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Landslides are a major hazard in Hong Kong which can lead to loss of life, injury 

to people, or economic losses. This paper assesses the landslide risk in western part 

of Hong Kong Island under extreme rainstorms of 29%, 44%, 65% and 85% of the 

24-h Probable Maximum Precipitation. The number of buildings affected and the 

total population inside the buildings have been identified. The vulnerability factor 

was evaluated as a function of travel angle and time of landslide occurrence. It was 

observed that the vulnerability factor increases as the travel angle increases for all 

the PMP levels. At 85% and 65% PMP, the occurrence of landslides and the risk 

they pose on buildings are much higher than those at 44% and 29% PMP. The 

lowest potential loss of life is observed in schools, hospitals, community centres 

and government buildings. The findings from this work suggest that the time of 

occurrence of landslides can significantly affect the distribution of potential loss of 

life in each building. 
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1 Introduction 

Landslides are a major natural hazard in Hong Kong that poses risk to live, valuable 

properties, and natural environment.  As climate change is expected to alter the 

frequency, magnitude, and other characteristics of extreme rainstorms, the impact of 

rain-induced landslides is expected to increase (Nadim, 2016).  Landslides include a 

wide range of ground movements, such as rock falls, deep-seated failure of slopes 

and shallow debris flows.  A “mammoth” rainfall in 72 hours caused disasters on 

June 18, 1972 in which a luxury block in Mid-Levels toppled down, claiming 67 

lives, and a squatter village in Sau Mau Ping was buried earlier in the day, killing 71 

people.  The debris demolished a 13-storey building (Ho and Ko, 2007).  The 

landslide was one of many that plagued Hong Kong in 1972.  A total of 148 people 

were killed in the major landslides that year and many apartment complexes and 

houses were wiped out in the Kotewall road landslide.  Many landslides can be 

triggered simultaneously by one rainstorm event and a specific element at risk may 

be exposed to multiple landslide hazards (Zhang et al. 2014).  The socio-economic 

impact of landslides is sometimes underestimated because landslides are usually not 

separated from other natural hazard triggers, such as extreme rainfall, earthquakes or 

floods (Lacasse and Nadim, 2009).  Common methods for geological hazard 
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identification are based on Satellite images, aerial-photo interpretation, field surveys 

and collection of local data (Zhang et al., 2012). In this paper, the intensity and 

magnitudes of extreme storms are characterized by the Probable Maximum 

Precipitation (PMP). The Probable Maximum Precipitation (PMP) is defined by the 

World Meteorological Organisation (WMO, 1986) as the greatest depth of 

precipitation for a given duration meteorologically possible for a given size of storm 

area at a particular geographical location at a particular time of year. The future 

critical rainstorm scenarios under the changing climate, particularly extreme 

rainstorms with intensities of 29, 44, 65 and 85% of the 24-h PMP, have been 

identified by Zhang et al. (2017). In previous research, the risk of landslides under 

extreme storms of 29, 44, 65 and 85% of the 24-h probable maximum precipitation 

has not been assessed in a physical manner, especially the vulnerability, which could 

be due to limited information. 

The objective of this paper is to assess the risk of landslides in western part of 

Hong Kong Island under extreme storm of 29, 44, 65 and 85% of the 24-h probable 

maximum precipitation.  This assessment will serve as a decision tool that gives 

significant information for risk mitigation. 

2 The study area 

In Hong Kong, the natural terrain is hilly with 75% of the land steeper than 15° and 

30% steeper than 30°.  The natural terrain is susceptible to shallow, small to medium 

scale landslides (Ho, 2013).  Hong Kong is dominated by Mesozoic volcanic and 

granite rocks (Sewell et al., 2000).  The steep terrain and high frequency of tropical 

rainstorms make landslides occur on natural terrain, which is a common 

phenomenon in Hong Kong (Fuchu and Chack, 2002). 

3 Landslide risk assessment 

Landslide risk may be quantified in terms of potential loss of life or economic loss 

due to a destructive landslide event within a period.  Thus, landslide risk can be 

expressed as the product of landslide hazard, vulnerability and elements at risk (e.g., 

Pathak, 2016).  The elements at risk can be people in buildings, infrastructures, road 

and properties.  The vulnerability of a given facility is related to the scale of slope 

failure and mobility (Wong et al., 1997).  Vulnerability indicators are regarded as 

variables that can be considered as operational illustrations of the characteristics or 

the quality of a system, providing information regarding the components of its 

vulnerability (Kappes et al., 2012).  Vulnerability also involves analysing the 

interaction between a given landslide intensity and corresponding affected elements 

(Li et al., 2010).  It is essential to assess slope failures quantitatively at a regional 

scale under extreme storm conditions before forming any landslide hazard mitigation 

policy (Zhang et al., 2017). Quantitative risk is the probability of an adverse event 

times the consequences if the event occurs; the consequences are obtained from the 

elements at risk and their vulnerability (Lacasse et al, 2008).  Quantitative risk 

assessment for regional rainfall-induced landslides can be conducted for both loss of 

lives and loss of properties (Chen et al., 2016). 

4 Methodology 
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The landslide risk under extreme storms in western part of Hong Kong Island has 

been assessed quantitatively.  The risk has been evaluated in terms of potential loss 

of life.  Landslide data record in Zhang et al. (2017) was used in the risk assessment.  

The risk to people inside the buildings was considered as the element at risk.  The 

buildings involved in the study area are residential buildings, schools, hospitals, 

commercial centres, temples, factories, community centres, government and church 

buildings.  The number of buildings affected by the landslides were identified by 

combining the landslide map and the building map in a GIS environment.  The area 

of each affected building was recorded from the building information map and 

multiplied by the number of persons in a square meter of a building in Hong Kong to 

get the total population in each of the affected buildings.  

4.1    Vulnerability factor 

The vulnerability has been analysed as a function of the travel angle of the landslide 

and the likely time spent by people in a building per day. The travel angle was 

determined from each cell of the landslide affecting each building. The percentage 

of cases of travel angle that fall within each range was determined and the likely 

probability of death of a person in a building was assigned to each range based on 

the probability values adopted by Wong et al. (1997). The combination of the 

outcome was multiplied by the probable time spent by people in the building:  

      Vf = PD x % cases of travel angle x Vtime   (1)

where Vf is the vulnerability factor; PD is the probability of death of a person in a 

building; Vtime is the probable time spent by people in a building per day during the 

landslide incidence. The expected number of people inside the building was 

multiplied by the vulnerability factor to give the risk in terms of potential loss of life. 

5 Results and discussions 

5.1    Landslide map

Figure 1 shows the spatial distributions of landslides under extreme storms of 29% 

PMP, 44% PMP, 65% PMP and 85% PMP.  At 85% and 65% PMP, the occurrence 

of landslides and the risk they pose on buildings are much higher than those under 

44% and 29% PMP. Also, the level of coverage spot of the landslides is widespread, 

together with a high level of convergence of several landslides at a point.  

                                 

a) b)

d)
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Figure 1. Landslide maps under storms of (a) 85% PMP; (b) 65% PMP; (c) 44% PMP; (d) 

29% PMP. 

5.2    Total population and buildings affected

The total population and number of buildings affected are shown in Figure 2.  In all 

the PMP’s considered, it was discovered that residential buildings have the highest 

number of occupants.  The total population of affected buildings increases with 

increasing PMP.  The total affected population by the 85% PMP is approximately 

65% higher than the population affected by the 44% PMP.  As shown in the figure, 

more buildings were affected by the 85% PMP storm than the 65% and 44% PMP 

storms.  This is due to the increase in the rainfall intensity.  Also, it was discovered 

that the lowest percentage of population may stay in the church buildings at 85% and 

65% PMPs while at 44%PMP, the hospital buildings have the lowest population.  

Figure 2. Total population in affected buildings: (a) 85% PMP; (b) 65% PMP; (c) 44% PMP. 

5.3    Vulnerability

The vulnerability of persons in the affected building is shown in Figure 3 for all 

PMP’s.  The vulnerability factors increase as the travel angle increases for 85, 65 

and 44 %PMP.  Only the 85% PMP case has vulnerability factors that fall within the 

range of 50-60° travel angle.  No vulnerability factor is defined for the 29% PMP 

case since no building was affected. 

c)
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Figure 3. The vulnerability of persons in building to landslide at (a) 85%P MP, (b) 65% PMP 

(c) 44% PMP.

5.4    Potential loss of life

Figure 4 presents the potential loss of life inside the affected buildings.  As reported 

earlier that the residential building has the highest number of occupants.  Hence the 

potential loss of life is higher in the residential buildings compared with all other 

buildings.  For the 85%, 65% and 44% PMPs, their potential loss of life (PLL) 

values are calculated based on the number of buildings affected by each PMP.  The 

percentages of the PLL in residential buildings are 64%, 64% and 79% for the 85%, 

65% and 44% PMPs, respectively.  The lowest potential loss of life may be recorded 

in hospitals, community centres and government buildings for all the PMPs.  

Figure 4. Percentages of potential loss of life in buildings: (a) 85% PMP; (b) 65% PMP; (c) 

44% PMP. 

Figure 5 shows the spatial distributions of the potential loss of life in the western 

part of Hong Kong Island under the 29, 44, 65 and 85% PMP storms.  The 65 and 

85% PMP cases give similar results that higher than those at 44% PMP.  Meanwhile 

the 29% PMP strum does not lead to loss of life since no building was affected in the 

study area under 29% PMP.  
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Figure 5. Distribution of potential loss of life map under storms of (a) 85% PMP; (b) 65% 

PMP; (c) 44% PMP. 

6 Conclusions

This study assesses the risk of landslides in western part of Hong Kong Island under 

extreme storms of 29, 44, 65 and 85% of the 24-h probable maximum precipitation.  

A quantitative assessment method has been used in the analysis and the vulnerability 

factor has been determined as a function of travel angle and time of landslide 

occurrence.  The number of buildings affected, size of buildings and population at 

risk were recorded and combined with vulnerability factors to give the potential loss 

of life.  In general, the majority of the population are found in the residential 

buildings.  The affected population in residential buildings is the highest in the 85% 

PMP case.  As a result, the 85% PMP storm may lead to the highest potential loss of 

life because of the high rainfall intensity.  The findings from this work suggest that 

the time of occurrence of landslides can significantly affect the distribution of 

potential loss of life in each building.  Due to the time of occurrence of the 

landslides, the lowest potential loss of life may be observed in schools, hospitals, 

community centres and government buildings. 

Acknowledgment 

The authors acknowledge the support from the Research Grants Council of the Hong 

Kong SAR (No. C6012-15G and No. 16206217). 

References 

Chen, H.X., Zhang, S., Peng, M., and Zhang, L.M. (2016). A physically-based multi-hazard     

risk assessment platform for regional rainfall-induced slope failures and debris flows. 

Engineering Geology, 203, 15–29.  

Fuchu, D., and Chack, F.L. (2002). Landslides on natural terrain - physical characteristics and 

susceptibility mapping in Hong Kong. Mountain Res. and Development, 22(1), 40-47. 

Ho, K.K.S., and Ko, F.W.Y. (2007). Application of quantified risk analysis in landslide risk 

management practice-Hong Kong experience. ISGSR 2007, First Int. Symp. on 

Geotechnical Safety & Risk, Oct. 18-19, 2007, Shanghai, Tongji University, China. 

Ho, K.K.S. (2013). Managing the Uncertainties of Natural Terrain Landslides and Extreme 

Rainfall in Hong Kong. Landslide Sci. Pract. 6, 285–302. 

Kappes, M., Keiler M., Von Elverfedlt and Glade T. (2012). Challenges of dealing with multi-

hazard risk: a review. Springer Science Business Media B.V. 

Lacasse, S., Eidsvig, U., Nadim, F., Høeg, K., and Blikra, L. H. (2008). Event tree analysis of 

åknes rock slide hazard. Proc. of the 4th Canadian Conference on Geohazards: From 

Causes to Management. Presse de l’Université Laval, Québec, 594 p. 

Lacasse, S., and Nadim, F. (2009). Landslide Risk Assessment and Mitigation Strategy 3, 31–

61. K. Sassa, P. Canuti (eds.), Landslides – Disaster Risk Reduction, Springer-Verlag 

Berlin Heidelberg. 

Li, Z.H., Nadim, F., Huang, H. W., Uzielli, M., and Lacasse, S. (2010). Quantitative 

vulnerability estimation for scenario-based landslide hazards. Landslides, 7(2), 125–134.  

Nadim F.  (2016) Challenges in managing the risk posed by extreme events. 6th Asian-Pacific 

Symp. on Structural Reliability and its Applications, Shanghai, China, pp 62-70. 

Pathak D. (2016) Remote sensing and GIS application in landslide risk assessment and 

management. Nepalese Journal on Geoinformatics, Survey Department, Nepal Pp 53. 

Sewell, R.J., Campbell, S.D.G., Flecther, C.J.N., Lai, K.W., and Kirk, P.A. (2000). The Pre-

Quaternary Geology of Hong Kong. Hong Kong, China: Geotechnical Engineering 



Xudong Qian, Sze Dai Pang, Ghim Ping Raymond Ong, Kok-Kwang Phoon (Eds.) 891

Office, Civil Engineering Department, The Government of the Hong Kong Special 

Administrative Region. 

WMO (1986). Manual for Estimation of Probable Maximum Precipitation. Operational 

Hydrology, Rpt. No. 1, World Meteorological Organization, Geneva. 

Wong, H.N., Ho, K.K.S, and Chan, Y.C. (1997). Assessment of consequence of landslides, in: 

Landslide risk assessment-Proc. of the Workshop on Landslide Risk Assessment, 

Honolulu, Hawaii, USA, 19–21 February 1997, edited by: Cruden, D. M. and Fell, R., 

Balkema, Rotterdam, 111–149. 

Zhang, L.M., Zhang, S., and Huang, R.Q. (2014). Multi-hazard scenarios and consequences in 

Beichuan, China: The first five years after the 2008 Wenchuan earthquake.  Engineering 

Geology, 180, 4-20.  

Zhang, S., Zhang, L.M., Peng, M., Zhang, L.L., Zhao, H.F., and Chen, H.X. (2012). 

Assessment of risks of loose landslide deposits formed by the 2008 Wenchuan 

earthquake. Nat. Hazards Earth Syst. Sci. 12 (5), 1381–1392. 

Zhang, L.M., Gao, L., Zhou, S.Y., Cheung, R.W.M., and Lacasse, S. (2017). Stress testing 

framework for managing landslide risks under extreme storms. Springer International 

Publishing AG. M. Mikoš et al. (eds.), Advancing Culture of Living with Landslides. 17-

31. DOI 10.1007/978-3-319-53498-5_3. 


