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Abstract: Flood had been cognized as the most severe natural hazard in ancient China. Chinese people have accumulated abundant experiences in fighting against flood disaster for millenaries. Especially in the past half century, a large-scale construction of flood control engineering system has improved its flood control capacity obviously, which plays an important role in ensuring the rapid socio-economic development. However, affected by the climatic fluctuation and human activities, significant changes of the flood control situation are taking place in China. In the new century, the flood control system has to face a series of challenges, and the flood management strategies must be adjusted accordingly. 
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1 Introduction

Flood control is an age-old problem in China. Early in Qing Dynasty of 2,500 years ago, our sages had realized that “A man who is adept at running a state should eliminate Five Hazards. One is flood; one is drought; one is harmful weather including storm, fog, hail and frost; one is pestilence, and one is fire. These are called the Five Hazards. Flood is the most severe one among the Five Hazards”(Guanzi, On the Land Appraisement).

Such kind of recognition, on the one hand, shows that flood has been the most severe hazard to the Chinese nation from time immemorial due to its essential geographical and climatic conditions. On the other hand, it is said that flood control should be the duty of the governor. Furthermore, whether giving priority to the flood control and taking effective countermeasures in flood management is an essential mark to evaluate the governor if he is adept at running the state.

China is a vast country, laid on the east side of Eurasia and facing the west Pacific Ocean, with the highest mountain Everest on the west border. The violent exchanges of energy and materials between the largest continent and ocean of the world and atmosphere form its complicated geological structures and meteorological conditions, which offer diverse environments for engendering flood hazards. In general view, the topographic of China is higher in the west and lower in the east, presenting in three distinguished steps. Thus, many large rivers exist in the mainland flowing eastward to sea, by which fertile deltas and vast alluvial plains are formed on the middle and lower regions of river basins. On the middle and upper reaches, there distribute many valley flats and basins. Most part of east and middle regions of China are governed by monsoon climate and tropical cyclones with uneven distribution in space and time of precipitations and high intensity of rainstorms. Because major rivers in China distribute in different climate zones as torrid, subtropical, warm-temperate and temperate zones, the features of rainfall and flood are quite different in each river basin. Due to the huge population in China and most of them living in alluvial plains and valley flats, which are also the places for floods discharge and detention, the conflicts that people contest with flooding for floodplain are of long standing, and become more severity today. Eliminating flood hazards is a fundamental demand for living and developing of the Chinese nation.

“ A man who wishes to run the country well should give priority to the flood control” is a golden saying handed down from generation to generation in the Chinese nation. From “Dayu leading river control” in ancient China to the large-scale construction of flood control engineering system in the new China, a great deal of glorious achievements of flood control have been left in the history records. Up to now, China has built and reinforced over 270,000 km dikes of various standards, constructed more than 10,000 km sea dikes, built 85,000 reservoirs of large, medium and small sizes with the total storage of 518.4 billion m3. All these projects have put floods under efficient control. Besides, China has developed 97 flood detention and storage zones for such major rivers as the Yangtze river, Yellow river, Huai river and Hai river with the total area of 30,000 km2 and total volume of 107.8 billion m3, which can guarantee the safety of key middle and downstream areas when the floods exceed the dike standards. China has also dredged the riverbed of major river systems to enlarge the discharge channel of the Huai river and Hai river into the sea. Enclosing and border dikes have been constructed and rehabilitated in some cities and South China, a lot of drainage facilities have been built with the total installed capacity of 41,570 MW, which has greatly improved drainage capabilities. Statistics show that 700,000 km2 water and soil erosion areas have been improved to reduce sedimentation in the rivers. With over 50 years of hard work, China has formed a flood control engineering system with the focus on major rivers and lakes, which has provided basic guarantee for economic development, improvement of living standards, social stability and ecological and environmental improvement. 

During the 100 years, the progresses in social civilization as well as science and technology have broken through the restrictions one after another for the growth of population and economics. It allowed the population in the world growing explosively from 1.6 billion to 6 billion, and the ratio of urban population in the total world population rising dramatically from 10% to 50%. Spring up of modern industries and rapid extension of urbanization, have met the demands of human’s development, and expanded the existing spaces and improved the living conditions. In the meantime, it has also changed the structures of ecological environments that formed in the earth through the history, as well as the pattern of material circulation and energy transformation. Such kind of rapid changes not only have brought us a series of new issues referred as “population”, “resources” and “environment”, but also made the old issues of “natural hazards” to be more complicated and more rigorous. Disaster reduction and sustainable development becomes the common task of the human being.  

China, as a big country on the developing way and an ancient civilization one with flood control experiences over thousands years, has faced a serious phase of flood hazards occurrences. This paper is prepared to introduce the changes of flood control situation in China, and to analyze the causing of such changes, which shows that in the new century the flood prevention system will face a series of challenges and the conventional flood control strategies have to be adjusted.  

2 Changes of flood control situation in China and its causing analysis

The changes of flood control situation in China are mainly indicated as (a) the decline of the flood carrying capacities in river courses and flood detention capacities in wetlands which caused the flood stages higher and higher at the same discharge; (b) Flood-protected areas rely more on dikes for their safety that aggravate hardships in flood fighting; (c) inundated areas caused by river outflows have decreased, but that caused by local rainstorms increased; (d) the densities of inhabitants and properties in flood prone areas increased sharply, which have aggrandized flood damages and emerged the scarcity of flood-protected level in urban areas; (e) casualties in flood plains decreased, but the rate of casualties caused by torrents and mud-rock flows in gullies and valleys, and storm surges along coastlands increased; (f) the conflicts among different regions during flood control operations aggravated and hardness in harmonizing enlarged; (g) the management and maintenance of the flood control engineering system become more important, and demands on information system and decision-support system increased, and so on. 

From 1950s to 1980s, the annual mean flood losses account for a about 20 billion Yuan RMB. However, it approached 80 billion Yuan in 1991, and outstripped 100 billion in 1994 and exceeded 200 billion in 1996, and reached 248.4 billion in 1998. It has kept in a trend of rapid increase in 1990s, and amounted to 1~4% of the nation’s total GNP, about 10~20 times higher than those developed countries as USA and Japan. Such severe situation forced our disaster researchers to discuss flood control problems from the views of social and economic, ecological and environmental, as well as technical aspects, in order to find a more comprehensive approach for training the floods, as well as running the country well. 

In 1990s, China has been subject to repeated flood hazards(Fig.1), which shows not only the effects from natural climatic fluctuation (Fig.2), but also the new issues appeared along with the social -economic development. Since the end of 1970s, China has come through a series of significant reforms, and the opening areas were expanded from the coastal region to inland progressively (Fig.3) that promote the economic growth (Fig.4). The urbanization process has been speeded up obviously (Table 1), while the differences among the Eastern, Central and Western economic regions were enlarged (Table 2 & Fig.5), even in the Eastern region, the rate of developments were quite different (Table 3).

Table 1                Urban Population in China 
	Year
	1952
	1970
	1980
	1984
	1987
	1990
	2000

	Urban population (106)
	39
	93
	191
	240
	276
	302
	461

	Rate of the Total (%)
	8.30
	11.2
	19.39
	23.01
	25.32
	26.41
	36.1


Table 2  Comparison of urbanization among 3 Economic Regions in China(1992/2000)
	Items
	Total of the Nation
	The Coastal Region
	The Central Region
	The Western Region

	Land area
	Area（106km2）

Percentage（%）
	     9.6

     100
	    1.371

     13.6
	    2.441

     26.7
	   5.665

    59.7

	Total Population
	Amount（106）

Percentage（%）
	1185.2/1263.3

100
	485.4/536.2

41.3/42.5
	416.7/439.4

35.8/34.8
	265.7/286.7
22.9/22.7

	City

Town
	Number
Number
	570/667

15062/20312
	284/300

6804/7479*
	215/247

4590/4682*
	107/120

3668/3965*

	Urban population
	Amount（106）

Percentage（%）
	242.9/461.4

100
	115.0/235.9

47.34/51.
	86.6/146.7

35.63/32.
	41.4/78.8

17.03/17.

	Density of City & town 
	Number of population103 /104km2 of urban area
	253/481
	838.9/1721
	354.6/601
	73.0/139


 Source: Coastal Region of China: Sustainable Development in 21 Century (Lu Dadao,1997); data of 2000 obtained from the 5th national census; data with * is the data of 1996.
  Table 3          Urbanization Level of the Coastal Region(1994/2000)

	Areas
	Beijing, Tianjin, Shanghai
	Liaoning
	Guangdong, Shandong, Jiangsu 
	Zhejiang, Fujian, Hainan
	Hebei, Guangxi 

	Urbanization level（%）
	1994
	55-68
	45
	31-36
	20-25
	15

	
	2000
	72-88
	54
	39-55
	40-49
	20-28


  Note: According the data from [1]; the Urbanization Level refers as the urban population/ total population; data of 2000 obtained from the 5th national census.

China is now experiencing two significant transformations. One is in social aspect, i.e. transforming form the society relying mainly on the agriculture economics to the society mainly on the industries and service trades; and from a traditional society composed mainly of agricultural population to a modernized society mainly of urban population. Another is in economic and political aspects, i.e. transforming from the directive planned economic system to the marked economic system; from a conventional political system of centralization to the socialist democratic political system (Hu Angang, 1999). Being in such a period of transformation, the conventional flood control situation has also been changing obviously in China, and the present flood control system is now facing a most severe challenge. Some superiority in large scale flood control engineering construction formed in the directive planned economic system has been weakened, while the democratic and legislation system that is reliable under the marked economic system has not been formed completely. The conventional institution for planning, design, investment and management of flood control system has been not seasoned with the demands of flood prevention in modern societies. 
The rapid urban growth brought us not only the prosperities but also a series of new issues, in which the urban water issues including the escalation of water hazards, the shortage of water supply and the aggravation of water pollution, have become an essential problem concerned with the sustainable development. The differences between the urban type and rural type flood hazards are shown in Table 4. 

Table 4  Comparison of flood disaster features between modern type and traditional type
	Classification
	Traditional rural type
	Modern urban type

	Causing
	Mainly by natural factors 
	Man-made factors increased, even to be the dominant

	Species
	River flood overflow, storm surge, rainstorm, levee-breach flood
	Increase of man-made floods, such as, dam-breach flood, accidents of burst of the water supply conduits

	Affected area
	To be the inundated area, larger but clear
	The inundated area decreased, but the affected area may be enlarged, and become uncertainty

	Affected

Probability
	Floods with different return periods may form different flooding areas
	Odds of big flood still exist, the flooding possibility in suburban district may be increased 

	Affected objects
	Floodplain, farmlands, villages,  towns and cities
	Upper reservoir area, newly urbanized area, underground spaces such as subway and basements

	Time
	During the flood season with certain periodicity
	Maybe brought forward or deferred artificially; the accident of water supply system may occur at any time 

	Duration
	Related to area, duration of the rainfall and geographic features
	Maybe prolonged or shortened artificially

	Damage species
	Mainly in crops, farmhouses, farm tools, and casualties of life 
	Assets of industry and commerce, public facilities、family properties, urban lifeline system

	Influences
	Causing famine, plague, larger casualties, poverty, transport interruption, severely affected area may be recovered in several years 
	with duplex effects to enlarge or to reduce the disaster，the total damage increased, the affected area much more exceed the flooded area, some loses may be unable to recuperate, but can be recovered rapidly 

	Flood control measures
	Flood control system in lower level, flood fighting 
	Flood control and drainage system and regulation in higher level, flood proofing, storm flood storage in city

	Disaster mitigation 
	Evacuation, victims have to bear the risk
	Disaster forecasting and warning system, social safeguard system consummated gradually 


Since the land use conditions have been changed by human activities, the rainfall-runoff correlation in many river basins transformed obviously. The decline of forestation coefficient,  aggravation of soil erosions, and rapid disappear of wetlands，which are also the consequences mainly caused by human activities, have created influences on flood control situations. However, the conservancy and restoration of environments are restricted due to the lack of necessary investments.

3 Preliminary estimation of the flood prevention situations in China in the new Century

In the 21 Century, China is facing new challenges in flood prevention and disaster reduction. In the initial stages of the new century, China is developing in a period of rapid economic growth at an annual rate of around 7%. It is estimated that by the middle of this century, the population in China will increase to 1.5 -1.6 billion from current 1.3 billion, and the urban population may rise from 36% to 50% -60%, i.e. the total urban population will increase from 460 million to about 800 million. In the context of such development, the changes of flood control situation can be estimated basically as follows: 

(1) The pressure on demands of grain and farmland will increase. Because (a) expanding of urbanized area and infrastructure construction in large scale will led to a constant decrease of the farmland; (b) the agricultural development in arid and semi-arid regions in north and northwest China that take environment degeneration as expenses are hardly to hold on; (c) “arable land abjuration” phenomena in the developed regions will be hardly reversed, and so on, it is almost unavoidable to utilize and develop in flood-prone areas and cause severe confliction between mankind and floods in land using. 

(2) Along with the urbanization process, the normal operation of the modern societies may rely more and more on the life-line systems as water supply, power supply, gas supply, sewerage plants and networks, traffic and transportation, and communications. In case of suffering from the large flood event, the stricken area must be much larger than the flooded area, and indirect and intangible losses will be more than the direct economic losses, the burden of recovery and reconstruction will be much heavier than before. The regulation of medium and small rivers in urbanized area and the prevention of “urban type floods” will become more important. 
(3) The decrease of natural flood storage function in river basins and discharge capacity in channels, will lead to flood occurring more frequent with high level in low discharges, that may aggravate the burthen in flood fighting. The traditional strategy of heightening embankment will enlarge the flood risks as a whole. How to establish a new relationship between man and nature that may break away from vicious circle becomes a more exigent demand.
(4) With the economic growth and the improvement of living standards, the demands for flood protection and security will be growing. In the case of flooding, people will ask for not only the safeguard for their life and properties, but also the maintenance or recovery as soon as possible of the normal order of production and their live.

(5) During the early stages of the new century, the ’water crises’, represented by aggravation of water hazards, shortage of water resources and depravation of water environment, will still tend to be intensified. The gains and losses based upon the flood risk between the human and nature, and among regions, will be more sensitive. The differences in the value judgments and the conflicts of the advantages and disadvantages, will lead to the decrease of the concerted space among different flood management schemes.

(6) Along with the socio-economic development and enhancements of the integrated national power, the investment capacity to the flood prevention system will be buildup. Through the flood risk management, it is possible to heighten the capacities of flood prevention, emergency responses, and resiliencies. 

The changes of the flood control situations in China in the new century indicated that the development of the flood prevention system has entered an important period of adjustment in its strategy. 

4 Discussion on the adjustment of flood management strategies of China in the 21st Century
During the transformation from agricultural society to the modern society, the conventional mode that is aim at controlling floods will be escalated to a higher level of flood management to meet the demands of ensuring sustainable development. Flood management is defined as a collective noun that refers to a series of activities of regulating flood control behaviors, reducing vulnerability and enhancing resilience of societies, and so on, in order to harmonize the relationship between human and nature according to the principle of sustainable development. It is the inevitable way for adjusting flood control strategies, and the certain process for the progress from quantitative change to qualitative change.

4.1 Selection of flood risk management mode 

Under the huge pressure of population and provisionment, and the restriction of the socio-economic conditions, it is impossible for China to abandon development and land use in the flood-prone areas. To eliminate the flood risk by high investments in a short term, or to avoid flood damage by crucial restrictions of development in the flood prone areas, are all the modes of management being short of consideration in risk features. These are not modes proper to China.

According to the realistic conditions of China, we have to select the mode of flood risk management, i.e. to combine structural and non-structural measures as an integrated whole with a view to local conditions on the basis of careful study on flood risk characteristics and evolutionary trends of various river systems. Non-structural measures should be utilized to impulse such structural measures that must be more propitious to overall and long-term benefits, reinforcing with policies of risk sharing and risk compensation, which may form a new water management strategy of living with rivers and floods. Only by this strategy, can we control the flood risk under acceptable level and promote interactions between man and nature to get rid of vicious circle. 

4.2 The essential of the flood risk management 

In order to explore the mode of flood risk management with Chinese features, it is necessary to realize the essential of the flood risk management in grasping the direction, chance and tolerance of strategic adjustment.

It is the essential of flood risk management that to modulate the interests concerned with flood risks existing objectively among communities and between man and nature by means of integrated measures of legislation, administration, economy, techniques, education and engineering. (a) Flood phenomena in natural world and flood disasters confronted by communities reflect complicated risk-based relationships among man and nature. (b) Under the conditions that the floodplains have been highly developed, the flood control activities in large scale always predicate the readjustment of interests among different regions. (c) The ultimate purpose of the flood risk management is to ensure a harmonious development of the flood management system with the whole socio-economic system. Its final target is to realize the maximum benefits of the whole system for a long term. (d) The floods control alternatives created basing upon the flood risk management will be no longer the projects that strive for the maximum benefits for local region in a short term with minimum costs. It will be not the alternative that may be self-imposed by the local region. Thus, it is important to combine the structural measures and the non-structural measures in carrying out the flood risk management, which need to carry out forcibly by legislation, to fulfill through administrative organizations, to induce by economical means and to be supported by science and techniques. (e) Obviously, it is impossible to get the desired results in carrying out the flood risk management in a short time. It should be taken as a long-term strategy, and be persisted in generations, and then the flood control situation in a river basin may turn to the benign circulation. 

4.3 The outlines should be stressed in carrying out flood risk management 

(1) Living and developing in flood risks is an inevitable reality in China. We should firmly set up a sustainable flood control concept and seek for a developing way compatible with flooding.

(2) A security system for flood disaster reduction should be developed comprehensively to suit the demands of socioeconomic development. A stable investment mechanism for flood control should be ensured, which will increase simultaneously with the economic development in certain rate, and be shared by the government at all level. 

(3) The flood control structural measures will play a leading role in the establishment of security system for flood disaster reduction for a long time to come. It should be important to improve our flood control capability step by step and decrease the risk of flood hazard effectively, and meanwhile, to take account of the benefits of society, economic and environment.

(4) The criterions for the optimum integration of flood control works and its rational assessment should be: (a) To make the most of the flood carrying and storage capacity of the natural river courses and lakes; (b) Do not increase more flood-carrying burden to the river courses; (c) To maintain the inherent flood retarding and retention functions of the river basin; (d) To limit the harmfulness of the flooding flow as much as possible.
(5) Flood fighting plays an important role in making the most of the effects of the present flood control systems. The technical level should be raised in flood fighting, and the flood control and operation command system and the technical support and logistic system should be enhanced. 

(6) The emergency management for big flood events should be improved through amplifying the legislation system concerned with flood control to enhance the coordination of the departments concerned and make definite responsibilities for all links in the flood risk management.
(7) Comprehensive capability construction should be enhanced for the whole society in the aspects of disaster prevention and mitigation. The non-structural measures should be put into the right course of planning, investigation and management, and the trend of man-induced flood disaster should be overcome.
5 Conclusions

The 21st Century will be the century of water. To solve the water issues will rely on the renovation of value concepts, advancements of science and technology and the adjustment of social operational mechanism. Disaster reduction and sustainable development are closely linked in the new century. As a large developing country with huge population, China need learn from the advanced countries, and meanwhile, we should contribute our efforts to the progress of the world.
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Fig. 3 The evolution of the opening regions in China (Lu Dadao, 1997)





Inland





Coastal Regions





15 Capital Cities of the inland provinces or autonomous regions 





13 Opening border Cities





5 Opening Cities along the Yangtze River 





14 Opening Cities





4 Special Economic Zones 





Pudong/Shanghai





Hainan Province





The Shandong Peninsula, the Liaodong Peninsula 





� EMBED Excel.Chart.8 \s ���





The Yangtze Delta, the Pearl Delta, the South-Fujian triangle Zone





� EMBED MSGraph.Chart.8 \s ���





Fig.2 Fluctuation of annual mean precipitation in China 


(State Climate Center of CWB , 1998)
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