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Survey results of damaged areas in flood disaster of typhoon Morakot 
and suggestions for restoration projects 

Résultats des investigations sur les zones ravagées et inondées par le typhon Morakot, 
propositions de projets de restauration 

Chou J.C., Huang C.R. 
Sinotech Engineering Consultants, Taipei, Taiwan 

Shou K.J. 
National Chung Hsing University, Taichung, Taiwan 

ABSTRACT: Typhoon Morakot attacked Taiwan on August 8th, 2009 and caused heavy rainfall in Taiwan. The precipitation from
August 5th to 10th, 2009 in the survey station of Ali Mountain was about 3049.5mm and the precipitation of 24-hour and 48-hour
period in the south of Taiwan was close to the maximum observed precipitation in the world. This heavy rainfall caused many natural
disasters including landslides, floods and debris flows. These natural disasters severely damaged the middle, south and east of Taiwan
and cost huge property and life losses. Sinotech Engineering Consultants conducted a comprehensive survey after the flood disaster of
Typhoon Morakot (1) to collect information of damaged areas, (2) to analyze the causes and mechanisms of failures and (3) to draft
strategies and suggestions for restoration projects and future projects. Survey areas included the drainage basins of Chenyulan Creek, 
Laonong River, Cishan River and Ailiao River, the watershed of Nahua reservoir and Taitung area. Depending on different geological
environments, the survey team concluded ten mechanisms causing failures. This article presents survey observations, discussions of
failures in flood disaster and provides strategies and suggestions for restoration projects and future projects.  

RÉSUMÉ : Le typhoon Morakot a atteint Taiwan le 8 août 2009 accompagné de fortes pluies. Les précipitations du 5 août au 10 août
2009, mesurées à la station d’Ali Mountain, ont été de 3 049,5 mm, entraînant dans le sud de Taiwan des niveaux de précipitation en
24 heures et 48 heures proches des maximums de précipitations connues dans le monde. Les fortes pluies ont causé de nombreux 
cataclysmes naturels tels que glissements de terrains, inondations et charriage de débris, qui ont ravagé le Centre, le Sud et l’Est de
Taiwan entraînant des pertes en vie humaines. Par la suite, le bureau d’ingénierie Sinotech a réalisé des études détaillées afin de 
dresser un bilan exhaustif des dégâts des inondations causées par le typhon Morakot : (1) recensement et investigation des zones
ravagées ; (2) analyse des causes et des mécanismes des désordres, (3) ébauches de stratégies et solutions pour les travaux de 
restaurations et les projets futurs. Les zones d’investigations comprenaient les bassins versants de Chenyulan Creek, Laonong River,
Cishan River et Ailiao River, le bassin hydrographique du réservoir Nahua et de la zone de Taitung. Suivant les différents 
environnements géologiques identifiés, les investigations ont conclu à dix mécanismes à l’origine des désordres. Cet article présente 
les résultats des investigations sur sites, l’établissement des mécanismes des désordres liés aux inondations qui en suivirent ainsi que 
les solutions de restaurations et les projets correspondants. 
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1 INTRODUCTION

Typhoon Morakot attacked Taiwan on August 8th, 2009 
causing heavy rainfall in Taiwan. The precipitation from August 
5th to 10th, 2009 in the survey station of Ali Mountain was 
about 3049.5mm and the precipitation of 24-hour and 48-hour 
period in the south of Taiwan was close to the maximum 
observed precipitation in the world. Figure 1 shows the 
maximum accumulated precipitation in 24 hours in the south of 
Taiwan. This heavy rainfall caused floods, many natural 
disasters and severely damaged mountain areas of the middle, 
south and east of Taiwan. All these floods and disasters are 
called “88” Flood. “88” Flood caused 643 deaths, 60 missing, 
2,555 injured and 16.5 billion NT dollars economy lost which 
makes “88” Flood the worst natural disaster since Chi-Chi 
Earthquake happened on September 21, 1999. The most severe 
disaster is the disaster in Xiaolin village. The village was 
destroyed by a catastrophic debris flow during Typhoon 
Morakot. Over 500 residents were buried alive and 350 houses 
were damaged.  

Right after “88” Flood, Sinotech Engineering Consultants 
conducted a comprehensive survey on slopelands, roads, 
bridges and hydraulic facilities in the drainage basins of 
Chenyulan Creek, Laonong River, Cishan River and Ailiao 
River, the watershed of Nahua reservoir and Taitung area (See 
Figure 2). Purposes of this survey are (1) to collect information 
of damaged areas, (2) to analyze the causes and mechanisms of 

failures and (3) to draft strategies and suggestions to restoration 
projects and future projects.  

—Rainfall Isoline

Figure 1. Maximum accumulated precipitation in 24 hours in the south 
of Taiwan (Precipitation in mm). 
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Figure 2. Survey area conducted by Sinotech Engineering Consultants 
survey team. 

2 CAUSES AND MECHANISMS OF FAILURES 

Flood and heavy rain are two main reasons causing slopeland 
and road failures. Depending on different geological 
environments, the survey team concluded ten mechanisms of 
slopeland and road failures. Table 1 listed these mechanisms 
and numbers of failures caused by each mechanism. 

Figure 3 to Figure 12 show failures caused by Mechanism 
No.1 to No.10. One mechanism should be noticed is Complex 
Failure Mechanism. Complex Failure Mechanism means that 
slopeland or road failures were caused by more than one 
mechanism simultaneously. Damages caused by Complex 
Failure Mechanism were usually severe and massive. Figure 12 
shows one failure site (County Road 64 in Taitung County) 
damaged by Complex Failure Mechanism which included 
Erosion of Bottom Roadside Slope and River Channel Erosion 
of Roadbed mechanisms.  

Table 1. Failure Mechanisms and Number of Failures 

No. Failure Mechanism 
# of 

Failures
1 Erosion of Bottom Roadside Slope 35
2 Debris Flow 33
3 Erosion of Top Roadside Slope 27
4 Shallow Slope Failure 22
5 River Channel Erosion of Roadbed  21
6 Dip slope 4
7 Circular Failure of Slope 4
8 Barrier Lake 2
9 Deep Sliding Failure of Colluvium 2
10 Complex Failure Mechanism  15

Figure 3. Failure caused by Erosion of Bottom Roadside Slope 
Mechanism (Provincial Highway 21 (228K+500)). 

Figure 4. Failure caused by Debris Flow (County Road 179 in Nantou 
County). 

Figure 5. Failure caused by Erosion of Top Roadside Slope (County 
Road 60 in Nantou County). 

Figure 6. Failure caused by Shallow Slope Failure (River in Tao Yuan 
District in Kaohsiung City). 
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Chenyulen
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Figure 7. Failure caused by River Channel Erosion of Roadbed 
(Provincial Highway 21). 

Dip Slope

Figure 8. Failure caused by Dip slope (County Road 179-1 in Nantou 
County). 

Circular Failure

Figure 9. Failure caused by Circular Failure of Slope (At 3K of 
Road 179 in Nantou County). 

County 

ColluviumFailure 
Area

Figure 11. Failure caused by Deep Sliding Failure of Colluvium (Xin Fa 
Village in Kaohsiung City). 
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Figure 12. Failure caused by Complex Failure Mechanism (County 
Road 64 in Taitung County). 

res and Mechanism No.2, No.4 and 
No

RESTORATION PROJECTS AND FUTURE PROJECTS 

rom

In general, Mechanism No.1, No.3 and No.5 were main 
mechanisms of road failu

.5 were main mechanisms of slopeland failures. These five 
mechanisms caused most of failures in “88” Flood. 

3 STRATEGIES AND SUGGESTIONS TO 

From survey observations and analyses, strategies to prevent
future slopeland and road failures can be outlined starting f
following aspects: (1) debris flow control and river remediation, 
(2) proper treatment of landslides, (3) soil and water 
conservation of slopeland and (4) soil and water conservation of 
road.

Furthermore, improvements of road designs can be done to 
avoid slopeland and road failures in the design phase: (1) 
co

Figure 10. Failure caused by Barrier Lake (County Road 179-1 in 
Nantou County). 

nsider and prevent all possible failure mechanisms, (2) use 
rock shed in potential rock fall area (see Figure 13), (3) from 
survey observations, the tunnel and bridge are the best solution 
for roads in potential debris flow area (see Figure 14), (4) use 
deep foundation (e.g. pile foundation) as retaining wall at 
bottom roadside slope retaining wall to avoid erosion. If the 
roadbed can be protected from erosion, it is easier and faster for 
future road restorations. (5) avoid area where river channel 
erosion occurs and (6) install proper water drainage system for 
slopelands (see Figure 15). 
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4 CONCLUSIONS 

Because of the global climate change, natural disasters caused 
by the extreme weather become more frequently in last few 
years. The magnitude of these disasters and the damage caused 
by these disasters become greater and greater and are greater 
than what we experienced in the past. Therefore, in future 
engineering projects, engineers should consider uncertainties 
caused by the extreme weather in their designs and understand 
limitations of engineering techniques. In addition, engineers 
should try to avoid unnecessary development and construction 
in environmental sensitive area. 
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Figure 14. Bridge used to avoid damages from Debris Flow in Wanrung 
Township, Hualien County (Provincial Highway No. 16). 
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Figure 15. Different types of water drainage systems used in slopelands. 


