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ABSTRACT 
 
Taiwan is enlisted as one of areas that are extremely vulnerable to natural disasters. With 
recent global climate changes, Taiwan is suffering from various floods and the situation has 
become worse. Currently, the preventive measures for floods are mostly constructions. 
However, these constructions can only protect targets for a certain recurrence interval. For 
those floods that have exceeded the standards of protection, they have to be reacted with 
non-structural measures. The paper addresses the imminent problems of flood control in 
Taiwan and suggests for an integrated strategies of non-structural measures for flood control. 
The paper suggests to deploy flood hazard mapping, evacuation measures (including 
emergency evacuation planning, flood alarming, flood evacuation drill, disaster resistant 
community) and mitigation measures (including land usage control, flood proofing, runoff 
control in watershed, integral natural disaster insurance), flood prevention education and 
promotion, flood forecasting and warning. Among these measures, it is recommended to 
perform evacuation measures, disaster prevention education and promotion, flood forecasting 
and warning with the highest priority. The mitigation measures should be negotiated with 
relating government departments before an attempt to finalize regulation amendment and 
execution. 
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INTRODUCTION 
 
According to a survey conducted by United Nations, the financial damages caused during the 
past 50 years (from 1950 to 1999) have increased with stability each year. The financial loss 
from 1990 to 1999 was estimated at US$680 billion (converted in the rate of 2002) which was 
almost the total loss from 1950 to 1989. The region that suffered the most was Asian. From 
1991 to 2000, the financial loss in Asia accounted for 51% of the global loss. The natural 
disasters that led to the loss included floods, torrential rain, draught and earthquake. Among 
them, floods have caused the most severe loss. Take developing countries for example, floods 
have caused 55% of loss, torrential rain 18%, draught 18% and the total loss concerning water 
has reached over 90%. (UNDP, 2004) 
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Taiwan is enlisted as one of the regions that are most vulnerable to natural disasters. That 
reasons can be divided into geographical reasons and artificial reasons. Geographically 
speaking, Taiwan is situated at the joint zone of Eurasian Plate and Philippine Plate and thus 
has numerous earthquakes and shattered geological conditions. It also locates at the main 
juncture of typhoons from the west Pacific Ocean and makes summer and fall the two major 
rainy seasons. In the other hand, Taiwan has numerous tall mountains and limited area of 
plain. It has dense population and most of them dwell on the plain area. The plains have been 
highly developed and thus caused natural reservoir to disappear. With recent global climate 
changes, the level of natural disasters has worsened. In recent years, Taiwan has suffered from 
many floods. Among them, the flood caused by Typhoon Morakot in August 2009 was the 
most severe one. Almost three thousand millimeters of rainfall fell within three days and it led 
to sever floods in central, southern and eastern Taiwan. The flood caused the death of 673 
people and 26 people are still missing. (MPDRC, 2009) 
 
To resolve the floods in low lands, Taiwan government has actively promoted the "Regulation 
Project of Flood-prone Area" (WRA, 2006). These flood-prone areas can be found mostly in 
coastal low lands in Changhua, Yunlin, Chiayi, Tainan and Pingtung counties. The natural 
draining conditions in these areas are very weak and are worsened by land subsidence which 
also brings burden to draining issues. Though Taiwan government has invested NT$80 billion 
to improve the draining situation in low lands, the construction methods in use are only 
resistant to a certain level of floods. Typhoon Morakot in 2009 was especially a typhoon that 
its rainfall amount has surpassed a great deal of the current flood preventive facilities can 
resist. To react to this new type of extremity, it is crucial to work out strategies to solve them. 
As a result, the paper discusses the current problems in Taiwan and tries to come up with 
better strategies and a feasible solution to effectively decrease the negative impacts of floods. 
 
 
PROBLEMS THAT TAIWAN ENCOUNTERS IN FLOOD CONTROL 
 
The major problems in flood management in Taiwan can be classified as three aspects, which 
are environment aspect, society aspect and disaster prevention aspect. 
 
Environment aspect 
 
1. The extremely floods and draughts happened frequently in recently years in Taiwan. The 

flood preventive structures that were built under the standards from past rainfall recording 
are facing the harsh challenges of future disasters. 

2. The varieties of Taiwan's topographical conditions have formed great spatial differences 
for rainfall and thus increased the uncertainty of rainfall prediction. As a result, the flood 
forecasting and warning are also difficult. 

 
Society aspect 
 
1. The general public considers that the most effective way to control floods is build various 

types of flood preventive constructions. People tend to have a universal dependence on 
these preventive structures and don't comprehend the limitation of these constructions. 

2. People dwelt in the flood-prone areas usually have insufficient knowledge and information 
about these disasters and can't take appropriate reactions in the face of an imminent 
disaster. 
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3. In flood-prone areas, most of the local communities don't have flood prevention 
organizations that can effectively integrate local residents to take effective and appropriate 
reactions. 

 
Flood prevention aspect 
 
1. Flood control tasks are mostly physical constructions. However, the cost of these structures 

is immense and the results are limited. Further, the collapsed structures will cause even 
more devastating damages. 

2. Land development has increased the amount of runoff, shortened the concentration time, 
worsened the severity; therefore, it is necessary to stipulate proper land (especially low 
lands) management policies. 

3. Non-structural measures involve not only water management agencies, but construction 
management agencies, financial agencies and education agencies. However, the current 
competent authorities in relevance still lack of effective horizontal connections. 

4. In current flood response measures, mobile pump and flood control emergency equipment 
are frequently used to counter the disasters. The active disaster evacuation should be 
enforced. 

5. The flood prevention education is only limited to the professional training of people in 
relating fields. The general public doesn't have much information about the education. 

 
 
STRATEGIES TO FLOOD CONTROL IN TAIWAN 
 
The research adopts risk management concept to divide the flood-prone areas into four zones 
according to chances of flooding and casualty level. The risk treatment measures adopted in 
each zone are as followed. 
 
Zone I (Risk Avoidance) 
 
The probability of flooding in Zone I are extremely high and it is also the area that has the 
highest level of loss. Therefore, it is suggested to adopt risk avoidance method to perform risk 
treatment. That is to say, setting up prohibited areas and relocate resident within the area to 
prevent severe casualties due to future floods, such as the land usage control in river belt. 
 
Zone II (Risk Reduction) 
 
Zone II is an area that has high probability of flooding, but with lower casualty. The zone 
should adopt risk reduction method to perform risk treatment to lower the chances of flooding. 
For example, land usage control on floodplain, flood proofing, runoff control in watershed 
and various evacuation measures. 
 
Zone III (Risk Transfer) 
 
Zone III is a zone that has lower probability of flooding, but once it floods, the casualty in the 
area will be high. It is recommended to adopt risk transfer method to perform risk treatment, 
such as flood relief, integral natural disaster insurance. However, if it doesn't adopt risk 
avoidance and reduction measures and perform risk transfer measure directly, the results will 
cause a heavy load on government or insurance companies. 
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Zone IV (Risk Retention) 
 
Zone IV is a zone that has both low probability of flooding and casualties. The zone is not 
prone to disasters, even if it does, the loss will be relatively low. The zone is suitable to 
enforce flood prevention education and promotion to decrease the loss to the minimum. 
The research adopts above-mentioned risk management concept to respectively plan the risk 
treatment measures in each regions of Taiwan (Figure 1). The research also establishes a 
non-constructional framework for flood control (Figure 2).The practice measures are showed 
as Table 1. 

Zone III 
(Risk transfer) 

Flood relief 
Integral natural disaster insurance  

L
ow

 level of loss 
H

igh level of loss 
Zone IV 

(Risk Retention) 
 Flood prevention education 
and promotion  

Zone II 
(Risk reduction) 

Land usage control in floodplain 
Flood proofing 
Runoff control in watershed  
Evacuation measures 

Low probability of flooding High probability of flooding 

Zone I 
(Risk Avoidance) 

Land usage control in river belt  

 
Fig. 1 Strategies for Flood Risk Treatment 
 

 
Fig. 2 Integrated strategies of non-structural measures for flood control in Taiwan 
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Flood hazard mapping 
 
It is necessary to conduct frequency and consequence analysis on flood-prone area. Basing on 
the field survey and history recording, we can calculate the risk, vulnerablility, exposure of 
the flood-prone area. Then, the river belt and floodplain will be zoned. The operation process 
should consist technical process and administrative process. 
 
Evacuation measures 
 
1. Emergency evacuation planning 
 
Plan a complete evacuation plan for the flood-prone areas before disaster, including flood 
prevention routes, shelters, and facilities, etc. Communicate with local residents through the 
process of drawing flood evacuation map. Hold promotion seminars to teach correct flood 
prevention concepts. Lastly, prepare the flood evacuation map and the flood maps, which 
showed the poetical inundation with the rainfall of 150, 300, 450 and 600 mm per day. The 
information should be handed out to the local residents. 
 
2. Flood alarming 
 
We suggested establishing the flood alarming and evacuation process, which can be divided 
into two phases: Red Alarm and Yellow Alarm. Yellow Alarm defines that when the Central 
Weather Bureau predicts the accumulated rainfall is higher than warning rainfall or the actual 
water level of river or tide is higher than the Warning Water Level II, the local government 
should carry out evacuation warnings in low lands according to weather status. 
Red Alarm defines that when the Central Weather Bureau's actual observed accumulated 
rainfall is higher than warning rainfall or the actual water level of river or tide is higher than 
the Warning Water Level I, the local government should carry out forced evacuation in low 
lands according to weather status. 
 
3. Flood evacuation drill 
 
The major point of evacuation drill is to practice crisis handling and responsive rescue when a 
disaster happens. Through the execution of evacuation drill, local residents are able to 
familiarize themselves with evacuation directions, routes and shelters. The local flood 
prevention agencies can also comprehend the decision-making process during the disaster and 
improve their performance of rescue operations. Local government should hold one or more 
drills in flood-prone areas every year before the rainy season. 
 
4. Promotion of disaster resistant community 
 
Local government should delegate professional groups to propel the idea of disaster resistant 
community in flood-prone areas. By establishing a mechanism in each community, flood 
prevention should be a major and continuing event for local residents. The residents can be 
efficiently and automatically organised to adapt various flood prevention measures during the 
periods of floods. 
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Mitigation measures 
 
1. Land Usage Management and Flood proofing 
 
Basing on the flood hazard maps, the river belts and floodplain will be zoned. Using the 
building code to demand that new buildings should match the requirements of flood proofing 
and the elevation of the building should be higher than the flood elevation of 100-year 
recurrence interval. To encourage existing buildings in the flood-prone areas to improve their 
flood proofing capabilities, the government could allocate budget to subsidize these buildings 
to a certain ratio. With such incentives, building owners are more willing to improve the 
capabilities for their buildings. The measure has to go with the amendment of laws and 
regulations. 
 
2. Runoff control in watershed 
 
The land development within the watershed should strictly follow the rule that "the peak 
amount after the development should not surpass the peak amount before the development". 
For large scale development, the authority should demand the developer to send a draining 
project for assessment and agreement. For small scale development, the land developer should 
pay the fee to the authority to set up a retention basin within the same watershed. In the urban 
area, the authority should zone a retention basin in the districts to control the runoff due to the 
urbanization. The measure has to go with the amendment of laws and regulations. 
 
3. Integral natural disaster insurance 
 
The insurance covers all the natural disasters (including earthquakes, typhoons, floods and 
debris flows) under a natural disaster insurance system. With this integral insurance, the 
dispersion of risks of various natural disasters can be seen as one insurance package to obtain 
a stability in insurance management. However, this measure should only be implemented, so 
that it is possible to adopt general natural disaster insurance to take up the remaining risks. 
Otherwise, the measure will cause great fiscal burden to the government or insurance 
company. After the consolidation of other preventive and disaster control measures, it is 
possible to subsidize partial insurance fees for buildings that have finished enforcing flood 
proofing capabilities within the flood-prone area. This is the fiscal incentive for buildings 
within the flood-prone area to improve their flood proofing capabilities. 
 
Flood preventive education and publicity 
 
This section includes not only professional training, but public education, such as flood 
preventive education in schools, media publicity, enforced publicity during rainy seasons, 
education and publicity of river environment. This measure should be performed in a long 
term. 
 
Flood forecasting and warning 
 
The main components are quantitative precipitation prediction and flood forecasting and 
warning system. The former should be carried out by the Central Weather Bureau. The latter 
should be responsible by the Water Resource Agency to develop a complete flood and 
submergence forecast system. This task should be carried out for a long term to elevate the 
accuracy and effectiveness.  
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Table 1 The practice measures of Integrated strategies of non-structural measures for flood control in Taiwan 
FLOOD HAZARD MAPPING 

Flood hazard mapping of 25 cities and counties of Taiwan 
FLOOD EVACUATION MEASURES 

Evacuation planning Evacuation planning and publicity in flood-prone area 

Flood alarming 
The determination of the alarming thresholds for emergency evacuation in 
flood-prone area 

Flood evacuation drill Flood evacuation drill in flood-prone area 
Promotion of the disaster 
resistant community 

Promotion of the disaster resistant community in flood-prone area 

FLOOD MITIGATION MEASURES 

Land usage management 
and flood proofing 

Drafting and promotion the regulation of the land usage management on the 
floodplain 
Drafting the regulation of the floodplain mapping 
Drafting the building code on the floodplain  
Drafting the regulation of subsidy for the improvement of the existing 
buildings flood proofing capabilities on the floodplain 
Practicing land usage management on the floodplain  
Subsidizing for the improvement of the existing buildings flood proofing 
capabilities on the floodplain 

Runoff control in 
watershed 

Drafting and promotion the regulation of the runoff control in watershed 
Drafting the technical reference of the runoff control in watershed 
Drafting the technical reference of the runoff detention equipment of the 
building  
Practicing runoff control in watershed of the rivers 

Integral natural disaster 
insurance 

Feasibility study of the integral natural disaster insurance 

FLOOD PREVENTIVE EDUCATION AND PUBLICITY 

Professional training 
Flood condition transmission training 
Professional knowledge education 

Public education 

Flood preventive education in schools 
media publicity 
Enforced publicity during rainy seasons 
Education and publicity of river environment 

FLOOD FORECASTING AND WARNING 
Quantitative precipitation prediction of typhoon and monsoon 
Establishment and maintenance of the flood forecasting and warning system 

 
 
OVERALL STRATEGIC GOALS 
 
The overall strategic goals of non-structural measures for flood control in Taiwan are as 
followed: 
1. The flood hazard mapping is the major basis for the execution of various risk treatment 

measures. 
2. Flood evacuation measures allow residents in the flood-prone areas to be able to evacuate 

to safer places through the issuing of flood warning. The measure can effectively lower 
the severity of casualties. 

3. Land usage control and enforcement of building's flood proofing capabilities can elevate 
the ability of a building's resistance to floods in flood-prone areas. 

4. Runoff control in watershed can decrease the addition of runoff amount due to land 
development. 

5. The promotion of flood prevention education can greatly elevate the consciousness and 
knowledge of the public. When the disaster does happen, residents are capable of reacting 
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to the disaster and help themselves and other out of danger. The measure also makes it 
easier to promote future relating policies. 

6. Elevating the precision in rainfall forecast results in precise prediction of floods and 
submergence range. Precise prediction can also serve as the reference for government to 
issue evacuation alarming and relating responsive measures to the disaster. This can 
satisfy the requirement in regional rescue operation and perform preventive actions 
efficiently. 

 
 
CONCLUSION 
 
In the face of increasing extreme weather conditions, the promotion of non-structural flood 
control measures in Taiwan is a necessary action to be performed. Among various measures, 
we suggest to arrange priority to carry out measure that don't involve regulation amendment 
or the coordination of other authorities and are able to lower the casualties and property loss 
in a short period of time, such as the flood hazard mapping, evacuation measures, flood 
preventive education and promotion, flood forecasting and warning. Land usage management, 
enforcement of building's flood proofing capabilities and runoff control in watershed should 
be done with the coordination from other competent authorities, therefore, we suggest that 
relating agencies must hold meetings and finished the regulation amendment before they can 
be fully realized. 
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