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Abstract: The rapid economic development of river basins depends on the excessive use of
water resources. China experienced a rapid development of hydropower projects in the last
two decades and thus faces many ecological and environmental issues, especially in ecologically
sensitive areas. Environmental flow is an important management tool that requires attention in
the environmental impact assessment of hydropower projects. Environmental flows are of great
significance for maintaining river structures and protecting the health of both aquatic ecosystems
and human sustainable livelihoods. Although the government authorities have done much work
in this area and attempted to consider technical requirements to address the negative externalities
of hydropower projects, there are still defects in the basic procedures, calculation methods, and
ultimately implementation process from policy to operationalization in terms of environmental
flows. The official standards for environmental flows assessment mainly appear in two documents: 1.
specification for calculation of environmental flow in rivers and lakes; and 2. code for calculation
ecological flow of hydropower projects. This paper reviewed the overarching framework of the two
documents and then summarized their fitness in terms of environmental flows implementation in
hydropower projects. The research status of environmental flows and future directions for China
were also proposed in this paper.

Keywords: environmental flows; ecological flow; China; hydropower; river ecosystem

1. Introduction

Hydropower in China has been developing rapidly for the past 20 years and the government
encourages the development and utilization of renewable energy. Nearly one hundred thousand of
multi-objective dams have been constructed, hydropower stations account for a half [1,2]. Hydropower
stations are supposed to protect the ecosystems by clean electricity production and take into account the
requirements of flood control, water supply, irrigation, shipping and fisheries [3]. The unguaranteed
inflow is the direct cause of the insufficient ecological flow of some rivers and lakes [4]. Over-exploitation
of water resources has brought serious threats to the ecosystem, such as the hydropower project has
greatly changed river flow regimes [5-7]. To prevent more human disturbance from harming the
ecosystem, the government of China (GoC) has made great efforts to promote ecological sustainability [8].
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Unnatural flow alternations negatively influence ecosystems [9-11]. Since 2006, GoC has issued
many relevant guidelines or standards to promote the sustainable development of water resources
(Table 1). In these guidelines, the purpose of river environmental base flow is to prevent the river flow
from being cut off and to avoid minimum flows that might cause irreversible damage of river aquatic
communities. Water conservancy projects and hydropower projects are required to take measures
to protect the environmental base flow both in the construction and operation period [12,13]. It is
clear that most of the key disturbances in the flow state come from in-stream water works, which are
designed to store water during the rainy season and transfer it downstream as needed. Maintaining the
environmental flows as designed is an effective way to protect river ecosystems [14]. The environmental
flows management of dammed rivers in China can be implemented in accordance with relevant official
guidelines to ensure the health of the ecosystem.

Table 1. Typical guidelines for environmental flows issued by Chinese authorities.

Issuing Authority Guideline Related Content
Technical guide for environmental impact
State Environmental assessment of river ecological flow, cold The lower limit of the ecological base flow
Protection water, and fish passage facilities for water should not be less than 10% of the average
Administration conservation construction projects (trial) annual natural runoff.
EIA Letter (2006) No.4

Ecological base flow generally takes the
minimum monthly average flow of 90% of the
Ministry of Water Guidelines for assessment of rivers and control nodes; the minimum ecosystems
Resources lakes eco-water demands (SL/Z 479-2010)  water demand in the river, and the average
annual runoff of the control nodes in the north
is generally 10-20%, 20-30% in the south.
The eco-hydrological elements of water
project planning and design should consider
the ecological base flow and sensitive
ecological water demand at the river basin
scale, river corridor scale and river scale, and
further standardize.

Technical specification for the analysis of
supply and demand balance of water
resources (SL 429-2008)

Ministry of Water
Resources

Due to the significant regional differences in climate and geography in China, how to determine
the environmental flows in a logical process is challenging for water managers. It is imperative
that environmental flows be quantified and implemented. Considerable research has been done
on the definition of environmental flows in China, the development of calculation methods, and
implementation of environmental flows, including the selection of indicators for monitoring [15-18].
Given this level of research, no specific provisions on environmental flows have been formulated [3].
Where they do appear, environmental flows are grouped with other demands and given unclear
priority. For example, the new “Water Law of the People’s Republic of China” promulgated in 2016
states that “the development and utilization of water resources should first meet the requirements of
urban and rural residents, and take into account the needs of agriculture, industry, ecosystems and
shipping”. In the development and utilization of water resources in semi-arid areas, the ecosystems
needs be fully considered [6]. In the related norms, there are some recommend methods to calculate
environmental flows. Previous studies [19,20] have conducted research into the advantages and
disadvantages of environmental flows calculation methods and applicable conditions for a specific area
or region. In order to maximize the use of environmental flows calculation specifications, it is time to
comprehensively sort out GoC’s calculation of environmental flows, analyzing the relevant normative
standards, the environmental flows calculation principles and recommended methods proposed in
the different normative guidelines. In the rest of this comment, we review the related policies on
environmental flows release from hydropower projects in China and summarize the defects in the
current policy. This provides not only effective suggestions for environmental flows research, but also
some empirical reference for environmental flows practices.
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2. Description of the Two Standards for Development of Water Use Projects

There are two main standards for development of water use projects for the environmental flows,
the 2015 “Specification for calculation of environmental flow in rivers and lakes” (SERL) [21] which
applies in all water conservancy projects and the 2017 “Code for calculation of ecological flow of
hydropower projects” (CEHP) [22] which applies specifically to hydropower projects. They are the two
latest and important specifications of GoC on the principles and calculation methods of environmental
flows. The standards are state-of-the art in requiring that flows be set to protect a broad range of
ecological processes, including migrations, spawning, and other habitat requirements. In general, SERL
is the reference basis for CEHP, and CEHP is a sector-specific (hydropower) analysis of environmental
flow calculations for rivers. Therefore, in the actual operation process, the manager must make the
discharge flow meet the requirements of SERL, and also meet the specific regulations in CEHP.

About the compilation process of preparing the standards, on the basis of in-depth research,
the compiler summarized the practical experience of relevant environmental flows calculations,
incorporated the scientific and technological achievements of relevant research, and solicited opinions
from relevant design units and scientific research experts. Although they are both standards for
development of water use projects of the People’s Republic of China for the calculation of environmental
flows, they also have many differences (Table 2). The two standards come from different government
authorities and the objects are different. Additionally, there are differences in the objectives and
purposes of their implementation, but they do not exist independently. From the point of view of the
title, SERL covers a wider range and content than CEHP.

Table 2. Comparison of the two standards for development of water use projects for calculating
environmental flows in China.

Guideline SERL CEHP

Ministry of Water Resources of the People’s

Issued authority Republic of China

National Energy Administration of China

In order to standardize the conditions,

Technical requirements, basic procedures and contents and methods for calculating the

calculation methods for regulating the

P : . logical fl f h jects 1,
urpose ecosystems of rivers and lakes in order to protect ecological LOW ydrF) power Pr0]ects
. and to unify the technical requirements,
and restore the ecosystems of rivers and lakes . e
this specification is formulated.
It is applicable to the ecosystems water demand
. . 2 . .
calculation and water project plar.mmg, design It is suitable for the analysis and
. and management of water environment . .
Object calculation of ecological flow of

integration and professional planning for
watershed and regional ecosystems water
demand calculation

hydropower projects 1.

1 Hydropower projects: the first main use is hydropower generation. 2 Water conservancy projects: the first main
use is not hydropower generation.

3. Comparison Analysis of the Two Standards for Development of Water Use Projects

3.1. Basic Principles

The SERL stipulates that environmental flows should be considered at a river basin scale and
not only for individual river reaches. On the basis of water resources development, environmental
protection and social and economic development, the environmental flows can be determined
scientifically and reasonably [23-25]. The environmental flow method selected by the manager depends
on the ecological conditions and data availability in the downstream, such as the rare species, spawning
area, wetland or historic landscape existed in the downstream. These requirements also apply to
CEHP. It is worth noting that CEHP emphasizes the consideration of river fish resources, water
quality deterioration, saltwater intrusion, algal blooms and other ecological and environmental issues,
but also needs to consider the downstream of hydropower projects construction and operation.
Eco-environmental problems are also to be considered, such as changes in hydrological conditions
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in the river section, insufficient water supply to connected wetlands, and weakened aquatic habitats.
From the basic principle, the two standards are similar, but the impact of the operation of water
development projects is emphasized in CEHP.

3.2. Components and Definition of Terms

Environmental flows in rivers and lakes, in-stream environmental flow, off-stream environmental
flow, in-stream fundamental environmental flow, in-stream targeted environmental flow are defined in
the SERL. In CEHP, ecological flow, aquatic ecological flow needs, aquatic ecological base flow, riparian
wetland flow needs, environment flow needs, scenery flow needs, estuary ecological flow needs and
in-stream groundwater recharge needs are defined (Table 3). In terms of components, the names of the
definitions are inconsistent (Table 4), but the purpose is to protect the river ecosystem in a healthy
condition. Additionally, in order to facilitate management, both guidelines divide the environmental
flows into two parts, which are basic (fundamental/base) flow and target flow. Considering the scope of
application, the environmental flows are divided into two categories that are in-stream environmental
flows and off-stream environmental flows. Through the analysis of the definitions of each term in the
two standards for development of water use projects, we refer to the subject discussed in this paper as
environmental flows that is the in-stream environmental flows impacted by the hydropower projects.

Table 3. The comparison of application of the two standards for development of water use projects.

Category SERL CEHP

In-stream environmental flow River, Lake, Swamp lélver, Riparian wetland, Scenery,
stuary, In-stream groundwater,
Urban green space
Urban sanitation
Off-stream environmental flow Ecological grassland Riparian wetland, Scenery, Estuary
Rivers, lakes and marshes

replenish water

Table 4. Comparison of key terms definitions of the two standards for development of water use projects.

Guideline Main Terms Definition

In order to maintain the ecological and environmental

In-stream environmental flow - -
protection goals of rivers, lakes and marshes.

SERL In-stream fundamental .. . .
. The minimum amount of water in the river.
environmental flow
In-stream targeted The amount of water retained in the river to maintain the
environmental flow ecological and environmental functions.

Artificial water supply in order to achieve certain
ecological goals.

In order to ensure the flow for ecosystem in the
downstream reach of hydropower project.
Suitable flow to guarantee the basic stability of the aquatic

Aquatic ecological flow needs ecosystem in the downstream sections of hydropower
projects.
Minimum flow to guarantee the basic quality of aquatic
habitat in the downstream sections of hydropower projects.

Off-stream environmental flow

Ecological flow
CEHP

Aquatic ecological base flow

3.3. Analysis of the Calculation Process

The two documents both summarize the assessment of environmental flows into several similar
and effective steps. The first step is to collect the basic data of the river. The second step is to determine
the ecological objectives (sensitive ecosystems protection objectives: nature reserves, important
wetlands, natural forests, rare and endangered wildlife nature reserves, natural spawning grounds,
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etc.). The third step is to analyze and calculate the environmental flows by different methods. The fourth
step is the comprehensive analysis of environmental flows in the specific river.
In the CEHP, there is a clear formulation to calculate the environmental flows, as follows:

Qst(t) = Max(Qss(t), Qs (£), Qjg (£), Qi (t)) + Qu(t) + Quax(t) D

where

Qs (t) is the environmental flows (m3/s);

Qss(t) is the aquatic ecological flow needs (m3/s);

Qs (t) is the environmental flow (m?/s) which is considered by the water quality and water
environmental functions (shipping);

Qj¢(t) is the water required for landscape and ecology (m%/s);

Qi (t) is the estuary environmental flow needs (m?/s); dx

Qui(t) is the river riparian wetland flow needs (m3/s);

Qi (t) is the in-stream groundwater recharge needs (m3/s).

In the SERL, there is no deterministic equation to calculate the environmental flows. A framework
is explicitly presented to guide managers on how to determine the environmental flows (Figure 1).
Because the calculation of environmental flows is a complicated process, various factors need be
considered at the same time. Thus, this frame diagram has a certain reference, but its operability is
not strong.

In-stream environmental flows calculation

River
Eco-environmental l
functions
SRR ——  Protect target
Hydrological e
process Eco-environmental base flow

Environmental
flows for section
comprehensive
-— |
v balance

‘ Environmental

flows for river

Environmental
flows for
basin(region)

Figure 1. Framework for determining the in-stream environmental flows in SERL.

3.4. Recommended Methods

The environmental flows calculations we discuss here, according to the analysis, correspond to
the in-stream environmental flows and aquatic ecological flow needs in the two standards (may vary
due to different definitions of terms). Both standards mention that in the stage of method selection,
it is necessary to choose the appropriate method according to different objects. Although many
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types of methods are recommended in the standards, there is no specific explanation on the methods
selection principle (Table 5). In the process of how to determine the eco-environmental protection
objectives, SERL mentions that the protection objectives should be reasonably determined according
to the development and utilization of water resources in the basin. In CEHP, it is mentioned that
the eco-environmental protection objectives should be reasonably determined by the downstream
hydrological conditions and the aquatic ecology. Obviously, there are significant differences between
the two standards in determining the protection objectives. CEHP is more specific on hydropower
protection objectives and the SERL is broader to cover all rivers and lakes.

Table 5. Recommended methods of the two standards for development of water use projects.

Guideline Objects Methods
Qp 1 7010, The most dry month method (MDM) 2 Flow
In-stream fundamental duration curve method, Tennant, Frequency curve method,
SERL environmental flow Wetted perimeter method, Habitat analysis method, River

bed morphology analysis method.
In—gtream targeted Tennant, Frequency curve method, Habitat analysis method.
environmental flow
Wetted perimeter method, R2-CROSS method, Eco-hydraulic
method, Habitat analysis method, Tennant, 7Q10.
Wetted perimeter method, R2-CROSS method,

Eco-hydraulic method, Tennant, 7Q10.

1 Qp: This method uses different flow percentile (It depends on the water manager) as the result. > MDM: This
method uses the driest month flow as the corresponding month result.

CEHP Aquatic ecological flow needs

Aquatic ecological base flow

Additionally, during the calculating process, there are many differences in the two documents.
In the SERL, the in-stream environmental flows include the in-stream fundamental environmental
flow and the in-stream targeted environmental flow. The in-stream fundamental environmental flow
needs to be fully assessed by the minimum value, the values during different time periods of the
year and the annual value. Among them, the minimum value and the annual value are calculated by
the hydrological methods, and the hydraulic method and the wet perimeter method can be selected
under the conditions of sufficient data during different periods of the year. The in-stream targeted
environmental flow is to maintain the water demand requirement at the normal level according to the
ecosystems function corresponding to the protection target. Then, the in-stream targeted environmental
flow will be calculated in different periods and as an annual value. For more accurate and reasonable
results, the SERL recommends that managers could use a variety of methods to compare the results
and analysis to determine in-stream environmental flow.

It is mentioned in CEHP that the calculation of aquatic ecological flow needs to consider the
hydrological characteristics and aquatic ecological protection objectives. This requirement is basically
the same as in SERL. It is clearly stated in CEHP that when there is no important fish spawning area
in the downstream, the aquatic ecological base flow should be analyzed and calculated. When there
are important fish spawning fields, it is necessary to analyze and calculate the hydrological processes
required for the aquatic ecological base flow and fish breeding period. The hydraulics, ecological
hydraulics, and hydrology methods are recommended for the calculation of aquatic ecological base
flow. The aquatic ecological flow needs for the fish breeding period can be calculated by the habitat
analysis method. Additionally, the standard requires that at least two methods be used to calculate
the aquatic ecological base flow and then based on the experts to choose a better one. During the fish
breeding period, the requirements of different fish should be all considered, the specific hydrological
process should be calculated separately, and the maximum should be taken as the result. Finally, the
water manager should consider the recommended environmental flows threshold (Table 6), according
to the size of the river area, the climatic conditions of the geographical location and the current water
resources of the river to determine the final environmental flows.
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Table 6. Recommended environmental flows thresholds ! for different rivers in China.

River Type High Medium Low
Base Flow  Suitable Flow Base Flow Suitable Flow Base Flow Suitable Flow
9 Nor® 10-20 40-50 15-25 45-55 >25 >60
L Sou © 20-30 65-80 25-35 70-80 >35 >80
3 Nor® 10-15 40-50 10-25 40-55 >25 >55
M Sou ® 15-30 60-70 20-35 65-75 >35 >75
4 Nor® 5-10 40-45 10-20 40-50 >20 >50
S Sou © 15-25 50-60 20-30 55-65 >30 >65

! Environmental flow threshold = environmental flows/Surface available water resources x 100%. 2 L means large
river (area > 100,000 km?). > M means medium river (10,000 km? < area < 100,000 km?). 4 S means small river (3000
km? < area < 10,000 km?). 5 Nor means northern of China. ® Sou means southern of China.

4. Weaknesses and Recommendations

Our examination of the two overarching standards governing environmental flows in China

included comparisons of term definitions, calculation processes and calculation methods. Our findings
of deficiencies in the two standards summarized below and can provide suggestions for water
resources managers.

1.

Because the standards come from two different authorities, the definition of related terms is not
clear. This may lead to misunderstandings during implementation. Water managers may have
errors in textual understanding when using the standards. More seriously, due to differences in
understanding, there may be increased misunderstandings between stakeholders.

In the process of data collection, both standards mention the collection of watershed hydrology,
river topography, aquatic ecology, relevant planning and research results. Although the process
of evaluating environmental flows in the standards is scientific, it is difficult to evaluate and
implement environmental flows according to the requirements of the standards considering the
actual situation.

Both standards classify environmental flows into base environmental flows (minimum flows) and
targeted environmental flows (variable environmental flows). The purpose of this consideration is
to rationally use water resources and then create economic value under the premise of protecting
ecosystems. How to trade-off the relationship between environment value and the economic
value? There is no operational suggestion for water manager.

In the specific calculation process, both standards recommend a variety of calculation methods.
The standard also clarifies how to choose the method for base environmental flow and targeted
environmental flow. However, most of the methods are hydrological methods, and the results of
hydrological calculations often lack consideration of ecological processes. Additionally, most of
the rivers lack sufficient data, which can impede the implementation of environmental flows.
In the ecological process, both standards recommend habitat analysis methods and consider the
relationship between hydrological-ecological responses. However, in the actual process, only
the large watersheds in China currently have relevant ecological data, which brings difficulties
to river managers. In CEHP, it is recommended that water managers consider the hydrological
process of different fish breeding seasons. Due to the difficulty of data collection and long cycle
monitoring, this is not feasible in practical work.

During the process of verifying the rationality of the results, both standards emphasize the need
to use multiple methods for calculations and comparison of results to determine a reasonable
hydrological process. This is positive but undoubtedly increases the cost of river management.
A reasonable range of parameters is given in the two standards, except for habitat analysis
methods. Because habitat analysis methods are always based on a rigorous aquatic ecology
survey and expert advice, a reasonable range of habitat parameters can be determined. Due to the
many remaining problems in the history of watershed management, the habitat analysis method
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is not available in most rivers in China. Moreover, much upfront capital investment is needed
which cannot be used in medium or small river.

8. The unknown long-term change of climate and hydrological conditions will bring unpredictable
impacts on the ecosystem, such as the invasion of non-native species caused by the change of
environmental conditions (rainfall and temperature under changing conditions) that lead to
the failure of traditional calculation methods (provided in the two standards) in practical water
resources management.

9.  Most of the environmental flow calculation methods recommended in the two standards are from
foreign countries, and the portability and preconditons for some of them needs further research.

5. Conclusions

Hydropower development has brought huge economic benefits, but the complex water resources
and intensive human activities have led to serious ecological and environmental problems. [2]. This also
urges GoC to resolve to do some necessary remedial work, such as issuing relevant policies and
encouraging relevant research. In China, some rivers have a high degree of development and utilization,
and a large amount of economic and social water use. Environmental flows is one of the important
management tools to maintain the ecological function of rivers and control the intensity of water
resources development [26]. Strengthening the management of river and lake environmental flows is
related to the overall situation of water security and realizing China’s goal of an ecological civilization.
Based on rich experience on environmental flows around the world [27-29], how to minimize the bad
influence on the ecosystem becomes more important in the sustainable world. In this study, based on
the GoC issued for the environmental flows policy to do a systematic analysis.

The two major standards for development of water use projects (SERL and CEHP) were developed
in the context of the national strategy for protecting the ecosystems (ecological civilization) in order to
alleviate the pressure of human activities on river ecosystems in China. They all have strict scientific
logic and consider all aspects of the factors. However, as the units set up are different administrative
authorities, there are certain deviations in the interpretation and implementation of different managers.
Our assessment identified defects in the current guidelines and standards. At present, there are
no unified provisions on the concept, connotation and evaluation index of environmental flows in
the aspects of laws, regulations, policy systems and planning standards. It leads to confusion in
the formulation and management of relevant policies and also has a great impact on the public’s
understanding and implementation of environmental flows. Therefore, unreasonable environmental
flow calculations may seriously affect the sustainable development of the ecosystem [30].

Weakness with SERL and CEHP need to be addressed in several ways. Aim at the defects
of the basic concepts and recommend calculation methods in standards. First of all, government
needs to encourage research institutions to conduct systematic research on the theoretical problems of
environmental flows and promote the development of China’s environmental flow research technology
to the direction of methodology. Let each industry standardize the basic concept of environmental
flows. As for the calculation method, the original method introduced from abroad should be changed.
Researchers are encouraged to discriminate between methods, assess their applicability and choose
the most appropriate method. Most of the previous [31-33] studies have carried out environmental
flow calculations for specific projects. How to reduce the uncertainty and improve the rationality and
accuracy of the evaluation results is worth further discussion.

The evaluation and implementation of environmental flows is a complex problem that needs to
consider not only the rationality of scientific research, but also the feasibility of engineering [9,34]. As
it involves economic benefits, it also needs to consider social and economic benefits. In general, the
GoC needs to promote the establishment of a complete set of standards for development of water use
projects system, unified connotation and understanding. The relevant government authorities need to
establish sound policies to ensure the environmental flow of rivers and lakes in accordance with the
standards. Promoting the hierarchical management of river and lake environmental flows guarantees
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and clarifies the responsibilities of authorities at all levels for river and lake environmental flow
implementation. We should give priority to ensuring the environmental flow of rivers and lakes and
strengthen the unified allocation of water resources in river basins. For different rivers, the requirements
of environmental flows need to be considered in a targeted way and water resources need to be allocated
in a unified way according to local conditions. The research and implementation of environmental
flows in rivers and lakes is a complex and comprehensive work involving multiple authorities, fields
and links. Processes for stakeholder engagement should be established. The involvement of society at
large in decisions on water resources management is an inevitable consequence of social development,
and it is important that the general public be encouraged to participate in such decision-making
processes. Eco-environmental impact assessments of hydropower projects are significant and should
be comprehensive and consider all of the short- and long-term benefits and drawbacks. Therefore, it
is urgent to study river environmental flows assessment frameworks and establish a set of general
assessment processes in order to achieve differentiated management for different rivers.
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