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Abstract: Nowadays, flood risk mapping has become one of the important and urgent tasks in China. Two key questions are needed to be solved for managing various flood risk maps: 1) How to make an accurate and beautiful flood risk map? 2) How to effectively and practically manage these various and large numbers of flood risk maps? This paper presents a resolution plan for these questions. In this resolution plan, a multi-functional mapping and management system have been preliminarily developed, which includes mainly three subsystems: system management, flood risk map making, and flood risk map management. This software system has been applied to the flood risk map making experiments in the pilot sites in the Yangtze River Basin and the Songliao River Basin and good results have been achieved. 
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1. BACKGROUND
1.1 Flood risk mapping – an important and urgent task in current China

[image: image6.png]China is a great country with a long history of fighting against flood. Now, many problems, such as large increasing population, rapid urbanization, institution reformation, play an important role in flood management in China. In 2003, the Ministry of Water Resources of China has declared that a successful shift from flood control to flood management should be realized in the coming future in China. Flood risk map is one of the effective technical supports to mitigate flood hazards from the international experiences of American, Japan, and many European countries. Nowadays, flood risk mapping has become one of the important and urgent tasks in China. The China State Flood Control and Drought Relief Office has made out The Guidance for Flood Risk Mapping in 2004 and assigned 36 pilot sites in the main seven river basins since 2005 in China. Then, a standard, efficient and powerful software platform for flood risk mapping and managing is urgently needed. This paper takes the Yangtze River Basin and Songliao River Basin as examples to introduce the development of the Mapping and Management System of Flood Risk Map. Figure 1 presents the pilot sites in the Songliao River Basin and the Yangtze River Basin.
1.2 Basic requirements for this system
Generally speaking, the following basic requirements for this system have been provided: (1) Integration of Multiple Data Sources: Both developed and developing area existed in China. Hence, both technical and economical bases for flood risk map are quite different in different regions. In other words, the platform to be developed must be able to integrate seamlessly of the huge volume of multiple data sources with different file or database formats that were made from different software platform, different departments, different ages, variant scale, and different projections. For example, the original data from the pilot sites in the Yangtze River Basin includes ARCGIS, MicroStaion, and that from the Songliao River Basin includes MapGIS, AutoCAD and ARCGIS. (2) Making of the Hazard Map: The software platform for Flood Hazard Analysis and Management shall be able to map multiple types Flood risk map and sub-map for Lake, River, Detention Basin, Reservoir, and etc based on the published guidance and requirement. National standard and industrial symbology shall be supported as style of related information layers on the Flood Risk Map, which is composed of the layers to provide the information of fundamental map elements, the structural measures, various flood risk, and risk reduction. According to the Guidance, the Flood Risk Map can be in form of digital and paper. (3) Flood Risk Maps Management: According to the Guidance for Flood Risk Mapping, the Flood Risk Map shall include the three main types: (a) Flood Risk Map for Lakes and Rivers; (b) Flood Risk Map for Detention Basins, and (c) Flood Risk Map for Reservoirs. This system should be able to manage all of these maps. (4) Outstanding Flood Risk Information: Rich presentation style shall be supported for projecting and emphasizing the hazard information in the Flood Risk Map for Lake and River, Detention Basin, and Reservoir, which shall include but not limited to depth of the flood water, flow velocity, estimated arrival time of flood, flood duration. All of the information should be outstand in this system. (5) Flexible and Powerful Query: Flexible, powerful and effective query on flood hazard information shall be supported, including attribute query, spatial query, joint query with multiple criteria, and query on statistic on attributes. Presentation of query result shall include but not limited on chart, table, textual and etc. Flood hazard information cans category in core and assisting information. Core flood hazard information includes storm frequent-flood region, flood depth on control point, history, flow velocity, etc. Assisting information includes administration region coverage, river system, flood control construction, importance transportation and public facilities, emergency evacuation routes, shelter facilities, flood hazard assessment, emergency management information, etc.

2. DESIGN OF THE SYSTEM
Based on the Guidance of Flood Risk Mapping, a more detailed and preliminary specification for flood risk mapping has been designed for the software system, which consists of the framework of the system as the following key issues.
2.1 Data/Information Classification
The data/information in the system is categorized in 5 categories, including Fundamental Information and related data, Structural Measures Information and related data, Flood Risk Information and related data, Risk Mitigation Information and related data, and background information. (1) Fundamental Information and Related Data: based on the national standard of fundamental geographical information and are common applicable for most industries. (2) Structural measures Information and Related Data: based on the code in “Flood Prevention Engineering Database” of the State Flood Control Project. There are 18 categories of engineering projects closely related to the Flood Prevention, such as reservoir, dike, detention basin, sluice, sea embankment (pond), and so on. (3) Risk Information and Related Data: mainly means flooding zone, flood depth, flood velocity, last of inundation. (4)Risk Mitigation and Related data: includes flood control management information, such dispatching plan for flood control, budget and etc. If possible, the evacuation routes, flood-avoid structures, resettlement spots, resource stores for flood prevention, dispatch team of flood control, signal location, alarms, flooding field and etc, shall be maped directly on the flood risk map as the risk mitigation layer. For specific industries, such as land-use planning, flood insurance and flood risk education and public awareness, the non-structural measures are illustrated and highlighted. (5) Background Information is all other information relating to a flood risk map, such as flood control pre-plan, social and economic information, legends, and so on.
2.2 System Architecture
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Figure 2 presents the four hierarchies of the software platform. The layer of guiding rule maker establishes and amends the standard specification for flood risk map. Based on this, the layer of map maker will make various kinds of flood risk maps. After the flood risk maps released, the common users are able to access to some general information of flood risk map while the special users are capable of obtaining abundant, detailed information for their work, which is remarkably related to flood management.
The following design principles were obeyed when we developed our system. (1) Standardization: The system shall standardize the organization of spatial data, tabular data, and supporting data based on the international, national, and industrial standard. Standards shall be proposed with the professional advices for frequently used and large volume data. (2) Compatibility: High compatibility shall be offered through a generic platform, which is based on the standardization and integrating on the data management, query, plotting of map. (3) Operation Friendly: The system shall be operation friendly and provide quick access to the variant information, and query. The operation shall be design from the consideration on deliver the functionality of Flood Risk Mapping, Maps Management and utilization. (4) Cost Effectiveness: The cost model on the operation and maintenance of the system shall be considered. It shall be a highly cost effective model.
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Figure 3 presents the logical architecture of the system. From this figure, one can see that this system is mainly composed of three parts: user login, map making and map management. Different levels of users have different rights to get access to different information. Users with map making right are capable of data preparation, map creation and layout creation in the part of map making while those with management right are able to browse various flood risk maps and get information they are interested in.
2.3 Layers and Styles

According to the Guidance for Flood Risk Mapping, in each of the flood risk map for lakes/rivers, detention basins, reservoirs consist of four sub-categories of layers as the following: (1) Fundamental information layers, (2) Structural measures information layers, (3) Risk information layers, and (4) Risk mitigation information layers. Styles of layers are designed based on the National Fundamental Geographic Standards of China, industrial standards, and customize standards.
3. FUNCTIONS OF THE SYSTEM

3.1 Main function modules
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Three main function modules consist of the system, that is, the module of flood risk map management, the module of flood risk mapping and the module of user management. In the module of user management, the administrator is able to add, delete, update or search the information of every user while the common users are able to modify their passwords. Mappers are able to prepare data for flood risk map, integrate various layers for a specified map, and make layout for any risk map. Managers in different departments are able to browse the various flood risk maps and special users even are capable of finding any information of flood risk that is closely related to their works.
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The module of flood risk mapping is composed of three sub-modules: 1) the module of data preparation, 2) the module of layers integration, and 3) the module of layout making (See Figure 4. the components of flood risk mapping module). The following works can be done in the module of data preparation: first, creating new data in or making a copy of old data to the system, and adjusting the coordinating system and the projection system of the data to that designated by the Guidance for Flood Risk Mapping; second, classifying all of the data as one of the type: fundamental data, structural data, flood risk data, and hazards mitigation data, for the type is accordance with the layer style in a flood risk map; third, importing or input the data for background information. Layer integrating of a flood risk map is done in the sub-module of layers integration. The mapper should finish two important works in this module, one is to gather every layer for his preparing risk map, and the other is to input information relating to his preparing risk map. In the module of layout making, the mapper are capable of creating various layouts of flood risk maps for printing.
Four sub-modules, that are all maps, maps for river and city, maps for reservoir and maps for detention basin, make up of the flood risk map management module (See Figure 5). The module of all maps is the access for managers to browse every flood risk maps in a region. And the other modules are the accesses for managers to browse the maps for river and city, the maps for reservoir and the maps for detention basin, respectively. 
3.2 Some special functions
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In this software system, some special functions should be shared with readers. 
The first one is data re-use. In this system, the user is able to integrate multiple data sources. The GIS core of this system is SuperMap GIS that provides accessibility to SuperMap SDB, SQLServer, ORACLE and etc. Format transformation and direct access from commonly used GIS/CAD format such as AutoCAD DWG, ESRI ArcInfo Coverage, Microstation DGN and etc. The integrating of the multiple data sources in the system is mainly used for conversion of various vector data and raster data (See Figure 6).
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The second one is automatic mapping. Once the mapper selects the layers for his preparing map and input the information on the name, code, category, and administrative area of the map, the system will form a preliminary flood risk map (See Figure 7). Then the mapper should input the relating information about this map, such as the date, the flooded area, the affected population, cities, highways, railways, GDP, and so on (see Figure 8).
The third one is symbology system. Accord to the specifications of National Fundamental Geographic Information and the Symbol Pattern for Flood Control and Drought Relief (SL 73.7-2003), a symbology system has been finished for our system and stored in the database of the system. In this system, every symbol is closely related to a category of spatial data (or layer) for the purpose of automatic mapping.
3.3 In a individual map
In the current implementation, managers can perform the following functionality in the system: (1) Listing of the layers of flood risk map; (2) Browsing the flood risk map; (3) Measuring distances, areas, orientation; (4) Batch querying of fundamental entities, flood control project entities, hazard prevention information entities; (5) Querying and reporting statistic information within a) a flooded zone; b) a specific administrative region overlaying a flooded zone; and c) a specific watershed overlaying a flooded zone; (6) Querying with user defined conditions; (7) Locating and reviewing detailed information of an entities of fundamental information, structural measure information, and risk mitigation information; (8) Reviewing the general information of the flood risk map, flood prevention plan, social and economic information, animation of flood simulation; and (10) Output necessary image and layout of a map. Figure 9 and 10 present the general information of a risk map and some information for evacuation in a risk map, respectively.
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4. EXAMPLES OF APPLICATION
Both the Yangtze River Basin and the Songliao River Basin are the major river basins in China. The following table presents the names of pilots sites and the typical flood types of these sites. 
Table 1 pilot sites in the Yangtze River Basin and the Songliao River Basin

	The Yangtze River Basin
	The Songliao River Basin

	No.
	Name
	Flood Type
	No.
	Name
	Flood Type

	1
	Chengdu
	River/City flood
	1
	Chaersen
	Reservoir

	2
	Yiyang
	River/City flood
	2
	Harbin
	River/City flood

	3
	Jiangjiang
	Detention basin
	3
	Lahai
	River/City flood

	4
	Linayuan
	Detention basin
	4
	Pangtoupao
	Detention basin

	5
	Danjiangkou
	Reservoir
	
	
	

	6
	Guanshan
	Reservoir
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Figure 11 presents all of the flood risk maps those have been achieved in this pilot test. As mentioned in 1.2, the data formats of these pilot sites are quite different. Using this system, it is very easy to integrate these data into the system. Moreover, after data integration, all of these maps and layouts have also been integrated into the system. Visitors with enough right are able to get access easily to any of the maps and obtain the information they are interested in. The facts indicates the system are considerablely successful in the two river basins. Obviously, it is no doubt that this software system can be applied in other river basins.
5. CONCLUSIONS

China is to achieve the shift from flood control to flood management and flood risk mapping has become one of the important and urgent tasks in China’s flood management. This paper introduced the design and development of a mapping and management system for flood risk map based on the flood risk maping pilot experiments in the Yangtze River Basin and the Songliao River Basin. Here comes the main conclusions:
First, making a standard detailed specification plays an important in the system development for flood risk mapping and management. The specification should regulate the uniform bases, such as data structure, data and information type, flood risk map type and styles of layers in a risk map. In our work, a prelimilary specification had been made out based on the Guidance of Flood Risk Mapping before developing the software system. According to this specification, this system were designed, developed and successful. Obviously, the prelimilary specification is qiute important for this system.
Second, different management functions or modules are remarkablely necessary. Many fields needs the information of flood risk map, and different level users have different rights and are interested in different information, hence, different management functions or modules should be provided for different types of users. According to the designed framework, both B/S and C/S systems for flood risk map are needed. In the next work, enough attention should be paid to some typical management functions or modules for different users.
Third, user’s needs are the powerful driving force for the improvement of flood risk map. According to the international experiences, flood risk map have been used widely in the fields of flood management, landuse planning, flood insurance and flood risk public awareness and education. Samely, this is also the driving forces for mapping and management system of flood risk map.
Finally, selection of a good GIS core is very important for the success. In the mapping and management system of flood risk map, the GIS core is SuperMap GIS that is characterized by outstanding functions, such as powerful data integration, abundant accesses to various database types, covers a wide range of products, and so on.
ACHNOWLEDGEMENTS
This study is financially supported by National Natural Science Funds of China (No. 50409003), National Scientific and Technological Support Planning Project (No. 2006BAC14B02).
[image: image4.png]


[image: image5.png]

















































































�


Fig.5 the components of flood risk map


management module





�


Fig.4 the components of flood risk mapping module
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Fig6. Conversion of vector data and raster data
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Fig.2 Hierarchy of the platform
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a) the Yangtze River Baisn                                 b) the Songliao River Basin


Fig.11 integrated flood risk maps for pilot sites in the Yangzte River Basin and the Songliao River Basin
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Fig1. Pilot sites in the Songliao River Basin and 
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Fig. 9 General information of a risk map            Fig.10 some information for evacuation
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Fig.7 select layers for a risk map                     Fig.8 select layers for a risk map
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Figure 3 – System Logical Architecture
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