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ABSTRACT 
 

Environmental Flows (EFs) (Troldborg et al.) refers to the basic flow 

rate and process retained in the river for maintaining the river ecosystem. 

At present, there are many methods to determine the EFs, so it has 

become a frontier and hotspot issue now to choose the right EFs suitable 

for the characteristics of rivers in China. There are many rivers in China, 

with great difference in natural environment and ecosystem. Especially 

due to different levels of human development and utilization, it is difficult 

to determine the EFs with uniform standards, and different measures 

should be taken based on the difference in rivers and ecological 

protection goals. Based on the idea of river zoning and classification, by 

using research achievements at home and abroad, and based on different 

ecosystems of rivers in China, this paper classifies the EFs problems into 

three spatial levels: whole country, river basin and water function. Based 

on the characteristics of rivers in different regions and different reaches 

and in combination with ecological and environmental problems, 
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different methods are used to calculate and determine EFs. This paper 

comprehensively summarizes the research of EFs in China, and 

recommends using different EFs calculation methods based on the 

characteristics of rivers in China, aiming to provide a scientific guidance 

for the research in China.  

 

 

INTRODUCTION  
 

EFs refer to the basic flow rate and process retained in the river for 

maintaining the river ecosystem, including: estimation of minimum flow rate 

and the flooding process in flood season; water flow process, hydrodynamic 

process as well as physical and chemical change process (Smakhtin 2007). At 

present, there are many methods to determine the EFs, more than 200 known. 

To sum up, they can be classified into hydrology method, hydraulics method, 

habitat simulation method and holistic method (Tharme 2003). The results 

calculated by various methods are different, and sometimes with larger 

difference. It is disputed how to determine the EFs of a river. As for the 

methods suitable for rivers in China, it often depends more on the river’s 

current situation and the ecosystem in the future. The domestic understanding 

of evolution and value of river ecosystem is relatively shallow. Although some 

researches and management practices have been carried for EFs, most of them 

are not based on international general concept of EFs. In most cases, ready-

made methods in overseas studies are adopted directly or moderately altered to 

determine the EFs(Yang et al. 2005). The EFs for a majority of rivers are 

mainly concentrated in the minimum flow in dry seasons or base flow of 

rivers, which means, major considerations are given to the demand for human 

production and living water at downstream reaches, while fewer 

considerations are given to the EFs required by river ecosystems and whole 

life process of aquatic organisms(Hou et al. 2007). It is not scientific to simply 

use methods adopted in overseas studies as there’s no unified authority 

standards and methods for EFs. As there are many rivers in China, with great 

difference in the natural environment and ecosystems, especially due to 

different levels of human development and utilization, it is difficult to 

determine the EFs with uniform standards. Different measures should be taken 

based on the difference in rivers and ecological protection goals. As for big 

rivers such as Yangtze River and Yellow River, considerations of EFs should 

not only be given to the differences among upper reaches, middle reaches and 

lower reaches, but also should be given to the continuity between upper 
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reaches and lower reaches, the continuity between branches and main stream, 

as well as the scheduling capabilities of water conservancy project. Therefore, 

it is necessary to research the EFs methods suitable for different types of rivers 

and conduct the research on EFs based on the actual situations in China, with 

reference to research results in developed countries and in combination with 

the characteristics of rivers in China. 

 

 

EXPLORATION ON EFS PROBLEMS IN DIFFERENT 

REGIONS OF CHINA  
 

China is a country with vast territory and a large number of rivers, which 

show great difference in topography, hydrological characteristics, ecological 

environment, and the influence of human activities(Fu et al. 2006). The EFs 

problems of rivers in China are very complex. Different rivers show different 

ecological and environmental problems due to different influences of natural 

factors such as climate and human activities. River protection goals should be 

the first consideration to determine EFs, from two aspects - nature and human 

society. Therefore, the effective way to determine EFs suitable for rivers in 

China is to make river zoning and classification based on the zonal distribution 

of rivers in China. Different methods of EFs are then adopted for different 

river types and protection goals. The determination of EFs is not only 

protection for river ecosystem, but also a kind of social choice. The zoning of 

EFs must give appropriate considerations to river characteristics, socio-

economic development, ecological environment and water resources 

management, especially the management of water conservation, in order to 

facilitate the research and management practices of EFs.  

In this paper, based on the global research achievements and the 

ecosystems of rivers in China, the EFs are classified into three levels, i.e., 

whole country, river basin and water function area. The first level is the 

macro-level of the whole country. Main considerations are the geographical 

locations of rivers. The whole country is divided into three areas according to 

climate distribution, underlying surface conditions and the river basin 

boundaries of the seven major river systems(Smalley 2006). Each area may be 

further subdivided into river basins. As for geographical position, the water 

resources, population and economic distribution of China have the following 

characteristics: the spatial distribution of water resources in China is mainly 

characterized by excessive water resources in south and short water resources 
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in north; the population is mainly concentrated in the eastern and central 

regions.The population density in the western region is small, especially in 

northwestern region; with uneven economic development, the eastern coastal 

region is developed while the western region is lagging behind, and the 

ecological environment is fragile in the northwestern region(Liefner and Wei 

2011, Selya 1984). Based on the above, the zoning of EFs merges the seven 

major river systems of China into three significantly different types of region 

for the determination and analysis of water resources allocation and EFs 

methods, including southern zone, northern zone and continental zone. 

 

 

Figure 1. Layered structure of EFs problems in different regions. 

The second level is river basin. Main considerations are given to the 

reaches in the river basin. Different reaches are divided based on the position 

where the river or reach in the river basin, such as headstream, upper reaches, 

middle reaches, lower reaches and estuary. There are different aquatic 

ecological environment problems and management goals at different reaches 

due to different terrain features and river regimes in their locations; each reach 

may be further subdivided into different open function areas. The third level is 

water function area. It is the micro level of protection and management of 

water resources, with emphasis on the protection of water quality. Different 

water function areas have different water quality management goals. Water 

function areas may be further divided into level-one and level-two regions. 

The level-one region is mainly for solving the water conflicts between 

different areas, while the level-two region is mainly for solving the water 
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conflicts between different departments. The layered structure of zoning of 

EFs problems is shown in Figure 1.  

 

 

DETERMINATION METHODS OF EFS 
 

1. Rivers in the Northern China and Rivers in the Southern 

China 
 

In the northern China, the reserved water flow is small and may even dry 

up due to small inflow and large water consumption. Therefore, the river 

protection goals of northern China are to guarantee the basic or continuous 

flow for keeping basic river functions(Zhang Y. et al. 2006). Hydrology 

methods can be used for its calculation, such as Tennant method, Q90 method, 

and generally 10% is taken as its lower limit (Richter et al. 2006). In some 

northern areas of extreme water shortage, many rivers have dried up due to 

large water consumption and there’s no way to transfer water from outside 

basin, the standards may be lowered under the present situations (Song et al. 

2007, Zhang Y. et al. 2006). But a long-term planning goal should be set to 

improve standards and restore the basic functions of the rivers. Water demand 

for sediment transport should be considered for Yellow River and other 

sediment rivers(Yang et al. 2009). In northwest China, because the 

downstream of the inland rivers is often injected into an inland lake, its river 

protection goals may be to ensure continuous flow; no reduced natural islands 

areas and sufficient water demand of downstream lakes(Zhang Y. et al. 2006). 

In the southern China, the EFs may be calculated by hydrology and hydraulics 

methods. However, because the natural inflow of rivers is large, the standards 

should be improved accordingly.  

Many rivers in the northern China can only maintain basic ecological 

environment functions or have even lost them(Zhang Y. et al. 2006). On the 

contrary, the ecological environment is good in southern China due to 

relatively rich water resources and small proportion of water consumption 

outside the river in most areas(Zhang N. et al. 2010). Even if the ecological 

environment in some areas is damaged, it can be restored to good or relatively 

good state as long as the appropriate protection measures are taken as the total 

amount of water is large. Therefore, the environmental protection goals of 

rivers in southern China should be relatively higher than that of in northern 

China, and its EFs standards should be improved accordingly. Hydrological-

biological analysis method and habitat simulation method (such as IFIM 
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method) should be used as far as possible in areas permitted, and even holistic 

method may be used for calculation in order to meet the water demand and 

keep the health of ecosystems in rivers(Tharme 2003).  

 

 

2. Small and Large Rivers  
 

As for some small rivers with deficient data, Tennant method of easy 

calculation process may be used due to the constraints and less significance of 

rivers (Tennant 1976). However, the calculation criteria for Tenant method 

should be determined according to the geographical location of the river. In 

principle, it is higher in the south and lower in the north. In addition, as for 

some small rivers, especially some mountainous rivers, because of the great 

changes in the water inflow season and small water inflow in the dry season, it 

is difficult to meet the conditions even using the minimum standards of 10% 

of long-time average annual magnitude by Tennant method. In this case, Q90 

method, a method considers the hydrological characteristics of the target with 

simple calculation process, can be used to determine the EFs in the dry season. 

But at other times, the flow standards should be improved to meet the annual 

EFs calculated by Tennant method.  

As for large rivers, it is recommended to determine the EFs by holistic 

method, hydrological-biological analysis method or habitat simulation method 

(King et al. 2003, Milhous et al. 1984, Tharme 2003). Several factors 

contribute to this: 1. Large Rivers usually have wide influence and need to be 

considered from many aspects. 2. Large rivers are of macro-level, providing 

relatively rich data sources. 3. More manpower, materials and scientific 

research resources can be mobilized for deeper observation, analysis and 

research, as many departments attach great importance on large rivers.  

 

 

3. Polluted River Reaches  
 

As for polluted river reaches, focus should be how much water is needed 

for self-purification of the river, using methods like Q90 method (improved 

7Q10 method), section-beginning control model and water function area 

method (Cha et al. 2009, Liu et al. 2005, Medina and Water Resources 

Research Institute of the University of North Carolina. 1982). However, many 

rivers in China are seriously polluted, they need large amount of water for 

pollutant dilution, even the whole river may not be sufficient(Tremblay 2006). 
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Therefore, the management ideas to protect water resources should be changed 

in actual practice. Water pollution can be controlled by reducing pollution 

discharge(Shen 2012). To determine the appropriate EFs, several factors 

should be considered, including the management goals in water function areas, 

the pollutant carrying capacity of the river (based on the current situation, 

plans in the short-term and long-term), and pollution discharge control.  

 

 

4. Special Reaches  
 

Specific conditions should be considered when determining the 

appropriate EFs for some special reaches. For example, in headstream areas 

with fragile ecological environment and little impact from human activities, 

the protection goal is to maintain its natural state as far as possible, taking 

natural flow as its EFs(Jansky et al. 2011). Estuary areas are often affected by 

saltwater intrusion, so the amount of water needed to prevent salt water 

intrusion should be considered(Sun et al. 2012). As for some import reaches, 

such as rivers with natural reserve of aquatic organisms, simulation 

calculations (hydrological-biological method, habitat simulation method) 

should be carried out for EFs, the living characteristics and habitat 

requirements of aquatic organisms should be also considered. The objective is 

to ensure the needs of aquatic organisms(Tharme 2003).  

 

 

DISCUSSIONS AND CONCLUSION 
 

At present, in China, river conservation mainly focuses on water quality. 

Measures taken include make water function zoning for rivers, lakes and other 

water bodies, set specific goals of water quality protection for each water 

function area. But there’s no clear goal for ecosystem protection. There’s 

limited understanding on river ecosystem and few studies in this field 

(Dudgeon 1995, Ma et al. 2008, Wei et al. 2008). Ecologic protection goals for 

most rivers are basically in the blank condition, except for some specific 

reaches, such as rivers in natural reserves where the goals are fish protection, 

with the aim to protect some particular species or environmental 

conditions(Tie et al. 2007). Currently, water resource protection is mainly 

placed on management of water quality and “minimum flow”, to ensure water 

security for people in the downstream (Jiang et al. 2010, Yang et al. 2009). At 

present, there is a large difference or misunderstanding in the research on EFs 
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in China. A lot of people do not realize that EFs are an entire hydrological 

process. Even though some people have recognized the importance of EFs 

process, simple hydrological and hydraulic method is often used when 

calculating the water needed for protecting ecologic environment and makes 

external publicity for EFs(Shiau and Wu 2008, Xu et al. 2005). This may 

result from the limitations imposed by conditions and lack of understanding of 

the river ecosystem. In the end, the calculation is often a year-round water 

value rather than the entire flow process, which cannot meet the water demand 

of river ecosystem in different periods. In addition, habitat simulation method, 

which using ecological information to establish physical model, is rarely used 

in China (Yang and Mao 2011, Yang et al. 2009). But it is a dominating 

method in foreign countries now, and has been used in the practice of the 

protection and management of water resources(Tharme 2003). Therefore, in 

China, the focus and development direction of EFs study should be placed on 

the research of determination methods of EFs, focusing on flow rate and 

period process in the river for maintaining river health, as well as 

corresponding physical and chemical characteristics and ecosystem response.  

The calculation method of EFs in China must be improved and 

supplemented. Zoning and classification should be carried out for the river 

systems and river types in different areas of China. Ecological-physical 

coupling model should be established for different types of river based on 

habitat model experiments and long-term river observation data. Different 

calculation methods should be respectively determined according to the 

characteristic of rivers. As for important rivers or large rivers, the 

recommended values of EFs in the river should be determined by holistic 

method. A team of multidisciplinary experts including water ecologists and 

water engineers should be set up to get the value in negotiations and 

discussions of experts based on the results of model experiments and long-

term observational data of rivers.  

In practice, the situations of rivers are different from each other; the above 

methods can be used for reference. In some cases there are several factors 

involved in a river, which lead to different problems to be solved under 

different monitor data. Compositional methods should be taken for the 

calculation of EFs. EFs should be determined according to the problems need 

to be solved. In addition, the determination of EFs is a social choice, so it 

should consider the development and utilization goals of water resources in the 

river basin and the region, consider river protection target comprehensively 

from the point of view of nature and society. The calculation methods of EFs 

should be determined and calculated based on the protection targets, and 
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carried out the rational allocation of water resources. The choice of 

determination methods of EFs is not just a purely academic issue, and it should 

be carried out under the big frame of the allocation and management of water 

resources. The allocation of water resources is a very complex social process, 

which may be affected by the interference and substantive participation of 

parties involved in the process of setting goals, choosing calculation methods 

and even calculating the EFs of instream flow and outstream withdraw flow, 

so it is a game-playing process involving various interested parties.  
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