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PREFACE
This Regulation is formulated for the purpose of implementing Environmental
Protection Law of The People’s Republic of China and Law of the People’s Republic
of China on the Prevention and Control of Water Pollution. In addition, it is
formulated for the purposes of protecting and improving the health of rivers in China
and standardizing the techniques for assessing river health throughout the country.
For the purposes of this Regulation, a healthy river is one that maintains its
physical, chemical and biological structure and function, recovers after short-term
natural disturbance (e.g. floods and droughts), supports local biota, and maintains key
processes, such as sediment transport, nutrient cycling, assimilation of waste products,
and energy exchange. Rivers provide goods and services for people, including: water
for drinking, for agriculture, and for industry; fish and other produce for consumption;
electricity generation; transportation; and recreational opportunities. For the purposes
of this Regulation, an unhealthy river is one that has lost its ecological integrity, and
its capacity to provide the expected range of goods and services is diminished.
In this Regulation, river health is indicated by the relative state of water quality,
hydrology, physical form, vegetation, and aquatic organisms. Indicators are chosen
from these categories for their ability to characterise the local physical, chemical and
biological conditions, and their sensitivity to the key human disturbances. River
health is measured as the degree of departure of indicator scores from their reference
values, or along a defined scale. The selected reference or scale varies according to
the indicator and local factors. Indicator category scores are derived by combining the
scores for individual indicators, and an overall river health score is derived by
combining the indicator category scores.
This Regulation is grounded on the concept that, while the highest level of
ecosystem health is associated with minimal human disturbance, a locally acceptable
state of river health is one that supports the designated ecosystem management zoning.
The scores for the indicator categories provide the foundation for ecosystem
restoration through targeted management of the main human disturbances.
This Regulation was formulated by adapting internationally recognised methods
to suit the physical, water quality and biological characteristics of rivers in China, to
suit the system of ecosystem management zoning in China, and to meet the objectives
of river health assessment in China. This Regulation provides the technical guidance
that will allow widespread adoption of river health assessment in China.
This Regulation is issued for the first time.
This Regulation is a guiding regulation.
This Regulation is put forward by the Chinese Research Academy of
Environmental Sciences (CRAES).
This Regulation is drafted by CRAES.
The Ministry of Environmental Protection, The People’s Republic of China is
responsible for explanation of this Regulation.
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Technical Regulation for Assessment of
River Health
1 Scope
This Regulation specifies the fundamental procedures and techniques involved in
undertaking river health assessment, including advice regarding the indicators to be
used for this purpose.
This Regulation applies to freshwater reaches of creeks, rivers and other flowing
waterways within the territory of The People’s Republic of China.

2 Normative Quoted Documents
This Regulation utilises some provisions out of the following documents. The
status of the documents, unless otherwise stated, is the same as this Regulation.
GB 3838-2002 Environmental quality standard for surface water
GB 12997-91 Design technique standard for water quality sampling plan
HJ/T Technical regulation for river ecological investigation (pending)
SL 219-98 Regulation for water environmental monitoring
HJ/T 91-2002 Technical specifications requirements for monitoring of surface
water and waste water
HJ/T Technical regulation for inland ecosystem function management zoning
(pending)
HJ/T 338-2007 Technical guideline for delineating source water protection areas
HJ/T 192-2006 Technical criterion for eco-environmental status evaluation
DB34/T 732-2007 Technical guidelines for water function zoning
DB43/T 432-2009 Technical guidelines for investigation of freshwater
organisms

3 Terms and Definitions
The following terms and definitions apply to this Regulation:

3.1 River health
A healthy river is one that maintains its physical, chemical and biological
structure and function, recovers after short-term natural disturbance (e.g. floods and
droughts), supports local biota, and maintains key processes, such as sediment
transport, nutrient cycling, assimilation of waste products, and energy exchange.
Rivers provide goods and services for people, including water for drinking, for
agriculture, and for industry; fish and other produce for consumption; electricity
generation; transport; and recreational opportunities. An unhealthy river is one that
has lost its ecological integrity, and its capacity to provide the expected range of
1

goods and services is diminished. River health is defined along a scale between the
extremes of healthy and unhealthy.
While the highest level of ecosystem health is associated with minimal human
disturbance, a locally acceptable state of river health is one that supports the
designated ecosystem management zoning.

3.2 Reference condition
In this Regulation, reference condition is the ecosystem state that would occur if
human disturbance was absent or at low levels. A river can be utilized by humans and
still be close to reference condition, provided the human activities are not damaging to
the river ecosystem. Reference condition is a benchmark against which river health is
measured; reference condition is not a universal river health management target.
The biological and physical characteristics of a river in reference condition will
naturally vary over space and time due to natural disturbance and recovery processes.
Thus, reference condition is usually defined as the upper range of the distribution of
river health, rather than as a single value that represents the highest level of river
health that can possibly be attained.

3.3 Critical condition
Critical condition is the opposite of reference condition. A river in critical
condition: (i) is in an impoverished state that bears little or no resemblance to the
natural ecosystem, (ii) is on a trajectory of naturally unrecoverable loss of biodiversity
and biomass (i.e. unsustainable), and/or (iii) does not satisfy the lowest expectations
for natural values or human needs.

3.4 River health management target
The fundamental river health management target is the best river health
condition that can be attained under the particular circumstances of the ecosystem
management zoning, non-negotiable stressors (considered by managers to be
unchangeable), and/or land use. A well-managed river is one that (i) is in the best state
of health a river can reasonably achieve, and (ii) meets society’s expectations for
natural values and human needs.

3.5 Stressor
It is natural for river ecosystems to be occasionally stressed or disturbed by
floods, droughts, extreme water chemistry, and sediment movement. However, in
river health assessment, stressors are understood to mean disturbances caused, or
accentuated, by human activities that result in a measureable decline in river health.
Stressors can be direct human disturbances, such as discharge of unnatural pollution
or constructing a dam across a river, or indirect disturbances, such as modification of
2

hydrology through land use change.

3.6 Indicators
Indicators are readily measured attributes of river systems that reflect human
disturbances and which have meaning to river managers and the wider community.
Indicators can relate to positive attributes of the natural ecosystem (such as diversity
of fish, or the extent of the riparian vegetation) or stressors (such as concentration of
an unnatural toxin in the water, or the existence of a dam on the river).
This Regulation suggests core indicators that should be reported in all river
health assessments, unless unreasonable difficulties prevent obtaining the necessary
data. Also suggested are supplementary, or optional, indicators that can be included at
the discretion of local staff.

3.7 Indicator categories
River health indicators fall within the three main categories of physical, water
quality and biological. These categories comprise a number of sub-categories –
hydrology, physical form stressor, six water quality parameter groups, fish, benthic
macroinvertebrates, algae, and riverine vegetation. Each of the sub-categories is
represented by an indicator, which is made up of a number of sub-indicators.

3.8 Reference standards
River health is quantified by expressing the observed (O) values of river
attributes in the reporting year relative to an established set of standards, referred to as
reference standards. The standard might be a value that the attribute would be
expected to attain if the river was undisturbed, called the expected (E), and the score
is then a ratio of observed divided by expected, or O/E. This is a linear scale, based
only on the characteristics of rivers that are in undisturbed condition. Sometimes the
reference standards cover the full range of river health, so that the observed value of
the attribute in the reporting year is compared with a scale of known river health
values from critical to reference. These scales are derived by characterising rivers in
various states of health from highly disturbed to undisturbed, and can be non-linear.
Reference standards should be specific to the type of river being observed, the
zone of the catchment where the river is situated (i.e. the highlands midlands or
lowlands), and the geographic region. China does not yet have a complete set of
reference standards covering a wide range of indicators for the whole of China. Until
sufficient data are collected to compile such a set of standards, the range of indicators
that can be used in river health assessment will be limited. This Regulation suggests
interim reference standards to accompany a selective set of indicators that have
general application.
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3.9 Indicator scores
Indicators are quantified by first collecting raw data in the field, or remotely,
using methods that are practical, repeatable, relatively simple, and cost effective. Raw
data are converted to a score for each sub-indicator using statistical methods. The
calculations standardise the scores over a scale from 0 and 1.
A score of 1 indicates reference condition or better, while a score of 0 indicates
the base level of critical condition. The zero value of an indicator could: (i) be
absolute, such as no fish present; (ii) correspond to the lowest values found in a
sampled river system; or (iii) be a threshold, below which the attribute represented by
the indicator is independently known to offer no positive value to the ecosystem, or to
severely harm the ecosystem.
Values between 0 and 1 reflect a state of river health on the continuum between
the extremes of reference and critical.
The river health indicator score can be interpreted with respect to the state of
river health required to meet a designated ecosystem management zoning, but this
relationship requires local calibration.

3.10 Combined river health scores
Each of the indicator sub-categories – hydrology, physical form stressor, water
quality, fish, benthic macroinvertebrates, algae, and riverine vegetation – is
represented by an indicator score, which is derived by combining scores for the
sub-indicators that comprise each indicator. A combined overall river health index
score is derived by combining the indicator scores.

3.11 River health score classes
For the purpose of simplifying presentation of results, all sub-indicator, indicator
and combined index scores are divided into five classes, described as:
 very good (0.8 – 1.0)
 good (0.6 – <0.8)
 fair (0.4 – <0.6)
 poor (0.2 – <0.4)
 critical (0.0 – <0.2)

3.12 River catchment zone
Each river catchment is classified into natural zones according to elevation,
topography, geology, soil type, climate and vegetation. The three basic catchment
zones are highlands, midlands and lowlands. Alpine zone is a sub-zone of the
highland zone, located above the tree line. A catchment will not necessarily have all
zones present. Other catchment zones may be included if they are distinctly different
from the three basic zones and the one sub-zone. The detailed characteristics of the
4

zones will vary across China, but essentially they will divide catchments as follows:
 Highlands (including Alpine):
high-altitude, high-gradient, cool/cold and moist climate, thin soils, main
water and sediment source areas, mostly small streams, bedrock outcrops
and coarse-grained bed material, shading from riparian trees,
discontinuous and narrow floodplains or no floodplains
 Midlands:
mid-altitude, medium-gradient, sediment transfer zone, discontinuous
and narrow to moderate-width floodplains
 Lowlands:
low-altitude, low-gradient, sediment deposition zone, finer-grained bed
material, wide floodplains
The rivers that occur within each of the zones are expected to have a degree of
similarity in their physical, water quality and biological character, so different
indicators and reference values could apply to each zone. Also, these zones are used to
aggregate data for the purpose of reporting results at the catchment and basin scales.

3.13 Conceptual model
A conceptual model is a simplified diagrammatic representation of selected
natural processes and components of an ecosystem, the links between them, and their
interrelationships with human activities. It illustrates the relationships between natural
processes, river health indicators, and the major stressors.
Conceptual models are used as a communication device for those undertaking,
and those using the results of, river health assessment to: (i) ensure a common
understanding of the issues, (ii) help people to appreciate issues that lie outside of
their expertise, (iii) clarify misconceptions about river health, and (iv) help promote
acceptance and adoption of river and catchment management strategies.

4 Objectives, Scope, Framework and Principles of River
Health Assessment
4.1 Objectives of river health assessment
River health assessment is a vital component of the strategy to protect and
enhance the value of China’s riverine ecosystems. The overarching objective is to
provide reliable information concerning the health status of ecological assets that
guides rational river management policy. Depending on river health status, the goal of
management could be to achieve a target state of river health, maintain the current
status, or improve on the current status.
A systematic, consistent, national approach to river health assessment will
provide a periodic audit of the nation’s river assets. These data will assist
5

development of investment policy for river management by identifying priority rivers,
priority issues, and priority management actions.
River health assessment provides reliable data to enable evaluation of the
effectiveness of management actions in maintaining or improving river health.
Maintaining the integrity of a river’s ecosystem is the foundation for maintaining
a river’s capacity to provide society with goods and services. River health information
helps to determine the reasonable level of human utilisation of a river’s resources and
services that is compatible with the desirable level of river health.
Finally, regular communication of river health information, using a simple report
card that is understandable by the general public, will support the implementation of
appropriate river management actions.

4.2 Scope of river health assessment
This Regulation is concerned only with freshwater reaches of river channels. It
does not apply to floodplains, reservoirs, lakes, wetlands or estuaries.
This Regulation is concerned with assessing river health on the basis of the
physical, water quality and biological attributes of rivers. While this Regulation
acknowledges that rivers provide goods and services that benefit society, river health
assessment does not include social and economic indicators.

4.3 Framework for river health assessment
River health assessment involves the comprehensive assessment of river
ecosystem integrity from the perspective of physical, water quality and biological
aspects (Figure 4-1).
The core indicators of river health chosen for this Regulation (Figure 4-1) are
based on proven performance in China and elsewhere. These indicators will provide
consistent river health information across the nation. Selection of supplementary
(optional) indicators is based on local circumstances.
Raw data collection is undertaken according to standard scientific methods.
Appropriate operator training, quality assurance and quality control procedures ensure
that the data collection is reliable, repeatable, and unbiased (or stratified in a known
way). The indicator scores are calculated from the raw data relative to the appropriate
reference values. For some indicators, reference values could vary according to the
river type, catchment position, or regional location of the sampling point.
The health of a catchment’s or basin’s waterways is characterised on the
scientific and practical principle of sampling a limited range of sites, a limited number
of times, using a limited range of indicators. For the assessment to produce a faithful
representation of actual river health, attention must be paid to five key aspects of
program design and execution:
1. The suitability and range of indicators included.
2. The reference condition against which the current condition is compared.
3. The number and location of sampling sites.
6

4. The frequency and timing of sampling.
5. The data measurement, storage and reporting protocols.
Hydrology

FH indicator

Physical form stressor

PFS indicator

Physical

Basic physical
Basic chemical

River
Health

Water
quality

Metallic toxicants

WQ1 indicator

Non-metallic toxicants

WQ2 indicator

RH index
0.8 – 1.0

Very
good

Nutrients

Good

Oxygen balance

0.6 – 0.8
0.4 – 0.6
Fair
Poor
Critical

Fish

In development

0.2 – 0.4

Benthic macroinvertebrates

BM indicator

0.0 – 0.2

Algae

A indicator

Riverine vegetation

VR indicator

Biological

Figure 4-1. The river health framework for the main indicators suggested in this
Regulation. The indicators are explained in the text of this Regulation.

4.4 Principles for selecting river health indicators
The core indicators suggested in this Regulation are advised on the basis of a
number of principles, and these principles should also be used as the basis for
selecting any supplementary indicators:
4.4.1 Comprehensive
To assess river health in comprehensive way, a range of indicators should be
selected in order to describe the river’s physical, water quality and biological
characteristics.
4.4.2 Ecological relevance
Indicators should have a known connection to ecological processes.
4.4.3 Scale independence
Indicators should be applicable and comparable over a range of river sizes from
7

small creeks to large rivers.
4.4.4 Widely applicable
Indicators should be applicable to different river types across the range of
geographic regions in China.
4.4.5 Sensitivity to stressors
Indicators should ideally have a locally demonstrated, or conventionally
understood, sensitivity to (i) stressors, and (ii) rehabilitation due to management
intervention.
4.4.6 Reliable
The response of indicators to stressors should be predictable and consistent over
time and across a wide range of settings.
4.4.7 Interpretable, unambiguous and meaningful
The meaning of the indicators should be clearly understandable to, and be
relevant to the main concerns of, those people with an interest in river health and river
management. The indicators should guide managers with respect to the appropriate
course of action to improve river health.
4.4.8 Practical
The selected indicators should be practical to measure, calculate and report,
given the limitations of time, expertise, and funding available.

4.5 Suggested indicator categories and sub-categories
This Regulation suggests indicator categories that cover the physical, water
quality and biological aspects of river health. These categories comprise a total of
seven potential indicator sub-categories (Table 4-1). The indicator sub-category level
is more important than the indicator category level, because river health is reported at
the sub-indicator level. A combined river health index score can be formed from the
sub-indicator scores.
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Table 4-1. The three indicator categories and the seven indicator sub-categories
of river health.
Indicator categories

Indicator sub-categories
Hydrology
Physical
Physical form stressor
Water quality
Water quality*
Fish†
Benthic macroinvertebrates
Biological
Algae
Riverine vegetation
* Water quality is represented by six water quality parameter groups: basic physical
parameters, basic chemical parameters, metallic toxicants, non-metallic toxicants,
nutrients, and oxygen balance.
† In this version of the Regulation, fish are sampled, but an indicator score is not
calculated.

4.6 Principles of defining reference standards
4.6.1 Interim reference standards
River health indicator values are expressed relative to an established set of
standards, referred to as reference standards. The reference standards are established
separately to the process of routine implementation of river health assessment. This
Regulation does not cover the process of how to establish reference standards, but it
provides a set of interim reference standards for the rivers of China. These standards
may be amended in future versions of this Regulation.
4.6.2 The scale of reference standards for indicators of natural ecosystem attributes
The scales of reference standards for indicators of natural ecosystem attributes
suggested in this Regulation are based on Chinese standards for water quality, and
selected international standards for hydrology, benthic macroinvertebrates, algae and
riverine vegetation.
4.6.3 The scale of reference standards for indicators of stressors
For some aspects of the ecosystem it might not be possible to characterise a
natural attribute across a scale of river health. This usually applies in cases where: (i)
the attribute is universally highly impaired and reference condition cannot be
characterised by sampling, (ii) there are no suitable historical records of reference
condition that would enable it to be reconstructed through modelling, and/or (iii)
theoretical relationships between the characteristics of the attribute and river health
are lacking.
As an alternative to measuring a natural ecosystem attribute, stressor attributes
9

can be measured. In this Regulation, physical form is measured using stressor
attributes. The physical form of most rivers in China has been modified for a long
time, so it is generally not possible to characterise the natural attributes of physical
form that are associated with river health across the scale of critical to very good. The
alternative adopted by this Regulation is to measure known stressors of physical form
over a scale from not present (reference) to present at a high level (assumed to be
detrimental to river health).

4.7 Principles of sample site selection
4.7.1 Types of sampling site
There are two types of sampling site:
1. river health field sampling sites, and
2. established hydrology station sites.
Field sampling sites are selected specifically for assessment of field-based river
health indicators.
Hydrology and historical water quality indicators are based on data from
established hydrology stations. Within a catchment, hydrology station sites are fewer
than field sampling sites, and tend to be located on river main stems and major
tributaries. In contrast, field sampling sites are spread evenly over a catchment, and
are located on small- to large-sized streams. It is preferable to locate a field sampling
site in the vicinity of each hydrology station site within the catchment.
4.7.2 Definition of sampling site
The location of both field sampling sites and established hydrology station sites
is identified by geographical coordinates of a point on a river, but from a river health
measurement perspective the sites actually represent:
 a zone of variable length about the sampling point over which field
measurements are taken (Table 4-2).
For measurement of physical form indicators of river health, the sites
additionally represent:
 a catchment upstream that drains to the sampling point,
 a length of river upstream of the sampling point that influences the condition
of some indicators at the sampling point, and
 the length of river downstream of the sampling point that influences the
condition of some indicators at the sampling point (Table 4-2).

10

Table 4-2. Definition of sampling zones for river health indicator categories.
Indicator
Hydrology
Physical form
stressor

Area
Local
Local

Sampling zone
Point at the hydrology gauge
10 times mean bankfull channel* width
or 150 m, whichever is longer, up to a
maximum of 1000 m, centred the
sampling point
1. Downstream to a weir or dam that
causes a backwater at the sampling
point
2. To the river mouth
1. 3000 m
2. A stream link, upstream to a tributary
junction where Strahler stream order†
decreases, or where a tributary of
third order or higher enters
Entire catchment to the sampling point

Downstream river
length from
sampling point
Upstream river
length from
sampling point

Water quality

Upstream
catchment
Local

Point at the sampling site, or hydrology
gauge
Fish
Local
300 m, centred on the sampling point
Benthic
Local
Approximately 50 m, centred on the
macroinvertebrates
sampling point
Algae
Local
Approximately 50 m, centred on the
sampling point
Riverine vegetation Local
10 times average bankfull channel*
width or 150 m, whichever is longer, up
to a maximum of 1000 m, centred on the
sampling point
* The bankfull channel is defined by the break of slope between the floodplain and
channel, and is at the level of the top of the bank (Figure 4-2). The capacity of the
bankfull channel is variable, usually within the range 1 to 5 years average recurrence
interval event.
† Strahler stream order is a method of defining the hierarchy of tributaries in a
drainage network. In this Regulation, the blue streamlines on 1:250,000 scale maps
define the drainage network (Figure 4-3).
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Figure 4-2. Sketch illustrating standard definitions of channel cross-section
forms.

Figure 4-3. Illustration of Strahler stream order system of defining the hierarchy
of tributaries in a catchment drainage network. The order of a stream increases
only if it meets a stream of the same order. In this Regulation, the blue
streamlines on 1:250,000 scale maps define the drainage network.
4.7.3 Field monitoring site selection
Each catchment has an associated sampling grid. A sample site is to be located
on a channel within each grid. Selection of the location of sampling sites within the
sampling grids should be structured according to a set of locally documented
principles that distribute the sites in a known way. For example, if there is a local
emphasis on sampling immediately downstream of effluent discharge points or
tributary junctions, or avoiding such locations, then this should be documented in the
annual river health assessment technical reporting.
Where access to the site is used as a criterion for choosing site location, the
channel and riparian zone of the selected sampling site should not be locally disturbed
(to an unusual extent) by activities associated with easy access, such as:
 vehicles crossing the stream;
 waste disposal;
 recreational angling;
 sand and gravel extraction;
 timber collection;
 washing clothing and vegetables.
If such activities occur locally, position the sampling site at least 100 m upstream.
12

The sites should ideally have an area of shallow bed present within the vicinity. This
is not a requirement for large rivers lacking shallow areas.
4.7.4 Fixed and unfixed sites
For each catchment, one quarter of sites will remain fixed (sentinel sites). The
first priority for selecting sentinel sites should be established hydrology stations. For
the non-fixed sites, each reporting year the sampling will be undertaken at a different
site within the sampling grids.

4.8 Principles of frequency and timing of sampling
4.8.1 Reporting period
The river health reporting period is every 12 months. The reporting year is based
on fully encompassing the typical low flow season and following high flow season.
While the typical beginning month of the low flow period varies over China
according to local climate, this Regulation uses a standard reporting year that begins
with the onset of winter (December) and ends at the close of autumn (November).
4.8.2 Sampling frequency and timing
The assessment of river health uses two forms of sampling:
1. snapshot sampling, and
2. regular multiple sampling.
A snapshot sample is a single sampling event, whereby all the sites in a
catchment are sampled within a short period when hydrological conditions are
assumed to be relatively constant. Each field sampling site is snapshot sampled twice
over the reporting year, once in spring and once in autumn, during unexceptional
baseflow conditions (Table 4-3). All field indicators are measured in spring, but
physical form stressor and riverine vegetation are not measured in autumn (Table 4-3).
The data from the two snapshots are assumed to represent river health conditions for
the reporting year.
At established hydrology stations, hydrology and water quality data are collected
at monthly intervals over the reporting year (Table 4-3).
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Table 4-3. Sampling frequency required to derive the indicators.
Indicator sub-category
Hydrology
Physical form stressor
Water quality (hydrology stations)
Water quality (snapshot at field sites)
Fish
Benthic macroinvertebrates
Algae
Riverine vegetation

Sampling frequency
12 monthly flow totals per year
Once per year in spring
Up to 12 monthly values per year
Twice per year, spring and autumn
Twice per year, spring and autumn
Twice per year, spring and autumn
Twice per year, spring and autumn
Once per year in spring

4.9 Principles of data measurement, storage and reporting
The collection of raw data, whether from field measurement, remote sensing, or
existing databases, and its subsequent storage and reporting, requires adherence to the
following principles:
4.9.1 Following standard methods
Measurements should be undertaken using standard methods, taken from this
Regulation, other Chinese Standards and Regulations, or internationally-accepted
scientific literature. This applies to field sampling, laboratory analysis, image analysis,
and computation.
4.9.2 Measurement repeatability
Measurements should be repeatable within expected confidence intervals.
Repeatability is assessed and documented using a quality assurance program.
4.9.3 Quality control and quality assurance
Data collection and analysis activities should be governed by a system of quality
control and quality assurance. The system will involve; (i) periodic review of
procedures and data to assure that the results remain within the expected quality
tolerances, and (ii) appropriate training programs to maintain the technical standards
necessary to achieve consistently high quality results.
4.9.4 Data management
The quality checked raw data, and any derived indicator values, should be stored
on a single, readily accessible database, which is adequately protected by a security
and a backup system.
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5 River Health Indicators
5.1 Introduction
This Regulation suggests a limited suite of indicators that might find widespread
application over the varied physiographic regions of China. The indicators were
selected on the basis of a number of criteria, including availability of an interim
reference standard. In some parts of China, research work has already developed
Indexes of Biotic Integrity (IBI) for algae, fish and macroinvertebrates, based on
combining various relevant indicators. This Regulation does not recommend the use
of such IBIs as indicators because of their uncertain national applicability, and
because of a lack of universal reference standards. However, development of IBIs
remains a worthwhile research task.

5.2 Hydrology
5.2.1 Theoretical and practical basis
Hydrology is universally recognised as an important controlling variable of the
health of biota in streams. In regulated rivers, the hydrology is at least partly
manageable, so in this situation, one potential benefit of assessing hydrology is
identification of those aspects that can be altered for the benefit of the ecology.
Streamflow is highly variable through time, so it is preferable to assess it on the
basis of records collected regularly over time. In this Regulation, the hydrology index
is reported only at the locations of established hydrology stations.
Monthly hydrology data are more readily obtained than daily data. So, this
Regulation recommends a method that uses monthly data.
The recommended method is known as Flow Health (Gippel et al., 2011)1.
Software to perform the necessary calculations is available at www.watercentre.org.
The software manual fully describes the theoretical and practical basis of the method.
Flow Health is based on the concept of comparing the values of certain
ecologically-relevant, hydrological attributes of a river in a reporting year with the
distributions of the values of the attributes under reference conditions. The reference
conditions are specific to each hydrology station. Reference is a period of time when
the river was unaffected, or relatively unaffected by human disturbance. The major
relevant human disturbance is a large dam constructed in the catchment somewhere
upstream of the hydrology station. In the Flow Health method, reference is derived
1

Gippel, C.J., Zhang, Y., Qu, X., Kong, W., Bond, N.R., Jiang, X. and Liu, W. 2011. River health

assessment in China: comparison and development of indicators of hydrological health [Online].
ACEDP Technical Report 4. Australia-China Environment Development Partnership, River Health and
Environmental Flow in China. The Chinese Research Academy of Environmental Sciences, the Pearl
River Water Resources Commission and the International WaterCentre, Brisbane,
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from a period of hydrological record collected prior to large dam construction, or
from a time series of modelled natural flows.
The Flow Health index is sensitive to the common impacts of flow regulation on
hydrology, and is also sensitive to periods when flows are naturally much lower than
usual. Both of these hydrological conditions are important determinants of ambient
ecological health.
5.2.2 Sub-indicators
Flow Health calculates eight sub-indicators: High Flow Volume (HFV), Low
Flow Volume (LFV), Highest Monthly Flow (HMF), Lowest Monthly Flow (LMF),
Persistently Higher Flow (PHF), Persistently Lower Flow (PLF), Persistently Very
Low (PVL) and Seasonality Flow Shift (SFS). Each Flow Health indicator
characterises the degree of deviation in a specific aspect of the flow regime that is
conceptually linked to ecological health.
HFV is the sum of the monthly flows in the natural high flow period. LFV is the
sum of the monthly flows in the natural low flow period. HMF is the highest monthly
flow in the year. LMF is the lowest monthly flow in the year. PHF is a measure of
how many sequential months in the natural low flow season were higher than
expected. PLF is a measure of how many sequential months were lower than expected.
PVL is a measure of how many sequential months were much lower than expected.
SFS if a measure of the degree to which the seasonality of the monthly flows has been
altered.
The ecosystem significance of the HFV and LFV indicators is that the total
seasonal volume will reflect the prevailing hydrological conditions (in particular,
highlighting particularly dry years) and also indicate any major reductions in total
flow volume (and hence gross habitat area availability) due to flow regulation.
Significant regulation impacts would tend to be characterised by a sustained reduction
in HFV, perhaps also with a sustained reduction in LFV.
The ecosystem significance of the HMF indicator relates to the magnitude of
flood flows which are critical for inundating wetlands, cuing fish spawning behaviour,
facilitating fish migration and mobilising sediment for creation of physical habitat.
The ecosystem significance of the LMF indicator is related to the magnitude of the
lowest flow of the year, when minimum flows are required for survival. HMF and
LMF are not determined for the high flow and low flow seasons respectively, but for
the entire year. This is because the occurrence of a month of very low flow can be
problematic for the biota at any time of the year, and a significant flood or flow pulse
event (associated with the month of highest flow) can be beneficial to the biota at any
time of year. Also, in regulated rivers, the month of lowest flow could occur in the
natural high flow season. It is recognised that the benefit of a flow pulse may be
greater in certain months, and in some months a pulse might have a negative impact
on the biota. If the highest flow month is aseasonal in the reporting year, this will be
detected by the HFV, LFV, and SFS indicators.
The ecosystem significance of the PHF indicator relates to the situation of flows
being artificially regulated at significantly higher than reference magnitude for long
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periods through the natural low flow period. This can reduce light penetration to the
bed, and hence reduce primary production of benthic algae. Persistently elevated low
flows might also mean that invertebrates are not seasonally stressed, which could be a
short-term natural disturbance process that plays a role in maintaining diversity.
Higher than normal flows in the low flow period can also stress riparian vegetation by
waterlogging root zones, or preventing recruitment in exposed soils. In some places
this may hinder recruitment of fish species dependent on slackwaters and warm
temperatures associated with low flows.
The ecosystem significance of the PLF indicator relates to the situation of flows,
either in the low or high flow season, being depressed for long periods. This indicator
would usually indicate persistently depressed low flow season flows, which would
have implications for gross habitat area availability for fish and macroinvertebrates.
This flow condition would potentially allow colonisation of the stream bed by
invasive vegetation, or accumulation of fine sediments that settle out during periods
of low flow.
The ecosystem significance of the PVL indicator relates to the situation of flows
being artificially regulated at very low levels for long periods. The consequences of
this drying or near-drying of the channel can be critical for all organisms in the stream.
Very low flows are often associated with the loss of riffle habitats, crowding of
organisms in pools, and degraded water quality, such as temperature extremes and
increased risk of hypoxia and high salinity.
The ecosystem significance of the SFS indicator relates to the situation of the
seasonal pattern of flows being reversed, or partly reversed, due to storage of flows in
reservoirs in the natural high flow season, and release of water for downstream supply
in the natural low flow season. The consequences of this can be disruption of the
natural timing of flow pulses and baseflows that stimulate the behaviour of aquatic
organisms whose life cycle has adapted to a particular seasonal pattern of flow.
5.2.3 Scoring
The reference period should cover at least 10 years of hydrological record. A
number of hydrological attributes that represent the sub-indicators are used to
characterise the reference period. The sample of observed values for each attribute
comprise a distribution, the characteristics of which can be described using simple
statistics such as the median (half of the values are higher than this), 25th percentile
(three-quarters of the values are higher than this) and 75th percentile (one quarter of
observations are higher than this) (Figure 5-1). There are 18 reference period attribute
distributions to consider when calculating Flow Health scores:
 12 distributions of flows for each month – used for PHF and PLF
 Low flow period total flows – used for LFV
 High flow period total flows – used for HFV
 Maximum monthly flow – used for HMF
 Minimum monthly flow – used for LMF
 All monthly flows – used for PVL
 Mean deviation in ranks of monthly flows from ranks of median monthly
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flows – used for SFS
The Flow Health sub-indicators for the reporting year are determined by
comparing the values of the hydrological attributes observed in the reporting year
with the distributions of the attribute values from the reference period (Figure 5-1). If
the value of the attribute in the reporting year falls within the central range of values
in the reference distribution, then the Flow Health sub-indicator can be said to be
close to reference and will score highly. On the other hand, if the value of the attribute
falls outside the range of values in the reference distribution, then the Flow Health
sub-indicator can be said to be distant from reference and will score poorly. In general,
Flow Health uses the inter-quartile range (between 25th percentile and 75th percentile)
of the reference distribution to define the usual expected range of variation in attribute
values (Figure 5-1). The PVL indicator uses the 1st percentile of monthly flows in the
reference distribution (99 percent of values are higher than that). When an observed
value falls outside of the range of variation, it is considered to have deviated from the
expected range.
Frequency of observations
in reference period

Deviation from reference range of variation
Large Small
V large Moderate V small

Very small

Small

Reference range
of variation
Minimum

25th
percentile

75th
percentile

Maximum

Frequency of observations
in reference period

Low flow season hydrological attribute value

Minimum

25th
percentile

75th
percentile

Maximum

High flow season hydrological attribute value

Figure 5-1. Generalised illustration depicting the principle of how the values of
hydrological attributes in the reporting year are scored relative to the
distribution of the attribute values in the reference period, to give scores for the
Flow Health sub-indicators.
In general, if the value of the attribute in the reporting period falls within the
inter-quartile range of the distribution of values from the reference period, the
sub-indicator score is 1, or very good (Figure 5-1). If the value of the attribute in the
reporting period falls outside the range of the distribution of values from the reference
period, then the sub-indicator score is 0, or critical (Figure 5-1). A sub-indicator is
assigned a score between 0 and 1 depending on the value of the attribute in the
reporting year relative to the reference distribution of the attribute. The score for
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values on the upper range of the distribution depends on the indicators, with low flow
season indicators considered sensitive to higher than expected values, while high flow
season indicators are not (Figure 5-1). The sub-index scores then fall into one of the
five grades of deviation (which correspond with the five classes of river health).
The Flow Health (FH) index score is derived by combining the eight
sub-indicator scores and scaling to a range of 0 to 1. The index score then falls into
one of the five grades of hydrological deviation (which correspond with the five
classes of river health).
5.2.4 Data requirements
The Flow Health method uses monthly data. If daily data are available, they are
first converted to monthly totals.
The Flow Health index is calculated for the reporting year. Some of the Flow
Health statistics are calculated from distributions that can include data from the
previous reporting year, so it is preferable to enter data from a few previous years
when calculating the index. By entering data for a number of recent years, the trend in
the Flow Health score can be observed.
Reference is derived from a period of monthly flows measured prior to large dam
construction, or from a time series of modelled natural flows. If neither of these is
available, then the hydrology index cannot be calculated.
If the river is unregulated (no large dam upstream) then the entire period of
measured record is used as the reference. In this case, Flow Health provides an
indication of the ambient hydrological conditions that prevailed in the period prior to
biological sampling. This information can help explain the biological indicator scores.

5.3 Physical form stressor
5.3.1 Theoretical and practical basis
Physical form is a term that encompasses fluvial geomorphological process and
form, or the interaction of sediment, flowing water, and organic factors (growing and
dead vegetation) to shape river channels and floodplains. Geomorphological processes
contribute to creation of suitable habitat conditions for biota.
Geomorphological processes determine the balance of sediment supply, transport
capacity and resistance to erosion, which gives rise to a distribution of physical forms
at a range of scales. The variability of these forms gives rise to a range of river types,
each having a characteristic array of physical form attributes. These forms change
through time at characteristic rates, which defines the range of dynamic stability of
the physical form. The natural rate of change in physical form through time varies
from place to place and between stream types. From a river health perspective, good
physical form condition allows good ecological health to be achieved.
Most rivers in China have been subject to a degree of human modification of
physical form (e.g. hard lining, straightening, mining, dike construction, sediment
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transport interruption) for centuries or longer. Thus, it is generally not possible to
characterise a river’s natural geomorphological attributes, and their natural rates of
change through time, that are associated with good river health. Thus, in this
Regulation, physical form is indicated by attributes of selected stressors of physical
form. This approach assumes that the presence and intensity of the selected stressors
on physical form impairs river health, while a river without these stressors present is
in reference condition. In reality, a river without the selected stressors present may not
have the same characteristics of physical form as a river totally undisturbed by human
activity, but this is considered unknowable.
The physical form indicator category covers stressors that impact the
characteristics of the bed and banks, and the continuity of the river in the longitudinal
(up- and downstream) and lateral (river channel to floodplain, if present) directions.
Of the human activities that disturb physical form, construction of weirs and
dams, and construction of dikes are highly significant because of their impact on
connectivity; hard-lining river banks is significant because of its impact on reducing
channel dynamism; and, gold mining and extracting sand and gravel is important
because it directly modifies physical habitat and generates turbidity.
Weirs and dams also indirectly impact the channel hydraulic habitat quality by
creating deeper lentic (ponded) conditions upstream. Weirs and dams with
hydropower stations create unnaturally high variability of water levels (and thus
hydraulic habitat conditions) at the daily time scale (which is not captured by the
hydrology indicator).
Bank stability can be reduced through human disturbance of riparian vegetation,
but this stressor is not included in the physical form indicator category because it is
captured by the riverine vegetation indicator.
5.3.2 Index and Sub-indicators
The physical form stressor index (PFS) is based on six stressor sub-indicators:
Free-flow interruption sub-indicator (FFI), Sediment transport interruption
sub-indicator (STI), Longitudinal-continuity barrier sub-indicator (LoCB),
Lateral-continuity barrier sub-indicator (LaCB), Bed disturbance sub-indicator (BD),
and Bank stabilisation sub-indicator (BS). Four of these are measured primarily in the
field (Table 5-1) and two are desktop-measured using maps, aerial photography and
other records (Table 5-2). The field measured physical form stressor sub-indicators
are sampled only in spring (i.e. not included in the autumn field sampling). The
desktop measured sub-indicators are measured once per year, at a convenient time,
using information collected over the sampling year.
The field measured sub-indicators are assessed over a sample zone, the length of
which is approximated by first estimating the mean bankfull channel width (Figure
4-2) and then multiplying this width by 10. The minimum sample zone length is
150 metres, which applies to rivers with channels less than or equal to 15 m average
width. The maximum sample zone length, set for the practical reason of constraining
the time it would take to undergo the sampling, is 1000 m, which applies to rivers
with channels equal to or wider than 100 m.
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Table 5-1. The four field-measured physical form stressor sub-indicators.
Sub-Indicator
Score
Free-flow interruption (FFI)
Observed in the field, with assistance from maps/aerial photographs and local
knowledge, as necessary.
The site is in a stream link* containing a hydropower station
3
upstream of the site (Figure 5-2)
The site is in the backwater of dam or weir (Figure 5-2)
3
The site is in a free-flowing section of river
0
Sub-total, S1
/6
Sub-indicator score, PF1 1 – (S1/6)
Lateral-continuity barrier (LaCB)
H = Hd/Hc, where Hd =height of intact continuous dyke; Hc = average channel depth;
both measured as the average of 15 measures taken from the level of the bank top†;
channel depth is to the low flow water level†; both measured in the field using tape,
staff and/or range finder.
Left bank
Large dyke, H ≥ 0.5
1.5
Moderate dyke, 0.5 > H ≥ 0.25
1
Small dyke, 0.25 > H ≥ 0.1
0.5
Very small dyke or no dyke, H < 0.1
0
Right bank
Large dyke, H ≥ 0.5
1.5
Moderate dyke, 0.5 > H ≥ 0.25
1
Small dyke, 0.25 > H ≥ 0.1
0.5
Very small dyke or no dyke, H < 0.1
0
Sub-total, S2
/3
Sub-indicator score, PF2 1 – (S2/3)
Bed disturbance (BD)
D = proximity in metres of the closest instream sand/gravel extraction or gold sluicing
activities to the centre of the site, in the upstream direction; measured in the field with
assistance from maps/aerial photographs and records and local knowledge, as
necessary.
D < 200
3
200 ≤ D < 500
2.5
500 ≤ D < 1000
2
1000 ≤ D < 2000
1.5
2000 ≤ D ≤ 3000
1
D > 3000 or none present
0
Sub-total, S3
/3
Sub-indicator score, PF3 1 – (S3/3)
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Sub-Indicator
Score
Bank stabilisation (BS)
L = percentage of length of sampled zone‡ that is hard-lined with rock or concrete
along the toe of the bank, and/or higher up the bank face†; measured in the field using
tape and/or range finder.
Left bank
L ≥ 70%
1.5
70% > L ≥ 40%
1
40% > L ≥ 10%
0.5
L < 10% (or no hard-lining)
0
Right bank
L ≥ 70%
1.5
70% > L ≥ 40%
1
40% > L ≥ 10%
0.5
L < 10% (or no hard-lining)
0
Sub-total, S4
/3
Sub-indicator score, PF4 1 – (S4/3)
* In this context, a stream link is a continuous reach of river interrupted by entry of a
tributary that is of equal or higher Strahler stream order, or of third order or higher
(Figure 4-3 and Figure 5-2).
† This Regulation uses standard definitions of channel forms (Figure 4-2).
‡ The length of the sampled zone is approximated by estimating the mean bankfull
channel width (Figure 4-2) and multiplying by 10 (with a minimum length of 150 m,
and a maximum length of 1000 m). The entire zone must be walked in order to
measure the extent of bank stabilisation.

Figure 5-2. Illustration depicting the two cases of site location where the
free-flow interruption (FFI) sub-indicator score is 3. The numbered streams
indicate an example of how Strahler stream order is used to define a stream link
(dashed line).
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Table 5-2. The two desktop-measured physical form stressor sub-indicators.
Sub-Indicator
Score
Sediment transport interruption (STI)
Observed in the field, with assistance from maps/aerial photographs and local
knowledge, as necessary.
The site is in stream link* that (Figure 5-3):
Contains an upstream major-sized dam ≥ 15 m high
3
Contains an upstream moderate-sized dam 10 m ≤ height < 15 m
2
Contains an upstream small-sized dam or weir 2 m ≤ height < 10 m
1
Does not contain an upstream dam or weir higher than 2 m
0
Sub-total, S5
/3
Sub-indicator score, PF5 1 – (S5/3)
Longitudinal-continuity barrier (LoCB)
N = number of intact instream structures (weirs or dams) that span the river width,
located between the site and the mouth, and lacking a dedicated fishway; measured
from a map/aerial photograph (Figure 5-4)
N ≥ 10
3
10 > N ≥ 5
2.5
5>N≥3
2
3>N≥2
1.5
N=1
1
N=0
0
Sub-total, S6
/3
Sub-indicator score, PF6 1 – (S6/3)
* In this context, a stream link is a continuous reach of river interrupted by entry of a
tributary that is of equal or higher Strahler stream order, or of third order or higher
(Figure 4-3).
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Figure 5-3. Illustration depicting how scores are assigned for the sediment
transport interruption (STI) sub-indicator according to dam height. The
numbered streams indicate an example of how Strahler stream order is used to
define a stream link (dashed line).

Figure 5-4. Illustration depicting how scores are assigned for the
longitudinal-continuity barrier (LoCB). Dams with dedicated fish passage are
not counted.
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5.3.3 Scoring
The sub-indicator values (Si, where i = 1 to 6) can take a maximum value (Smax)
of 3, except for FFI, which can take a maximum value of 6 (Table 5-1 and Table 5-2).
Each of the sub-indicator scores (PFi, where i = 1 to 6) are standardised to a score that
ranges between 0 and 1 by the equation PFi = 1 – (Si / Smax) (Table 5-1 and Table 5-2).
Each one of these sub-indicator scores then fall into one of the five grades of river
health specified in this Regulation.
The value of the physical form stressor combined total (∑Si) is the sum of the
sub-indicator values (∑Si = S1 + S2 + S3 + S4 +S5 + S6), and it can take a maximum
value (max∑Si) of 21. The maximum of 21 applies if all six sub-indicators are
included, but it is less than this if some are not measured. The combined index total is
standardised to a physical form stressor index score (PFS) that ranges between 0 and 1
using the equation PFS = 1 – (∑Si / max∑Si). The PFS score then falls into one of the
five grades of river health specified in this Regulation.

5.4 Water quality
5.4.1 Theoretical and practical basis
Water quality is a key attribute of aquatic ecosystem health. The characteristics
of the physical and chemical attributes of stream water quality are a response to both
natural processes, and human disturbances. Water quality may also act as a stressor on
aquatic biota. Biota are resilient to water quality outside the preferred range for brief
periods of time. However, the stress of chronically poor water quality, and even brief
periods of water quality outside the tolerable range, will cause a decline in ecological
health.
Like hydrology, water quality is highly variable through time, so it is preferable
to assess it on the basis of records collected regularly over time. A wide range of
water quality parameters is monitored monthly at certain established hydrological
stations. However, the relatively small number of these hydrology stations, and their
location being mostly restricted to river main stems and major tributaries, is
inadequate for fully characterizing the pattern of water quality over entire catchments.
Thus, in this Regulation, water quality is assessed using two approaches, specific to
the type of sampling site:
1. river health field sampling sites, using snapshot sample data from two
sampling occasions in the reporting year (spring and autumn), and
2. established hydrology stations, using monthly sampled data collected over
the reporting year
In this Regulation, the interim reference used for water quality is the existing
Chinese Standard GB 3838-2002 Environmental Quality Standard for Surface Water.
This standard was not prepared specifically for the purpose of setting out the
requirements for protection of aquatic ecosystem health, and it does not account for
possible natural regional variations in water quality. Thus, the reference standards
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used in this Regulation are open to future revision.
According to Chinese Standard GB 3838-2002, water quality is graded from I to
V, with Grade VI being unsuitable for any purpose. For any sampling occasion, up to
24 parameters are measured and graded, with the final water quality grade determined
by the lowest grade score of all parameters. In this Regulation, water quality
parameters relevant to aquatic health belong to two main indicator groups: physical
and chemical. The chemical indicator group has 5 sub-indicator groups, to give a total
of 6 sub-indicator groups (Table 5-3).
Table 5-3. Parameters that can potentially be included in the water quality
assessment in this Regulation.
Sub-indicator groups
Physical parameters
1. Basic physical parameters (WQP)

Symbol

Parameter

°C
TSS

Water temperature
Total suspended solids†

Chemical parameters
2. Basic chemical parameters (WQC)

pH
EC
3. Metallic toxicants (WQM)
Cu
Zn
Se
As
Hg
Cd
Cr6+
Pb
4. Non-metallic toxicants (WQn-M)
FCNP*
LAS
H2S (DS)
CH4
5. Nutrients (WQN)
TN
TP
NH3-N
NO3-N
PO43--P
6. Oxygen balance (WQO)
DO
COD
CODMn
BOD5
† Not listed in Chinese Standard GB 3838-2002.
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Relative acidity
Electrical conductivity†
Copper
Zinc
Selenium
Arsenic
Mercury
Cadmium
Hexavalent chromium
Lead
Fluoride
Cyanide
Volatile phenols
Anionic surfactant
Sulphide
Petroleum hydrocarbons
Total nitrogen
Total phosphorus
Ammonia nitrogen
Nitrate nitrogen†
Reactive (inorganic) phosphate†
Dissolved oxygen
Chemical oxygen demand
Permanganate Index
5-day biochemical oxygen demand

Of the parameters within the Chinese Standard GB 3838-2002, only Faecal
coliform has been excluded from this Regulation as unsuitable. In addition to those in
the Standard, four additional indicators have been included in this Regulation: Total
suspended solids, Electrical conductivity, Nitrate nitrogen and Reactive (inorganic)
phosphate (Table 5-3). Data on these additional parameters will not normally be
available from the monthly sampled data collected at established hydrology stations.
Also, standards for grading these parameters are not available in Chinese Standard
GB 3838-2002. If these additional parameters are included, the annual river health
assessment technical reporting must include a table of the standards used, and a
description of the rationale used to develop them.
5.4.2 Method using monthly data from established hydrology stations, WQ1
There are a number of steps involved in determining the water quality
sub-indicator and index scores:
1. On the basis of data availability and availability of standards, establish which
of the six sub-indicator groups can be included in the assessment. Category 1,
Basic physical parameters, is unlikely to have data or standards available. If
water temperature and total suspended solids data are available, a locally
appropriate standard must be established. If local standards are used, the
annual river health assessment technical reporting must include a table of the
standards, and a description of the rationale used to develop them.
2. On the basis of data availability and availability of standards, within each
selected sub-indicator group, establish which parameters can be included in
the assessment.
3. Refer to the criteria of Chinese Standard GB 3838-2002 (or adopted local
standards, if relevant) and, for data from each month, assign a grade to the
observed value of each included parameter value. Then assign a grade to each
included sub-indicator group, and overall (for example, Table 5-4), by
choosing the lowest grade assigned to the observed values for parameters
within each included sub-indicator group, and overall.
4. For each included sub-indicator group (e.g. Table 5-5), and overall (e.g. Table
5-6), calculate the proportion of months in the reporting year that achieve
each of the 6 grades. Weight these proportions according to a set of fixed
weightings, and then sum to achieve a score.
5. For each included sub-indicator group, and overall (WQ1), report the score
and river health class (e.g. Table 5-7).
The method weights achievement of the six grades highest for Grade I (best for
river health) and lowest for Grades V and VI (no value for river health) (Table 5-5).
The overall index score (WQ1) will always be equal to or lower than the lowest
sub-indicator score (Table 5-7). This is consistent with the approach taken in Chinese
Standard GB 3838-2002 to grade water quality according to the worst grade achieved
for any included parameter. The sub-indicator scores highlight which parameter
groups are limiting water quality.
The weighting system used in the recommended method rewards frequent
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occurrences of good water quality, rather than punishing infrequent occurrences of
poor water quality. Thus, one or two months of poor water quality (Grades IV, V or VI)
throughout the year will not cause the annual sub-indicator and overall index scores to
be low, provided the other months have good water quality (Grades I or II).
Table 5-4. Hypothetical data of water quality grades achieved for five included
water quality sub-indicator groups, and the overall grade achieved, over the 12
months of a reporting year.
Month of
Grade achieved for each included sub-indicator*
Overall
reporting
grade
WQC
WQM
WQn-M
WQN
WQO
year
achieved
December
IV
III
II
I
II
IV
Jan
III
IV
II
III
I
IV
Feb
VI
V
III
II
II
VI
Mar
III
III
III
III
II
III
Apr
II
V
III
III
II
V
May
V
V
II
II
I
V
Jun
I
III
I
I
I
III
July
III
III
III
II
I
III
August
V
III
III
II
II
V
September
III
II
III
III
II
III
October
II
III
III
III
I
III
November
III
III
II
II
II
III
* In this hypothetical example, it was assumed that parameters from the basic physical
parameters group (WQP) were not included.
Table 5-5. Example of how to calculate the annual water quality score for
individual sub-indicator groups. This is sub-indicator WQC score for the
hypothetical data in Table 5-4.
Grade

Number of months
achieving grade (N)*

Proportion (P) of
Weighting
WQ Score
months achieving
(W)†
(P x W)*
grade (P = N/T)*
I
1
0.083
1
0.083
II
2
0.167
0.7
0.117
III
5
0.417
0.4
0.167
IV
1
0.083
0.2
0.017
V
2
0.167
0
0.000
VI
1
0.083
0
0.000
Sum, T
12
1.000
Sum
0.383
(T = months sampled) (Sum must equal 1)
(Sum = Score)
* Numbers in this column are for a hypothetical example only.
† Numbers in this column are fixed for all cases and all indicator groups.
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Table 5-6. Example of how to calculate the annual water quality score for the
overall water quality index. This is overall water quality indicator score for the
hypothetical data in Table 5-4.
Grade

Number of months
achieving grade (N)*

Proportion (P) of
Weighting
WQ Score
months achieving
(W)†
(P x W)*
grade (P = N/T)*
I
0
0.000
1
0.000
II
0
0.000
0.7
0.000
III
6
0.500
0.4
0.200
IV
2
0.167
0.2
0.033
V
3
0.250
0
0.000
VI
1
0.083
0
0.000
Sum, T
12
1.000
Sum
0.233
(T = months sampled) (Sum must equal 1)
(Sum = Score)
* Numbers in this column are for a hypothetical example only.
† Numbers in this column are fixed for all cases and all indicator groups.
Table 5-7. Example of water quality scores for sub-indicator groups and the
overall water quality index. This result is for the hypothetical data in Table 5-4.
Water quality
sub-indicator group
WQP
WQC
WQM
WQn-M
WQN
WQO
Overall index

WQ river health
score
No data
0.383
0.308
0.550
0.625
0.825
0.233

River health class
No data
Poor
Poor
Fair
Good
Very good
Poor

5.4.3 Method using snapshot data from field sampling sites, WQ2
The method using snapshot data from field sampling sites follows the same
principles as the method using monthly data from established hydrology stations. The
differences in the method relate to data being available for only two occasions in the
snapshot sampling compared to potentially 12 occasions from the established
hydrology stations.
There are a number of steps involved in determining the water quality
sub-indicator and index scores:
1. On the basis of local experience with river health issues, expertise and
resources available, decide which of the six sub-indicator groups will be
included in the assessment. Of these, Nutrients and Oxygen balance
sub-indicator groups are core, and the others are supplementary.
2. Decide which parameters will be included in the assessment. If Chinese
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standard GB 3838-2002 does not include reference values for the chosen
parameters, then locally appropriate standards must be established. If local
standards are used, the annual river health assessment technical reporting
must include a table of the standards, and a description of the rationale used
to develop them.
3. Sample chosen water quality parameters in spring and autumn using
appropriate standard methods for field parameter measurement, field water
sample collection, sample transport, sample storage, sample laboratory
analysis, and quality assurance and quality control.
4. Refer to the criteria of Chinese standard GB 3838-2002 (or adopted local
standards, if relevant) and, separately for data from the spring and autumn
sampling occasions, assign a grade to each included parameter value. Then
assign a grade to each included sub-indicator group, and overall, by choosing
the lowest grade assigned to the parameters within each included
sub-indicator group, and overall.
5. Separately for spring and autumn, for each included sub-indicator group, and
overall (WQ2), convert the grade scores to river health scores according to
the following scale, then report the equivalent river health class (Table 5-8):
6. The annual WQ2 river health score (and grade) is the lowest of the spring
and autumn overall scores, such that WQ2 = min(WQ2spring, WQ2autumn).
The overall index score (WQ2) will always be equal to or lower than the lowest
sub-indicator score. The sub-indicator scores highlight which parameter groups are
limiting water quality.
Table 5-8. Conversion of Chinese water quality grade to water quality river
health score and class.
Grade score WQ river health score River health class
I
1.0
Very good
II
0.7
Good
III
0.4
Fair
IV
0.2
Poor
V
0.0
Critical
VI
0.0
Critical

5.5 Fish
5.5.1 Theoretical and practical basis
Fish are useful indicators of river health because, as well as having a range of
sensitivities to water quality and habitat deterioration, they are relatively easy to
sample and identify in the field, and they tend to integrate effects of lower trophic
levels.
While fish are easily identified in the field, the consistency of measured
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abundance and community composition is highly dependent on sampling effort. Also,
differences in stream size, type and accessibility to sampling sites will necessitate that
different sampling approaches are used throughout a catchment. These factors can
compromise the comparability of data from different sites.
In this Regulation, the most important task in assessment of fish is proper field
data collection. Identification of the most suitable indicators and reference standards
for application in each hydro-ecological region of China, and within each zone of
individual catchments, first requires consistent collection of basic fish data at the
national scale. The guidelines for fish in this Regulation will be amended in the future,
after a sufficiently large national-scale data set has been analysed.
5.5.2 Field sampling and data collection
The preferred method of collecting fish is gill net. Gill nets are most suited to
relatively small, shallow streams. Gill nets should ideally consist of several panels
with different mesh sizes, which maximizes the likelihood of catching fish species of
different sizes.
Electrofishing can be used to collect fish, provided correct health and safety
procedures are followed by properly trained and qualified technical staff.
Gill nets or electrofishing are suitable for wadeable streams or boatable rivers
less than 1.5 m deep. In large rivers, gill nets or electrofishing can be used to sample
the edge of the river (areas less than 1.5 m deep).
If using the gill net technique, select a location that is relatively deep (0.5 –
1.5 m) with water flowing at variable velocities within a moderate range (0.1 –
0.5 m/s). At this location, set the net across the majority of the width of the river,
anchored with weights on the bottom edge of the net and floats on the top edge. Leave
the net in place for exactly 30 minutes. If no fish are caught in 30 minutes, the net can
be left for another 30 minutes, and a sink time of 60 minutes must be noted on the
data sheet.
If using the electrofishing technique, at each field site, a sampling zone 300 m
long is defined. This should mainly comprise wadeable areas, or boatable areas less
than 1.5 m deep. Within the sampling zone, fish are collected during a total sampling
time of exactly 30 minutes. The sampling zone is fished in an upstream direction.
Electrofishing is undertaken by two operators using a backpack device. One operator
uses the electrofisher, and the netter collects all stunned fish using a hand net. All
habitat types within the sampling zone should be sampled (the time spent in each
should ideally be in proportion to their relative areal extent).
Collected fish are measured on site, and then returned to the river near their point
of capture. The exception to this is any unidentifiable species, in which case an
example individual of each species is preserved with 4% formalin for later
identification in the laboratory.
Each individual fish is identified for species, and its length measured. Fish are
sorted by species, a count of individuals of each species is recorded, and the combined
weight of all fish belonging to each species is determined to 0.1 gram.
Fish are identified in the field by an expert, and an example of each identified
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species is photographed (photographs are numbered and linked to field identification).
The photographs are later shown to another expert, or specimen collections or texts
are consulted, to confirm the field species identification. The field data are then
corrected as required, clearly showing on the field data sheet the corrections that are
made.
Fish length is based on standard length (SL), which is measured from the tip of
the snout to the posterior end of the last vertebra, or the base of the caudal fin (tail fin).
This measurement excludes the length of the caudal fin. In a minority of species it
may not be possible to tell where the vertebral column ends, in which case the fork
length (FL) is measured (and annotated as FL on the data sheet, next to the data
record). The FL measure is the length from the tip of the snout to the end of the
middle caudal fin rays.
5.5.3 Indicators
The variable sampling effort means that measures of fish density, total number of
fish collected, and absolute fish diversity (number of different species collected)
cannot, at this stage, be considered reliable indicators of river health. Also, at this
stage, there are no reference standards available for expected fish diversity and
abundance across the various hydro-ecological regions in China and between
catchment zones.
Given the lack of reference standards in China for fish indicators, this Regulation
does not require calculation of fish indicators. However, the Regulation suggests
sampling of fish in order to build a database of reference standards for future
incorporation of fish as an indicator of river health.

5.6 Benthic macroinvertebrates
5.6.1 Theoretical and practical basis
Benthic macroinvertebrates are indicators of river health because they are found
in most habitats, they have generally limited mobility, they are quite easy to collect by
way of well established sampling techniques, and there is a diversity of forms that
ensures a wide range of sensitivities to changes in both water quality and habitats.
It is possible to calculate a large number of different indices to characterise a
sample of benthic macroinvertebrates. This Regulation suggests a small group of
indicators that are most likely to be universally applicable in characterising responses
to human disturbances.
In this Regulation, the most important task in assessment of benthic
macroinvertebrates is proper field sampling and identification. The indicators and
reference standards suggested in this Regulation are interim, because identification of
the most suitable indicators and reference standards for application in each
hydro-ecological region of China, and within each zone of individual catchments, first
requires consistent collection of basic benthic macroinvertebrate data at the national
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scale. The guidelines for benthic macroinvertebrates in this Regulation should be
amended in the future, after a sufficiently large national-scale data set has been
analysed.
5.6.2 Field sampling and identification
Benthic macroinvertebrates are collected using a D-frame dip net (150 mm
radius, 500 μm mesh) and/or a Surber net (300 mm x 300 mm, 500 μm mesh).
Sampling is done using a kick-sampling technique, the objective of which is to
scoop up macroinvertebrates from the stream bed without collecting large quantities
of debris and sediment. There are two approaches, one for wadeable flowing areas
with cobble/gravel/sand beds (riffles) and one for stream edges with low velocity and
plants present.
For riffles, stand in knee deep water facing downstream. The operator holds the
net in front of them, with the opening facing upstream. Disturb the bed material
underfoot by vigorously shuffling and kicking. The current will sweep dislodged
benthic macroinvertebrates into the net. Move slowly upstream walking backwards,
sampling a 2 – 3 m length of the stream bed.
On stream edges, the net is used to vigorously sweep among stones, logs, plants,
into the shore and under overhangs. Using upward scooping movements, sweep any
dislodged animals into the net. Move slowly upstream, sampling a 2 – 3 m length of
the stream bed.
Take four replicate kick samples from four different areas located within a
sampling zone of about 50 m long. The total length of stream bed swept by the
sampler in the four replicates is 10 m. At each site, the sampling should take about 15
minutes.
For wadeable streams, three replicates are obtained in riffles and shallow water
areas (< 0.4 m deep). One other replicate is obtained by using a D-frame net in deeper
waters (> 0.4 m deep).
For non-wadeable streams, three replicates are obtained using the net in stream
edge areas (< 0.4 m deep). One other replicate is obtained by using the D-frame to
scrape the bed surface in the deep water areas.
The contents of the four net sweeps are combined and emptied into a big white
sorting tray. Excessive sediment should be rinsed from the tray so that the
macroinvertebrates can be seen clearly. Two people should live-pick individual
macroinvertebrates from the tray using forceps and/or pipette for a period of exactly
30 minutes (or one person for 1 hour). In the first five minutes collect the active,
common taxa, and in the remaining time aim to find as many different types of
macroinvertebrate as possible. Periodically shake the tray to make the
macroinvertebrates move. Live-picking is ideally conducted by two operators; at least
one operator should have prior experience in identification of aquatic
macroinvertebrates.
Live-picked animals are stored in labeled jars in 70% aqueous ethanol.
In the laboratory, rinse the samples through a sieve (500 μm mesh). The samples
are sorted with the aid of a microscope. Macroinvertebrates are identified to the
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family level, except Oligochaeta (class), Hydracarina (order) and Chironomidae
(sub-family). A quality control and quality assurance procedure should be followed in
order to minimise identification error.
5.6.3 Index and Sub-indicators
At this stage, there are no reference standards available for expected benthic
macroinvertebrate diversity, composition and abundance across the various
hydro-ecological regions in China and between catchment zones. Thus, most standard
indicators cannot currently be applied, but might be included in future amendments of
this Regulation.
Two benthic macroinvertebrate sub-indicators are suggested in this Regulation:
EPT richness ratio (family) and SIGNAL 2 (OCP) weighted. These are combined to
derive a benthic macroinvertebrate index score.
1. EPT richness ratio (family) sub-indicator, EPTr
EPT richness ratio (family) is calculated by summing the number of each
Ephemeroptera (E), Plecoptera (P) and Trichoptera (T) taxa in the sample and
dividing by the total number of all taxa in the sample at the family level.
The EPT richness ratio (family) is converted to a river health sub-indicator score
using a non-linear scale that is specific to catchment zone (Table 5-9).
Table 5-9. Conversion of EPT richness ratio (family) (EPTr) to benthic
macroinvertebrate river health sub-indicator score, according to catchment zone.
EPTr range2
Mountain and
Midland and
Alpine
Lowland
≥ 0.45
0.42 – < 0.45
0.36 – < 0.42
0.26 – < 0.36
0.00 – < 0.26

River health
class

≥ 0.34
0.31 – < 0.34
0.26 – < 0.31
0.18 – < 0.26
0.0 – < 0.18

1.0
0.6 – < 0.8
0.4 – < 0.6
0.2 – < 0.4
0.0

EPTr river
health
sub-indicator
score
1.0
0.7
0.5
0.3
0.0

2. SIGNAL 2 (OCP) weighted sub-indicator, S2(OCP)w
The SIGNAL 2 (OCP) (Stream Invertebrate Grade Number - Average Level,
Version 2, Order – Class – Phylum) indicator reflects the overall tolerance of the
assemblage, and broadly assumes that only more tolerant taxa will persist in more
polluted environments (Chessman, 2003)3. The OCP version of SIGNAL 2 is suited to
use by technicians with lower levels of training relative to metrics requiring family
2

Based on data in Lenat, D. 1988. Water quality assessment of streams using a qualitative collection

method for benthic macroinvertebrates. Journal of the North American Benthological Society 7(3):
222-233.
3

Op. cit.
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level data.
Unweighted SIGNAL 2 scores are simply the average of the signal sensitivity
grades (Table 5-10) for those taxa collected. A low sensitivity grade number means
the macroinvertebrate is tolerant of a range of environmental conditions, including
common forms of water pollution. A high number means the macroinvertebrate is
sensitive to most forms of pollution. The higher the indicator score, the greater the
average sensitivity. Weighted scores represent the average of the product of the
SIGNAL 2 sensitivity grade multiplied by the weighting scores for the number of
individuals of each taxon sampled, i.e. abundance (Table 5-11). These weightings are
based on experience in Australia (Chessman, 2003) 4 , where the method was
developed, and could be modified to suit a different sampling effort used in China.
This should be reviewed in future versions of this Regulation.

Table 5-10. SIGNAL 2 (OCP) sensitivity grade scores for macroinvertebrates.
Taxon

Sensitivity
grade (1-10)
Acarina
6
Amphipoda
3
Anaspidacea
6
Anostraca
1
Bivalvia
3
Branchiura
1
Bryozoa
4
Coleoptera
5
Collembola
1
Conchostraca
1
Decapoda
4
Diplopoda
4
Diptera
3
Ephemeroptera
9
Gastropoda
1
Hemiptera
2
Hirudinea
1

4

Taxon

Sensitivity
grade (1-10)
Hydrozoa
1
Isopoda
2
Lepidoptera
2
Mecoptera
10
Megaloptera
8
Nematoda
3
Nemertea
3
Neuroptera
6
Nematomorpha
6
Notostraca
1
Odonata
3
Oligochaeta
2
Plecoptera
10
Porifera
4
Trichoptera
8
Turbellaria
2

Op. cit.
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Table 5-11. Abundance (N = number of individuals of each taxon in the sample)
weightings used in calculating the weighted SIGNAL 2 (OCP) scores.
Abundance (N)
> 20
11 – 20
6 – 10
3–5
1–2

Weighting
5
4
3
2
1

To calculate SIGNAL 2 (OCP) weighted scores proceed by the following steps:
1. Make a list of the taxa found in the sample at the order–class–phylum
level.
2. Enter the relevant sensitivity grade number (Table 5-10) alongside each taxon
in the list. If a taxon has been found in the sample that is not included in
Table 5-10, remove it from the list. This will rarely happen.
3. Enter the abundance (number of individuals of each taxon collected)
alongside the grade number.
4. Determine the weighting factor (Table 5-11) for each taxon, according to the
number of specimens collected. Tabulate the weighting factors next to the
abundance values.
5. Multiply the sensitivity grade number for each taxon by the corresponding
weighting factor and tabulate the results. Sum these values to get A.
6. Sum the weighting factors for all taxa to get B.
7. Divide A by B to produce the SIGNAL 2 (OCP) weighted score.
Ideally, SIGNAL scores are interpreted in conjunction with the number of taxa
present. At present, insufficient data are available from rivers in China to undertake
this form of interpretation, so in this Regulation the SIGNAL 2 (OCP) weighted score
is converted to a river health sub-indicator score using a linear scale (Table 5-12).
Table 5-12. Conversion of SIGNAL 2 (OCP) weighted score to benthic
macroinvertebrate river health sub-indicator score.
SIGNAL 2 (OCP)
weighted score (S2)
>7
3–7
<3

5

S2(OCP)w river health
sub-indicator score5
1
= (0.25 x S2) – 0.75
0

Based on data in Chessman, B.C., Growns, J.E. and Kotlash, A.R. 1997. Objective derivation of

macroinvertebrate family sensitivity grade numbers for the SIGNAL biotic index: application to the
Hunter River system, New South Wales. Marine and Freshwater Research 48: 159-172.
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3. Combined benthic macroinvertebrate index, BM
The combined benthic macroinvertebrate index score, BM, is calculated as the
average of the two site sub-indicator scores, EPTr and S2(OCP)w. The BM score for the
reporting year is then the average of BMspring and BMautumn.

5.7 Algae
5.7.1 Theoretical and practical basis
Algae, whether benthic (periphyton) or suspended in the water column
(phytoplankton) cause most of the river management problems associated with
excessive nutrient enrichment. The phytoplankton and periphyton levels in rivers
reflect natural factors (e.g. geology, soils, climate, hydraulic conditions), as well as
nutrient concentrations (natural nutrient levels can be elevated by stressors).
Algae are useful indicators of river health because they are abundant in most
streams, they respond rapidly to changed conditions, are relatively easy to sample,
and their tolerance to environmental conditions is known for many species due to the
cosmopolitan distribution of many taxa. Some benthic (periphyton), as well as some
suspended (phytoplankton) algae, have very narrow tolerance ranges of pH, nutrients
and salinity.
A drawback of using benthic algae in river health assessment is that the
laboratory identification process is time consuming and requires a high level of
expertise.
In this Regulation, the most important task in assessment of algae is proper field
sampling and subsequent laboratory identification. The indicators and reference
standards suggested in this Regulation are interim, because identification of the most
suitable indicators and reference standards for application in each hydro-ecological
region of China, and within each zone of individual catchments, first requires
consistent collection of basic algae data at the national scale. The guidelines for algae
in this Regulation should be amended in the future, after a sufficiently large
national-scale data set has been analysed.
5.7.2 Field sampling and identification
The sampling zone covers an area approximately 50 metres long centred on the
sampling site.
Benthic algae samples are collected by selecting at least six sites of submerged
bedrock and/or six submerged stones chosen from among the large size-class of the
unconsolidated bed material. The objective is to collect a single composite sample
that represents the benthic algae community for the site, so the samples should be
collected from a range of hydraulic and bed material conditions. If there is no rock or
cobble material in the bed, select any available hard surface for sampling, but do not
sample soft sediments or woody debris.
To collect benthic algae samples, periphyton (a mixture of algae, cyanobacteria,
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heterotrophic microbes, and detritus that is attached to submerged surfaces) is
scrubbed from the sampled surfaces using a toothbrush. Scrub the same size area on
each sampled surface (by scrubbing within a rubber ring of 3.5 cm diameter). After
scrubbing, wash the loosened periphyton sample from the rock into a plastic bottle
using distilled water (a total of 500 mL should be used for washing all the samples).
The samples of periphyton are combined into one 500 mL plastic bottle. The sample
is then divided into two parts: one (450 mL) is preserved using a 4% formalin
aqueous solution for later identification, and the other (50 mL) is stored on ice (up to
6 hours) until it can be filtered through a Whatman GF/C filter for benthic (periphyton)
chlorophyll a analysis.
To collect suspended (phytoplankton) algae, collect a 1 L sample of river water.
From this, take a 50 mL alequate and store it on ice (up to 6 hours) until it can be
filtered through a Whatman GF/C filter chlorophyll a analysis.
In the laboratory, benthic algae are identified in two steps. Firstly, a direct
counting method is used for ‘soft’ algae, using a 0.1 mL counting chamber and
microscope. Diatoms are identified in the second step. Diatom slides are kept in a
glass jar to oxidize the organic material with acid disposal. Within each diatom slide,
300 to 400 valves are counted under oil emersion (suitable equipment is a light
microscope using Nomarski differential interference contrast optics at a magnification
of 1000). Use appropriate classification manuals to identify the benthic algae to the
species level. It is often the case that some species can only be identified to genus
level.
Chlorophyll a concentrations are determined spectrophotometrically after
acetone extraction in the laboratory.
5.7.3 Index and sub-indicators
Indexes of biotic integrity based on the relative composition of disturbance
sensitive and tolerant benthic algae species have been devised in various parts of the
world. However, at this stage, there are no reference standards available for expected
benthic algae diversity and abundance across the various hydro-ecological regions in
China and between catchment zones. Thus, most standard indicators cannot currently
be readily applied. This situation should improve with time as more data are collected,
so future amendments of this Regulation could suggest a wider range of indicators.
Two indicators that are fairly widely used over the world are the Biological
Diatom Index (Indice Biologique Diatomées, or IBD), and Specific Pollution
Sensitivity Index (Indice de Polluosensibilité Spécifique, or IPS). Both indexes take
into account the sensitivity of different taxa to a gradient of water quality. However, it
is important to recognise that sensitivity can vary regionally even within the same
species, and thus application of these indices in China requires further evaluation to
revise existing sensitivity grades. For example, some diatom based indices do not
produce the expected result in limestone areas subjected to low levels of human
disturbance.
Chlorophyll a is a photosynthetic pigment found in algae and is a sensitive
indicator of algal biomass. Univariate measures, such as abundance of Chlorophyll a
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can provide an indication of trophic status. Benthic (periphyton) chlorophyll a is more
relevant to fast flowing streams with rocky and cobble beds in highland areas, while
suspended (phytoplankton) chlorophyll a is more relevant to slower flowing lowland
streams with finer bed material.
This regulation suggests calculation of four algae sub-indicators and one
combined algae index (A). Two sub-indicators are diatom composition indicators,
IBD and IPS, and two sub-indicators are chlorophyll a abundance indicators, benthic
(periphyton) chlorophyll a, Chl-aPer, and suspended (phytoplankton) chlorophyll a,
Chl-aPhy. The core and supplementary choices of algae sub-indicator measurement
depend on catchment zone (Table 5-13).
Table 5-13. Core and supplementary choices of algae sub-indicator measurement
depending on catchment zone.
Sub-indicator group

Diatom
composition
Chl-a
abundance

Alpine and
Highlands
Core
IBD or IPS
Supplementary Whichever core
indicator is not
measured
Core
Chl-aPer
Supplementary
Chl-aPhy

Catchment zone
Midlands

Lowlands

IBD or IPS
Whichever core
indicator is not
measured
Chl-aPer
Chl-aPhy

IBD or IPS
Whichever core
indicator is not
measured
Chl-aPhy
Chl-aPer

1. Diatom composition, IBD
The IBD6 has been widely used in French monitoring programs since 1999. It is
based on 209 taxa that are sensitive to organic pollution and salinity. IBD is a metric
based on the weighted averaging equation of Zelinka and Marvan (1961)7. On the
basis of the probability of each taxon occurring in one of seven water quality classes
(determined by analysis of a diatom community / physico-chemical parameters
relationship), the calculation is carried out seven times for each class value. Summing
the results gives a 'pre-value' that can be converted into an index value ranging from 1
to 20, or classes 1 to 5, which correspond to water quality classes from eutrophy to
oligotrophy (Table 5-14).
Calculation and data-storage is supported by a specific commercial software
(OMNIDIA)8 (http://omnidia.free.fr/download.htm).
There is no IBD standard for Chinese rivers, so for this Regulation, the
classification used in France and Belgium (Ministry of Environment and Water
6

AFNOR 2000. Détermination de l'Indice Biologique Diatomées (IBD). NF T 90-354. Association

Française de Normalisation, June 2000, Paris.
7

Zelinka, M. and Marvan, P. 1961. Zur Prazisierung der biologischen Klassifikation des Reinheit

fliessender Gewasser. Archiv für Hydrobiologie 57: 389–407.
8

Lecointe, C., Coste, M. and Prygiel, J. 1993. ‘Omnidia’: software for taxonomy, calculation of

diatom indices and inventories management. Hydrobiologia 269/270: 509-513.
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Hungary, 2005, p. 10)9 was adopted. The conventional IBD value (IBDs) is converted
to the sub-indicator river health score (IBD) using a linear relationship, where
IBDs = 1 is equivalent to 0 on the river health scale, and IBDs = 20 is equivalent to 1
on the river health scale (Table 5-14). This scale is open to revision in later versions of
this Regulation.
Table 5-14. Conversion of conventional IBD and IPS values to benthic algae river
health IBD and IPS sub-indicator scores.
IBD class,
or original
IPSo value

5
4
3
2
1

IBD value
(IBDs), or
converted
IPSo value
(IPSs)
17 – 20
13 – < 17
9 – < 13
5–<9
<5

Trophic status

River health
class

IBD or IPS river
health
sub-indicator
score

Oligotrophy
Oligo-mesotrophy
Mesotrophy
Meso-eutrophy
Eutrophy

0.8 – 1.0
0.6 – < 0.8
0.4 – < 0.6
0.2 – < 0.4
0.0 – < 0.2

IBD =
(IBDs/19) – 0.053
IPS =
(IPSs/19) – 0.053

2. Diatom composition, IPS
The IPS10 was developed in the early 1980s in France and has been used in
various European countries. It provides integrated assessments of a range of
water-quality variables, including organic pollution, eutrophication, salinity and toxic
materials. IPS comprises more than 2500 taxa, with the metric based on the weighted
averaging equation of Zelinka and Marvan (1961)11. The result of this calculation is a
number (IPSo) ranging from 1 to 5, which corresponds to water quality classes from
eutrophy to oligotrophy (Table 5-14). Eloranta and Kwandrans (1996)12 suggested
that this original value be converted to a score (IPSs) over the scale 1 – 20. This
conversion makes the IPS value comparable to other similar indices, like IBD, and is
conventional
practice
in
Europe.
The
conversion
formula
is
IPSs = (4.75 x IPSo) – 3.75 (Table 5-14).
Calculation of IPSs and data-storage is supported by a specific commercial
software (OMNIDIA)13 (http://omnidia.free.fr/download.htm).
Class boundaries for the IPS were not set by the original authors, and there is no
9

Ministry of Environment and Water Hungary 2005. Ecosurv, BQE Report Phytobenthos.

EuropeAid/114951/D/SV/2002-000-180-04-01-02-02.
10

CEMAGREF 1982. Etude des méthodes biologiques d'appréciation quantitative de la qualité des

eaux. Agence de l'Eau Rhône-Méditerranée-Corse, Rapport Q.E., Lyon, Lyon.
11

Op. cit.

12

Eloranta, P. and Kwandrans, J. 1996. Testing the use of diatoms and macroalgae for river monitoring

in Finland. In: B.A. Whitton, E. Rott and G. Friedrich (Eds), Use of Algae for Monitoring Rivers.
Institut für Botanik, Universität Innsbruck, Innsbruck, pp. 119-125.
13

Op. cit.
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IPS standard for Chinese rivers. For this Regulation, the classification of the related
IBD, as used in France and Belgium (Ministry of Environment and Water Hungary,
2005, p. 10)14, were adopted. The IPSs value is converted to the sub-indicator river
health score using a linear relationship, where IPS = 1 is equivalent to 0 on the river
health scale, and IPS = 20 is equivalent to 1 on the river health scale (Table 5-14).
This scale is open to revision in later versions of this Regulation.
3. Benthic chlorophyll a, Chl-aPer
Periphyton chlorophyll a is measured as a density, in mass of benthic chlorophyll
a per area of bed material from which the sample was obtained. The usual units are
mg/m2. There is no chlorophyll a river health standard for Chinese rivers, so an
interim scale is suggested in this Regulation on the basis of information from Biggs
(2000)15 (Table 5-15).
Table 5-15. Conversion of periphyton chlorophyll a density to benthic algae river
health sub-indicator score.
Periphyton
chlorophyll a
density (Density)
(mg/m2)
0 – 1.7
1.7 – < 10
10 – < 20
20 – < 30
≥ 30

Trophic status

River
health class

Chl-aPer river health
sub-indicator score16

Oligotrophy
Oligo-mesotrophy
Mesotrophy
Meso-eutrophy
Eutrophy

0.8 – 1.0
0.6 – < 0.8
0.4 – < 0.6
0.2 – < 0.4
0.0 – < 0.2

= (-0.1176 x Density) + 1
= (-0.0241 x Density) + 0.84
= (-0.02 x Density) + 0.8

4. Suspended chlorophyll a, Chl-aPhy
Phytoplankton chlorophyll a is measured as a concentration, in mass of
suspended chlorophyll a per volume of river water from which the sample was
obtained. The usual units are μg/L, or the equivalent mg/m3. There is no chlorophyll a
river health standard for Chinese rivers, so an interim scale is suggested in this
Regulation on the basis of information from DWAF (2002), DERM (2009) and
ANZECC and ARMCANZ (2000)17 (Table 5-16).
14

Op. cit.

15

Based loosely on data in Biggs, B.J.F. 2000. New Zealand Periphyton Guideline: Detecting,

monitoring and managing enrichment of streams [Online]. National Institute of Water & Atmospheric
Research, New Zealand, p. 73.
16

Ibid.

17

Based on data in DWAF (2002). National Eutrophication Monitoring Programme. Implementation

manual [Online]. South African National Water Quality Monitoring Programmes Series, p. 2-5; DERM
(2009). Queensland Water Quality Guidelines, Version 3 [Online]. Department of Environment and
Resource Management, p. 26; and ANZECC and ARMCANZ 2000. Australian and New Zealand
Guidelines for Fresh and Marine Water Quality. Volume 1, Chapter 3, Aquatic ecosystems [Online].
Australian and New Zealand Environment and Conservation Council, Agriculture and Resource
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5. Combined algae index, A
The algae sub-indicator scores are first combined to obtain a combined diatom
composition score, Dc, and a combined chlorophyll a abundance score, Ca. These are
combined to derive the combined algae index score, A (Table 5-17). The A score for
the reporting year is then the average of Aspring and Aautumn.
Table 5-16. Conversion of phytoplankton chlorophyll a concentration to
suspended algae river health sub-indicator score.
Phytoplankton
chlorophyll a
concentration
(Conc’n.) (μg/L)
0–5
5 – < 10
10 – < 20
20 – < 30
≥ 30

Trophic status

River
health class

Oligotrophy
Oligo-mesotrophy
Mesotrophy
Meso-eutrophy
Eutrophy

0.8 – 1.0
0.6 – < 0.8
0.4 – < 0.6
0.2 – < 0.4
0.0 – < 0.2

Chl-aPhy river health
sub-indicator score18

= (-0.04 x Conc’n) + 1.0
= (-0.02 x Conc’n) + 0.8

Table 5-17. Method of combining algae sub-indicator scores to derive combined
algae river health index score, A. The sub-indicators are either Core, which
means they should be included, or supplementary (Suppl.) which means they are
optional.
Sub-indicator group

Sub-indicators

Core
IBD or IPS*
Diatom
composition (Dc) Suppl.
IBD or IPS*
Core
Chl-aPer or Chl-aPhy*
Chl-a
abundance (Ca)
Suppl. Chl-aPer or Chl-aPhy*
* Whichever is measured.

Combined
sub-indicator
score
Dc =
min(Core, Suppl.)
Ca =
min(Core, Suppl.)

Combined
index score
(A)
A=
(Dc + Ca)/2

5.8 Riverine vegetation
5.8.1 Theoretical and practical basis
Riverine vegetation refers to plants in the river channel and riparian zone, which
includes riverbanks, the floodplain and its wetlands. Riverine flora is typically very
diverse. Whether herbs, shrubs or trees, all riverine vegetation provides an important
role for both the structure and function of river ecosystems. The services that riverine
plants provide are crucial for ecosystem health and are highly valuable to humans.
Management Council of Australia and New Zealand, Canberra, p. 3.3-10.
18

Ibid.
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The key river health services are physical habitat, source of energy and nutrients,
filtration of nutrients and contaminants, channel stabilisation, dispersal corridors for
animals, and moderation of river water temperature.
A dense, continuous, wide strip of riparian vegetation indicates good riparian
condition. Large, mature trees usually indicate a lack of disturbance in the last few
decades, and high numbers of young trees (saplings) indicate successful reproduction,
and suggest continued health of the riparian vegetation.
Despite its potential value as an indicator of river health, instream herbaceous
vegetation (submerged, emergent or floating macrophytes) is not included in this
Regulation, mainly because the extent of this plant form can vary a lot through the
year, and is not always at its greatest in the adopted spring and autumn sampling
periods.
In this Regulation, the most important task in assessment of riverine vegetation is
proper field sampling. The indicators and reference standards suggested in this
Regulation are interim, because identification of the most suitable indicators and
reference standards for application in each hydro-ecological region of China, and
within each zone of individual catchments, first requires consistent collection of basic
vegetation data at the national scale. In the future, it might become practical to use
remote sensing technology to routinely measure riverine vegetation health over wide
spatial scales, rather than in the field at the site scale, but field data will still be
required for calibration and ground-truthing. Also, remote sensing might allow
practical assessment of instream vegetation and floodplain vegetation. Thus, the
guidelines for vegetation in this Regulation should be amended in the future, after a
sufficiently large national-scale data set has been analysed, and a remote sensing
approach becomes viable.
The riparian vegetation indicators respond to human disturbance and
management actions that would generally be detectable over a time step of one year at
least. Thus, there is no need to measure the vegetation indicators twice per year. This
Regulation recommends measurement of vegetation indicators once per year.
5.8.2 Index and Sub-indicators
The sub-indicators are assessed in the field over a sample zone, the length of
which is approximated by first estimating the mean bankfull channel width (Figure
4-2) and then multiplying this width by 10 (Figure 5-5). The minimum sample zone
length is 150 metres, which applies to rivers with channels less than or equal to 15 m
average width. The maximum sample zone length, set for the practical reason of
constraining the time it would take to undergo the sampling, is 1000 m, which applies
to rivers with channels equal to or wider than 100 m. Vegetation is surveyed in three
50 m long sections equally spaced within the defined sampling zone, along both banks
(Figure 5-5). All measurements and estimates made for the six sections are averaged
across the zone to give a single value for the site.
At each of the three sampling sections, three attributes are measured on both the
left and right banks (where access allows), and these measures give rise to the
sub-indicators:
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1. Width of the riparian vegetation buffer (W),
2. Longitudinal continuity of the riparian vegetation buffer (L), and
3. Cover abundance of trees (T), shrubs (S) and ground cover (G) of the riparian
vegetation buffer.
The riparian vegetation buffer is defined as land that is covered by any type of
vegetation (trees, shrubs and ground cover such as herbs and grasses), but which
excludes:
 artificially landscaped parkland (unless comprising a zone of reinstated
native vegetation),
 bare land,
 cultivated land, or
 pasture exclusively for livestock grazing.
With respect to livestock, a riparian buffer might be grazed to some extent, or be
used by livestock to access the river, but it would only be excluded from the definition
of riparian buffer if the vegetation comprised exclusively pasture for livestock
grazing.
The riverine vegetation sub-indicators are sampled only in spring (i.e. not
included in the autumn field sampling).
1. Riparian buffer width sub-indicator, WR
Within each 50 m long sampling section, the width of the riparian vegetation
buffer is measured as the average of 5 measurements (taken every 10 m) (Figure 5-5)
using a range finder or tape measure. Both banks are measured separately unless
access to both banks is not possible, in which case the data are collected only on the
accessible bank. Average riparian buffer width is converted to a river health
sub-indicator score using a two-stage linear relationship (Table 5-18). Widths of 0 –
5 m achieve a sub-index score of 0 – 0.2, which is the critical river health class. This
was designed to match the absolute minimum riparian buffer width of 5 m determined
by Price et al. (2004)19 for 7 management objectives (terrestrial habitat provision
required a minimum of 10 m). Similarly, Castelle et al. (1994)20 quoted a minimum
width of 5 m for nutrient removal and species diversity functions, while sediment
removal required 10 m minimum width and water temperature modification required
15 m minimum width.
The site riparian buffer width sub-indicator river health score, WR, is calculated
as the mean of all sub-indicator scores estimated for the site (3 scores if one bank is
measured, and 6 if both banks are measured) (Figure 5-5).

19

Price, P., Lovett, S. and Lovett, J. 2004. Managing riparian widths [Online]. Fact Sheet 13. Land &

Water Australia, Canberra, ACT.
20

Castelle et al. 1994. Wetland and stream buffer size requirements – A review. Journal of

Environmental Quality 23:878-882.
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Figure 5-5. Sketch of the measurements used to derive the riparian buffer width
sub-indicator.
Table 5-18. Conversion of mean riparian buffer width to river health
sub-indicator score.
Riparian buffer width
(W) mean of 5
measurements (metres)
W > 45
5 < W ≤ 45
0<W≤5
W=0

Riparian buffer width
stream health
sub-indicator score, WR
1
= (0.02 x W) + 0.1
= 0.04 x W
0

2. Riparian longitudinal continuity sub-indicator, LR
Riparian buffer longitudinal continuity is scored on a scale from 0 – 5 using a
visual estimation technique that estimates the percentage of the length of the entire
sampling zone covered by riparian vegetation buffer, with interpretation of the classes
assisted by descriptions of the distribution of vegetation expected within each cover
class (Figure 5-6, Table 5-19). The category score is converted to a river health
sub-indicator score using a simple scale (Table 5-19). Both banks are measured
separately unless access to both banks is not possible or the opposing bank cannot be
clearly viewed from the accessible bank, in which case the data are collected only on
the accessible bank. The site riparian longitudinal continuity sub-indicator river health
score, LR, is calculated as the average of the two sub-indicator scores estimated for the
site (or a single score if only one bank is measured).
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Figure 5-6. Sketch of the six categories used for visually estimated longitudinal
continuity of riparian vegetation. These are examples; many other combinations
of cover types are possible.
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Table 5-19. Scoring category used for visually estimated percentage cover, and
for longitudinal continuity of riparian vegetation. Also shown is the conversion of
category score to longitudinal continuity river health sub-indicator score.
Percentage cover
class of riparian
vegetation (trees,
shrubs and
ground cover)
> 75%
> 50 – 75
> 25 – 50
> 5 – 25
>1–5
≤ 1%

Typical
longitudinal
continuity for
cover class

Visual estimation
scoring category

Continuous
Semi-continuous
Occasional clumps
Regularly spaced
Isolated/scattered
Very sparse

5
4
3
2
1
0

Longitudinal
continuity stream
health
sub-indicator
score, LR
1.0
0.7
0.5
0.3
0.1
0.0

3. Riparian cover abundance sub-indicator, CR
Within each 50 m long sampling section, the cover abundances of trees, T, shrubs,
S, and ground cover, G, are rapidly estimated at plots approximately 5 x 5 m in size
(Figure 5-7). The plot boundaries are estimated, and do not have to be pegged. There
are 5 plots located within each 50 m long sampling section (spaced every 10 m)
(Figure 5-7). Cover abundance is estimated on a scale from 0 – 5 using a visual
estimation technique (Table 5-19). Cover refers to canopy cover, so a densely forested
site could have close to complete cover of trees, shrubs and ground cover.
Vegetation is excluded from the cover estimate if its primary function is to
support agricultural activities. In this protocol:
 trees are any living woody vegetation taller than 3 m,
 shrubs are woody vegetation shorter than 3 m, and
 ground cover is any herbaceous vegetation (non-woody plants such as herbs,
grass, and macrophytes)
Shrubs and trees can be of any species; this assessment makes no distinction
between native and exotic species. The classification is structural, so bamboo taller
than 3 m (though technically a grass) is within the tree class. In this assessment, a
percentage of the cover could be unvegetated (bare, or a constructed surface), so the
total cover accounted for could be less than 100 percent. Both banks are measured
separately unless access to both banks is not possible, in which case the data are
collected only on the accessible bank.
The cover sub-indicator rates both the degree of coverage of the ground by plants
and the vegetation structure. A high degree of cover is rated higher than a low degree
of cover, and trees are rated more valuable than shrubs, and shrubs rated more
valuable than ground cover. The coverage rating is based on the higher geomorphic
stability, habitat availability, and energy and nutrients provided by greater plant
abundance. The plant structure rating is based on the different capacity of trees,
shrubs and ground cover to provide these same services, as well as the additional
ability of trees to provide shade.
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For each 5 x 5 m plot the raw cover abundance scores for trees, shrubs and
ground cover are factored and summed, and then converted to a riparian cover
abundance river health (C) score between 0 and 1 by dividing the total by 24 (Figure
5-7):
C = [(3 x T) + (2 x S) + (1 x G)] / 24
At very well vegetated sites it might be possible to achieve a combined factored
score that exceeds 1.0, but these scores are simply rounded down to 1.0. The cover
sub-indicator, by weighting trees higher than ground cover, would naturally score
higher in tropical and temperate areas compared to desert/grassland areas. This
sub-indicator will likely require different weightings depending on geographic region,
but at present there is insufficient information available on which to base
region-specific weightings. This will be addressed in future versions of this
Regulation.
The site riparian cover abundance sub-indicator river health score, CR, is
calculated as the mean of all sub-indicator scores estimated for the site (15 scores if
one bank is measured, and 30 if both banks are measured) (Figure 5-7).

Figure 5-7. Sketch of the measurements used to derive the riparian cover
abundance sub-indicator.
4. Combined riparian vegetation index, VR
The combined riparian vegetation index score, VR, is calculated as the average of
the three site sub-indicator scores, WR, LR, and CR, or:
VR = (WR + LR + CR) / 3
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5.9 Combined overall river health score
5.9.1 Principle of combining river health scores
The indicators suggested in this Regulation (Table 5-20) were devised to be
universally applicable in many different environments, and where reference standards
are generally lacking. As such, the indicators should be regarded as interim, and open
to periodic review and amendment as more data are collected and evaluated at the
national scale. At this stage of development of the river health assessment Regulation,
there is no strong theoretical or empirical basis for weighting the score in one
indicator category over that of another when considering the overall picture of river
health. Some of the sub-indicators and the combined category indicators that they
form have in-built weightings that are justified within this Regulation.
Table 5-20. The three indicator categories, their sub-categories and their
indicators and sub-indicators.
Indicator
categories

Physical

Water
quality

Biological

Indicator
sub-categories
Hydrology

Measuring
location
Hydrology
stations

Physical form
stressor

Field sites,
and up- and
downstream
Hydrology
stations

Water quality
represented by six
parameter groups
Fish*
Benthic
macroinvertebrates
Algae

Field sites

Field sites
Field sites

Sub-indicators
HFV, LFV, HMF,
PHF, PLF, PVL,
SFS
FFI, STI, LaCB,
BD, BS, LoCB
WQP, WQC,
WQM, WQn-M,
WQN, WQO
WQP, WQC,
WQM, WQn-M,
WQN, WQO
In development
EPTr, S2(OCP)w

Indicators
FH

PFS

WQ1

WQ2

BM

Field sites

IBD, IPS,
A
Chl-aPer, Chl-aPhy
Riverine vegetation
Field sites
WR, LR, CR
VR
* In this version of the Regulation, fish are sampled, but an indicator score is not
calculated.
The approach taken in this Regulation to combining category indicator scores is
one of presenting all category indicator scores (Table 5-20) together, and also
providing a single overall river health score that is the average of the category
indicator scores. The way to interpret the result is that the hydrology, physical form
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stressor, water quality and riverine vegetation indicator category scores directly
indicate disturbance by specific stressors, while the benthic macroinvertebrate and
algae indicator category scores indicate the ecological response to those stressors, and
perhaps others that were not included in the assessment. The riverine vegetation
indicator category score actually reflects both direct stressors to vegetation (clearance)
and an ecological response.
5.9.2 Combined overall river health score, RH
The combined overall river health score for a reporting year, RH, is derived by
taking the average of the indicator scores:
RH = mean{FH, PFS, min(WQ1, WQ2), BM, A, VR}
For the combined score, FH applies only to established hydrology stations. The
WQ score is the minimum of WQ1 and WQ2 at established hydrology stations; at
other sites only WQ2 applies. PFS and VR are only measured once per year. BM and
A are measured twice per year, in spring and autumn, and the combined score uses the
averages of these two seasonal scores.

5.10 Catchment disturbance measurement
The sensitivity of river health indicators can be tested by relating their calculated
values to measures of human disturbance, across a gradient of disturbance. A
commonly employed measure of disturbance is land use in the catchment that drains
to the sampling point. When natural vegetation is replaced by urbanization and
development of agriculture it can lead to declining river health. Similarly,
reafforestation could lead to an improvement in river health. This Regulation suggests
that land use be measured and recorded for the purpose of establishing a disturbance
gradient, but land use is not recommended as an indicator in its own right.
Measurement of land-use requires analysis of spatial data using a GIS
(Geographic Information System). For each sampling site, delineate the total
sub-catchment that drains to that point. Within each sub-catchment, measure and
record the areas of Forest, Grassland, Farmland, Paddy, Urban, and Reservoir land
cover types.

6 Utilising and Reporting River Health Assessment Results
6.1 Utilising

river health

results for river and catchment

management
In this Regulation, the health of all rivers in China is assessed with respect to the
same basic standard. However, the system of designating ecosystem management
zones means that the river health level required to satisfy designated river functions is
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variable. The approach taken in this Regulation is not to vary the river health
reference standard according to the local designated use, but to manage river health to
a target grade that is appropriate to the local designated use. The river health grade
gives an indication of the most appropriate approach to setting management targets
(Table 6-1). In general, a staged management program would aim to achieve a
step-wise improvement in river health grade.
Table 6-1. Management implications of river health grades.
Grade
of river
health
Very
good

Good

Range
of river
health
score
0.8 – 1.0

0.6 – 0.8

Description of likely issues

Possible implications for
management targets

Close to undisturbed
condition. Likely to be in a
protected conservation area,
with low stressors.

Protect ecological assets as a
key priority. Use policy tools
to minimise human
disturbance. Low cost to
maintain health.
The river ecosystem is mildly Protect ecological assets
disturbed. At high risk of loss through careful management
of valuable assets if river
of low impact human uses of
health score is on a downward the river. Relatively low cost
trajectory.
to maintain or improve health.
* Could be a river normally in
very good health in extended
drought or following extreme
flood.

Fair

0.4 – 0.6

Poor

0.2 – 0.4

Critical

0.0 – 0.2

The river ecosystem is
moderately disturbed. Likely
to be a high level of demand
on water resources.
* Could be a river normally in

Difficult to balance water
resource demands and meet
ecological requirements.
Expect significant, but modest
and relatively slow,
good health in extended drought improvements for investment
or following extreme flood.
in river health improvement.
The river ecosystem is highly May be cost effective to
disturbed, perhaps irreparably. accept, and manage for, an
* Could be a river normally in
altered ecological state that is
fair health in extended drought
much different from the
or following extreme flood.
former natural state.
The river ecosystem is
Expect a very high cost and
completely altered from its
long time frame to improve
natural state.
river health.
* Could be a river normally in
poor health in extended drought
or following extreme flood.
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The reference, unless re-evaluated every year and adjusted for prevailing
hydrological conditions, is fixed, which means that measured river health will
naturally vary according to hydrological conditions. In the river health assessment
methodology suggested in this Regulation, the river health score is expected to fall
about one river health grade if the river is in severe drought or has recently
experienced an extreme flood event (Table 6-1). In the short-term, the physical form
and vegetation indicators respond mainly to management actions and human
disturbance, rather than prevailing hydrology, so the PFS and VR indicator values
buffer the result in times of drought or extreme floods.

6.2 Aggregation of site results
There are many uncertainties associated with deriving a river health score for a
site on a river. If reporting results at the individual site scale, the audience should be
warned about the uncertainties and possibility of error. At the basin and national
scales, the site results should be aggregated.
At the large basin scale, results could be aggregated at the scale of the catchment
zone within major sub-catchments (by averaging results for all sites located with the
catchment zones), or aggregating the results of all sites within major sub-catchments.
At the national scale, results could be aggregated at the scale of the catchment
zone within major basins (by averaging results for all sites located with the catchment
zones), or aggregating the results of all sites within major basins.

6.3 Reporting
Three main forms of reporting are required for river health assessment:
 All data stored on a secure database
 Technical reports that describe the methodology, quality assurance, detailed
results, interpretation of results, and proposed management actions that
address the identified issues
 Report card that simplifies the results for communication to a non-technical
audience
6.3.1 Report card
Report cards are routinely reported to the principal administrative departments
and can also be released to the public through the media or targeted promotions.
Promotion of river health assessment activities and results is important for
demonstrating accountability for river management activities, for heightening
awareness of river health issues and responsibilities, and ensuring that resources are
effectively targeted at locations and at issues that will return significant social and
ecological benefits.
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The report card should include the following contents:
1. Introduction to the background of the river to be assessed, including the
economic, cultural, social, agricultural conditions and the population in the
basin.
2. Conceptual models of the river ecosystem that illustrate the relationships
between natural processes, river health indicators, and the major stressors.
3. A brief description of the methods used, including discussion of how the
indicator values were derived, the reference used and the uncertainty in the
results.
4. A summary of the key results, including category indicator results for the
reporting year, and a comparison with results from the previous five years.
5. Results should be attractively presented in both graphical and map form.
6. An interpretation of the results, especially in terms of the management
actions required to improve river health.
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