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INTRODUCTION 

 

Reducing natural hazard risk at the early stage of land-use planning has become an 

important issue after Typhoon Morakot event (of 2009) and the announcement of Geological 

Act (2010) and National Land Use Planning Act (in preparation) in Taiwan. Through the 

periodically overall review of urban planning the chance to re-adjust the exposures from 

possible hazards is provided, and is among the most effective measures to avoid natural 

hazard risk in landslide or debris flow prone area. This paper compares the difference of 

exposures before and after the 3rd and 4th periodical overall reviews of urban planning in a 

landslide, debris flow prone scenic area in southern Taiwan. We also conduct debris flow 

quantitative risk analysis based on Risk=Hazard*Exposure*Vulnerability concept to calculate 

the changes in debris flow risk. The result shows that the changes of exposure due to land-use 

planning plays a key-role in reducing natural hazard risk in mountainous area. 

 

LAND-USE PLANNING AND DEBRIS FLOW RISK ANALYSIS 

 

This study followed the natural hazard risk concept first proposed by UNDRO in 1979 

[UNDRO, 1979], shown as Eq. (1): 

 

Risk=Hazard*Exposure*Vulnerability                                                                       (1) 

 

This definition has been applied to natural hazard risk analyses in various fields, 

particularly in areas with respect to flood, tsunami, landslide, and debris flow hazards. 

Through reducing exposure in hazard prone area could significantly reduce hazard risk, thus 

in a development area, land-use planning become an important tool to avoid natural hazard 

risk [Glavovic et al., 2010; Zimmermann, 2004].  

However, in Taiwan the method for implementation the idea of risk avoidance through 

land-use planning is still in a preliminary stage, also the tool for quantifying the effectiveness 

of risk avoidance of land-use planning is still lacking. This study proposes to apply 

quantitative risk analysis (QRA) to highlight the importance of proper land-use planning. 

 

For quantitative risk analysis of debris flow in Taiwan, this study follows the procedure of 

Tsao et al. [2012], with the equation shown in Eq. (2). 
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Where PH|TM: Probability of different magnitude debris flow to occur. 



PS|H: Probability of spatial impact of each element at risk. Within the debris flow inundation 

area, the value is 1, otherwise the value is 0. 

PT|S: Probability of temporal impact of each element at risk. For elements at risk which does 

not move, as buildings, roads or bridges, the value is 1. For residence house occupants, the 

value is 0.75 (18 hours per day), for school students and faculties the value is 0.375 (9 hours 

per day). 

Vprop|S: Vulnerability of each type of elements at risk, ranging from 0 to 1. 

Eprop: The value of each elements at risk in TWD (NT Dollars) or fatalities. 

 

CONCLUSIONS  

 

The study area Chiayi DF051 potential debris flow torrent (Fig. 1) shows a history of 

landslides and debris flow events since 1990s, through interpretation of remote sensing 

images and field investigation, the changes in the watershed (including landslide and 

exposures) has been mapped out and stored in GIS format. Also different exposure (building) 

GIS layers have been created assuming the proposed layouts of the 3rd (2009) and 4th (2012) 

periodically overall review of urban planning have been executed. 

 

The preliminary result shows that the layout of the 3rd periodical overall review, which was 

planned before Typhoon Morakot of 2009, would increase the annual average building loss by 

75%, and 59% increase in annual average fatalities, compared with the status in 2008 (pre-

2009). The 4th periodical overall review, which was planned after Typhoon Morakot in 

regard of avoiding risk, would reduce the losses of building loss and fatalities to lower than 

pre-2009 level (8% and 10% less, respectively), thus showing the importance and 

effectiveness of land-use planning in disaster risk avoidance. 

 

Keywords: land-use planning, urban planning overall review, debris flow, risk analysis 

 

 

Fig. 1 UAV photo of Chiayi DF051 torrent after Typhoon Morakot 


