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Abstract: In order to reduce the environmental and ecological problems induced by water resources development and uti

lization, this paper proposes a concept of environmental and ecological water requirement. It is defined as the minim

um water amount to be consumed by the natural water bodies to conserve its environmental and ecological functions. Ba

sed on the definition, the methods on calculating the amount of environmental and ecological water requirement are de

termined. In the case study on Haihe-Luanhe river system, the water requirement is divided into three parts, i.e., th

e basic in-stream flow, water requirement for sediment transfer and water consumption by evaporation of the lakes or 

everglades. The results of the calculation show that the environmental and ecological water requirement in the river 

system is about 124?108 m3, including 57?108 m3 for basic in-stream flow, 63?108 m3 for sediment transfer and 4?108 m

3 for net evaporation loss of lakes. The total amount of environmental and ecological water requirement accounts for 

54% of the amount of runoff (228?108 m3). However, it should be realized that the amount of environmental and ecologi

cal water requirement must be more than that we have calculated. According to this result, we consider that the ratio

nal utilization rate of the runoff in the river systems must not be more than 40%. Since the current utilization rat

e of the river system, which is over 80%, has been far beyond the limitation, the problems of environment and ecolog

y are quite serious. It is imperative to control and adjust water development and utilization to eliminate the existi

ng problems and to avoid the potential ecological or environmental crisis. 

Environmental and ecological water requirement of river system: a case study of Haihe-Luanhe river system LI Li-jua

n, ZHENG Hong-xing (Institute of Geographic Sciences and Natural Resources Research, CAS, Beijing 100101, China) 1 In

troduction River system, to some extent, can be regarded as an independent eco-system, which includes river channel

s, lakes and the lands near the water bodies. In the engineering view, river system can be defined as the flooded are

a with a flood frequency of 1%[1,2]. The major aspects of the river system may be its water quantity, water quality a

nd aquatic species. The three aspects of the system have a close relation with each other. The river system has a lo

t of functions, of which in general, its ecological functions, environmental functions and resources property are th

e most important. From the view of the socio-economic development, the river system plays an important role for wate

r supply, navigation, electricity generation and aquaculture whereas the environmental functions of the river system 

may include weather adjustment, groundwater recharge, flood regulation, sediment and salt transfer, pollutant dilutio

n and degradation. Moreover, the river system may be an attractive part of the scene for entertainment. As for the ec

ological functions, the water bodies, flooded area, everglade and estuary are the best location for aquatic species w

ith a great diversity, for the flowing water and the transferred sediment in the river channel bring with abundance o

f foods and nutriment. The aquatic species in the river system, on the one hand, are one of the important comestible 

sources for human beings; on the other, those species in the system may have an effect on pollutant degradation. The 

dynamic ecological balance is the base for the sustainable development of human civilization. To keep and protect th

e ecological balance and environmental sound of the river system, it must be regarded that the system is an organic i

ntegration in the process of water resources development and utilization. The economic, environmental and ecological 

aspects of the river system must all be taken into account. It is necessary to harmony the relations among all the th

ree aspects for sustainable development. Therefore water requirement for environment and ecology must be under full c

onsideration and that part of water requirement must be set for use beforehand during the process of the integrated p



lanning of the river systems. However, in the aspect of water resources development and utilization in China, water r

equirement for environment and ecology has been ignored for decades of years, when attention was mainly paid to the a

gricultural, industrial and domestic water use. It is just because of this ignorance that water environment and aquat

ic eco-systems have been seriously devastated and the degradation of water bodies has been accelerated with the renew

ability of water resources seriously threatened, which has aggravated water resources crisis. As a result, the enviro

nment has become more fragile and hydrological disasters occur more frequently. Take the Haihe-Luanhe river system fo

r instance, because of excessive water development and utilization, there is a great pressure on environmental and ec

ological protection and rehabilitation. Since there is not enough water in the natural water bodies to meet the envir

onmental and ecological water demand in many places in the system, a series of environmental and ecological problems 

such as the shrinkage of river channel, the degradation of water quality etc., have occurred, and even some perennia

l rivers have become seasonal ones[3-6]. 2 Concept of environmental and ecological water requirement Environmental an

d ecological water requirement for river systems is a new concept proposed for environmental and ecological protectio

n in the field of water resources development and utilization. It is of great importance for reasonable ecological re

habilitation and amendment. Nevertheless, a standard definition of this concept has not been adopted yet. According t

o the present researches[7,8], to keep the structure and functions of the natural eco-system in a suitable situatio

n, it is recognized that the water requirement may include the followings: (1) water consumed by the natural and plan

ted vegetation in the river system; (2) water required by aquatic species; (3) water required for ecological balance 

in the estuary; (4) water for sediment transfer; (5) water for salt transfer; (6) water for dilution and decontaminat

ion; (7) water for suitable weather and entertainment; (8) water for evaporation; and (9) water for groundwater recha

rge. However, in practice, the total amount of environmental and ecological water requirement is not the sum of wate

r requirement in the above aspects. Since a certain amount of water resources may have various functions in differen

t aspects at the same time, the amount of water requirement for the river system has to be calculated by careful anal

ysis on their correlation. In addition, one important thing is that water for environment and ecology is not just a c

oncern of quantity but also has a requirement on the temporal distribution. For instance, we can use the flood for se

diment transfer. On the other hand, for protecting the primary functions of the river system such as decontamination 

and providing a suitable location for the aquatic species, a certain amount of water should be guaranteed at all seas

ons. For some rivers, there is a large amount of runoff flowing into the sea during the flood season while in the dro

ught period the river channel may dry up. Regarding to such a circumstance, hydro-projects and other measures should 

be taken to adjust the natural hydrological situation of the rivers to meet their environmental and ecological need

s. With the comprehensive understanding of the concept of environmental and ecological water requirement, narrowly sp

eaking, the water requirement can be defined as the minimum amount of water that should be kept or consumed by the na

tural water bodies for certain environmental and ecological functions rooted in the river system. According to the de

finition, three parts are decomposed in calculating the total amount of the water requirement, namely, (1) the basic 

in-stream flow, which is the minimum amount of water needed for protecting the most primary environmental and ecologi

cal function of the rivers; (2) water for sediment and salt transfer, which is part of water required to transfer sed

iment and salt in a certain situation to keep the dynamic balance of the river system; and (3) water consumed by lake

s and everglades, which refers to water evaporation in the lakes and everglades in order to maintain their general fu

nction. 3 Calculation of environmental and ecological water requirement 3.1 Basic in-stream flow For perennial river

s, to protect the primary functions of a river system means that we must keep runoff of the rivers to a certain leve

l at all seasons to avoid the occurrence of some disaster phenomena such as drying-up in the river channels. Thus th

e basic in-stream flow is called to provide a suitable environment for the aquatic species and also to some extent i

t may bring benefits to sediment and salt transfer, groundwater recharge and decontamination. Considering all these f

actors, the basic in-stream flow (Wb) can be calculated according to expression (1): where Qij is the mean daily runo

ff of the jth month in the ith year, T is a constant with a value of 31.536?106s, and n is the number of the years un

der consideration. As for the Haihe-Luanhe river system, the impact of human activities could be ignored as it is rat

her weak before the 1970s, so the hydrological data observed during the period is used. According to expression (1), 

the total amount of the basic in-stream flow of the Haihe river system and the Luanhe river system is about 48?108 m

3 and 9?108 m3 respectively whereas that of the Haihe-Luanhe river system is 57?108 m3. Table 1 gives the results in 

detail. 3.2 Water requirement for sediment transfer According to the sediment features at different sections of the r

iver, the channel can be divided into three parts. They are the eroding segment in the upper reaches where the sedime

nt produced, sediment transfer segment in the middle reaches and the silting segment in the lower reaches of the rive

r. For a river concerned, the balance between eroding and silting is very important in its evolution process. And usu



ally, it is mainly referred to the balance in the middle and lower reaches of the river concerned. To keep the dynami

c balance of the river, water for sediment transfer is required. In the light of a certain amount of sediment transfe

r, the amount of water requirement directly depends on the sediment content of the flow. However, the sediment conten

t may change with the amount of the sediment produced and that of runoff. Even more, the other features of the river 

may have an effect on the sediment content. Table 1 Basic in-stream flow for major rivers of Haihe-Luanhe river syste

ms Note: The basic in-stream flow of the Daqinghe River is the total amount of four stations, that is Zhangfang, Beih

edian, Beiguocun and Zhongtangmei For the river systems in North China, the sediment transferred in the flood season 

may occupy more than 80% of that of the whole year. The runoff in the flood season is the most important part of wate

r for sediment transfer whereas that of the drought period can be ignored. For the maximum amount of water resources 

development and utilization, it is reasonable and rational to transfer sediment in the flood season, when the sedimen

t transfer capacity is much stronger than in other periods. With such an assumption that the sediment content can be 

managed by some special methods and the sediment is transferred mainly in the flood season, the water requirement fo

r sediment transfer (Ws) may be calculated according to expression (2): where St is the average amount of annual sedi

ment transferred, and Cmax is calculated by expression (3): where Cij is the monthly mean sediment content of the jt

h month in the ith year, and n is the number of the years under consideration. With the expressions (2) and (3), we h

ave calculated the water requirement for sediment transfer in the flood season. The results are shown in Table 2, whi

ch indicates that the amount of water requirement for the major rivers in the Haihe-Luanhe river system is about 63?1

08m3. 3.3 Water requirement for lakes and everglades The water required for lakes and everglades is the consumption o

f water to keep the aquatic eco-system to a certain level during a certain period in a year, mentioned just as an exa

mple. In the light of the water balance principle, for the natural situation without any water withdrawn, the balanc

e of the lakes and everglades can be expressed as follows: where ?Wl is the changing amount of the water stored in th

e lakes or everglades, P is the precipitation, Ri and Rf are the inflow and the outflow respectively, E is evaporatio

n, and ?Wg is the change of groundwater amount. Table 2 Water requirement for sediment transfer in flood season of ma

jor rivers in Haihe-Luanhe river systems For a certain environmental and ecological function of the lakes or everglad

es, the storage of water can not be changed a lot. In the yearly scale, it must be equal to zero, that is ?Wl =0 and 

the level of groundwater must be kept in a dynamic balance, which means ?Wg =0. With regard to these aspects, for th

e rivers in North China, a certain amount of water is required for surface evaporation, which means that the amount o

f water requirement for environmental and ecological functions of the lakes or everglades is the net amount of water 

consumption by evaporation. Thus according to expression (5), the amount of water requirement for the lakes and everg

lades (Wl) in the Haihe-Luanhe river system is calculated. where Ai is the area of lakes i or everglades i, Ei and P

i are the evaporation capacity and precipitation of the lakes or everglades concerned respectively. The investigation

[3] of the Haihe-Luanhe river system shows that the Baiyangdian Lake and the Beidagang Lake are the two most importan

t lakes of the system, with areas of 336 km2 and 350 km2 respectively, whereas the evaporation capacity and precipita

tion is 1,100 mm and 550 mm each. With the help of the expression (5), the water required for the lakes and everglade

s in the river system is about 4?108 m3. 4 Discussion The results of the calculation show that the total amount of wa

ter requirement for environmental and ecological purposes in the Haihe-Luanhe river system is about 124?108 m3, occup

ying 54.4% of the total runoff (228?108 m3)[4]. The three aspects of the water requirement, including in-stream flo

w, water requirement for sediment transfer and water requirement for lakes or everglades, need amounts of 57?108 m3, 

63?108 m3 and 4?108 m3 respectively. Moreover, considering environmental and ecological problems, the results indicat

e the rate of water resources development and utilization must be kept in a reasonable range. The widely accepted rat

e for reasonable water resources development is about 30% whereas the extreme rate is not higher than 40%. In China, 

the average rate of water resources development is about 20%, in the southern part it is lower than 20% and in the no

rthern part, much higher than 20%. Among those river systems in North China, the Liaohe River, the Huanghe River and 

the Haihe-Luanhe river systems all have a development rate higher than 50% and the Haihe-Luanhe river system reaches 

to the highest value of 80%. Because of water resources depletion, the phenomena of river channel drying-up, lake shr

inkage and everglades disappearing in the Haihe River and the Huanghe River have become more and more serious. In add

ition, for there is not enough water for decontamination, with the increasing sewage discharge into the rivers, the t

hree rivers mentioned above have become the most seriously polluted rivers in China. Drying-up of the channels and po

llution of the rivers have made the aquatic species reduce greatly. And in some segments of the rivers, aquatic speci

es are no longer in existence, hence the so-called ¨the dead rivers〃. All these have done great harm to the socio-e

conomic development and to the health of the local people. One of the main reasons for environmental and ecological d

egradation in North China, especially in the Haihe-Luanhe and the Huanghe river systems, is the excessive utilizatio



n of water resources, which is out of proportion to the water required for environment and ecology. It must be noted 

that environmental and ecological water requirements of the river systems should be obligated in river system plannin

g. With regard to water resources development in the Haihe-Luanhe river system, the crisis of water resources is quit

e obvious. For such a system, it is very hard to meet the environmental and ecological water demand. Confronting suc

h a situation, in order to improve the environmental and ecological functions of the river system, we need to take so

me positive measures such as saving water, reducing discharge of sewage and making use of seawater, rainwater and tre

ated sewage water. In addition, adjusting the industrial structure to adapt to the water resources and enhancing the 

ability of water resources management may be helpful to ecological rehabilitation. The ambitious schemes for transfer

ring water from the south of China to the north may also benefit the environment and ecology in North China. As for t

he calculation of environmental and ecological water requirement, the following aspects need to be noted. Firstly, i

n calculating the total amount of the water required, we do not consider the water requirement for salt transfer excl

usively. It is just because for most rivers, if there is enough water for the basic in-stream flow and sediment trans

fer, the salt will be transferred at the same time. Secondly, the water requirement for sediment transfer in the rese

arch is calculated under a certain assumption mentioned above. It is sure that the result may change with the assumpt

ion. Especially, when the adjustment of human activities is intensified, artificial sediment digging for example, th

e water requirement for sediment transfer will be reduced accordingly. Thirdly, we must point out that the amount of 

water requirement in the river system depends on our demand for environmental and ecological functions. If the standa

rd for a suitable environment and ecology is higher, more water may be required, and vice versa. Thus more precise ca

lculation of the water requirement must be based on the ecological function planning. In practice, for some special p

roblems in a certain region (groundwater over depletion for example), further research needs to be done before calcul

ating. The result obtained here is just a general concept of the region. Finally, at present, for there is no genera

l definition of environmental and ecological water requirement, the result here may have its limitations. We would li

ke to point out that the amount of water calculated here is on the basis of environmental and ecological balance. It 

is different to the concept of water redistribution on the basis of water supply and demand balance. However, the def

inition we have discussed may have great advantages to reasonable development of water resources that avoids any pote

ntial ecological or environmental disasters and makes the development of society, economy and environment more harmon

ious[10]. 5 Conclusions In the history of water utilization and development, our attention was mainly paid to the ben

efits we got from rivers whereas the environmental and ecological functions of the river system used to be neglecte

d. Thus the activities of water utilization and development were accompanied by more and more serious environmental a

nd ecological problems. In order to reduce the environmental and ecological problems induced by water resources devel

opment and utilization, this paper proposes a concept of environmental and ecological water consumption. According t

o the concept, the methods on calculating the amount of environmental and ecological water consumption are determine

d. In the case study on Haihe-Luanhe river system, the water requirement is divided into three parts, i.e., the basi

c in-stream flow, water requirement for sediment transfer and water consumption for evaporation of the lakes or everg

lades. The results of the calculation show that the environmental and ecological water requirement in the river syste

m is about 124?108 m3, including 57?108 m3 for basic steam flow, 63?108 m3 for transportation of sediments and salts 

and 4?108 m3 for net evaporation loss of lakes. Thus it is estimated that the total amount of environmental and ecolo

gical water requirement accounts for 54% of the amount of runoff (228?108 m3). It should be realized that the require

d amount of environmental and ecological water requirement must be more than that we have calculated. Regarding tha

t, we consider that the rational utilization rate of runoff in the river system must be not more than 40%. Since the 

current utilization rate of the Haihe-Luanhe river system, which is as high as 80%, has been far beyond the limitatio

n, the problems of environment and ecology are quite serious. It is urgent to control and adjust water development an

d utilization to eliminate the existing problems and to avoid the potential ecological or environmental crisis. Refer

ences 
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