (NW) and the perma-
frost region of the Qinghai-Tibet Plateau (Tibet).

On the geological environment region scale, fatal landslides
are most frequently distributed in the SW region. The frequency
of fatal landslides (874 events) and the resulting fatalities in the
SW region are about half of China, which is followed by the SC
region, the Loess region and Tibet region, where the occurrence
frequencies were 526, 228 and 165, respectively. Specifically, a
total of 874 (45.7%) fatal landslide events occurred in the SW
region, resulting in 16,047 (57.0%) deaths, with an average
annual of 13 events resulting in 240 deaths. A total of 526 fatal
landslides occurred in the SC region, resulting in 4994 deaths,
with an average of 7.9 times per year, which resulted in 75
deaths. The frequency of fatal landslides in the Loess region
and Tibet region were 228 and 165, respectively, which resulted
in 2976 and 2916 fatalities. There were 118 (6.2%) fatal landslides
in the three areas of the Yangtze region, the NW region and the
NE region, resulting in 1206 (4.3%) deaths.

Figure 6 shows the seasonal distribution of fatal landslides in
each geological environment region. The occurrence frequency
of fatal landslides is the highest in the summer, with a total of 1123
events, resulting in 18,846 deaths. The average annual frequency
of fatal landslides during the summer is 16.8 events, accounting
for 58.8% of the average annual frequency. The proportion of
fatal landslides in the summer is above 60% for the NE region,
Tibet region, and SW region; it is 49–53% for the SC region,
Yangtze region, Loess region and NW region (Table 3). This is
followed by the spring, where the frequency of fatal landslide is a
total of 365 times (19.1% of the total), resulting in 4291 deaths and
an average of 5.4 events per year resulting in 64 deaths. In the
spring, the frequency of fatal landslides in the NW region and SC
region accounted for 41 and 26% of the entire region, respective-
ly. The frequency of fatal landslides in autumn and winter are 294
(15.4%) and 129 (6.8%), which resulted in 4020 and 982 deaths,
respectively (Table 3).

Fig. 5 The frequency of fatal landslides and the resulting fatalities in each province
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Possible influencing factors of fatal landslides
Before analyzing the roles of the potential influencing factors on
fatal landslide events, the correlation coefficients between the six
continuous variables were calculated. The results showed that the
correlations were higher with rainfall and NDVI (0.67), elevations
and NDVI (− 0.47), and the absolute values of the correlation
coefficients between other influencing factors were all less than
0.35. Moreover, the principle of the geographical detector method
ensures that it is immune to the collinearity of multiple indepen-
dent variables. Therefore, it is appropriate to include the above
continuous variables and categorical variables in the analysis.

Figure 7 shows the distribution of fatal landslide events for all
potential influencing factors. For precipitation, road density, pop-
ulation density, and NDVI factors, the distribution density of fatal
landslide events increases with an increase in the average annual
precipitation, road density, population density, and vegetation
coverage. For distance from Quaternary active faults, the fatal
landslide density tends to decrease with increasing distance from
the faults. For the slope factor, the most frequent fatal landslide
events are areas with a slope of 15–25 degrees, which is followed by
5–15 degrees. The density of fatal landslide events decreases with
increasing elevation, but there are fatal landslide-prone zones in
areas with altitudes of 150–500 m and 1500–3000 m. For terrain

curvature factors, fatal landslide events occur more frequently in
the concave and convex areas. Regarding the aspect factor, there is
no significant difference in the frequency of fatal landslide events
for each aspect. For the soil type factors, the density of fatal
landslides occurred more frequently in the six soil types including
ferrallisols, semi-alfisols, anthrosols, alfisols, amorphic soil and
pedocals. For the soil erosion factor, the density of fatal landslide
events was much higher in areas with soil erosion by water forces
compared to soil erosion by wind or freeze-thaw, and the greater
the intensity of water forces, the more prone the area to fatal
landslide events. For the vegetation type factors, the density of
fatal landslides in tussocks, brushwood, taiga, cultivated vegeta-
tion and broad-leaved forests is higher than other vegetation types.
For lithologic factors, the density of fatal landslides more frequent-
ly occurred in the five lithologies of carbonate sedimentary rock,
mixed sedimentary rock, metamorphics, pyroclastics, siliciclastic
sedimentary rock, and acid plutonics.

Table 4 shows the q statistic of the possible influencing factors
and their interactions with the spatial distribution of fatal land-
slides, which is based on the geographical detector method. For the
precipitation factor, we only analyzed the interactions effect with
other influencing factors on fatal landslide events due to the
precipitation factor’s role of trigger. For the role of single

Fig. 6 Seasonal variations in fatal landslides in China (MAM: March, April, and May; JJA: June, July, and August; SON: September, October, and November; DJF: December,
January, and February; I: the northeastern wetland ecology region (NE), II: the Huang-Huaihai-Yangtze River Delta plain region (Yangtze), III: the South China bedrock hills
region (SC), IV: the northwest Loess Plateau region (Loess), V: the southwest karst mountain region (SW), VI: the northwest arid desert region (NW), and VII: the permafrost
region of the Qinghai-Tibet Plateau (Tibet))
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influencing factor, the q statistics for each factor range from 0.03
to 0.27 and the p value is less than 0.001. For four factors includ-
ing vegetation type, NDVI, soil type and soil erosion factors, the q
statistics of these single factors are greater than 0.2. In addition,
the q statistical values range from 0.1 to 0.2 for topography factors
including slope, elevation, curvature, and human activity factors
including population density, and road density. This value range
indicated that these influencing factors alone are related to the
spatial distribution of fatal landslide events but their effects are
limited.

Further analysis of the factor interaction effects on the spatial
distribution of fatal landslide events showed that the factor inter-
actions are more closely related to the spatial distribution of fatal
landslides than individual factors. The top ten factor interactions
with the greatest q statistics are listed in Table 4. The factor
interactions can be divided into three categories: precipitation
interactions with various factors include topography, soil type,
lithology type, vegetation type, and population density; soil type
and topography interactions; and vegetation type and topography,
or soil type interactions. The interactions between precipitation
and elevation have the greatest impact on the spatial pattern of
fatal landslides (q = 0.49), which can explain the spatial variation
of fatal landslide density of approximately 50%. This suggests that
in specific terrain areas (mostly mountainous and hilly), rainfall is
more closely related to the distribution of fatal landslides. The
areas in the elevation classes (150–500 m, and 1500–3000 m as
shown in Fig. 7) with high average annual precipitation are more
prone to fatal landslide occurrences. These areas are mainly in the
southwest Hengduan Mountains, Sichuan Basin, Qilian Moun-
tains, and the southeast coastal hills and mountains where great
importance must be placed on landslide disaster risk prevention.
The interaction between precipitation and soil type, slope, lithol-
ogy, vegetation type and population density were also significant,
and the q statistic value was more than 0.4. Although the q
statistic values of an individual factor for lithology and population
density are small, the interaction between the two factors and
precipitation accounts for approximately 40% of the spatial var-
iation of the fatal landslide, which is higher than the all individual
factors. The interaction between the soil type and vegetation type
and its interaction with topography range from 0.42 to 0.46, which
indicates that these interactions also play an important role in the
spatial distribution of fatal landslides in China (Fig. 8).

Discussion
The losses caused by landslides are often attributed to earth-
quakes, typhoons and floods. In addition, the global landslide
inventory developed in the literature may be incomplete for
non-English speaking countries such as China, leading to the
landslide risk in China not being accurately assessed and under-
stood. The development of the FLEIC provides nearly complete
data for quantitative analysis of temporal trends and spatial
distributions of fatal landslides as well as their related impacts
in China. The FLEIC can also be used to further improve the
research and verification of landslide susceptibility, hazard and
risk assessment and landslide influencing factors in China.

The analysis of the fatal landslides in the FLEIC shows that
there was a significant increasing trend in the frequency of fatal
landslides and the resulting deaths for the period from 1950 to
2016 (Fig. 1). Further analysis of the interdecadal changes in theTa
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frequency of fatal landslide events at different grades revealed
significant differences. The very large fatal landslide events (fatal-
ities > = 30) generally fluctuated between 1950 and 2016, showing

an increasing trend from 1950 to 1999. After 2000, there is a
decreasing trend. However, the small and medium-sized fatal
landslide events (fatalities < 10) showed a significant increasing

Fig. 7 The relationship between potential influencing factors and fatal landslide events
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trend between 1950 and 2016. After 2000, the increasing trend was
even more pronounced. One of the reasons for the different trends

in fatal landslide events at different grades is because of the
inconsistent records of landslide events at different grades in the

Table 4 The q statistic of possible influencing factors and their interactions

Factors q statistic Factor interaction q statistic

Vegetation type 0.27 Precipitation ∩ elevation 0.49

Soil type 0.26 Precipitation ∩ soil type 0.46

Soil erosion 0.21 Precipitation ∩ slope 0.43

NDVI 0.21 Precipitation ∩ lithology 0.41

Slope 0.18 Precipitation ∩ vegetation type 0.41

Curvature 0.17 Precipitation ∩ population density 0.40

Population density 0.14 Soil type ∩ slope 0.46

Elevation 0.12 Soil type ∩ curvature 0.42

Road density 0.10 Vegetation type ∩ soil type 0.42

Aspect 0.08 Vegetation type ∩ elevation 0.42

Lithology 0.05

Faults 0.03

Fig. 8 Distribution map of a fatal landslide density; b average annual precipitation (1981~2010); c lithology; d faults; e elevation; f slope; g aspect; h curvature; i soil
type; j soil erosion; k average annual NDVI (1998~2015); l vegetation type; m population density; and n road density
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long-term landslide inventory. For very large fatal landslide events,
the long-term record is generally complete. The decreasing trend
after 2000 can be attributed to the investment increase in landslide
mitigation measures. This is also proven by the annual increases
from 2000 to 2015 in geological disaster prevention investment
and geological disaster prevention and control projects in the
statistical yearbook data from 2000 to 2015 (Sheng et al. 2016).
This suggests that these geological disaster prevention and mitiga-
tion investments can reduce losses resulting from fatal landslides.
The government should continue to strengthen disaster preven-
tion and control efforts.

For the small and medium-sized fatal landslide events, the
occurrence frequency has increased significantly, which is espe-
cially apparent in the increasing trend since 2000 as there has been
an improvement in the availability of landslide data online. This
may also be related to a number of other factors, including an
increase in extreme precipitation events in China over the past
50 years (Wang and Zhou 2005; Zhai et al. 2005); an increase in
surface loose material and in exposed population, which results
from the effects of land urbanization (Li et al. 2017); and an
increase in landslides caused by climate change (Gariano and
Guzzetti 2016). We have not been able to quantify the contribution
of these factors to the rising trend of small and medium-sized fatal
landslide events. There is also a need for more complete and
adequate regional landslide data to explore the causes of fatal
landslide trends. The above analysis also suggests that we should
pay special attention to the possible impact of database incom-
pleteness when analyzing long-term trends.

The monthly distribution of fatal landslide events shows that
82.15% of the fatal landslides are concentrated between April and
September. The distribution characteristics are closely related to
the monthly variation in precipitation in China. For example,
95.6% of the extreme precipitation events in China are concentrat-
ed between April and September (Fu et al. 2013). Therefore, the
FLEIC can also be used to combine the meteorological observation
precipitation or satellite precipitation data to further explore the
relationship between extreme precipitation and fatal landslides.

The results of the spatial pattern analysis of the fatal landslide
in China show that the fatal landslides are mainly distributed in
five provinces in southwestern China (Yunnan, Sichuan, Guangxi,
Guizhou and Chongqing), five provinces in southeastern China
(Hunan, Guangdong, Fujian, Jiangxi and Zhejiang), Shaanxi and
Shanxi, Hubei and Gansu. These 14 provinces are responsible for
86% of the total fatal landslides and the resulting fatalities during
1950–2016. On the geological environment region scale, the fatal
landslides most frequently occurred in the southwest karst moun-
tain region. The occurrence frequency proportion of fatal land-
slides was 45.7%. This was followed by the South China bedrock
hills region, the northwest Loess Plateau region and the permafrost
region of the Qinghai-Tibet Plateau, with the proportions of 27.5%,
11.9 and 8.6% respectively. These provinces and regions should
further increase their investments in landslide disaster prevention
and mitigation and landslide risk research, to better reduce the
frequency of fatal landslides and the resulting losses.

The spatial relationship between the fatal landslide density,
natural environment and human activity factors are analyzed
using the new method of the geographical detector. The q value
of the factor interaction between precipitation and topography,
soil type, lithology, vegetation type, population density and other

factors is greater than the q statistic values of all individual factors,
which indicates that the causes of fatal landslide events in China
are complex and diverse and are more closely related to the
interactions of many factors. In the process of landslide suscepti-
bility, hazard and risk assessment, more consideration should be
given to the effects of multi-factor interactions.

With regard to the Modifiable Areal Unit Problem (MAUP) that
may be caused by different spatial scales (Openshaw 1984; Swift
et al. 2008), the spatial pattern analysis shows that the distribution
of the fatal landslide events on the provincial and the geological
environment region scales are nearly consistent. Over 70% of the
fatal landslide events and resulting deaths are concentrated in
southwest and southeast China. Based on the Sen’s slope method,
the frequencies of fatal landslide events in different geological
environment regions were analyzed. The results show that the
trend of fatal landslide events has been consistent with the nation-
al trend, which shows an increasing trend in five regions including
SW, SC, Loess, NE and Tibet region. We have also attempted to
apply the geographical detector method to explore the relationship
between potential influencing factors and the distribution of fatal
landslide events in different geological environment regions. How-
ever, since too few data are allocated to each region, we cannot
separately analyze each zone. This requires further gathering of a
richer regional database to explore this issue.

The research of some scholars also shows that there were many
landslides that would not have occurred without an earthquake,
even though they moved many months later (Lin et al. 2006;
Zhang et al. 2014). Therefore, taking the 2008 Wenchuan earth-
quake disaster area as an example, we used the 184 fatal landslide
events that occurred in the earthquake intensities and damage area
between 1950 and 2016 to explore the possible impact of large
earthquakes on non-earthquake-induced fatal landslide events.
After the 2008 Wenchuan earthquake, the average annual frequen-
cy of fatal landslide events increased from 1.86 events (1950–2007)
to 8.44 events (2008–2016). Looking at the situation just 10 years
before the Wenchuan earthquake, the average annual frequency of
fatal landslides also increased from 4.1 (1998–2007) to 8.44 (2008–
2016). Specifically, the small and medium-sized fatal landslide
events increased from an average of 0.93 to 7.11 times per year,
and the very large and large fatal landslide events rose from an
average of 0.93 to 1.33 per year. However, from the previous
analysis, we know that since the year 2000 very large landslides
in China have shown a decreasing trend. The precipitation changes
before and after the 2008 Wenchuan earthquake were also calcu-
lated. The results showed that there was no significant increase in
the average annual precipitation in the Wenchuan earthquake
affected area (1950–2007: 965 mm and 2008–2016: 967 mm). This
shows that large earthquakes will indirectly increase the frequency
of fatal landslides in earthquake-stricken areas in coming years,
especially increases in large fatal landslide events. Therefore, it is
necessary to strengthen the risk prevention and management of
landslide hazards in earthquake-stricken areas in Sichuan, Yun-
nan, and Gansu Provinces, where large earthquakes have occurred
in recent years.

The FLEIC, which was established in this study, also has two
aspects of future research that need to be further improved. One is
that the economic losses caused by landslides should be collected
and analyzed, as the spatial and temporal characteristics of eco-
nomic losses may be different from the characteristics of fatalities.
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We also attempt to collect and analyze the direct economic losses
caused by fatal landslide events since 2000. The results show that
from 2000 to 2016, the direct economic losses caused by fatal
landslide events have ranged from 4 million to 1255 million RMB
per year, and caused an average annual loss of about 313 million
RMB. From the perspective of its spatial distribution, Sichuan and
Yunnan provinces in the southwestern region suffered the most
serious economic losses due to fatal landslides, with an average
annual loss of about 78 million RMB. This is followed by Gansu,
Shaanxi, Xinjiang, Hunan and Liaoning, the average annual eco-
nomic loss is about 15–34 million RMB. The annual economic
losses in the five provinces of Tibet, Guizhou, Chongqing, Hubei
and Henan are 5.9–8.6 million RMB. These results reveal that there
are still some differences in the spatial pattern between economic
losses and casualties caused by fatal landslide events. However,
considering the difficulty in obtaining economic loss data, these
analyses of the economic loss caused by fatal landslide events may
have a certain degree of underestimation, and more complete data
needs to be collected for further analysis. Second, the FLEIC only
includes non-earthquake induced fatal landslides, and further
extension of the FLEIC should collect and analyze the significant
earthquake-triggered landslide events in China.

Conclusions
In this paper, 1911 non-earthquake induced fatal landslides, which
occurred during 1950–2016, were collected from multiple sources
and developed into a nearly complete long-term fatal landslide
database for the first time in China, known as FLEIC. Based on the
spatiotemporal variation analysis of fatal landslides in FLEIC, the
following conclusions are drawn.

(1) Compared with the EM-DAT database and the statistics of the
China Statistical Yearbook, the database is relatively complete
and can be used to quantitatively analyze the spatial and
temporal patterns of fatal landslide events in China and
improve landslide hazard and risk assessment and as well as
the analysis of its influencing factors.

(2) There is a significant difference in the interdecadal trends in
the frequency of fatal landslide events at different grades due
to the inconsistent records of landslide events at different
grades in the long-term landslide inventory. The very large
fatal landslide events (fatalities > = 30) rose during 1950–1999
and declined in 2000–2016. The decreasing trend after the
year 2000 can be attributed to the increase in landslide
mitigation investments. The small and medium-sized fatal
landslide events (fatalities < 10) showed a significant increas-
ing trend between 1950 and 2016, especially during the period
of 2000–2016. This significant increasing trend is partly due
to the improvement of the availability of landslide data on-
line. This inspires us to consider the possible effects of the
inherent incompleteness of historical database when analyz-
ing landslide historical records. The monthly distribution of
fatal landslides in the FLEIC is consistent with the monthly
variation in precipitation in China, mainly from April to
September (82.15%).

(3) A total of 86% of the fatal landslides and resulting loss of lives
occurred in 14 provinces including five provinces in south-
western China (Yunnan, Sichuan, Guangxi, Guizhou and
Chongqing), five provinces in southeastern China (Hunan,

Guangdong, Fujian, Jiangxi and Zhejiang), Shaanxi and Shan-
xi, Hubei and Gansu. According to the geological environ-
ment region, 45.7% of the fatal landslides events were
distributed in the southwest karst mountain region, followed
by the South China bedrock hills region, the northwest Loess
Plateau region and the permafrost region of the Qinghai-Tibet
Plateau, the proportions of which were 27.5%, 11.9 and 8.6%,
respectively.

(4) The role of individual influencing factors including geology
and soil properties, climate, topography, land cover and hu-
man activities are related to the spatial distribution of fatal
landslide events but their effects are limited. The factor in-
teraction between precipitation and altitude, soil type, lithol-
ogy type, vegetation type and population density have a
greater impact on the spatial patterns of fatal landslides in
China.
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