Study Report of QUESTIONNAIRE 
For the project on Urban Flood Risk Management in TC Region

1. Background 
The objective of Urban Flood Risk Management Project in TC region is to enhance the weather forecasting, urban flood monitoring and forecasting and flood risk management support systems in the collaboration with meteorologists, hydrologists and disaster managers in the selected model cities which have serious problems on urban flood. The discussion was made at the occasion of side meeting in the last 42nd Typhoon Committee Annual Session in Singapore. In this discussion, prior to the selecting model cities and organizing the Workshop in the model cities, first activities of this Project should be the survey to China, Japan and Republic of Korea for collecting the good practices on Urban Flood Risk Management. These good practices will be utilized in the following activities in this project.
Following the decision of the 42nd Session of TC, an expert meeting on UFRM (TC Task Force meeting) was held in Bangkok on 19-20 July, 2010, supported by UNESCAP Information and Communications Technology and Disaster Risk Reduction Division. At the meeting, the Terms of Reference (TOR) of Task Force and the activities related to the next steps about UFRM were discussed. According to the discussion, a draft inventory of good practices in the urban flood risk management collected from the selected pilot cites will be prepared by China as the first activity of next steps of the project.
2. Outline of pilot cities
The selected three pilot cities are Ansung City(Republic of Korea), Shanghai(China) and Yokohoma City(Japan). 
I. Ansung City, Republic of Korea
The Ansung Stream flows into the west sea through the Asan embankment, Injumeun Asan, via west and south after joining Keunwi stream which flows to the middle west and flows the west from mountain tops of Charyung Mountains and Baekwun mountain top which is the city limit of Youngin, Uiwang, and Suwon (Figure 1). The Ansung stream basin, the middle west of Korea, is located in 126°50′ ~127°00′ east longitude 36°50′~ 37°20′ north latitude. The basin area is 1,655km2 and the stream length is 70.0km. It is bounded by the Han River basin on the northeast, Keum River basin on the southeast, and Sabkyo stream basin on southwest. Most of the basin is flat land except border outside of the basin. Thus the basin slope and river slope are also gentle except upstream. 
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Figure 1 Conceptual diagram of Ansung Stream

The high-resolution channel system, land cover and soil maps shown in Figure 2 were developed for simulation of rainfall-runoff in Ansung Stream region. 
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(i) Channel system                 (ii) Land cover map                   (iii) Soil map 

Figure 2 The maps of channel system, land cover and soil distribution in Ansung Stream

The time-series methods to the issue of the impact of the rapid settlement of Ansung and Pyeongtak cities are used for urban flood risk estimation for Ansung watershed area. The increasing of the flood regarding disaster risk has been preoccupied with the impact of the rapid settlement of Ansung watershed area after 1998. The color map with population statistics information was constructed with DB from 1995 to 2000 (Figure 3). 
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(i) 1997                    (ii) 1998               (iii) 1999                    (iv) 2000
Figure 3   Change of Population distribution in Ansung watershed area
· Recent floods in the city

Because of concentrated heavy rainfall in the Yongin-Ansung region on 18-19 August 1972, about 20 ha of landslides occurred consisting of 632 slides within the 20 750ha of forest land. In terms of landslide occurrence per unit area in the forest land, eight slides per 1000ha occurred, while 925 slides occurred within the area of young forest and denuded land. The average size of the landslide scars was about 11-40m length, 5-15m wide, 0.5-1.0m deep and 100-300m2 in surface area which can be considered as relatively small. In this region, another serious landslide disaster caused by heavy rainfall occurred on 21 July 1991; about 250ha of landslides occurred in the Ansung-gun district over an area of 553km2 and 200 ha of landslides occurred in the Yongin-gun district over an area of 592km2 area. 

Two days cumulate heavy rain of 271mm during 27-28 July 2006 made both levee breaches such as 200m of levee breache in Choryung Cheon, Dongsin-ni and 100m of levee breache Uldong Cheon, Hyunsoo-dong, Kyeonggi-Do. River water flows through these breaches into the Dongmoon village and Suyong-chon in which 130 houses were inundated and 240 residents evacuated to the Ansung middle school. Ansung City took the emergence recovering to rebuild the levee.
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Figure 4 Photo of inundation damage in farmland from cumulate heavy rain of 271mm during 27-28 July 2006

II. Shanghai, China

AS the most comprehensive industrial and commercial city in China, ranking the first in population and population density, Shanghai is located at 31°14′north latitude and 121°29′east longitude, west bank of The pacific, east edge of Asia mainland, Yangtze River Delta front, facing the East Sea in the east and Hangzhou delta in the south, close to Jiangsu province and Zhejiang province in the west, as well as the mouth of Yangtze River in the north which is the connection of Yangtze river and East ocean. About 120 kilometers long from south to north, and 100 kilometers wide from east to west, Shanghai covers an area of 6340.5 square kilometers which accounted for 0.06 percent of the total area of the country and houses a population of over 16 million at present. Late in 1990, the central government started developing the area and has since become the well-known booming metropolis city. Shanghai has a sub-tropical climate, mild and humid with four distinct seasons. It has a mean annual precipitation of 1,100 mm. Almost 70 percent rainfall of the whole year is focus on the flood season which last from May to September. Shanghai is frequently affected by natural hazards such as typhoon during summer and autumn seasons, severe convection, heavy fog, heat-wave. The typhoon is the most severe weather system among them. Almost every year Shanghai suffered the Pacific tropical cyclone attacks. During 1949-2002 186 tropical cyclones affected shanghai with strong winds, heavy rains, storm surges and other disasters.

There are many rivers and lakes in Shanghai and networks of rivers densely cover. The total area of rivers and lakes of the whole city is 642.7 square kilometers and the river rate is 10.1%. Most of Shanghai river network which mainly including Huangpu river and its tributaries Suzhou river, Chuanyang river and Dianpu river Etc. belongs to Huangpu river system. The Huangpu River comes from Taihu Lake and the overall length is 113 square kilometers. It flows through the urban area. The width of river way is about 300~770 meters and the average width is 360 meters. The Huangpu River doesn’t freeze throughout the year and is the water transport arteries. Suzhou River is 54 square kilometers long in Shanghai and the average width of riverway is 45 meters. The biggest lake in Shanghai is Dingshan Lake whose area is 62 square kilometers. There are three islands in Shanghai, that is, the Chongming, Changxing and Hengsha. Chongming is the third island of China with the area 1041.21 square kilometers.

As part of alluvial plain of Yangtze River delta, most of Shanghai is flat and low plain except few hills and mountains in southwest and average altitude is about 4 meters. Land topography totality presents slight tilt from east to west. Dajinshan is the highest point in Shanghai with the altitude 103.4 meters.

Up to the ending of 2008, there are 18 districts and 1 county, 109 small towns and 3 villages, 101 street offices, 3579 residents committees and 1781 villagers committees.

The topography of Shanghai is low-lying liking the bottom of the pot and the river network is complex, so it’s a place with high-sensitive to typhoon, rainstorms and floods. Severe weather hazards usually bring many other disasters which further threaten city safety. Usually the weather factor resembles the first piece of domino and impacts other aspects of social activities. Taking an example, an Rainstorm in the out band of a tropical cyclone on August 25 in 2008 brought more than 100 mm rainfall in urban area within about 1-2 hr, which broken the record of 100 years of heavy rainstorm in Shanghai resulting in more than 150 streets and 11000 houses flooded and some lower cross-section roads shutdown and more than one hundred flights delayed in Pudong and Hongqiao airport.
The population of Shanghai grew from about 5 million in 1949 to 11.46 milion in 1980, and then 13.91 million now. 
In the urban master planning of Shanghai (1999-2020), it says that up to 2020, Shanghai will be initially built as one of the international economic, financial and trade centre. In the planning 6377.10 square kilometers land of Shanghai city was divided into six districts. The urban area was divided into three districts and the suburban county was also divided into three districts.  

· Recent floods in the city
(1). “01.8”continuous heavy rain

From 5th August to 9th August in 2001, there was continuous rainfall and torrential rainfall for 5 days in Shanghai affected by tropical cloud cluster and stationary front heavy rainfall cloud cluster one after another. The accumulation precipitation in Xujiahui station was up to 480mm from 14:00 on 5th August to 14:00 on 9th August which was the maximum continuous 5 days’ precipitation in August since 1873 in Shanghai. The daily precipitation from 5th August to 6th August was 275mm which had never been happened in nearest 50 years since Shanghai was librated. In addition, the Sunqiao area in Pudong suffered from tornado in 6th August.

This continuous heavy rainfall caused that road waterlogging existed in 476 places in central urban area, about 324 blocks and 47797 enterprises or houses were inundated, 14860 houses were called to be repaired for building damage or leak.In suburb area, the main affected areas included Sunqiao in Pudong District, Zhoupu, Kangqiao, Zhuqiao in Nanhui District and Baoshan District. Road waterlogging existed in 101 places, 17023 houses or enterprices and 1520 ha farmland were inundated, 246 places suffered from lightning stroke, 10 persons were injured or dead..

(2). “Maisha”(No. 0509) Typhoon

The “Maisha” Typhoon was formed on the surface of the sea in the east of Philippine and the southwest of Guam on 31st July, 2005, landed on Ganjiang Town in Yuhuan, Zhejiang Province at 3:40 on 6th August while central pressure was 950 Pa, the maximum wind force near the center was grade 14 (45m/s), the radius of grade 10 wind was 200km and the radius of grade 7 wind was 600km. After the “Maisha” landed, it moved along the northwestern direction, across Zhejiang Province and entered into Anhui Province, then continued to move to northwestern direction and the intensity worn off. The “Maisha” Typhoon affected Shanghai seriously during 3 days from 5th August to 7th in 2005.

“Maisha” Typhoon caused the strong wind, rainstorm and high tide exist in the same period.  On 6th August, heavy rainfall occurred all over the city, and in some area was torrential rain; in Zhoupu, Luchaogang of Nanhui District, Qingcun of Fengxian District, Putuo, Xuhui, Changning and Hongkou of urban area, all of the precipitation exceeded 200.0mm, and the value of Zhoupu was the maximum whose daily precipitation was up to 292.0mm. the highest tide in Huangpu River exceeded the warning level from upper reaches to lower reaches. The highest tide level in Mishidu station, etc. exceeded historical record.
According to statistics, during “Maisha” Typhoon, the affected population in Shanghai City was 946 thousand. The direct economic loss was 1.358 billion RMB, among which the agricultural loss was 0.843 billion, industrial loss was 0.158 billion and project loss was 8 million RMB. The flights in Hongqiao and Pudong airports were canceled for 1000 times, which caused about 100 thousand passengers were affected. 
III. Yokohoma City, Japan

The Tsurumi River flows from its source in Machida City down into Tokyo Bay at the river mouth in Tsurumi Ward, Yokohama. It flows for 42.5 km through Machida City, Yokohama City, and Kawasaki City, and whose river basin area is 235 km2.

The Tsurumi river is one of the class A rivers in Japan. The 17.4 km section from the river mouth is under the direct ministerial jurisdiction (Keihin Office, Kanto Regional Development Bureau, Ministry of Land, Infrastructure, Transport and Tourism).

The Tsurumi River is perhaps most popularly known for its vulnerability to flooding. In 1980, the river was targeted by the Comprehensive Flood Control Measures, which included efforts to provide water retention/flood control functions, which were promoted throughout the entire river basin.

Yokohama city is located approximately 30 km to the southwest of the Japanese capital city, Tokyo. It is the second largest city in Japan, with an area of 437km2, where 3.68 million people or 1.58 million households live. The GDP of the city is about 13 trillion yen. Its main industries are manufacturing such as electric machinery and transport machinery and service. The Yokohama port is a top-class in Japan terms of trade volume.

In 1958, The population of Yokohama City was about 450 thousands. But in 2003, it grew to about 1.88 million, as shown in fig.5. Accordingly, the ratio of urbanized area increased from 10% in 1958 to 85% in 2003.
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Fig.5  Development of Yokohama City
· Recent floods in the city
September 1982
Typhoon Judy 

Inundation above floor level: 910

Inundation below floor level: 1,800

July 1998 

Surface water flooding by frontal-type heavy rainfall

October 2004
Surface water flooding by Typhoon Ma-on

July 2008

Torrential rainfall over 77mm/h, 30 houses were flooded

August 2008
Torrential rainfall
3  Good Practices from the Pilot Cities
(1) To establish the comprehensive urban flood management strategy.

According to the characteristics of Shanghai flood situation and city situation, the comprehensive urban flood management strategy was established in Shanghai, China. The Flood control department of Shanghai firmly depends on FIVE SYSTEMS: flood control works system, organizing and commanding system, earning warning and pre-arranged planning system, information security system and rescue system. Flood control department practices FIVE INSIST: (i) In working principle, insist safety first, defense as the main work, often prepared not relax, utmost rescue, try to grasp the initiative of prevent flood and typhoon. (ii) In working concept, insist people oriented, to place ensuring the safety of the lives and properties in the first place, try to achieve no death and less loss. (iii) In working mechanism, insist various levels of flood control responsibility system whose core is responsibility system of administrative chiefs, try to make flood control responsibility to the edge transverse and to the bottom lengthways. (iv) In working measures, insist considering both construction and management and treating management as the key. Continuous tamp the material foundation and management foundation. (v) In emergency rescue, insist the people and the army joint together. District linkage, strengthen both flood control and damage control and disaster relief. 
(2) To highlight the land use planning.

In Shanghai, The scheme of planning control line (for short Blue Line) for rivers responsible by city and other rivers in city proper is put forward by Shanghai water affairs bureau and implemented after approved by Shanghai planning bureau. The scheme of Blue Line for rivers out of city proper is put forward by river administrative department of the county and implemented after approved by planning administrative management department of the county and should put on records by Shanghai water affairs bureau and planning bureau. For the construction projects in river managing scope, construction department should be examined and verified by Shanghai river management bureau or river administrative department according to the river management authority and perform examine and approve formalities according to the basic construction program. The construction projects out of the river management scope were implemented after city construction department and usually didn’t consider flood hazard. Constructions of other infrastructures such as railways and high ways should be designed according to the national standard Flood Control Standard.
In Yokohama city, According to the “Act on Countermeasures against Flood Damage of Specified Rivers Running Across Cities”, developers must construct rainwater storage and infiltration facilities if the area is over 1,000m3 and owners of discharge ponds over 100m3 are obliged to maintain their function.

Yokohama city has an ordinance to coordinate development by private sectors with city planning to promote creation of ideal urban environment. Based on the ordinance, the city directs developers to construct rainwater runoff control facilities and maintain open spaces to grow trees. 

Yokohama city designates “urbanization promotion area” and “urbanization restricted area”, according to the city planning act. The designation functions as land use control to prevent development of areas to retain their function to flood damage alleviation such as conservation of forests, agricultural lands, and so on.

 (3) To enhance meteor-hydrological monitoring, forecasting and warning to provide timely, accurate and all-sided information support to the urban flood management.
To accomplish the accurate forecast of rainfall, the MAPLE (McGill Algorithm for Precipitation nowcasting and Lagrangian Extrapolation) method is developed by National Institute of Meteorology Research (NIMR) in KMA (Korea Metrological Agency) and McGill University, in which the point rainfall data at the rainfall gage stations and the rainfall data of the climate radar are combined.
The point rainfall data at the rainfall gage stations and the warning stations are collected from the reports which are made by National Institute for Disaster Prevention (NIDP) and the local governments. The locations of the rainfall gage stations are provided in the form of TM or Longitude and Latitude. Thus, the general information of the rainfall gage stations and the warning stations is arranged by the database standard. In accordance with the database standard, each station is assigned to a unique serial number and the data format associated with a station is modified to standardize the information. Also, the locations of the stations are converted into GIS dataset. Finally, the serial numbers of the database and the GIS symbol codes are coincided. 
From the two dataset, MAPLE and the AWS data shown in Figure 6, connected in the system, it should be identified that the data measured by a ground rainfall station fall into a grid of the climate radar. This process is necessary to determine the number and location of a AWS which is used for the adjustment and rainfall information of a AWS which is located within the standard range is used as the adjustment data (Figure 7). 
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Figure 6 MAPLE and AWS stations and       Figure 7 Grids for the rainfall adjustment
integration                                in Ansung data watershed area
Hydrologic data wirelessly transmitted in real-time from the observation stations are sent automatically to the computer of Ansung Stream Flood Control Office. After that, the water level of rivers and flooding scale are calculated for the flood forecasting areas using by Distributed rainfall-runoff Model.

The integrated typhoon and heavy rain Monitoring &Detection System was developed in Shanghai Meteorology Bureau(SMB), as  shown in figure 8.
The Monitoring &Detection System is constituted by 98 auto-weather stations, 120 rain gages, 3 Doppler weather radars and 12 meteorological satellite receiving systems in Shanghai.
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Fig. 8 The integrated typhoon and rainfall Monitoring &Detection System of Shanghai 
Based on WRF meso-scale model a seamless prediction system has been established by Shanghai Typhoon Institute(STI) and used in routine operation named STI-WARR for 1-12h, STI-WARMS for 3 days and STI-EnWARMS for 5 days forecast respectively. Some new numerical techniques for forecasting are developed, such as digital filter, cloud analysis, ADAS-3DVAR and hourly assimilation cycle et. al. Except for rainfall some special products are output from it, such as radar reflectivity, wind profile, lightning index, visibility and satellite-like et.  al.
Also, STI is developing some new numerical techniques for TC forecasting such as BDA (bogus data assimilation) technique, satellite data assimilation, GRAPES_TCM TC model, relocation cycle, ensemble and air-land-sea coupled model, with them the track and intensity forecasts are significantly improved. 

 A Storm Surge Early Warning Subsystem is also established and used in SWB, which is developed by STI. The models used for typhoon storm surge forecast are POM with coarse resolution covering whole China coast sea and ECOM with fine resolution covering Shanghai coast sea and Huangpu river, in which the finest resolution is only 17 m and a more reasonable formula of wind stress under strong wind is applied. It is found that this operational system can accurately predict the storm surge in recent 2 year.
(4) To apply flood hazard/risk map widely as an important technique of urban flood preparedness.
Different Flood hazard/risk maps were used in all the three pilot cities, which contributes to guidelines for land use planning and strengthening the capacity buildings for special regions.
Flood hazard mapping in Shanghai can be divided into two parts:One is downtown and Huangpu river flood walls. The probable flood inundating scope, inundating duration and process of dyke failure or city rainstorm waterlogging in the condition of Shanghai affected by rainstorm, tide and flood from upstream according to the most likely principle and most harmful principle can be simulated by 2-D city rainstorm flood simulation models and flood hazard mapping can be implemented based on GIS. The other one is coastal area, which coastal inland depth is 5 km and Chongming, Changxing and Hengsha islands. Flood hazard affected by tide in coastal area can be analyzed through the principle of hydrology and geography from the angel of genetic analysis. Then flood hazard mapping can be implemented. Additionally, another kind of flood hazard map is provided by the Shanghai Meteorology Bureau (SMB), in which the factors such as regional total rainfall, drainage capacity, and vulnerabilities were integrated to get the comprehensive risk map.
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Fig.9 Flood hazard map (SMB)
 In Yokohama city ,Japan, Publication of Flood-prone area maps by the national government in 2007.Publication of flood hazard maps for each ward by Yokohama city for riverine flooding, with subsidy from the national government (1/3) and the prefectural government (1/3).
Flood hazard map of the Ansung Stream basin are developing by MLTMA (Ministry of Land, Transport and Maritime Affairs)of Korea shown in Figure 10 which shows possibility for risk from flood.
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Figure 10 Possibility for flooding damages in Ansung Stream basin
(5)  To build up various dissemination ways of flood warning information to individual residents. 
The various public-level dissemination platform is established in each pilot city, such as the mass media (broadcast, newspaper, etc), the government spokesman system, internet(web pages, emails…).
In Korea, When there is a possibility of the damage of lives and properties from flooding, it denotes the announcement of flood-warning or flood-alarm to the public to prevent or reduce damage  as flows:
Flood-warning : When water-level is estimated over warning water-level

Flood-alarm : When water-level is estimated over alarm water-level

When water level rises over defined point, the flood-warning or flood-alarm will be announced to the public through the mass media (broadcast, newspaper, etc) and related agencies so that citizens can prepare and evacuate against flood.

In Japan, Flood advisories, warnings and forecasts are transmitted to municipalities via prefecture. FAX information from MLIT office is also sent to prefecture, cities and wards. Yokohama city disaster prevention information system sends information directly to residents (e-mail information to mobile phones), these information are also provided by , internet, CATV, sirens. The MLIT office disseminates alert information to registered people by e-mail when rainfall, water level, inundation depth exceed certain values. Kohoku ward provide information by internet fax to underground facilities, facilities mainly used by aged people and infants.

In Shanghai, China, to ensure announcing the flood control information timely, accurately, objectively and roundly, Shanghai flood control headquarters built the spokesman system. Information announcing form mainly includes authorized announcing. Weather departments in SMB provide special services through multi agency cooperation involving government departments such as agriculture, flood control, public security, tourism and harbor, civil administration and maritime management et. al. Communications departments such as radio, television and the official government website for the city of Shanghai as well as transportation operators such as airports, railways stations, harbors, tourist attractions and traffic control follow the directives of the weather department and provide resources to facilitate the distribution of early warning information in a timely fashion. 

The Public-level Dissemination Platform is effectively established and in operation in Shanghai. The first community warning light system of the nation has been constructed in Baoshan district, Shanghai. The system will be extended to the tallest buildings in each district. Cell phone massage dissemination mechanism for serious disasters has been implemented. Public warning dissemination network includes 22,000 public electronic screens, 2000 billboard TV screens, and 1000 electronic road signs. The number of the electronic screens increased to 50,000 at present.

 (6) To emphasize on the function of retarding basins and discharge ponds in the urban flood management 
In Yokohama city, the installation of retarding basins and discharge ponds are promoted in the urban flood management. According to the “Act on Countermeasures against Flood Damage of Specified Rivers Running Across Cities”, developers must construct rainwater storage and infiltration facilities if the area is over 1,000m3 and owners of discharge ponds over 100m3 are obliged to maintain their function.4,170 (total volume is 2.96 million m3, as of the end of 2008) have been constructed by private sectors who had developed certain areas in the basin, with subsidy. Yokohama city has constructed 1,956 (about 1.65 million m3) regulation ponds and 1,662 infiltration trenches.
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