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Introduction

China has been frequently hit by big floods and suffered from flood disasters. The critical issue is that about 8% of the middle and down stream of the seven major rivers are prone to floods, where is inhabited 50% of total population and contributes over 2/3 of total agricultural and industrial product value. Flood control and management of the said areas are of vital importance of China in its social and economic development. Strenuous efforts have been made in fighting against flood, however there is still long way to go.

A. Geographical Features

1. Topography

The terrain of China is high elevated in the west and of low altitude in the east. The highest area is Qinghai-Tibet Plateau with elevation higher than 4,000 m and is down to the coastal plain areas being below 50 m. The mountainous area accounts for 33% of the total Chinese territory, the plateau, hilly area inter-mountain basins account for 26%, 10%and 19% of the total respectively, and the plain area is only 12% of total land area of the country.

2. Climate

The vast area of the East China and most part of the South China are dominated by the Eastern Asia monsoon, where in summer are affected by the oceanic air current, but in winter they are predominated by the continental air current. These phenomena result in dry winter and wet summer over the mainland of China. The annual precipitation descending from southeast to northwest is extremely uneven in its distribution. In southeast coastal areas and some regions of Southwest China the mean annual precipitation depth is higher than 2,000 mm. In south of the middle and lower reaches of the Yangtze River, it is over 1,000 mm. In the region of Qinling and Huaihe River Basin, it is around 800 to 900 mm. In North China Plain and Northeast China it ranges from 400 to 800 mm. For vast area of Northwest and Inner Mongolia the annual precipitation drops to less than 400 mm.

Table 1  The Major River Basins in China

	River
	Length (km)
	Basin Area (km2)
	Area flowed into

	Yangtze
	6,300
	1,808,500
	East China Sea

	Yellow
	5,464
	752,443
	Bohai Gulf

	Heilong
	3,420
	903,418
	Tartarian Strait

	Songhua
	2,308
	557,180
	Heilong River

	Pearl
	12,214
	453,690
	South China Sea

	Yarlund Zangbo
	2,057
	240,480
	Bengal Bay

	Tarim
	2,046
	194,210
	Taitema Lake

	Lancang
	1,826
	167,486
	South China Sea

	Nujiang
	1,659
	137,818
	Andaman Sea

	Liaohe
	1,390
	288,960
	Bohai Gulf

	Haihe
	1,090
	263,631
	Bohai Gulf

	Huaihe
	1,000
	269,283
	Yangtze River

	Luanhe
	877
	44,900
	Bohai Gulf

	Ertix
	633
	57,290
	Kara Sea (via Russia)

	Ili
	601
	61,640
	Balchas Lake

	Yuanjiang
	565
	39,768
	Beibu Gulf (via Vietnam)

	Minjiang
	541
	60,992
	East China Sea

	Qiantang
	428
	42,156
	East China Sea


3. Rivers

China has about 50,000 rivers with an area larger than 100 km(, among which more than 1,500 rivers cover an area larger than 1,000 km2. Most rivers are distributed over the eastern and southern part of China. The total basin area of the river flowing into the sea accounts for 2/3 of the total area of Chinese territory, and the remaining 1/3 belongs to the inland river basins.

The majority of rivers in China are fed by rain; a few rivers in west China are fed by snowmelt and glaciers in spring and rainfall in summer and autumn. In addition, there are some rivers partly fed by glaciers. Table 1 gives the major rivers of China so far as the size is concerned. Taking into account the flood issues and social and economic importance, the following seven river basins are considered as major ones, namely: Yangtze, Yellow, Soughua, Liaohe, Haihe, Huaihe, and Pearl River Basin.

B. Flood and flood disasters

1.Flood characteristics

The east China is the region where the flood disasters are primarily caused by the rainstorm in combination with  the coastal storm surges and the west region is subject to the mixed-type floods from snow and glacier melting as well as the local storms.
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Fig.2 The maximun flood dischange record in China and that of the world
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The east part of China is under the influence of the continental monsoon climate, and the rainfall  is high in intensity and concentration in time. The flood season in the east region starts from June through September in the north and from May through August in the south accounts for 60% to 80% of annual rainfall respectively. During the flood season the maximum rainfall in one month can make up 25% to 50% of the total annual rainfall. The maximum recorded one-hour rainfall is 401 mm (at Shangdi in Inner Mongolia), the maximum recorded six-hour rainfall reached 830 mm (Linzhuang in Henan Province) and the maximum recorded 24-hour rainfall reached 1,672 mm (Hsinliao ,Taiwan ). The maximum records of point rainfall of different durations are close to or higher than the corresponding maximum records of the world. Such high intensity and large area rainstorms caused extremely large flood peaks and result in serious flooding (Fig.2)

The magnitude of the maximum floods varies tremendously from place to place, based on the recorded and historical flood data of 6,000 river reaches of the country, the distribution of the maximum peak discharge in east region was drawn as shown in Fig.3.

The noticeable events are given in Table 2.

2. Flood Disasters

(1) Flood Disaster before 1949

According to the historical record, 1092 big flood disaster events recorded from 206 B.C. in China in the period of 2155 years, averaging once in every two years. Beginning from the twentieth century, major rivers in China were struck by a number of  serious disastrous floods.

· The Yellow River (Huanghe) levee was breached  in 1933 at over 50 locations flooding an area of more than 1100 km2, and more than 3.6 million people suffered, of which 18 thousand people died.

· In 1931, an exceptionally big flood occurred in the middle and lower reach of the Yangtze River. All the cities and towns along the river were inundated, over 3 million ha of farmland were flooded, and 28.5 million people were hit by the flood, of which 145 thousand people died.

· In 1921 and 1931 disastrous floods hit the whole Huaihe River basin. It was estimated that in July 1931 the flood peak discharge at the Bengbu gaging station of the Huaihe River was 15,800 m3/s. 4.3 million ha of land were inundated and 75 thousand people died.

· In the period of 250 years before 1949, 13 exceptionally big floods occurred in the Haihe River Basin. The 1939 flood inundated 3.3 million ha of farmland and affected 8 million people and Tianjin, the largest city in north China was flooded.

· [image: image3.jpg]Fig.3 Distribution of the Maximum Flows in Eastern China



In 1951, the big flood hit the Baijiang and the Xijang River, the two major tributaries of the Pearl River basin, inundated 300,000 ha of farmland, 3 million people suffered and Guangzhou, the largest city in south China was flooded for seven days. The high flood of 1932 in the Songhua River breached the levees, 5.6 million ha of land were inundated, and also Harbin, a large city was flooded.

Table 2 The observed/investigated maximum flood discharge for major rivers in China 

(Unit   m3/s)

	River
	Station
	area (km2)
	Investigated
	observed

	
	
	
	discharge
	Year
	Discharge
	Year

	Nenjiang
	Jiangqiao
	177300
	15600
	1932
	10600
	1969

	Second Songhuajiang
	Jilin
	44100
	12900
	1909
	7720
	1953

	Hunhe
	Shenyang
	7920
	11900
	1888
	5550
	1935

	Taizihe
	Benxi
	4190
	10200
	1888
	14300
	1960

	Liaohe
	Tieling
	120760
	8740
	1886
	14200
	1951

	Dalinghe
	Fuxinbao
	2932
	16200
	1930
	4660
	1959

	Dalinghe
	Dalinghe
	17690
	30400
	1949
	15000
	1962

	Luanhe
	Luanxian
	44100
	35000
	1886
	34000
	1962

	Yongdinhe
	Guantin
	43400
	9400
	1801
	4000
	1939

	Jumahe
	Qianhekou
	4740
	18500
	1801
	9920
	1963

	Hutuohe
	Huangbizhuang
	23270
	20000-27500
	1794
	18100
	1956

	Zhanghe
	Guantai
	17800
	16000
	1569
	9200
	1956

	Yellow
	Lanzhou
	222550
	8500
	1904
	5900
	1946

	Yellow
	Shanxian
	687900
	36000
	1843
	22000
	1933

	Wudinhe
	Suide
	28720
	11500
	1919
	4980
	1966

	Weihe
	Xianyang
	46860
	11600
	1898
	7220
	1954

	Jinghe
	Zhangjiashan
	43220
	18800
	18XX
	9200
	1933

	Beiluohe
	Zhuangtou
	25150
	10700
	1855
	4420
	1940

	Yihe
	Longmen
	5320
	20000
	223
	7180
	1937

	Huaihe
	Changtaiguan
	3090
	12400
	1848
	7570
	1968

	Yihe
	Linyi
	10320
	30000
	1730
	15400
	1957

	Yangtze
	Lizhuang
	639200
	65600
	1520
	48200
	1955

	Yangtze
	Cuntan
	866600
	100000
	1870
	65300
	1968

	Yangtze
	Yichang
	1005500
	105000
	1870
	71100
	1896

	Minjiang
	Gaochang
	135400
	51000
	1917
	34100
	1961

	Wujiang
	Gongtan
	58350
	24700
	1830
	17400
	1964

	Jialingjian
	Beibei
	156100
	57300
	1870
	37100
	1974

	Lishui
	Shanjiangkou
	15240
	31100
	1935
	15900
	1950

	Yuanjiang
	Yuanling
	78600
	40200
	1649
	27300
	1943

	Zishui
	Taojiang
	26700
	21500
	1926
	15300
	1955

	Xiangjiang
	Xiangtan
	81640
	21900
	1926
	20300
	1968

	Hanjiang
	Huangjiagang
	95200
	61000
	1583
	27500
	1958

	Gangjiang
	Waizhou
	80950
	24700
	1924
	20900
	1962

	Qiantangjian
	Lucibu
	31490
	26500
	1901
	29000
	1955

	Oujiang
	Weiren
	13500
	30400
	1912
	23000
	1952

	Minjiang
	Zhuqi
	54500
	29400
	1900
	29400
	1968

	Dongjiang
	Boluo
	25320
	10300
	1940
	12000
	1959

	Beijiang
	Hengshi
	34000
	21000
	1915
	18000
	1982

	Xijiang
	Wuzhou
	329000
	
	
	54500
	1915


(2) Flood Disasters after 1949

After 1949 big floods occurred in large rivers such as the Yangtze, Yellow, Huaihe, and Haihe rivers, yet the losses were far less serious because of the role of the completed flood control projects and that great efforts were made in flood fighting.

· From June to August 1954, big floods occurred over the Yangtze River Basin. The water level in the main stream of the Yangtze reached the highest record. The Jingjiang Flood Diversion Works and Dongting lake were to divert and store flood water. The city of Wuhan was protected and the flooded farmland was 3.1 million ha.

· The 1954 big flood also hit the Huaihe River, and the flood stage at Bengbu (Anhui Province) was 2 m higher than that in 1931, many cities and towns and important infrastructures were saved because of the effective function of the completed flood control works.

· An extraordinary big flood hit the Yellow River in July 1958, the peak discharge at Huayuankou was 22,300 m3/s, exceeding that in 1933 when it was 20,300 m3/s(maximum recorded). The flood water level was so high that it rose up to the top of the levee in several places. But after ten days of valiant struggle, the flood was conquered, and vast areas on both sides of the river were out of danger.

· In 1963 an exceptionally big flood occurred in the Haihe River. The rainstorm with high intensity and long duration covered the southern part of the basin. The seven-day rainfall from August 2 to 8 at the storm center was 2050 mm. However the city of Tianjin and the Tianjin-Pukou Railway were saved.

· In August 1975 an extraordinary storm occurred over the upstream of Huaihe River Basin. The three-day rainfall (from 5 to 7 August) above 600 mm and 400 mm rainfall isoline covered 8200 km2 and 16,890 km2 respectively. The extreme flood overflowed Banqiao and Shimantan earth dams in Henan Province and led to dam failure, which left 26,000 dead and inundation of 1 million ha of farmland.

· In 1990s big flood frequently hit southern part of China, many of them approached the highest flood record in last century. The 1998 flood is the most noticeable one, the heavy rainfall in 1998 covered a vast area with long duration which resulted in big floods in some major rivers as Yangtze, Songhua, pearl and Min River. The severe flood which took place in the Yangtze River is the second biggest flood in the 20th since 1954. The flood in the Songhua River was the most serious one of the 20th century. In the Xijiang of the Pearl River Basin, the flood ranked the second biggest of the century, and that in the Min River, it was the biggest one.

The flood affected agriculture land during 1950-1990 reaches 780 million ha in average, which accounts for about 7.8% of the China’s total farm land. Most of these area are located in down Stream of Yellow River, Huaihe River and Haihe River Basins, where historically were severely suffered from flood disasters.

C. Achievements in Flood Control

1.Summary

In 1950s, comprehensive basin planning was worked out for all the major rivers, in which the flood control was regarded as the priority issue.  Modification and revision were later made on the basis of the practice in the flood control and in considering the social and economic development. The major flood control works of the country by 1997 are summarized as the following:

 (1) Levee

The newly built and strengthened levees totaled 245,000 km, 33 million ha of cultivated land protected. Among them the key and important levees amounted to 60,000 km, which protected 21.1 million ha cultivated land and over 200 million people. Meanwhile, the river dredging and training works were carried out together with the opening of new flood diversion passages to the sea for the Huaihe, the Haihe and other rivers.

(2) Reservoir

Over 84,000 large, medium and small reservoirs have been completed with the storage capacity of 472 billion m3. The 374 large reservoirs with the total storage capacity of 342 billion m3, and the 2,562 medium reservoirs with the total storage capacity of 71 billion m3 have played significant role in the flood control (table 3). Sanmenxia, Liujiaxia and Longyangxia reservoirs on the Yellow River and the reservoirs on the Haihe, the Luanhe, the Liaohe, the Huaihe, the Hanjiang and the Dongjiang can control the major part of mountainous area of the respective river systems.

(3) Flood storage and retardation basin

More than 100 flood storage and retarding basins for the major rivers with the storage and retardation capacity of 120 billion m3 handling the floodwater exceeding the design standard ones.

The above flood control systems are capable of controlling the ordinary flood for the major rivers in China. When big floods occur, the flood disasters in the plain areas are restricted within the planned flood storage and retardation basins and thus greatly mitigated the flood damage of the basin particularly in middle and down stream areas.

2.Flood control system for major large rivers

(1)Yellow River

The Yellow River covers an area of 750 thousand km2 with a mean annual runoff of 59.2 billion m3 and annual sediment transport of 1.6 billion tonnes. The river is well known for its flood disasters, which occur mainly in its lower reach, and are protected by levees with the total length of about 1,000 km for the main stream and tributaries. As a matter of fact the lower reach of the Yellow River is a suspended one due to serious deposition for a long period of time, the river bed is much higher (5-10 meters) than the ground surface out side of the two levees.

On the upper and middle stream of Yellow River 173 large and medium sized reservoirs were built with a total storage capacity of 55.2 billion m3.  Down stream of the Sanmenxia reservoir two large flood retardation basins - the Beijinti and the Dongpinghu were constructed with the storage capacity of 2 billion m3 each and detention area of 2316 km2 and 627 km2 respectively.

With regard to river regulation, 5000 bank protection works totaling 585 km in length were built for controlling the flood.  The flood control works mentioned above can stand against flood with its peak discharge of 22,000 m3/s (1958 flood) at the Huayuankou hydrological station (1958 flood), corresponding to 60 years return period.   As an important measure, a large flood control project called the Xiaolangdi Reservoir with the storage capacity of 12.65 billion m3 on the lower reach is being constructed. It is expected that the completion of this project the protection standard of the downstream of Yellow River will arrive at one thousand years return period.

Table 3  
The reservoirs completed in China (1993)* Unit volume  106 m3
	Region
	Reservoirs completed
	Large size reservoirs
	Medium size reservoirs
	Small size Reservoirs

	
	Number
	Capacity
	Number
	Capacity
	Number
	Capacity
	Number
	Capacity

	Beijing
	83
	9,313
	4
	8,800
	16
	432
	63
	81

	Tianjin
	110
	2,568
	2
	2,059
	11
	365
	97
	144

	Hebei
	1174
	14,934
	20
	12,762
	38
	1,310
	1116
	862

	Shanxi
	787
	4,248
	6
	1,920
	55
	1,505
	726
	823

	Inner Mongolia
	476
	7,280
	9
	4,900
	59
	1,771
	408
	609

	Liaoning
	927
	30,358
	25
	27,394
	63
	1904
	839
	1060

	Jilin
	1334
	30,600
	13
	27,418
	84
	2085
	1237
	1097

	Heilongjiang
	528
	7,125
	15
	4,414
	55
	1671
	458
	1040

	Jiangsu
	1102
	19,014
	8
	16,714
	41
	1224
	1053
	1076

	Zhejiang
	3682
	34,244
	20
	29164
	100
	2909
	3508
	2171

	Anhui
	4764
	18,394
	10
	12475
	103
	3322
	4651
	2597

	Fujian
	2820
	7511
	10
	4060
	74
	1754
	2736
	1697

	Jiangxi
	9669
	23692
	18
	13254
	197
	4535
	9454
	5903

	Shandong
	5664
	19157
	33
	12129
	135
	3759
	5496
	3269

	Henan
	2432
	50964
	17
	46265
	97
	2697
	2318
	2002

	Hubei
	5743
	50067
	52
	39243
	227
	6373
	5464
	4451

	Hunan
	13359
	29381
	16
	17477
	230
	5541
	13113
	6363

	Guandong
	6382
	37572
	28
	25027
	266
	7181
	6088
	5364

	Guangxi
	4462
	22223
	25
	13013
	169
	4888
	4268
	4322

	Hainan
	985
	7521
	5
	4557
	66
	1913
	914
	1051

	Sichuan
	9225
	12031
	7
	3970
	121
	2934
	9097
	5127

	Guizhou
	1870
	5242
	4
	3282
	28
	621
	1838
	1339

	Yunnan
	4705
	7208
	2
	659
	127
	3611
	4576
	2938

	Shanxi
	1301
	4531
	5
	1234
	62
	2048
	1234
	1249

	Gansu
	286
	8548
	6
	7287
	25
	869
	255
	392

	Qinghai
	138
	254
	
	
	7
	133
	131
	121

	Ningxia
	194
	1751
	1
	850
	14
	535
	179
	366

	Xinjiang
	466
	5928
	13
	2154
	92
	2990
	361
	784

	Total
	84614
	471,662
	374
	342,483
	2562
	70,880
	81,678
	58,297


* Large reservoir refers to those the total volume exceeds 100 x 106 m³, as for the medium sized reservoir it ranges from 10 x 106 to 100 x 106 m³, and for small one it varies from 0.1 x 106 m³ to 10 x 106 m³.

(2)Yangtze River

The Yangtze River, the largest one in China, covers a drainage area of 1.8 million km2 with a mean annual runoff of 975.5 billion m3. The river is characterized by its large flood volume and high flood peak but insufficient channel carrying capacity.   The middle and down stream of Yangtze are protected by levee system with the length of 45 thousand kilometers. The Jingjiang Flood Diversion Area with storage capacity of 5.4 billion m3 plays a key role of flood protection in the middle stream of Yangtze River. There have been built 117 large and medium-sized reservoirs in the basin with a total storage capacity of 104 billion m3.

Table 4 
Major flood storage and retarding basins for Yangtze River, Yeollow River, Huaihe River and Hai River

	River
	Number
	Area

(km2)
	Cultivated land

(103ha)
	Population

(103)
	Storage capacity

(109m3)

	Middle and down stream of Yangtze River
	40
	11,866
	549
	5,686
	63.7

	Down stream of Yellow River
	6
	9,169
	605
	4,707
	7.8

	Huaihe River
	27
	3,912
	240
	1,621
	8.6

	Hai River
	25
	9,560
	570
	4,143
	17.0

	Total
	98
	34,507
	1,964
	16,157
	97.1


So far the levees along the main stem and the lake region in the middle and the lower Yangtze can only withstand 10 to 20 year flood and can resist the flood of 40 years return period if the flood storage and retardation basin are jointly operated. The Three Gorges Project, which is being constructed, will greatly upgrade the capacity of the flood control in the middle Yangtze to reach the standard of 100 years return period.

(3) Haihe River (including the Luanhe River)

The Haihe River Basin covers an area of 264,000 km2 with  a mean annual runoff of  22.8 billion m3. The main stream of the Haihe River has only a length of 70km. Five tributaries are confluent in the vicinity of Tianjin, the industry center of north China. Large amount of flood water from the up stream and inadequate discharge capacity in the middle and down stream often result in flood disasters.

In 1963 an extraordinary big flood caused catastrophic disasters. After that a comprehensive flood prgrams were implemented, so far 140 large and medium sized reservoirs were built with a total storage capacity of 25.3 billionm3, being equal to 92.7% of the annual run off up stream. At present  the Haihe River System can withstand 50-years flood.

(4) Huaihe River

The Huaihe River has a drainage area of 270,000 km2 and a mean annual runoff of 61.1 billion m3. The major cause of flood disasters of Huaihe River is that the river system was destroyed by the Yellow River Levee in the year 1194 when large amount of sediment from the Yellow River deposited in the lower reach of Huaihe River. Since then the discharge capacity of lower Huaihe was far from enough to release the flood from up stream. The lakes and depressions along the river were thus used for storage and retardation of flood.

The lower Huaihe River then changed its course and flow into the Yangtze River.  So far 195 large and medium sized reservoirs were built with a total storage capacity of 23 billion m3. The levees with total length of over 50,000 km were built, rebuilt or heightened. The newly excavated or enlarged main river channels are over twenty, increasing the carrying capacity of the lower Huaihe, Yihe, Shuhe, and Sihe rivers to 23,000 m3/s, which is three times as much as that of the original ones. 13 flood storage and retardation basins with a storage capacity of 28 billion m3 were completed in 1960s.

The main stream of the middle Huaihe River can withstand the 1954 flood, being the largest one since 1949, corresponding to 40 years return period if it is jointly operated with the flood storage and retardation basins. The lower Huaihe River can resist a 50-years flood, as for the main tributaries of the Yihe, Shuhe and Sihe rivers it reaches only 10 to 20 years flood.

(5) Songhau River

The Songhua River has a drainage area of 550,000 km2 and a mean annual runoff of 74.2 billion m3. It runs through the Inner Mongolia Autonomous Region, Jilin Province and Helongjiang Province. The river basin has cultivated land of 11.6 million ha. 13,000 km levees were built, 126 large and medium sized reservoirs were constructed with a total storage capacity of 27.2 billion m3. The flood control system can protect the farmland from 10 to 20 year flood, and the important cities, Harbin, Qiqihar, and Jiamusi can withstand 40-year flood.

(6) Liaohe River

The Liaohe River as the agricultural and industrial base of Liaoning Province has a drainage area of  230,000 km2 and annual runoff of 14.8 billion m3. Big floods in 1949,1951,1953 and 1960 hit the basin and flooded 3-5 million of cultivated land, which resulted in substantial economic losses.

As of 1993, 17 large reservoirs were built with a total storage capacity of 12 billion m3 and 11,000 km of levees were strengthened or rebuilt. The levees along the mainstream and tributaries can withstand 10 to 20years flood. Some important cities, such as Shenyang and Fushun can withstand 100 year flood.

(7) Pearl River

The Pearl River system consists of three major tributaries, namely Xijing, Beijiang, and Dongjiang and the river system in the delta area. It has a drainage area of 453,000 km2 and a mean annual runoff of 336 billion m3. Historically flood disasters occurred frequently in the delta area caused by typhoon. 

The flood control of Pearl River relies mainly on levees and reservoirs. The large reservoirs are 34 in number and have a total storage capacity of 312 billion m3. The levees are 11,000 km in length. The levees along the main stream and the delta area can withstand 10 to 20 year flood.

3.Flood Forecasting and Warning System

(1) The flood monitoring system

Hydrological information and flood forecasting are the basis of flood fighting during rainy season. As of 1992, there were 3,172 hydrological stations ( measurement of rainfall, water level and discharge ), 1,149 gauge stations and 15368 rain gauges, which constitute the hydrological network and  also the flooding monitoring system over China. Part of the above stations (8,525) are mandated to report/release hydrological information during flood period regarding the hydrological elements at a regular time interval as stipulated on the basis of the requirement of flood forecasting for the river system.

(2) Information transmission

The hydrological information is transmitted through the telecommunication system of the country. For those reporting stations in remote areas where the telecommunication system may not be covered, the special transmission line is established. In accordance with the regulation laid down by the government, the hydrological information transmission during the flood period is regarded as the high priority task of the telecommunication department.

For those river reaches and water projects of special importance, short wave radio stations were established to ensure more effective information transmission. Furthermore, data collection, processing, storage, retrieval and distribution have been computerized in the real time flood forecasts for the major rivers.

(3) Flood forecasting and warning

Flood forecasting and warning were made by the Flood Fighting and Drought Defying Headquarters (FFDDHS) at various levels, i.e. the central government, the river basin commissions, the provinces/autonomous regions/municipalities under the central government and prefectures. In case of critical situation, i.e, a given water level is surpassed, the FFDDHS will issue warning via government at different levels,  all parties concerned and also the media (radio, TV,  news papers) to the public. The flood fighting schemes are prepared prior to the flood season, annual meeting of FFDDHS at different levels is held to review the preparatory work.  The large reservoirs both completed and under construction also made flood forecast for their own operation. In addition about 1,000 hydrological stations also conduct river flood forecast as requested. The modeling technique has been developed since early 1950s, on the basis of the conventional methods in runoff yield analysis and flood routing, Xin Anjiang Model  developed by Chinese experts has been widely used in large river basins, other models like Sacramento and Tank model are also used in many river basins. A computerized flood forecasting system has been established with real time adjustment leading to high precision in the flood forecasting.

The “Guide of Hydrological Information Dissemination and Forecasting” was approved and issued by the Ministry of Water Resources and Electric Power in 1985 on the basis of long term practice since late 1950s. The flood forecasting and warning system have played an important role in flood fighting especially at the critical moment facing the extraordinary floods. The decision on diversion of floodwater into flood storage and retardation basins was in many cases in the past depended upon timely and accurate flood forecasting and warning. In 1954 a big flood hit the Yangtze River, the Jing Jiang Flood Diversion Gate opened three times on the basis of the flood forecasting so that the water level of that section dropped 1 meter and the Jing Jiang Levee was safeguarded and Wuhan City protected. The 1958 flood was an extraordinary one for the Yellow River the State Council adopted the suggestion of the Ministry of Water Resources and decided to resist the flood by protecting the BeiJin Dike and not to use the flood-retarding basin so that 1.25 million people in that basin were refrained from flooding.

D. Legal and institutional system for water management and flood control

1.Legislation

(1) The Water Law

Since 1949 large-scale water resources development has been going on, however, emphasis was long placed on construction, while no particular attention was given to management until 1980.

At that time the major issues in water sector were as follows:

· Serious shortage of water resources in northern China

· Increasing aggravation of water pollution

· Lack of unified management of rivers and lakes

· Groundwater overdraft in northern China plain

· Inadequacy of integrated utilization of water resources and conflicts among different water users

· The low rate of water charge

· The sabotage and damage of water facilities as well as interruption to perform the normal services being quite often in many places

In Jan.1988, the Water Law of the People’s Republic of China (here-in-after referring to as the Water Law) was adopted by the Standing Committee of the Sixth National People’s Congress and was enacted, making the beginning of a new stage of water management in China.

The chapter 5 of the Water Law deals specifically with flood fighting, which stipulated that the government at all levels should strengthen their leadership and take effective measures for flood fighting and every unit and individual has the obligation to take part in flood fighting. It further stressed that flood fighting should be under the unified direction of the FFDDHS of the government at different levels. Article 40 of chapter 5 prescribed that flood control scheme including the standard and measures of flood control should be determined on the basis of river basin plans. The flood-fighting scheme of major rivers should be formulated by the State FFDDHS and be submitted to the State Council for approval. During emergent cases FFDDHS at different levels as authorized by the Water Law can take measures for diversion and detention of floods based upon the approved schemes, so as to safeguard the whole flood control system.

For other essential points and problems of Water Law, see Annex I.

(2) The Law of Flood Control

The Law of Flood Control (hereinafter the Law) was adopted at the Twenty Seventh Session of the Standing Committee of the Eighth National People’s Congress in Aug. 1997, which is the first one of this kind in China in natural disaster reduction and it is also a very important law following the Water Law and the Law of Soil and Water Conservation.

A number of administrative regulations were issued to regulate the activities of the parties concerned in the flood control like the Rules and Regulation of Flood Fighting, the Regulation of River Course Management and the Guide to the Safety Building of Flood Storage and Retardation Basin etc., which have played an important role in flood control in China. However, with the rapid economic development, population growth and the urbanization process, many problems arose in facing the new challenge, namely: a) The importance of flood planning was not well acknowledged and the approved flood plan was not strictly implemented; b) There was no mighty means in the management of river channels and flood plains, land use in these areas in many cases were in disorder; c) Low flood protection standard; d) Ineffective management of flood storage and retardation basin including the control of population growth, the policy of economic development, the implementation of safety building projects, the system of post flood relief and compensation.; e) Lack of funds in flood control. All these problems urgently need special law on flood control to ensure that necessary measures could be implemented on a legal basis. (Annex II)

2. Institutional Arrangement

(1) Ministry of Water Resources (MWR)

The state council was restructured and streamlined in 1998, the purpose of the restructuring is to streamline the government; to clarify the responsibilities among different ministries/departments under the State Council. The function and responsibility of the MWR was adjusted, the administrative role of the MWR on the hydropower development was moved to the State Economic and Trade Commission and the groundwater management originally under the Ministry of Geology and Mineral Resources and the urban flood control originally under the Ministry of Construction were moved to the MWR. The Ministry was mandated to take over the responsibility of management of water saving all over the country, and that of the planning, monitoring of the water environment and recommending the protection measures to the government at different levels.

The MWR is appointed as the Department of Water Administration of the State and discharges the responsibility of unified management of water resources. In accordance with the reform scheme of the State Council in 1998, the major responsibility of the MWR include:

· The formulation of policy, development strategy and long term plan, drafting relevant laws and regulations, and supervision of their implementation;

· Unified management of water resources including surface water and groundwater; formulation, supervision and implementation of the long term water supply and demand plan and water allocation; assessment and verification of the available water resources and flood control measures; implementation of water draw permit system and levy of water resources fee, etc;

· Formulation and implementation of water saving policy and plan;

· Water resources protection planning, water quantity and quality monitoring, evaluation and examination of water pollution of water bodies;

· Water administration supervision and enforcement; mediation of water affair disputes;

· Formulation of economic regulatory measures in water sector like water pricing, taxation, loan, etc.;

· Issuance of technical guidelines, regulations, standards in water sector, examination of proposal of large and medium projects;

· Development and management of large rivers, large lakes and the key projects crossing provincial boundaries;

· Water resources development and use in rural areas including hydro-electrification and water supply;

· Soil and water conservation;

· Undertaking the routine work for State FFDDHS.

(2) The River Basin Commission

There are seven major River Basin Commissions, which are agencies of the MWR to perform the function of water administration in the river basins. The major responsibilities of river basin commission of the major river basins are: execution of the Water Law, the Law of Water and Soil Conservation and other related laws, regulations and rules; mapping out strategic planning and mid-and-long term plan of basin’s water resources development; jointly with related departments and provinces to work out the integrated river basin plan, relevant specialized plans and to supervise their implementation; unified management of water resources of the basin; unified management of the rivers, lakes, estuaries, tidal flats and that of key river reaches as authorized by the central government; coordinating flood fighting and drought defying; mediation of water disputes; comprehensive management of water and soil losses in key areas of the basin; construction and management of trans-provincial water projects.

(3) The Local water resources management agency

The local water resources management comprises four levels i.e. the provincial, prefecture, country and the village (town). The main functions and responsibilities of local water administrative management within their respective jurisdiction are: (a) being the departments of the local governments at all levels responsible for water administration; (b) to work out the local water resources development plan and long term water supply demand plan; (c) to implement the local water resources development project; (d) to carry out flood fighting and drought defying, water and soil preservation, water resources protection, water project management etc. within their jurisdiction; (e) to be responsible for the urban and rural water supply and economical water use. It is worthy to mention that there are village (town) water conservancy stations almost all over China. They are not only the agencies of the water administration, but also the water organizations at the grass roots level to serve and keep close tie with the peasants.

E. Major experiences

1.
High priority setting

In early 1950s facing the frequent serious flood disasters, the flood protection became the prerequisite for the restoration of national economy and social stability. The critical situation led to a common understanding of the government at different levels that high priority should be placed on flood control in development programs in spite of the economic difficulties at that time. Immediate measures were taken in major rivers, which included the strengthening the levees in important river reaches, building temporal flood storage and retardation basins as well as new flood passage diverting part of the flood water directly to the sea. All these measures have led a foundation for disaster reduction of the ensuing extraordinary floods of the Yangtze River (1954), Huaihe River (1954) and the Yellow River(1958), while in the past the flood with similar magnitudes normally caused catastrophic disasters.

2. Powerful leadership and mighty means in flood fighting

Great importance has been attached to the flood fighting during the flood season; in emergent cases it has become the most important task of the government.   In the past half century, a complete institutional system was established. FFDDHS were established for the government at county level and above, the member of the Headquarters includes all the relevant departments led by the head of local governments. As for the FFDDHS of the central government, it is headed by a vice premier designated by the State Council. The FFDDHS is mandated during the flood season to assume the full responsibility of flood fighting by all means as stipulated by the laws and governmental regulations.( Rules and Regulations of Flood Fighting for the People's Republic of China, June 1991).  The major responsibilities of FFDDHS are:

· Establishment of flood forecasting and warning system;

· Formulation of flood operation scheme and conduct of real time operation

· Mobilization of all parties concerned with the full participation of armed forces and people to fight against flood.

· Preparation and supply of materials including the transportation facilities needed for flood fighting.

As for the relief operation it is the responsibility of the Department of Interior. The powerful leadership of the flood fighting institutions at various levels supported by efficient flood reporting, forecasting and warning systems enabled the large river basins being refrained from the catastrophic flood disasters in spite of the fact that most of highest recorded flood for these rivers in the recent 50 years approaching the highest historic records.

3 Strategies dealing with different magnitude of floods

The level or standard of flood protection relies predominately on the level of national economy, so that in principle it changes with the social and economic development of the country. As a developing country, China's economic strength is far from enough to set a very high standard of flood protection in spite of the serious flood disaster situation. The strategy in dealing with the issue is to build the levee to resist the ordinary flood and to use the depressions and lakes along the rivers to store excessive water of extraordinary floods.   The levees in middle and down stream of large rivers are the mainstay of protection system, the standard of which varies from 10-50 years return period depending upon the historical background of respective levees. The joint operation of the levee system and storage and retardation basin of large rivers has successfully resisted a number of big floods which heavily hit the large rivers especially the Yangtze River, the Yellow River and Huaihe River.

The damage due to these big floods was restricted in some of the flood storage and retardation areas while other flood prone areas were protected. The flood storage and retardation basin is an indispensable component of flood protection system for large rivers of China.

F. Practice And Trend Of Participatory Planning Approach In Flood Mitigation

1.Diversified funding sources of flood control

(1) New approach of fund raising system

The economic system in China is under transition from planned economy towards market-oriented economy. It was initiated two decades ago in agricultural sector and later on was spread to other sectors. The reform process has given impetus for structure reform of the government in adaptation to the changing environment. All these have resulted in significant impact on application of participatory planning approach in the flood control and management.

One of the big issues in water sector is short of funds in construction of new projects as well as in renewal and rehabilitation of available projects and is even short of funds for operation and maintenance. The budget from the central government is far from enough; the capital investment in water sector has long been kept in a very low level, i.e. 2-3 % of the total capital investment of the central government.

Since 1980s a new approach in fund raising system has been promoted in all economic sectors in order to secure the stable funding sources. The new system tries to mobilize the fund from multiple sources through loans, bonds and stocks, foundations in addition to governmental appropriation.  The new system also encourages the investment from enterprises, private sector, foreign investors and the peasants in the form of labor contribution.  In the past the flood control program was mainly funded by the central government, the new system emphasizes the contribution from the government at all levels. The new system is being pushed forward in combination with the process of institutional reform and legislation.

(2) Legislation

The chapter 6 of the Law of Flood Control laid down the principles of diversified fund raising and the obligation of relevant parties in cost sharing. The Law highlights the obligation of government at all levels to take necessary measures to raise the total input of flood control. In provision 49 of the Law, it stipulates that the fund needed for construction and maintenance of flood project should be shared by central/local government based on certain criteria set by the central government. The municipal government will bear the full responsibility for urban flood control project and the enterprises like oil field, pipe line system, railway, highway, mines, electricity generation and communication systems have to mobilize the fund for themselves. The provision 51 of the law specifies that the water resources foundation is established to support the construction and maintenance of flood control projects and other water resources projects, the specifications will be formulated and issued by the State Council.

The government of provinces, autonomous regions and the municipalities directly under the supervision of the central government are obligated to levy the fees in the flood protective areas to raise the fund for flood control needs in the respective regions.

The 'Economic Policy in Water Industry' adopted by the State Council in 1997 has laid down the policies in water sector to promote the public owned enterprises (construction bureau, factories),etc., to be commercialized, and these government funded institutes (design institutes, operational water projects, research institutes, etc.) to be financially self- sustained.

(3) Practices

The new approach has brought about the initiative of all the parties concerned to protect them refraining from flooding. The construction of flood protective levee of Shanghai Municipality is one of the examples. The project is the levee along the Huangpu River, a tributary near the mouth of Yangtze River. It is tide affected with the high design standard of 1000 years flood. The project was jointly financed by the beneficiaries along the Huangpu River including the enterprises, factories, and government institutes, the municipal provided less than 1/3 of the funds. The top of the reinforced concrete flood protection levee is a platform being well decorated for tourism purpose.

The Three Gorges Project is another example of diversified funding; the major purpose of the project is for power generation and flood control. In addition to the funding from the central government the project sought the fund via loan from banks and issuance of bonds which will be paid after its completion through the income generated from electricity supply.

One of the critical issues is the resettlement of one million people living in Three Gorges Reservoir areas. Significant financial resources are required for implementation of the program, which was supported by 11 provinces/municipalities directly under the supervision of the central government. The relevant local governments were committed to provide new settlers the land and other means to settle down. The program of resettlement of one million people cannot be accomplished without the full support and active involvement from all the relevant local governments and people.

2. Basin planning

The basin planning of large rivers has been usually organized by the river basin commission with the full participation of all the agencies concerned and with the technical support of research institutes and universities. The coordination among the riparian administrative regions (mainly provinces) is the decisive factor for the conflict resolution especially for those major projects across the administrative borders. The latest national flood planning was initiated by the MWR soon after the 1998 big flood, whichhas been conducting at three different levels based on the guide line formulated by the MWR, that is the national, basinal and provincial level.  The flood control plan of the major river basins is formulated on the basis of the flood plan of respective provinces, The target, the flood protection standard and the flood design parameters of the major projects have been fully consulted during the plan process. The conflict between the affected area and the beneficiaries is of prime importance of the planning. The planning team carried out the field investigation and listen attentively the views of both sides, various options were put forward for the consideration of the review meeting organized by the river basin commission and participated by all the parties concerned (provinces and different sectors) and independent experts from research institutes and universities.

It is importance to revise the flood control planning timely with social and economic development and to integrate it with the planning of other sectors such as the land use planning, the plan of structural change in agricultural sector and the plan of urbanization and other sectoral pans. The flood control plan can not successfully implemented without full coordination with other sectoral plans.

This approach has been well acknowledged, however it is not legalized. In a number of cases the organizer only sought the views of the relevant departments, who were not deeply involved in the whole process of planning.

3. Reinforcement of river basin management on the basis of participatory approach

(1) Practice in Yellow River

During 1970-1997 the Yellow River experienced an unprecedented 'zero discharge' period in dry season, the duration of 'zero discharge' increased from 5-10days in early 1970 to 100-200 days in 1995-1997. This critical phenomena resulted in serious economic and environmental consequences, the economic losses increased from 0.4 billion Yuan in 1970s to 4 billion Yuan in 1990s each year. In April 1997, an expert group meeting was held by the Yellow River Commission to have an in-depth discussion on this issue. The meeting stressed that in addition to the dry weather and increase of water demand, integrated river basin management was a big issue which hindered the rational operation of the river.

In up and middle stream of Yellow River there are a number of large multipurpose reservoirs which were operated according to the principle of optimization of each project, and in middle and down stream the water withdrawal from the river was abused in dry season to meet the local needs. The Yellow River Commission was not mandated to operate the whole river system and that the river basin management was fragmented in terms of sectoral interests and that of different administrative regions.

The MWR as requested by the State Council made the decision in 1998 and mighty means were taken:

(a) The Yellow River Basin Commission was authorized to make the overall management of the basin on the basis of consultation with all parties concerned.

(b) The operation of large projects (hydropower stations) on the main stream which traditionally were supervised by different ministries/departments under the State Council, and withdrawal of water from middle and down stream should be well coordinated and operated on the basis of demand management approach. A certain amount of water should be reserved for environmental use to ensure the Yellow River to be a permanent stream.

(c) In order to achieve the goal, a consultative mechanism was established, which includes all the water users along the mainstream. Meeting was held at a regular interval to discuss all important issues on planning, operation and supervision.

(d) Annual water use plan was worked out and agreed upon by all parties concerned on the basis of water use allocation scheme approved by the State Council.

(e) A number of teams were sent to the field to monitor and supervise the implementation of the plan and to consult with the local authorities to seek the solutions in case any problem in operation arises

The strategy has achieved great success in the past three years; the 'zero discharge' phenomena disappeared. The role of Yellow River Commission not only acts as a field office of the MWR but also as the coordinated body of the State Council entitled to deal with multi-sectoral interests and in particular the interests of different provinces. The Law of Yellow River was drafted and is in the process of review in order to legalize the integrated river basin management for the second largest river in China.

(2) Issue in the River basin management in China.

Integrated river basin management has become imperative not only as a means of implementing a long term vision of the basins, but also as a means for taking immediate day to day planning decisions. Elements to be taken into account include flood control and management, allocation of water among provinces and user sectors, surface water and ground water, water quantity and water quality, risk management for all the regions of the watershed.

In order to follow an integrated water management approach, the coordination among relevant departments and different administrative regions has become a critical issue. Water sector activities are fragmented with ministries other than the MWR handling water quality management, hydropower generation, urban water supply and navigation requirements. The coordination among different administrative regions are even more difficult since they represent the interests of different regions (provinces) who are also entitled for legislation under the state laws and regulations. The Water Law 1988 does not mention the legal status of the river basin commission nor its roles and responsibilities. As for the flood control and management, the river basin played the roles under the MWR including data collection, planning, management of important projects of the basin (cross border between provinces). They have weak position in negotiation and decision-making, even in critical moment of flood fighting, the resolution of border conflict has to rely on the State FFDDHS.

(3) Institution reform of the river basin organization

In order to reinforce the river basin management, the MWR initiated in April this year the institutional reform of the river basin organizations. The reform aims at reinforcing the river basin management; clarifying the legal status and the functions of basin organization and streamlining and restructuring of the organization. As an arm of MWR, the river basin organization is authorized to reinforce its administrative role in the integrated river basin management.

The combination of river basin management and management of administrative regions is the key issue relating to the successful management of a basin. The river basin organization will devote itself in the overall management of the basin and bring the initiative of the local government into full play in local water affairs on the basis of approved basin plan. The relevant legislation has to be established in this regard.

Those economic entities, institutes and projects are to be separated from river basin organization and become either commercialized or financially self-sustained. So that the river basin organization is streamlined and could concentrated its effort on basin management.

4. Public participation in risk management in flood storage and retardation basins

Flood storage and retardation basin is an important component of flood control system but also a difficult issue in its operation since it is closely related to the interests of the local people.

A well-designed program on resettlement, population control, agriculture production restructuring, land use planning and safety building, etc., are indispensable for effective implementation of flood management programs. Public participation in the process of program design is the decisive factor for the successful implementation of the program.

Guideline of Safety Building for Safety Building of Flood Storage and Retardation Basins issued in 1998 by the State Council and The Tentative Measure of Compensation and Subsidy for the Operation of Flood Storage and Retardation Basins issued in May 2000 and other related policies, guidelines will be conducive to mobilize all the parties concerned to actively participate in risk management in flood storage and retardation basins.

5. Coordination and effective organization of flood fighting

The flood fighting system was organized in 1950 on the basis of the decision made by the State Council, which specifies that the head of government at different levels was responsible for the flood fighting within their jurisdiction and should be the chief executive of the FFDDHS at the same level. The FFDDHS is the commanding agency of flood fighting for the government at various levels participated by the leading members of all relevant departments at the same level with office set up in the department of water resources.

On the basis of long-term experiences in flood fighting, the State FFDDHS in 1995 formulated the “Responsibilities of the member agencies of the State FFDDHS” which clarifies the responsibilities and their cooperative relationship. The member agencies include administrative and economic ones like the State Planning Commission, the State Economic and Trade Commission, the Ministry of Public Security, the Ministry of Civil Administration, the Ministry of Finance, and those specialized ones like the Ministry of Railway, the Ministry of Communication, the Ministry of Telecommunication, the  Ministry of Agriculture, the Ministry of Land Resources, the Ministry of Public Health, the Bureau of Civil Aviation, the Bureau of Meteorology and the MWR. The People’s Liberation Army and armed police are also the members. Clear division of their responsibilities and close cooperation have brought the initiative of all the agencies concerned into full play during the hard time of flood fighting. The FFDDHS at different levels have played an important role in coordination of the agencies in their efforts in the preparation, monitoring, and operation, which include:

· To strengthening the leadership of flood fighting: To supervise the FFDDHS at different levels within their jurisdiction to fulfill their responsibilities, to coordinate he activities of the parties concerned in the flood fighting.

· Mobilization of the people in the flood prone areas to make every efforts for flood fighting:The people near the levees and other flood control projects are traditionally well organized, which comprises the normal team, reserve team and special team (more technically equipped in dealing with repair of project in any emergent cases). All projects including the different sections of the long protective levee have their own specialized flood fighting teams, they are the core forces in flood fighting. The People Liberation Army and armed police have played important role in the relief operations and rush to deal with any emergent situations. China has successfully overcome the difficulties in flood period  by relying on the coordinating efforts of the whole society.

· Preparedness prior to the flood season: In addition to the institutional building as discussed above preparedness prior to each flood season including formulation and amendment of flood operation scheme for every flood control projects, inspection of weak points of  flood control projects and the monitoring system, and the preparation of materials by the agencies involved.

The joint efforts coordinated under the FFDDHS at different levels have effectively controlled the flood and mitigated flood disaster in the past half century; the economic development has not been interrupted in facing the challenge of serious flood disasters.

G. Emerging issues for flood and flood disaster

It is expected that the population of China will continue to grow and it will reach as much as 1.6 billion in 2030 and will hopefully keep stable at that time. With the rapid economic development and the trend of impact of climate change and that of the chronological change of flood and drought. A number of issues have to be taken into full account in formulation of strategies of flood disaster reduction.

1. The impact of human activities on flood and flood disaster in densely populated areas

The impact of human activities on floods like deforestation, excessive land reclamation, large scale road construction and mining in mountainous and hilly areas will inevitably degrade the soil and water erosion, which will further result in quicker flow concentration and sedimentation of rivers.

As mentioned above that disorderly reclamation of land in alluvial plains and polders developed in lake areas will raise the water level of adjacent rivers. With the reinforcement of the flood protection system of major rivers, for most cases disasters will concentrate in the areas as the following:

· Flood plains between two flood protection levees of large rivers;

· Flood storage and retardation basins, and land in flood diversion passages;

· Areas located in the neighborhood of confluence between tributaries and main stream of large rivers and the polders in lake shore areas,

The total area of the above three types is estimated to be 4 million ha with 40 million population, where is the most vulnerable area to flood in China. As a matter of fact, the flood disaster areas in Huaihe River in 1991 and the flooded area of 1996 and 1998 for Yangtze River are the typical examples.

2. Impact due to rapid urbanization on flood and related disaster

It is predicted that by 2030, 68% of China's population will live in urban areas, up to 600 million peasants will migrate to cities and towns. The rapid urbanization will result in bigger and more frequent floods on the one hand and more economic losses on the other. More importantly the damage of the system/network of communication, water supply, electricity supply, oil and gas supply, information net work in one place will affect the system in other places of the same city or other cities, which may paralyze the whole system of a region.

3.The impact of climate change and overdraft of ground water on flood in plains and coastal areas

The impact of global warming on precipitation in summer season according to different studies varies with different parts of China. The preliminary study shows that the precipitation for most part of the country may increase up to 5%, but due to the corresponding increase of evaporation, it is not possible to have a tangible impact on flood. However it is recognized that the sea level in coastal areas may raise 0.2-0.3 m till the middle of this century on the east coast. For those cities in coastal areas where the land is subsiding due to overdraft of ground water will be significantly affected. Tai Wu Lake is an example where is located in Yangtze Delta area and is one of the well developed regions in China. The land surface for a number of cities in the Tai Wu Lake Basin has been subsiding due to over draft of ground water. As  a result the available levees needs to be further heightened.

H. Target and strategies for flood control and management in 21 century

Based on the analysis of the long term flood data, it is shown that the frequency of  big floods has chronologically fluctuated. That means there was a period of high frequency of occurrence of big floods after a relatively dry period; but the fluctuation was not regular. In last century frequent big floods occurred in the period of 1930-1939, 1949-1963 and 1991-1999. It is difficult to predict whether the trend of big flood frequently occurred in 1990s will continue. However it is worthy to note that the basin wide big flood has not occurred since mid 1990s for Yellow River, Huaihe River, Haihe River and Liaohe River, all of which are large rivers in northern part of China. Historic experience tells us that it is necessary to guard against the occurrence of big floods at the beginning of the 21th century.

Target

After strenuous efforts made in the past 50 years, ordinary flood for large rivers could be controlled. In order to ensure the sustainable development of China's national economy, a nation wide flood control and management as well as flood disaster reduction system have to be established on the basis of past achievements, the target is suggested to be:

· The economic activities and social life of the nation will not be affected as ordinary/relatively big floods hit the large rivers.

· In case of big and extraordinary big floods, the economic activities and social life will not be significantly affected; the long-term national economic program could be accomplished as planned.

So that the specific target for flood control and management are formulated as follows:

· An effective flood control system for the major rivers is established with the standard and quality as planned. As the flood is lower than the design standard, the flood fighting operation will mainly rely on the professional flood fighting teem to avoid mobilizing tens of thousands of people and army man to fight against flood since the former approach is more efficient and effective.

· A legally secured operational system is established for all flood diversion passages,

flood storage and retardation basins, which will ensure that the said system can be operational as planned.

· An emergent flood protection scheme and measures/procedures of its execution are well planned and prepared for all major rivers so that they could be operational in case of occurrence of big floods exceeding the designed ones.

For realization of the above target, the following strategies are recommended:

1.Raising the public awareness of flood prevention and disaster reduction

The flood prone area accounting for 8% of national territory is inhabited by nearly 50% of the total population. The gross industrial and agricultural product is estimated to be 2/3 of the national total. All these demonstrate the vital importance of the flood prone area in China's national economy. The big flood has hit part of the area nearly every year, in a number of years big floods took place in more than one large river. Therefore acknowledgement of this basic situation by all the people and government at all levels is extremely important to have a high awareness to build up a long term protection and disaster reduction program, which should be an inseparable part of the development program of the nation. Not only the governmental officials at various levels should have a deep understanding of the basic strategies of flood disasters but also the public should have the common understanding on this issue so as to bring into full play the initiatives of the people to take necessary action for flood protection and preparation of disaster reduction in their daily life.

2.Building an unified river basin authority

Presently the seven river basin organizations (Songhua River and Liaohe River are managed by one basin organization, and the Tai Hu Lake has a independent basin organization in view of its importance) are merely the office of MWR. They are entitled Basin Commission without members. It is recommended that a legally authorized basin commission be established for all the river basins and the members of the commission should be participated by the representatives of the provinces/autonomous regions/ municipalities directly under the central government and those from various sectors as water resources, power generation, navigation, city construction, agriculture, forestry, environment, etc. The basin commission under the coordination of water administration (the MWR is legally designated as the Water Administration under the State Council) is mandated to assume the responsibility to execute the laws and regulations on water sector and to conduct water management for the whole basin.

3. Revision of basin plan and flood control plan on the basis of land use planning

On the basis of the lessons learned and the experiences gained in the past, the river basin plan for the major large rivers have to be revised by taking into account the emerging issues in flood control and management. Appropriate land use plan in flood prone areas is the basis of flood control plan, which involves the allocation of land for agricultural and industrial use as well as for human settlement. For those land where were inappropriately reclaimed should be restored for flood control purposes such as flood storage and retardation basins, lakes and depressions, so that relocation of villages, towns will be one of the measures in the plan for the purpose of reserving enough space for flood diversion and storage when the extraordinary big flood occurs. In the development process, the location of villages, towns and any development projects should be carefully selected.

The above measure is complicated and difficult because of the limited land resources and increasing population pressure in these areas. There is a need to reach a common understanding and agreement from all the parties concerned of this solution.

4. Establishment of a system of stable resource mobilization

A stable contribution to flood control program was not well accepted in the past by the leadership of government at different levels, which resulted in unstable and sometimes low input from the government. In many cases substantial contribution was made only after a catastrophic flood disaster took place. There was no well-established system to ensure the stable financial contribution to support flood control program. The flood control plan cannot be accomplished in time as planned and the construction of important projects was at a stand still for quite a long time due to lack of funds. Furthermore the fund needed for operation and maintenance was usually not secured so that many projects are not in good condition. It should be emphasized that flood protection is a prolonged action, flood control plan should be put into practice and fund should be secured as programmed.

5. Taking significant measures for soil and water conservation and aforestation in mountainous areas and flood plains for disaster reduction

Various preventive measures have been taken in the past, however soil and water erosion as well as deforestation in mountainous and hilly areas has not been effectively restrained. Until recently the central government decided to prohibit logging in important forested areas especially in west and north east of the country and the forestry sector has changed its main responsibility from logging to forest protection and aforestation. This is a government policy and the action will be long lasting, it is not only technical measure of disaster reduction but also has environmental and economic implications.

This policy change in forest sector also signifies that the flood disaster mitigation must be integrated into the national development process. Those reclaimed slope land as stipulated by the law and administrative regulations should be restored to its original state and to be afforested, that means the local residents have to find the way to be adaptable to the changing situation, many of them have to be resettled. The disaster reduction in middle and downstream areas cannot be successful without the full cooperation of the people in up stream of the basin.

6. Reinforcement of flood plain management

It is recommended that in the flood plains and flood storage and retardation basins, any construction project have to be concurred by the Water Administration Department. The planned project should not affect the flood release; appropriate flood protective measures should be part of the proposed project. Any development project, which may affect the discharge capacity of the river channel, is strictly prohibited. The construction of levees especially in the tributaries, delta areas and polders in low lying areas should be well planned and coordinated in order to avoid the rise of water level in the main stream and also to avoid harmful effect to themselves.

All these measures have been legally recognized, but have to be strictly executed. As for those towns and villages where are liable to be flooded, the long term safety plan for people's life and property should be formulated and implemented. The flood mapping and risk analysis should be the priority in these areas on the basis of the experiences of pilot project to be implemented.

7.Reinforcement of urban flood control

Most of the cities and towns are located along rivers, near lakes and in coastal areas, where are liable to be hit by floods and storm surges. The rapid urbanization process has aggravated the situation. Based on the study by the end of 1980s that about 60% of the cities whose flood design standard only arrived at return period of 20 years. For most of the county towns the flood protection standard is less than that of the cities.

In view of the importance of the cities and towns in the national economy, in particular the development of towns has become the national policy for rural development, so that urban flood program should be integrated into the development plan of all the cities and towns. For those cities and towns the flood protection scheme is closely related to the operation of the storage and retardation basin, it should be an integral part of the flood protection system of the whole basin.

8.Coordination and improvement of scientific research in disaster reduction

The research program in different sectors/departments should be well organized and coordinated in order to make full use of limited resources and achievements of modern science and technology in respective fields. A multidisciplinary and long-term research program should be formulated and implemented. The program will not only serve the operational purpose but also for the basic research in flood and flood disaster reduction.

9. Building the flood insurance and the post disaster rehabilitation system

A mechanism of flood insurance and post disaster management being adaptable to the Chinese situation is needed. In view of the fact that the flood storage and retardation area for a basin is subject to the overall planning. The whole society is protected at the cost of sacrificing the planned flood storage and retardation basins, therefore the losses in these areas should be in principle compensated by the benefiting areas.

If as the principle discussed above is acknowledged and necessary policy be developed and implemented the sustainable development in the flood plains could thus be secured. In order to successfully implement this strategy it is expected that a number of pilot projects be conducted in the early stage.

10. Capacity building in legal aspects

The Water Law, the Law of Flood Control and the Regulation of River Course Management have played important role in flood disaster mitigation. However they have difficulties in facing emerging issues and future needs. The guiding principles need to be further clarified, the relevant measures need to be improved and the execution be reinforced. So that it is recommended to revise the above mentioned laws and regulations and a set of complementary regulations like that of flood insurance need to be formulated.

It is also recommended that legislation for major rivers especially that for Yellow River and Yangtye River be taken in to account in the first place. With regard to design flood standard, it also needs to be revised in considering the latest development of urbanization. The design standard for cities should be raised, and that for towns and villages also be established which in the past were considered as the same as agricultural land in flood protection planning.
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( Presented during the Workshop on Strengthening Capacity in Participatory Planning and Management for Flood Mitigation and Preparedness in Large River Basins: Regional Cooperation in Flood Control and Management in Asia and the Pacific, Phase II, Bangkok, 20-23 November 2001.





( Nanjing Institute of Hydrology and Water Resources, Nanjing, China. Reproduced as submitted. The views expressed in this paper are those of the authors and do not necessarily reflect those of the United Nations or the Ministry of Water Resources, China.
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