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Abstract: Debris flow is a common disaster in mountainous areas and can lead to large-scale damage to infrastructures and 

human lives. Rapid infiltration of rainfall, build-up of pore pressure and bed erosion are considered the main triggering 

factors of debris flows. Previous studies on debris flow risk assessment are limited and the risks of debris flows under 

extreme storms need to be studied. In order to close this gap, this paper aims to assess the risk of debris flow on entire Hong 

Kong Island quantitatively under large storms of 29% and 85% Probable Maximum Precipitation (PMP). Maps of debris 

flows and elements at risk were produced on a GIS environment. The consequences of debris flow were critically evaluated 

by identifying affected buildings, number of flats, floors and population at risk in the study area. The population at risk in the 

85%PMP event is extremely high, showing an urgent need to cope with debris flow risks under extreme storms. The result of 

this work will provide a source of formulation for making risk management policy, land use planning and a guide for 

designing specific risk reduction measures. 
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1   Introduction 

 

Rainfall-induced debris flows are major hazards in mountainous regions with steep slope, which can move 

rapidly for a long distance and transport huge volumes of sediments that are then deposited on alluvial fans, 

which are often densely populated, posing a great danger to people and properties distributed within the 

impacted areas (Chen et al. 2016; Zhang and Zhang 2105; Yu and Liu 2014; Calvo and Savi 2009). The damage 

caused by debris flows is often complex because debris flows can occur in form of chain disasters at high flow 

speed and high destructive power.  Most debris flows are initiated by landslides due to extreme rainfall. The 

rapid flow process is characterized by materials comprising coarse and fine particles with varying levels of water 

saturation. The Wulipo landslide, triggered by heavy rainfall on July 10, 2013, transformed into a debris flow 

and resulted in the destruction of 12 houses, 44 deaths and 117 missing people (Chen and Cu 2017).  

As debris flows have led to many disasters and huge numbers of people in mountain communities live 

under the threat of debris flows, risk assessment for debris flows is vital. The purpose of this research is to 

determine the risk of debris flows quantitatively under large storms of 29% and 85% of the Probable Maximum 

Precipitation (PMP) on entire Hong Kong Island. PMP is the greatest depth of precipitation for a given duration 

meteorologically possible for a given size of storm area at a particular geographical location (WMO 1986).  

 

2   Study Area 

 

Hong Kong is situated on the southern coast of China in the Pearl River Estuary and shares its northern border 

with Guangdong Province of Mainland China. This research focuses on Hong Kong Island which covers an area  

of 78.59 km2 with a population of 1,289,500 and a population density of 16,390/km². A geological map of the 

study area is presented in Figure 1. Mesozoic volcanic and granitic rocks dominate (Sewell et al. 2000). 
 

3     Rainfall-induced Shallow Landslides and Runoff 

 

The travel distance, flow depths and flow velocities of debris depend critically on the scale and mechanism of 

failure as well as the mobility of debris movement. The velocity of debris affects the response of the affected 

population. Mode of debris movement, disintegration of the failure debris during motion, wash-out action of 

convergent flow of surface water, significantly influence debris velocity and travel distance (Wong et al., 1997). 

Previous studies on the evolution of loose landslide materials on steep terrains after the Wenchuan earthquake 

reveal that up to 30% of landslide materials could transform into debris flows during a large storm and much of 

rainwater would turn into surface runoff, triggering other types of hazards (Zhang et al., 2016).  
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Figure 1.  Geological map of Hong Kong Island. 

 

As rain water infiltrates into the soil, changes in pore water pressure and seepage force occur, leading to 

significant build-up of positive pressure, which is governed by infiltration according to the following equation 

(Chen et al. 2017):  

     

where t is time; θ is the moisture content;  is the pore water pressure head; and  and  are hydraulic 

conductivities in the x and z directions, respectively as functions of soil properties. A slope stability analysis can 

be performed once the pore water pressure is evaluated by solving Eq. (1). 

 

4       Debris Flows on Hong Kong Island 

 

Likely debris flow scenarios reported by Zhang et al. (2017) were used in this study for the debris flow risk 

assessment. A computer program EDDA by Chen and Zhang (2015) for simulating debris flow erosion, 

deposition and property changes is adopted in their debris flow analysis. EDDA considers changes in debris flow 

density, yield stress and dynamic viscosity during the flow process. It was assumed that one third of, in terms of 

volume, the materials of the landslides triggered by a storm will transform into debris flows. As the debris flows 

advance forward on the natural terrain, more materials will be entrained, and the debris flow volume will 

increase along the flow path. The final total debris flow volume can exceed 50% of the landslide volume in the 

numerical analysis.  

 The result of the debris flows is shown in Fig. 2 under 29%PMP and 85PMP rainfall scenarios. The 

debris flows cover a large area of western and southern Hong Kong Island. These areas are more prone to 

hazards due to their steeper terrains. The storm of 29PMP% leads to fewer number of occurrences of debris 

flows. 

 

  

Figure 2.    Debris flows under storms of 29% and 85% PMP. 

 

b)  85%PMP a)  29%PMP 
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5      Elements at Risk 

 

In this study, the elements at risk are residential buildings, schools, hospitals, commercial centres, factories, 

community centres, government and church buildings. The buildings at risk are shown in Fig. 3.  The buildings 

at risk were determined based on the buildings GIS layers and the debris flow simulation result (Fig. 4). 

 

 

Figure 3.   Distributions of buildings at risk on Hong Kong Island. 
 

    
 

Figure 4.   Combination of buildings and debris flow under storms of 29% and 85% PMP. 

 

6     Population at Risk 

 

The affected buildings were identified considering all number of floors and flats. Hence, the population at risk is 

calculated as 

      (2) 

Table 1 presents the result of affected buildings, number of flats, floors and population at risk under the storm of 

85% and 29% PMP on the study area. It can be seen that the 85% PMP storm brings more people at risk 

compared to the 29% PMP storm. This is because the loss of suction in slopes will be more significant in the 

85% PMP leading to significant build-up of pore water pressure decreased shear strength, and eventually slope 

failures. The table also reveals that the highest population at risk is in residential buildings. This is because most 

people are indoor at time heavy rainfall and debris flow disasters. As for the 29% PMP, only the residential 

buildings were affected. Although the loss of suction caused by this rainfall is small compared to the 85% PMP 

storm scenario, yet a residential building was affected. This may be due to the sensitivity of the residential 

building in the study area (i.e. high-rise building having many floors), a small reduction in shear strength due to 

build-up of pore pressure may affect the stability of the building. Also, the total population of affected buildings 

will increase with rainfall intensity (Owolabi et al. 2018).   

a)  29%PMP b)  85%PMP 
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Table 1. Result of affected buildings, number of flats, floors and population at risk 

 Building types Number of 

buildings affected 

Number of floors Number of Flats 

 

Population at risk 

 85%PMP Residential 280 6847 13695 39716 

Commercial 33 606 1212 3515 

School                   21 567 1134 3290 

Hospital                   14 357 714 2070 

Factory                    11 130 259 752 

Temple                   5 43 86 250 

Church                   3 94 187 543 

Government                   6 120 239 694 

Total                   373 8764 17526 50830 

29%PMP Residential                  1 44 88 256 

 

7     Summary and Conclusions 

This paper has evaluated the number of affected buildings, number of flats, floors and population at risk of 

debris flow on Hong Kong Island under extreme storms of 29% and 85% of the 24-h probable maximum 

precipitation. The buildings are analyzed with respect to their spatial locations on a GIS environment to 

determine the potential number of people at risk inside each building. The population at risk in the residential 

building is significantly more than those in other buildings. The debris flow covers a large area of western and 

southern part of Hong Kong Island. Therefore, the western and southern parts are under greater risk, especially 

under an extreme storm of 85%PMP. This work will provide a source of formulation for making risk 

management policy, land use planning, and a guide for designing specific risk reduction measures so that the 

potential loss of lives can be reduced in the future. 

 

 

                                 c) 29%PMP 

Figure 5.   Population at risk and number of buildings affected under extreme storms of 85% and 29% PMP. 
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