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Abstract: The assessment of river health holds paramount significance in diagnosing the conditions
of river water environments, and its research serves as a crucial foundation for the functional
management and restoration of rivers. We discuss the concept and assessment criteria of health in
areas characterized by significant human activity. Utilizing the “over the riverbank” and “under
the riverbank” quantification criteria as the framework, a comprehensive river health assessment
index system is developed, encompassing seven aspects (riparian zone condition, pollution discharge
condition, human–water interaction, physical structure, water environment, water ecology, and
socio-economic service function) and 35 indicators. This study introduces the River Health Index
(RHI), specifically tailored for regions with significant human activity, facilitating the quantitative
assessment of river health status and precise calculation of the River Health Index in these areas. The
research employs the RHI to assess the health condition of the Cangzhou section of the Qingliang
River in China. The results indicate that the Qingliang River is in a suboptimal state of health, with
the key limiting factors being the aspects of “water environment” and “water ecology”. The research
demonstrates that the proposed river health assessment system for areas with significant human
activity effectively reflects the objective reality of the Qingliang River, exhibiting a high level of
reliability and applicability.

Keywords: areas with significant human activity; river health; assessment system; assessment
indicator; assessment method

1. Introduction

Rivers are the result of the combined influence of atmospheric circulation and the
Earth’s underlying surface, and they serve as crucial carriers of freshwater on our planet [1].
With natural, ecological, and social functions, such as hydrological regulation, aquatic habi-
tat support, and navigation, rivers hold significant importance for human society. However,
as urban areas expand, human interference with rivers is escalating. The natural conditions
of rivers in regions characterized by significant human activity have undergone profound
alterations. Examples of such disturbances include channelization and the excavation of
diversion canals to straighten river courses, the construction of dams for flood control,
the establishment of hydrophilic platforms for recreational purposes, the modification of
riparian vegetation, and the escalation of pollution emissions due to industrial develop-
ment. These human-induced disturbances have profoundly impacted river morphology
and natural hydrological processes, resulting in disruptions to the river flow regime and
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the overall hydrological cycle. Consequently, river ecosystems have experienced continu-
ous degradation due to human interventions [2]. Therefore, river health assessment has
emerged as a prominent international academic research area [3].

River health assessment work has witnessed extensive implementation, yielding a
plethora of research outcomes. The research on river health assessment in European and
North American countries evolved from water quality assessment. Since the 1980s, coun-
tries such as the United States, the United Kingdom, Sweden, Australia, South Africa, and
others have undertaken river health assessment, devising a series of evaluation methods
like IBI, PIVPACS, RCE, and RBPs. Among these, IBI employs indicator organisms such
as fish, aquatic plants, and macroinvertebrates for health assessment [4]. PIVPACS, on
the other hand, assesses river health by examining the survival status of macroinverte-
brates [5], boasting clear indicators and ease of monitoring. However, a limitation lies in its
reliance on a single species to gauge river health. If the selected species proves insensitive
to certain external disturbances, a scenario may arise where river health is compromised,
but the selected species remains unchanged. RCE focuses on the riparian zone and river
environment assessment in agricultural landscapes [6]. It finds its primary application in
the health assessment of small streams in agricultural regions and is characterized by swift
assessment procedures. RBPs, on the other hand, provide standards for monitoring and
evaluating methods concerning periphytic algae, macroinvertebrates, and fish [7], making
them well-suited for comparisons across different areas. In the European Union, unified ob-
jectives and requirements in the realm of water environment have been established, leading
to the formulation of the Water Framework Directive (WFD) in 2002. The WFD categorizes
surface water bodies into rivers, lakes, transitional waters, and coastal waters, with the
overarching aim of ensuring the adequate supply of high-quality water to sustainably,
equitably, and harmoniously meet water use needs.

In recent years, numerous scholars have undertaken river health assessment work. For
instance, Oeding et al. established the Diatom Species Index of Australian Rivers (DSIAR)
based on the biomonitoring of algae [8]. Similarly, Varol et al. employed water quality
indices, multivariate statistics, and absolute principal component score-multiple linear
regression (APCS-MLR) to evaluate the water quality of the Karasu River in Turkey [9].
The field of geomorphology has long acknowledged the influence of human activities
on fluvial landscapes [10]. Downs and Hervé examined contemporary approaches to
catchment-historical cumulative impact analyses of river channel morphology. Based on
their findings, they assessed the relative impact of human activities on the river system,
highlighting that the continuous impact is more pronounced in small- and medium-sized
rivers. Furthermore, Wohl extensively discussed the diverse direct and indirect impacts
of human activities on rivers and proposed corresponding management suggestions [11].
Across research centers for River Geomorphology in Western Europe, Great Britain, and
Australia, the emphasis on human alterations of river systems has broadly evolved in
parallel [12,13].

The study of river health in China commenced relatively late, and it was in 2002 when
Tang et al. first explored the assessment of river ecosystem health [14]. Subsequently,
significant water conservancy commissions, such as those responsible for the Yangtze,
Yellow, and Pearl River basins, conducted their own river health studies [15–17]. Building
upon international research outcomes on river health assessment, a multitude of Chinese
scholars have undertaken a series of investigations related to river health assessment. For
example, Yao et al. developed a zooplankton index of bio-integrity (Z-IBI) evaluation
system to assess the impact of industrial activities, dam construction, and agriculture on the
Wanan reach of the Ganjiang River in China [18]. Wan et al. established a comprehensive
river health assessment index system and utilized an improved coupling model of set
pair analysis with Extenics to assess and predict the health of the Weihe River basin [19].
Additionally, Zhao et al. proposed a method to predict river health under varying climate
change conditions [20]. Concurrently, the river health assessment incorporates technical
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tools and index systems, such as the geographic information system (GIS) and the pressure-
state-response model (PSR), to visualize the assessment results more effectively [21–23].

Significant progress has been achieved in the field of river health assessment. However,
the existing assessment methods may lack relevance when applied to rivers with diverse
functional characteristics in regions with significant human activity. As of now, a compre-
hensive and unified understanding of river health in such regions remains elusive. The
current indicator construction fails to encompass the distinct functional traits of different
rivers, thus necessitating the development of a more comprehensive assessment system.
Consequently, there is an urgent imperative to investigate a health assessment framework
suitable for rivers with diverse functions in areas of significant human activity, with the aim
of enhancing the precision and reliability of river health assessment. In light of this context,
we examine the distinct functions of rivers situated in regions characterized by significant
human activity and formulate a river health assessment index system, encompassing seven
crucial aspects: riparian zone condition, pollution discharge condition, human–water inter-
action, physical structure, water environment, water ecology, and socio-economic function.
Furthermore, the study employs the Qingliang River as a case example to demonstrate the
practical application of this assessment system and to propose strategies for river health
management and protection.

The structure of this paper is as follows: Section 2 provides a summary of the con-
ceptual meaning of river health in regions with significant human activity, along with
the introduction of benchmarks and the general framework of the assessment system. In
Section 3, the index system and assessment criteria for river health are developed. Section 4
offers a brief overview of the study area and data sources, followed by the application of
the river health assessment system to the Qingliang River. Finally, the results pertaining to
the Qingliang River are presented, accompanied by a comprehensive discussion, relevant
recommendations, and a summary of the main conclusions.

2. Concepts and Assessment Benchmarks of River Health in Areas of Significant
Human Activity
2.1. Study of River Health in Areas of Significant Human Activity

Rapport first introduced the concept of “ecosystem health” in the 1980s [24]. Initially,
research was primarily focused on the river ecosystem and the health of river life and
function. However, as time progressed, the concept of river health evolved and expanded
to encompass other aspects of rivers. Existing definitions of river health can be broadly
categorized into three main groups. The first category defines river health as the integrity
of river ecosystems, placing emphasis on the ecological functions of rivers. Scholars such
as Karr, An, and Schofield are representative proponents of this perspective [25–27]. The
second category posits that river health is not solely related to the integrity of the ecosystem
but also takes into account its role in human society, underscoring the integration of river
ecological function with social function. Scholars like Fairweather, Meyer, and Vugteveen
are prominent figures endorsing this viewpoint [28–30]. Presently, this understanding is
widely recognized by the academic community. The third category asserts that river health
is not a strictly scientific concept in the conventional sense, but rather a state of balance
between ecological and social functions aimed at achieving river management objectives.
It emphasizes river health as an assessment tool for river management. Scholars such
as Ladson, Rogers, and Norris are influential representatives of this perspective [31–33].
In summary, the concept of river health has undergone significant development since its
inception in the 1980s. It now encompasses various dimensions, reflecting the integration of
ecological and social aspects in understanding and managing river health. The perspectives
put forward by different scholars contribute to a more comprehensive understanding of
river health and its practical implications.

Significant human activity refers to the frequent intervention of the ecological envi-
ronment by human activities [34], encompassing the detrimental impacts of urbanization
on river environments, as well as the restoration and regulation of river ecology through
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human engineering. The purpose of river health assessment is to strike a balance between
natural ecological attributes and the social and economic services derived from rivers.
On the one hand, it aims to serve humanity; on the other hand, it seeks to safeguard the
potential for sustainable development without compromising ecological integrity. In areas
with significant human activity, the health of rivers embodies the harmonious coexistence
of human development and ecological protection, representing a holistic expression of
the interplay between human-induced stress and the rivers’ responses. A healthy river
system not only entails the maintenance of a sound ecological structure and the continuity
of ecological processes, but also emphasizes the efficient utilization of human service func-
tions, such as water supply, flood control, irrigation, and recreational amenities within the
river ecosystem. Consequently, a river’s health encompasses the preservation of ecosystem
stability through human intervention while simultaneously fulfilling the essential service
functions for human well-being. This relationship is depicted conceptually in Figure 1.
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2.2. Assessment Benchmarks for River Health in Areas of Significant Human Activity

The characteristics of rivers in areas of significant human activity play a pivotal role in
shaping their assessment methods. The double regulating effect of human intervention on
rivers is a defining trait of rivers in regions with significant human activity. For instance, the
implementation of various water conservancy projects, such as water system connections,
river damming, and riverbank hardening, has led to a more intricate river system network,
decreased vertical connectivity of rivers, and increased stability of riverbanks. Diverse
types, intensities, and changes in human activities result in varying impacts on rivers [35].
Although most rivers affected by significant human activity cannot be fully restored to
their original state, they can still be deemed healthy to some extent and within a certain
timeframe if they maintain their current condition or possess the potential for recovery
and sustainable development [36]. Consequently, river health assessment must encompass
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the influence of human activities. When assessing river health in regions with significant
human activity, using the natural state of rivers as the sole benchmark may yield lower
assessment results and lack robustness as a reference. Therefore, it is imperative to take
into account the dynamics and regionality of the river, along with its natural and social
functions, in accordance with the specific disturbances present in the river’s characteristics.

2.3. General Framework of the Assessment System for Areas of Significant Human Activity

Rivers situated in regions with significant human activity exhibit dynamic and re-
gional characteristics. Due to the diverse functions of these rivers, the system of assessment
indicators and criteria cannot be rigidly standardized; instead, they should be tailored to
specific assessment timeframes, regional attributes, and river functions. Building upon
this premise, we aim to propose an indicator system for assessing river health in areas of
significant human activity, which primarily involves the following steps: (1) Constructing
an indicator system: The indicator system is developed by identifying commonalities and
characteristics among rivers with different functions in regions with significant human ac-
tivity. This process involves referencing the relevant literature and selecting representative
assessment-related indicators. (2) Developing assessment criteria: by integrating existing
international and Chinese standards, development planning, and the unique characteristics
and functions of the target rivers, a graded and quantitative set of standards aligned with
the assessment contents is defined. (3) Determining the assessment method: an effective
quantitative method is selected, which is then combined with the established assessment
indicator system to determine the calculation method and steps for conducting the assess-
ment. (4) Application example research: Employing the established assessment system and
method, case applications are conducted to validate the reliability of the assessment system.
Additionally, the assessment results are used to identify the primary factors influencing
the health of rivers in areas with significant human activity, thereby strengthening river
protection and management efforts.

Through these steps, this research endeavors to contribute to the advancement of
river health assessment methodologies in regions characterized by significant human
activity. The proposed approach aims to enhance the accuracy and applicability of river
health assessments, ultimately aiding in the conservation and management of rivers facing
substantial human impact.

3. Methodology for Assessing the Health of Rivers in Areas of Significant
Human Activity
3.1. Assessment Indicator of Rivers in Areas of Significant Human Activity
3.1.1. Framework of the Assessment Indicator System

Based on the conceptual understanding and aspects of river health in regions with
significant human activity, and in consideration of the two criteria levels, “over the river-
bank” and “under the riverbank,” we propose a comprehensive four-level assessment index
system termed “goal–rule–element–indicator” for river health evaluation. The framework
is as follows: (1) Goal layer (GL): This layer entails a comprehensive assessment of the
ecological health of rivers in the study area, as well as the level of social development and
their interrelationship. In this paper, it is represented as the “River Health Index in Areas
of significant human activity” (abbreviated to RHI). (2) Rule layer (RL): taking into account
the distinct focus on the selection of indicators for “over the riverbank” and “under the
riverbank” segments of rivers, the basic framework employs two decision rules for each
segment and subsequently assesses their role relationships. (3) Element layer (EL): drawing
from the rule layers, the river health indicators are measured based on various perspectives,
including riparian zone condition, pollution discharge condition, human–water interaction,
physical structure, water environment, water ecology, and socio-economic function. (4) In-
dicator layer (IL): within this layer, specific quantitative indicators are established for each
element, effectively reflecting the degree of river health in individual layers. The visual
representation of the proposed assessment index system is provided in Figure 2.
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3.1.2. Selection of Assessment Indicators

In accordance with the distinct characteristics of rivers with different functions in
regions with significant human activity, we conducted indicator screening by referencing
documents related to river health assessment, standards, and technical guidelines issued by
management departments [37–39]. The screening process involved employing frequency
analysis, theoretical analysis, and expert consultations.

The first step was statistical screening. Building upon the established rule layer and
taking into account the key factors characterizing river conditions in areas with signifi-
cant human activity, we extensively gathered relevant literature on rivers, river health,
water ecological health, river health assessment, river–lake water system connectivity,
and the water resource carrying capacity assessment in regions with significant human
activity [40–42]. From this collection, we selected literature sources with relatively com-
prehensive index systems, significant influence, and high citation frequency to serve as
data sources for statistical analysis. Next, the preliminary screening of indicators was
performed. By comparing the assessment indicators from the selected literature with the
judgment rule layer, we analyzed their correlation with each rule layer. Indicators closely
related to the rule layer were retained for frequency statistical analysis, and those with
overlapping meanings were merged to obtain the preliminary screening results of the
assessment indicators. Finally, the definitive index system was determined. Based on the
outcomes of the preliminary indicator screening, we adhered to principles of scientific
rigor, completeness, operability, independence, and dynamism in the selection process.
We also considered relevant documents issued by management departments and sought
input from experts [43]. Through this rigorous approach, we finalized the index system for
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river health assessment, comprising a total of 35 indicators. Of these, 12 indicators were
deemed essential for all functional rivers in regions with significant human activity, while
the remaining indicators were selected based on the specific functions of the rivers.

3.2. Criteria for Assessing the Health of Rivers in Areas of Significant Human Activity

The classification of indicator criteria and the determination of standard values pre-
sented in this paper are primarily based on the following types of documents: (1) goal
values outlined in water resources, economic, and social-related plans and systems in
the basin [44–47]; (2) corresponding indicator criteria derived from the relevant classical
literature [48–54]; (3) input from expert consultations; (4) national standards and related
research findings [55–57]; and (5) expert judgments.

The assessment indicators for rivers in regions with significant human activity are cat-
egorized into five levels, denoted as I to V, representing excellent, good, fair, poor, and very
poor conditions, respectively. These classifications serve as a reference for related research.
It is important to note that rivers in regions with significant human activity are dynamic
and exhibit regional variations, making it challenging to assess them using standardized
criteria. Therefore, the values provided in this paper are solely for reference purposes,
and each region should selectively determine appropriate standard values suitable for
their specific context and the assessment of river health in areas with significant human
activity, considering the actual conditions and evolving goal requirements. The indicator
system and assessment criteria for evaluating river health in regions with significant human
activity are presented in Tables 1 and 2, respectively.

Table 1. Indicator system for assessing the health of rivers in areas of significant human activity.

Rule Layer Element Layer Indicator Layer Indicator Type

Over the
riverbank

Riparian zone
condition

Riverbank stability Compulsory indicator

Longitudinal continuity Compulsory indicator

Vegetation coverage ratio Compulsory indicator

Side connectivity Reserve indicator

Soil and water loss treatment degree Reserve indicator

Artificial interference degree of riparian zone Compulsory indicator

Pollution discharge
condition

Sewage treatment ratio Compulsory indicator

Pollution load emission index Reserve indicator

Human–water
interaction

Public satisfaction Compulsory indicator

Riverine landscape effect Reserve indicator

Number of water culture heritage carriers Reserve indicator

Public awareness of eco-civilization of water Compulsory indicator

Perfection degree of water laws and
regulations construction Reserve indicator

Under the
riverbank

Physical structure

Channel stability Reserve indicator

Bending degree of river channel change Reserve indicator

Form of embankment of river channel Compulsory for rivers with landscape
entertainment function, optional for others

Water environment

Water quality Compulsory indicator

Water self-purification capacity Compulsory indicator

Sediment pollution status Compulsory for rivers with habitat
function, optional for others

Degree of river cutoff Compulsory indicator
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Table 1. Cont.

Rule Layer Element Layer Indicator Layer Indicator Type

Under the
riverbank

Water ecology

Satisfaction degree of ecological flow Compulsory indicator

Flow process variation degree Reserve indicator

Habitat condition Compulsory for rivers with corridor or
habitat function, optional for others

Migrating condition Compulsory for rivers with corridor or
habitat function, optional for others

Fish retention index Compulsory indicator

Biotic Integrity Index of Macroinvertebrates Compulsory indicator

Aquatic plant community status Compulsory for rivers with habitat
function, optional for others

Waterbird condition Compulsory for rivers with habitat
function, optional for others

Socio-economic
service function

Insurance probability of irrigation water Compulsory for rivers with irrigation
function, optional for others

Flood control compliance ratio Compulsory for rivers with flood control
function, optional for others

Urban water supply guarantee ratio Compulsory for rivers with water supply
function, optional for others

Average per capita water resources Reserve indicator

Cruise ship navigation guarantee ratio Compulsory for rivers with navigation
function, optional for others

Degree of control of water consumption
target of 10,000 CNY GDP Reserve indicator

Water conservancy facilities ready ratio
Compulsory for rivers with flood control,

water supply, or hydropower function,
optional for others

Table 2. Indicator criteria for assessing the health of rivers in areas of significant human activity.

Element
Layer Indicator Layer Characteristics

of Indicators Unit
Standard Values of Indicators

I II III IV V

Riparian zone
condition

Riverbank stability Positive % [98, 100] [85, 98) [70, 85) [50, 70) <50

Longitudinal
continuity Negative

pcs/
102 km

[0, 0.3] (0.3, 0.5] (0.5, 0.8] (0.8, 1.2] >1.2

Vegetation coverage
ratio Positive % >75 [50, 75) [25, 50) [5, 25) [0, 5)

Side connectivity Negative % [0, 5) [5, 25) [25, 50) [50, 75) >75

Soil and water loss
treatment degree Positive % [95, 100] [80, 95) [60, 80) [40, 60) <40

Artificial
interference degree

of riparian zone
Negative - [95, 100] [80, 95) [60, 80) [30, 60) [0, 30)

Pollution
discharge
condition

Sewage treatment
ratio Positive % [95, 100] [80, 95) [60, 80) [40, 60) <40

Pollution load
emission index Negative - [0, 0.5] (0.5, 0.9] (0.9, 1.1] (1.1, 1.5] >1.5

Human–
water

interaction

Public satisfaction Positive - [95, 100] [80, 95) [60, 80) [30, 60) [0, 30)

Riverine landscape
effect Positive % [95, 100] [80, 95) [65, 80) [50, 65) <50
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Table 2. Cont.

Element
Layer Indicator Layer Characteristics

of Indicators Unit
Standard Values of Indicators

I II III IV V

Human–
water

interaction

Number of water
culture heritage

carriers
Positive pcs ≥8 [6, 8) [3, 6) [1, 3) 0

Public awareness of
eco-civilization of

water
Positive % ≥20 [15, 20) [10, 15) [5, 10) [0, 5)

Perfection degree of
water laws and

regulations
construction

Positive % [90, 100] [70, 90) [40, 70) [20, 40) <20

Physical
structure

Channel stability Positive % [98, 100] [85, 98) [70, 85) [50, 70) <50

Bending degree of
river channel

change
Positive % [95, 100] [80, 95) [65, 80) [50, 65) <50

Form of
embankment of

river channel
Positive - [95, 100] [80, 95) [60, 80) [30, 60) [0, 30)

Water
environment

Water quality Positive - I, II III IV V Poor V

Water
self-purification

capacity
Positive mg/L ≥7.5 ≥6 ≥3 ≥2 0

Sediment pollution
status Negative - [0, 1) [1, 2) [2, 3) [3, 5) >5

Degree of river
cutoff Negative % [0, 15) [15, 30) [30, 40) [40, 50) ≥50

Water ecology

Satisfaction degree
of ecological flow Positive % ≥30 [20, 30) [10, 20) [5, 10) <5

Flow process
variation degree Positive - [0, 0.05] (0.05, 0.1] (0.1, 0.3] (0.3, 1.5] >1.5

Habitat condition Positive - [95, 100] [80,95) [60, 80) [30, 60) [0, 30)

Migrating condition Positive - [95, 100] [80,95) [60, 80) [30, 60) [0, 30)

Fish retention index Positive % 100 [75, 100) [50, 75) [25, 50) [0, 25)

Biotic Integrity
Index of

Macroinvertebrates
Positive - ≥1.62 [1.03, 1.62) [0.31, 1.03) [0.1, 0.31) [0, 0.1)

Aquatic plant
community status Positive - [90, 100] [80, 90) [60, 80) [30, 60) [0, 30)

Waterbird condition Positive - [90, 100] [80, 90) [60, 80) [30, 60) [0, 30)

Socio-
economic

service
function

Insurance
probability of

irrigation water
Positive % [95, 100] [80, 95) [65, 80) [50, 65) <50

Flood control
compliance ratio Positive % [95, 100] [90, 95) [85, 90) [70, 85) ≤50

Urban water supply
guarantee ratio Positive % [95, 100] [85, 95) [60, 85) [20, 60) [0, 20)

Average per capita
water resources Positive m3

/person ≥900 [667, 900) [435, 667) [307, 435) <307

Cruise ship
navigation

guarantee ratio
Positive % [95, 100] [80, 95) [65, 80) [50, 65) <50

Degree of control of
water consumption

target of
10,000 CNY GDP

Positive % [95, 100] [85, 95) [70, 85) [50, 70) <50

Water conservancy
facilities ready ratio Positive % [98, 100] [90, 98) [75, 90) [60, 75) <60
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3.3. Assessment Methodology

The assessment of river health in regions with significant human activity is a compre-
hensive process involving multiple indicators, rules, and layers. Various methods can be
utilized for this assessment, such as matter element analysis [58], fuzzy comprehensive
assessment method [59], gray relational analysis [60], and more. These methods all entail
the calculation of weights during the assessment process. Weight determination methods
can be broadly classified into three main categories: subjective weighting methods (ana-
lytic hierarchy process, cycle ratio scoring method, expert consultation method, binomial
coefficient method), objective weighting methods (principal component analysis method,
entropy weight method, neural network method), and other weighting methods. The selec-
tion of a specific method should align with the specific requirements of the study. In this
study, the health status of rivers in regions with significant human activity was classified
into five categories based on their RHI values: Class I rivers (excellent, 90 � RHI � 100),
Class II rivers (good, 75 � RHI < 90), Class III rivers (fair, 60 � RHI < 75), Class IV rivers
(poor, 40 � RHI < 60), and Class V rivers (very poor, RHI < 40). It is crucial to note that the
assessment of river health in areas with significant human activity is relative, and there is
no absolute distinction between healthy and unhealthy. The assessment system primarily
serves to gauge the relative condition of rivers in regions with significant human activity
across different areas and at different time points. Its purpose is to identify key constraints
and challenges affecting river health.

4. Case Study
4.1. Overview of the Study Area

The Qingliang River originates from Niujiazhai, Wei County, Xingtai City, Hebei
Province, and is connected to the Old Sha River (which starts from Anzhai, Quzhou
County, Hebei Province) and the Dongfeng Canal (a major channel drawing water from
the Wei River through the Zhang River), with the Qingliang River flowing below. It passes
through several counties, including Nangong, Zaoqiang, Wuyi, Jingxian, and Fucheng,
before converging with the Jiangjiang River at Sanjikou, Jiaoghe Town, Botou City, and
the Old Salt River at Wenmiao. At Qiaoguantun, it merges into the mainstream of the
South Drainage River and ultimately flows into the sea through the South Drainage River.
The watershed area comprises Jiuji dike and Solu River to the east, Wei Canal to the
north, and the Jiangjiang River basin to the west, covering an area of 2037 km2. When
including its tributaries, the Dongfeng Canal and the confluence area of the Lao Sha
River, the total watershed area expands to 4659 km2. The hydrographic chart of the
Qingliang River is depicted in Figure 3. The Cangzhou City section of the Qingliang
River starts from Xixindian Township, entering from Qin Village, and extends northeast
through eight townships, including Xixindian, Siying, Jiaohe, Temple Village, Wangwu,
Wali Wang, Qiqiao, and Wenmiao, encompassing a total length of 60 km and a catchment
area of 240 km2. This section serves as a multifunctional river supporting drainage, water
withdrawal, and irrigation in Cangzhou City [61]. However, being situated in an area
with significant human activity, the Qingliang River faces several prominent issues. These
include insufficient overall water volume, a lack of ecological base flow, seasonal drying
during the agricultural water usage period, limited mobility and self-purification capacity
of the water body, a decline in aquatic plants and animals, and degradation of the aquatic
environment. As a result, comprehensive water ecology construction of the river requires
enhancement and improvement. In light of these challenges, we present an example of
applying river health assessment in regions with significant human activity, specifically
in the Cangzhou section of the Qingliang River. This case study serves as a model and
guidance for promoting ecological protection and promoting the high-quality development
of the Qingliang River, as well as other rivers and regions facing similar challenges.
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4.2. Data Sources

Utilizing the established assessment system for river health in regions with significant
human activity, a study was undertaken to assess river health along the entire stretch of
the mainstream of the Qingliang River. The specific assessment scope covers the river
segment from the entry point at Qin Village in Xixindian Township to Qiaoguantun Village
in Wenmiao Township, where it merges into the South Pai River. The assessed river reach
measures 60 km in length. The original data for the indicators were sourced from the
Statistical Yearbook of 2021 [62], the Water Resources Bulletin of 2021 [63], the Statistical
Yearbook of Chinese Cities of 2021 [64], and the Statistical Yearbook of Cangzhou City [65].
Additionally, current values for other quantitative indicators were primarily derived from
data collection efforts, as well as field research and experiments [66–68]. The status quo
values and corresponding data sources for each indicator are detailed in Table 3.

Table 3. Data sources of Qingliang River reach assessment indicators.

Indicator Code Data Sources

Riverbank stability RBS Field research
Longitudinal continuity LC Field research

Vegetation coverage VC Field research
Sewage treatment ratio STR Field research

Public satisfaction PS Questionnaire survey
Public awareness of eco-civilization of water PAW Questionnaire survey

Channel stability CS Field research
Water quality WQ Field research

Water self-purification capacity SP Field research

Degree of river cutoff RC
Online monitoring daily scale

long-sequence data of Qiaoguantun
hydrologic station

Satisfaction degree of ecological flow EF Daily streamflow data of
Qiaoguantun Hydrologic Station

Fish retention index FRI Field capture, complementary survey
Biotic Integrity Index of Macroinvertebrates BIBI Field research

Aquatic plant community status AP Setting section, sampling

Flood control compliance ratio FDR Field research,
hydrology data
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Once the basic information is gathered, the assessment process primarily encompassed
the following steps: (1) Comprehensive mapping and first-hand river information: This
step involves conducting a site survey of the Qingliang River to obtain up-to-date river
information. It includes collecting statistical data related to river-related structures, re-
viewing historical river information, and conducting UAV aerial photography. Based on
the specific characteristics of the Qingliang River [65], the assessment of river reach was
carried out, and indicators established in the previous paper for assessing river health
in areas with significant human activity were further screened. This process yields an
indicator system tailored to the assessment of river health in the Qingliang River. (2) Data
collection for each indicator: relevant information was reviewed and combined with the
river assessment criteria established in the previous paper to obtain the data for each
indicator. (3) Determination of indicator weights: The weights of each indicator factor
were determined by referring to weight calculation methods such as those found in the
“Technical Guidelines for River and Lake Health Assessment” [69] and “Guidelines for
River and Lake Health Assessment” [70]. The comprehensive assessment and analysis
were then carried out step by step to determine the river health status and obtain the river
health assessment results for the Qingliang River. (4) Analysis of assessment results: the
reasonableness of the assessment results was analyzed, and the main constraints affecting
the river health in the area with significant human activity in the Qingliang River were
initially identified.

4.3. Health Assessment Methods
4.3.1. Health Assessment of River Reaches Division

Following the fundamental principles of river health and river reach division, and
considering the hydrological, riverbed, and channel morphological characteristics, land
use status, social and economic development [71,72], as well as relevant zoning of the
Qingliang River, the river reach division of the Qingliang River was performed using
administrative region boundaries in accordance with the established method for river reach
division. Consequently, the Qingliang River was divided into six assessment river reaches
within the assessment area. Specific information for each assessment river reach, including
its number, the cities and counties through which it flows, starting location details, and the
length of each divided river reach, is presented in Table 4 and Figure 4.
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Table 4. Qingliang River assessment river reach division table.

River River Reach
Serial Number

Starting Point Ending Point Segmented River
Length (km)

Total River
Length (km)Spot

Qingliang
River

1 Cangzhou boundary North Bailizhuang Village 24.1

59.38

2 North Bailizhuang Village Houbachigao Village 12
3 Houbachigao Village Sanchahe Village 8.5
4 Sanchahe Village Wenmiao Village 11.6
5 Wenmiao Village Xiaolizhuang Village 1.27
6 Xiaolizhuang Village Huangmanzhuang Village 1.91

4.3.2. Health Assessment Indicators and Weights

By considering the specific conditions of the Qingliang River and taking into account
the indicator system and standards for river health assessment in regions with significant
human activity, the indicators for assessing the river health of the Qingliang River were
categorized into four layers: the goal layer, rule layer, element layer, and indicator layer.
This results in a total of 15 indicators, comprising 12 compulsory indicators and 3 reserve
indicators, namely channel stability, aquatic plant community condition, and flood control
compliance rate. The weights for the indicator layer were determined based on the actual
situation of the Qingliang River, with reference to weight calculation methods such as
the “Technical Guidelines for River and Lake Health Assessment [69]”, “Guidelines for
River and Lake Health Assessment [70]”, ISC (Index of Stream Condition) [31], RBPS
(River Bioassessment using Paired Sites) [7], and others. The weighted comprehensive
assessment was then conducted step by step. Detailed information on the indicators and
their respective weights can be found in Table 5.

Table 5. Qingliang River health assessment indicator system.

Goal Layer
Rule Layer Element Layer Indicator Layer

Layer Name Weight Layer Name Weight Layer Name Code Weight

Qingliang
River (RHI)

Over the
riverbank

(ORB)
0.4

Riparian zone
condition (RZC) 0.5

Riverbank stability RBS 0.4

Longitudinal
continuity LC 0.2

Vegetation coverage VC 0.4

Pollution discharge
condition (PDC) 0.2 Sewage treatment

ratio STR 1

Human–water
interaction (HWI) 0.3

Public satisfaction PP 0.6

Public awareness of
eco-civilization of

water
PAW 0.4

Under the
riverbank

(URB)
0.6

Physical structure (PS) 0.2 Channel stability CS 1

Water environment
(WC) 0.3

Water quality WQ 0.4

Water self-purification
capacity SP 0.3

Degree of river cutoff RC 0.3

Water ecology (WE) 0.3

Satisfaction degree of
ecological flow EF 0.5

Fish retention index FRI 0.2

Biotic Integrity Index
of Macroinvertebrates BIBI 0.2

Aquatic plant
community status AP 0.1

Socio-economic service
function (SSF) 0.2 Flood control

compliance ratio FDR 1
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4.3.3. Comprehensive Calculation Method for Health Assessment Assignment Scores

The final assessment results of river health were calculated according to the calculation
method of assigning scores and weighting by layers of goal layer, rule layer, element layer
and indicator layer, and the length of the river reach was used as the weight for weighting
calculation. The formula for calculating the comprehensive score of a river reach is:

RHIi =
m

∑ [YMBmw ×
n

∑ YSnw×
n

∑(ZBnw × ZBnr)] (1)

RHIi—the ith assessment reach of river health comprehensive assignment score;
YSnw—weight of the nth indicator in the element layer (the specific value is determined

by the actual situation of Qingliang River and expert demonstration and consultation);
ZBnw—weight of the nth indicator in the indicator layer (the specific value is deter-

mined by the actual situation of Qingliang River and expert demonstration and consultation);
ZBnr—assigned score of the nth indicator in the indicator layer;
YMBmw—weights of the mth rule layer in the rule layer.
The comprehensive river health of the Qingliang River rivers was calculated using the

assessment of river reach weights method:

RHI =
Rs

∑
i=1

(
RHIi × SLi

RIVL

)
(2)

RHI—assessed river comprehensive health assessment score.
RHIi—assessment of river reach indicator and rule layer assignment scores.
SLi—river length of the assessed river reach.
RIVL—total length of the assessed river.

4.4. Health Assessment Results and Analysis
4.4.1. Integral Health Characteristics of Each River Reach

Based on the classification criteria for river health assessment in areas with significant
human activity, the assessment results for each river section were determined. The health
RHI values of all river sections of the Qingliang River were found to range from 64.57 to
69.37, and all sections were categorized as “Class III rivers,” indicating a “fair” status. The
comprehensive assignment results for the goal and element layer of the Qingliang River
are presented in Table 6 and Figure 5.

Table 6. Results of the overall health assignment for the goal layer of the river.

River
River Reach

Serial
Number

Segmented
River

Length (km)

Total River
Length

(km)
Weight

Goal Layer of Each
River Reach (RHIi)

Overall Goal Layer of the River
(RHI)

Score (RHIir)
Score
(RHIr)

Health
Classification

State of
Health

Qingliang
River

1 24.10

59.38

0.41 68.13

68.19 Class III river fair

2 12.00 0.20 67.43
3 8.50 0.14 68.73
4 11.60 0.20 69.14
5 1.27 0.02 69.37
6 1.91 0.03 64.57

As depicted in Table 6, the overall RHI value of the Qingliang River is 68.19, indicating
a “fair” status. Among the six river reaches, the RHI values are ranked as follows: river
reach 5 > river reach 4 > river reach 3 > river reach 1 > river reach 2 > river reach 6. It can
be observed that the overall spatial differences between the river reaches are relatively
small. Furthermore, the calculation results for each rule layer and element layer in each
river reach also exhibit relatively minor differences.
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4.4.2. Integral River Health Characteristics

The comprehensive health indicator of the Qingliang River is 68.19 points, categorizing
it as a “Class III river”, indicating a “fair” status. A detailed examination of the radar chart
(Figure 6) and the assessment results (Table 7) reveals that the highest RHI score is achieved
in the socio-economic service element layer, attaining a score of 100, denoting an “excellent”
status comparable to a Class I river. The “riparian zone condition” element layer falls
within the range of 63 to 100, while both the “pollutant discharge condition” element layer
and the “physical structure” element layer lie in the range of 70 to 74, both constituting a
“fair” status corresponding to Class III rivers. The RHI of the “human-water interaction”
element layer reaches 77.71, belonging to Class II rivers. On the other hand, the “water
environment” element layer attains an RHI of 59.46, categorizing it as a Class IV river and
depicting a “poor” status. The “water ecology” element layer demonstrates an RHI lower
than 40, falling under Class V rivers and indicating a “very poor” status.

Water 2023, 15, x FOR PEER REVIEW 15 of 20 
 

 

Figure 5. Radar chart of element layer assignment for each river reach. 

Table 6. Results of the overall health assignment for the goal layer of the river. 

River 
River Reach 

Serial Number 

Segmented 
River 

Length (km) 

Total River 
Length (km) Weight 

Goal Layer of Each 
River Reach (RHIi) 

Overall Goal Layer of the River 
(RHI) 

Score (RHIir) Score (RHIr) 
Health Clas-

sification 
State of 
Health 

Qingli-
ang River 

1 24.10  

59.38  

0.41  68.13  

68.19  Class III 
river fair 

2 12.00  0.20  67.43  
3 8.50  0.14  68.73  
4 11.60  0.20  69.14  
5 1.27  0.02  69.37  
6 1.91  0.03  64.57  

4.4.2. Integral River Health Characteristics 
The comprehensive health indicator of the Qingliang River is 68.19 points, categoriz-

ing it as a “Class III river”, indicating a “fair” status. A detailed examination of the radar 
chart (Figure 6) and the assessment results (Table 7) reveals that the highest RHI score is 
achieved in the socio-economic service element layer, attaining a score of 100, denoting an 
“excellent” status comparable to a Class I river. The “riparian zone condition” element 
layer falls within the range of 63 to 100, while both the “pollutant discharge condition” 
element layer and the “physical structure” element layer lie in the range of 70 to 74, both 
constituting a “fair” status corresponding to Class III rivers. The RHI of the “human-water 
interaction” element layer reaches 77.71, belonging to Class II rivers. On the other hand, 
the “water environment” element layer attains an RHI of 59.46, categorizing it as a Class 
Ⅳ river and depicting a “poor” status. The “water ecology” element layer demonstrates 
an RHI lower than 40, falling under Class Ⅴ rivers and indicating a “very poor” status. 

 
Figure 6. Radar chart of element layer assignment of Qingliang River. 

20
30
40
50
60
70
80
90

100

WC PS

HWI

PDC

RZC

 Qingliang River

WE

SSF

Figure 6. Radar chart of element layer assignment of Qingliang River.



Water 2023, 15, 2969 16 of 20

Table 7. Qingliang River assessment of river health score table.

Goal Layer Rule
Layer Element Layer Indicator Layer

Assessed River Reach
Weight

Score of
Criteria
Layer

Weight of
Criteria
Layer

Score of
Element

Layer

Weight of
Element

Layer
Overall
Score1 2 3 4 5 6

Indicator Assignment of Monitoring Sites

Qingliang River
(RHI)

Over the
riverbank

Riparian zone
condition (RZC)

Riverbank
stability 75 68 72 80 74 66 0.4

76.49 0.4

78.04 0.5

68.19

Longitudinal
continuity 93 93 100 100 100 100 0.2

Vegetation
coverage 75 66 70 81 75 63 0.4

Pollution
discharge

condition (PDC)

Sewage treatment
rate 76 71 58 70 70 64 1 70.80 0.2

Human–water
interaction (HWI)

Public satisfaction 78.85 78.85 78.85 78.85 78.85 78.85 0.6

77.71 0.3Public awareness
of eco-civilization

of water
76 76 76 76 76 76 0.4

Under the
riverbank

Physical structure
(PS) Channel stability 74 65 75 82 73 68 1

62.66 0.6

73.74 0.2

Water
environment (WC)

Water quality 64 77 82 69 79 66 0.4

59.46 0.3
Water

self-purification
capacity

88.3 100 100 63.3 100 70 0.3

Degree of river
cutoff 17.25 17.25 17.25 17.25 17.25 17.25 0.3

Water ecology
(WE)

Satisfaction degree
of ecological flow 8.14 8.14 8.14 8.14 8.14 8.14 0.5

33.59 0.3

Fish retention
index 28.2 28.2 28.2 28.2 28.2 28.2 0.2

Biotic Integrity
Index of Macroin-

vertebrates
86.1 86.1 86.1 86.1 86.1 86.1 0.2

Aquatic plant
community status 54 77 72 86 58 66 0.1

Socio-economic
service function

(SSF)
Flood control

compliance rate 100 100 100 100 100 100 1 100 0.2
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Based on the assessment of the indicator layers of the Qingliang River, the key elements
that limit river health are identified as “water environment” and “water ecology”. It is
noted that flood control rate (FDR), longitudinal continuity (LC), and water self-purification
capacity (SP) exhibit relatively high values, whereas fish retention index (FRI), satisfaction
degree of ecological flow (EF), and degree of river cutoff (RC) demonstrate lower values.
The “poor” status of the “water environment” element layer is mainly attributed to the
presence of river disconnection, while the “very poor” status of the “water ecology” element
layer is primarily influenced by the insufficient assurance of ecological flow, the decline
in fish populations, and the decrease in the integrity of fish communities. Overall, the
results obtained by applying the health assessment index system proposed in this paper are
found to be consistent with the actual situation of the Qingliang River, demonstrating good
reliability, as indicated by the survey report from the project “Health Assessment of Major
Rivers and Lakes in Cangzhou—Health Assessment of Qingliang River and Heilonggang
River,” as well as the field survey.

The comprehensive assessment of the river health of the Qingliang River reveals the
main issues that negatively impact its health. Firstly, the ecological flow of the river lacks
sufficient assurance, and there are instances of river cut-offs. Secondly, there is an uneven
spatial and temporal distribution of water resources in the Qingliang River. Thirdly, the
ecological base flow is not adequately met, and water quality standards are not satisfactorily
adhered to. In response to these challenges, we propose several countermeasures to
improve the river health of the Qingliang River. Firstly, the scientific formulation of
ecological water dispatching and emergency water replenishment plans, determination
of ecological flow and ecological water levels for the Qingliang River, afforestation, and
grass planting, along with increased soil erosion control, can guarantee ecological base flow
and ecological water levels. Secondly, emphasis should be placed on water significance,
enhancing water use efficiency, and promoting the economical and non-intensive use
of water resources. Finally, river dredging, water system connectivity, and other river
ecological treatment or water quality standardization projects that effectively improve river
water quality should be implemented.

5. Conclusions

This research focuses on river health assessment in areas with significant human
activity and addresses existing limitations in current assessment methods, such as poor
applicability and reliance on single evaluation methods. To address these issues, a river
health assessment index system is proposed based on the status of river health in areas
with significant human activity. The objective is to conduct theoretical and practical case
studies on river health assessment, particularly in areas with significant human activity,
providing valuable references for such assessments.

Using the Qingliang River as a case study, we assessed its health status, revealing a
“fair” overall health status. The key elements limiting the river health of the Qingliang
River are identified as “water environment” and “water ecology”. In-depth analysis of
the indicators highlights fish retention index (FEI), satisfaction degree of ecological flow
(EF), and degree of river cutoff (RC) as major influencing factors. Consequently, ecological
restoration efforts for the Qingliang River should prioritize biodiversity protection, water
conservation, and soil erosion control.

During further research on river health assessment in areas with significant human
activity, several aspects merit attention. Firstly, the proposed river health assessment
standard emphasizes understanding relative differences in space and time, rather than
merely classifying and dividing river health scores in the assessment area. Secondly,
considering the many implications and complexity of river health in areas with significant
human activity, continuous development in society and evolving perceptions necessitate
ongoing revisions and improvements to the river health assessment index system. Lastly,
subsequent academic research should validate the accuracy and efficiency of river health
assessment indicators from multiple perspectives, incorporating more scientific methods
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for indicator selection and integrating objective weighting methods that better align with
the actual context, thus enhancing the reliability and soundness of the assessment results.
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