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附錄二、分組作業報告
Introduction of Regulation Project of Flood-Prone Areas 
in Taiwan

Youe-Ping Lee, Jyh-Gwo Shyu, Ming-Cheng Chen, Ya-Ju Lee 
I. Introduction of Taiwan:

1. Location and Topography:

The territory of Taiwan is 36,000 Km2, it is located at Asia as figure 1.  Taiwan is a mountainous island and the rivers are short with small drainage basins and are steep with rapid flows as shown in figure2.  Some say that Taiwan is a Formosa, it is a beauty island.
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Figure 1 Location of Taiwan
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Figure 2  Taiwan is a mountainous island and the rivers are short with small drainage basins and are steep with rapid flows.
2. Typhoons and Storms:

The storms and floods usually come from Typhoon.  The typhoons attack Taiwan 3.5 times per year.  The intensity of storm is near the world record as shown in Figure 3.
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Figure 3  The intensity of storm is near the world record.

3. Floods:

The duration of flood is very short , it only takes 10~30 hours to reach the peak flow.  The recession segment is very short also, the coefficient of recession is only 0.85.  The specific peak flow (peak flow per unit drainage area) of Taiwan reaches to 33 cms/Km2.  It is the largest one in the world as shown as Figure 4.
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Figure4  The intensity of storm is near the world record.

4. Geology:

Most of the mountain regions in Taiwan are sedimentary and metamorphic rocks which are fragile and highly weathered. Severe erosion occurs due to intensive rainfall and rapid flows, the erosion is even worsen by frequent earthquakes and severely affects the stability of hillsides. It is illustrated in Figure 5. The average annual ground erosion is 2~20mm, it is 30~300 times to Mississippi river. 
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Figure 5  Most of the mountain regions in Taiwan are sedimentary and metamorphic rocks which are fragile and highly weathered.

5. Sediment Transport:

The annual sediment transport of all rivers in Taiwan is about 323 million tons. The specific sediment transport is10,600 ton/Km2.  It is the largest one in the world. (Figure 6)
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Figure6  The annual sediment transport of all rivers in Taiwan is the largest one in the world.

6. Subsidence:

The subsidence problems were the cause of over-pumping of groundwater.  The maximum accumulation of subsidence is 3.2 meters. The areas of subsiding rate over 3 cm/year still exists 800 Km2.  These areas are easily floods. (Figure 7)
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Figure 7   The subsidence problems in Taiwan.

7. Sea-level rise:

The IPCC announced the sea-level will rise 0.1~0.9 cm in this century. Actuality, the sea-level rise 0.52 cm from 1980 to 2006 in Taiwan (observed in the Kaoshung harbor).  If the sea-level rise to 1 meter, and there are 1,246 Km2 low-land territory will be submerged into the sea.(Figure 8)
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Figure 8  If the sea-level rise to 1 meter, and there are 1,246 Km2 territory will be submerged into the sea in Taiwan.

8. Climate change in Taiwan:

(1) Rainfall intensity increase:
To analyze the rainfall data from 1890 to 2000, the annual precipitation increases 300 mm but the raining days reduces 30 days. That is to say, the rainfall intensity increases 30% in 100 years. (Figure 9)
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Figure9  The rainfall intensity increases 30% in 100 years.
(2) Annual precipitation change:

About the annual precipitation change according to the climate change, it will be more heavy rain in the flood season and more drought in the dry season in Taiwan. (Figure10)
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Figure10  The annual precipitation change according to the climate change.

9. Overdevelopment:

There are many urban areas exist overdevelopment problems. Before development in a basin, the large amount of rainfall will recharge into the underground aquifer. Reduce the time of concentration, enlarge the peak flow.  But after development, it will induce flood in the down stream basin easily. (Figure 11)
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Figure 11  Overdevelopment problems in Taiwan.

II. Problems Description:

Taiwan is one of the most areas to be hit by a natural adversity was declared by the World Bank Group in 2005.  There are 171 typhoons hit Taiwan from 1958 to 2009 and induced near 2,500 people dead. The average annual lost is above NT$ 12.8 billion, that is about 0.8％ GPD of Taiwan.  The flood frequency will be high for the world climate change and El Ni[image: image16.png]


o.  The flood prevention and flood defense will be tough works in the future.  There are 1,150 Km2 flood-prone areas in Taiwan, the location of these areas is shown in the figure 11. There are 283 regional drainages in the areas are administered by the local government. There are severe subsidence problems in these areas (the maximum accumulation of subsidence is 3.2 meters) and the ground level in these area were lower than sea-level as shown in figure 12 (A-A’ cross-section), it induced heavy flood, sea water intrusion, land soil salinity problems.
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Figure 12, flood-prone areas in Taiwan

III. Project Description:

In order to effectively resolve inundation problems in land subsidence areas, low-lying terrain, and urban planning areas, and to preserve homes and the local economy, the Central government of Taiwan proposed a big project, Regulation Project of Flood-Prone Areas, on March 14, 2005, an NT$116 billion budget to be dispensed over a period of eight years (2006~2013). The budget aims to systematically harness 283 regional drainages in the flood-porn areas.

IV. Protection standard:

In this project, the protection standard is 50 years return period storm surge for dikes and 25 years return period for the river and 10 years return period for the drainage.  In highly population concentrated areas and industry areas, raise protection using detention, retention, flood diversion, raising base methods to raise protection standard.  If on-site conditions like resident’s house very close to river…etc. are unable to improve. We will use the flood prediction and warning and evacuation to protect people’s life.

V. Project Principles:

1. Taking Ecology Into Account: To comply with the concept of ecological conservation, so as to lower Project impact on the ecological environment.

2. An Integrated Approach to Water-control: Integrate upstream, midstream and downstream river basin management according to safety standards.

3. Incorporating Landscapes: Construction must blend in with existing local landscapes, environment, and structures, to avoid becoming visual barriers.

4. Incorporating Local Features: Creating an environment highlighting local characteristics such as cultural backgrounds and tourist attractions.

VI. Characteristics of the project: 

There are some Characteristics of the project, it was described below:

1. Integrated Approach to Water-control:

The water-control schemes are integrated the entire basin.  The integrated approach to the water-control are shown in figure13.
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Figure13, the integrated approach to the water-control
2. Strategies must be verified by Simulation Model:

We use the SOBEK simulation model which is developed by the Netherlands to verify the strategies.

3. Standardize Operations:

We established supervise, communicate, checking systems and SOP for the project because 283 drainage systems were conducted in the same time.  

4. Information Publication:

We open the information of the project on the internet to enhance the public participation.  

5. Demonstration area - Southern Yunlin Coastal Demonstration Area:

The western Taiwan coastal area, with its low-lying terrain and land subsidence, has a severe drainage problem. The WRA began surveying drainage cross-sections and topography in this demonstration area in 2003, and began implementing comprehensive water-control planning for coastal areas in the counties near coastal areas in 2004.    

The project evaluation is described below:

1. Total investment of NT$13 billion (including NT$5.7 billion in land costs).

2. Approximately NT$180 million saved annually via direct loss reduction. 

3. Approximately NT$40 million saved annually via direct loss reduction. Approximately NT$110 million in annual land-value increases 

4. Other additional benefits:

(1)An approximately NT$90 million value created in irrigation and fish cultivation water supplies. Approximately NT$140 million saved annually via land subsidence remediation. 

(2)Approximately NT$240 million saved annually via flood retention pond and drainage environment construction.   

5. Total annual benefit is NT$800 million. 

6. Warning System:
About the non-structural measures, we develop a warning system which is set by a GIS system on the internet.  The hazard maps of Taiwan are input in the system.  The rainfall data will be real-time transmitted automatically into the warning system.     The hazard maps were simulated by the flood prediction model before.  The hazard maps include the flood, drought, landslide, debris flow, turbidity of water, and so on.  We compare the real-time rainfall data with the hazard maps in the Typhoon events.  If the system gives a warning alarm, the local government will evacuate people to protect people’s life.  The warning system is illustrated in figure 14.
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Figure 14  The warning system of Taiwan.
VII. Effects of the Project:
1. Reducing water disaster problems in flood-prone areas measuring up to 500 km2.

2. Increase completion rate of flood mitigation facilities to over 60%.

3. Protecting approximately 2.5 million people from the threat of floods.

4. Annual savings of over NT$12 billion in related damage.

5. Complete dredging of 1,161km of waterways to ensure uninhibited flow during flood periods, and reduce flood damage and duration.

6. Comprehensive planning results from Stage I implementation will not only help to establish relevant water-situation related data and ascertain the direction of overall planning and water control, but also serve as the basis of implementation for Stage II construction projects.

7. With the completion of bottleneck-related and other urgent construction projects, the protected area will be increased to approximately 112 km2.

8. The promotion of water-control planning will greatly enhance engineering technology, administrative management, and operation coordination capabilities of participating staff, and in turn promote the sustainable land-use.

VIII. Reference:

1. “Natural Disaster Hotspots-A Clobal Risk Analysis”,The World Bank Group, 2005.

2. “Regulation Project of Flood-Prone Areas”, the Water Resources Agency, Economic Affairs, Taiwan, Republic of China, 2005.  (in Chinese)
3. The warning system of  Taiwan. http://fhy2.wra.gov.tw/Pub_Web/others/typh.aspx
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