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Preface

Rivers are dynamic and interconnected ecological systems that sustain biodiversity, regulate
hydrological processes, support livelihoods, and provide essential ecosystem services. India’s diverse
river systems, ranging from glacier-fed Himalayan rivers and monsoon-driven alluvial rivers to
peninsular, arid, groundwater-fed and coastal systems, exhibit distinct natural characteristics and
ecological functions. Their effective conservation and management therefore require a scientific
approach that recognizes this diversity while distinguishing natural variability from human-induced
degradation.

Conventional river assessment approaches have often emphasized water quality and selected
environmental indicators, providing an incomplete understanding of the physical, ecological and
functional processes that sustain river systems. Recognizing this limitation, the Integrated River
Assessment Framework (IRAF) has been developed by the Centre for Ganga River Basin Management
and Studies (cGanga), IIT Kanpur, within the broader context of the Ganga River Basin Management
Plan (GRBMP 2.0). The framework advances an integrated, process-based approach to river
assessment, conservation, restoration and sustainable management.

The present report brings together four complementary assessment components: the River
Classification Framework (RCF), which establishes the intrinsic identity of river reaches; the Pristine
River Grading Index (PRGI), which evaluates their intrinsic ecological significance; the River Health
Assessment (RHA), which assesses their present functional condition relative to appropriate reference
conditions; and the Functional Assessment and Classification of Local Water Systems (FACLWS), which
evaluates the functions and functional deficits of associated streams, drains, ponds, wetlands,
floodplain channels and other local water systems. Together, these components provide a
comprehensive scientific basis for understanding rivers and their supporting aquatic networks.

A fundamental principle of IRAF is that river identity, ecological significance and present health are
distinct but interrelated dimensions. By assessing each river reach in relation to its natural
characteristics, the framework seeks to avoid misleading comparisons between fundamentally
different river types and supports more appropriate, evidence-based management decisions.

The report further demonstrates how scientific assessment can be translated into practical action
through Planning and Management of Local Water Systems (PMLWS) and reach-specific river-
management responses. It establishes a structured basis for conservation prioritization, restoration
planning, environmental flow assessment, floodplain management, urban river rejuvenation,
ecological rehabilitation, and long-term monitoring.

Ultimately, IRAF represents a step towards a more holistic and scientifically grounded approach to river
basin management - one that recognizes rivers as living systems and seeks to secure Water Security,
River Health and Climate Resilience for present and future generations.

Dr Vinod Tare

Former Professor, Mentor & Advisor
Centre for Ganga River Basin Management & Studies (cGanga), IT Kanpur
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INTEGRATED RIVER ASSESSMENT FRAMEWORK -
SCIENTIFIC FOUNDATIONS, CLASSIFICATION
AND ASSESSMENT METHODOLOGIES

Executive Summary

Background

India possesses one of the world's most diverse river systems, extending from glacier-fed
Himalayan rivers to monsoon-driven peninsular rivers, groundwater-fed spring systems,
ephemeral desert streams, and tidally influenced estuaries. These rivers differ fundamentally
in their hydrology, geomorphology, sediment dynamics, ecology, hydrochemistry, and
ecosystem functions. Consequently, no single indicator or uniform assessment standard can
adequately represent the condition, significance, or management requirements of all rivers.
Conventional river assessment methods have largely focused on water quality, often treating
rivers as conduits of water rather than dynamic ecological systems. Such approaches
inadequately capture the complex interactions among hydrological, geomorphological,
ecological, and biogeochemical processes that sustain river health. They also fail to distinguish
natural variability from anthropogenic degradation, leading to inappropriate comparisons
among fundamentally different river types.

Recognizing these limitations, cGanga, IIT Kanpur, under the broader framework of the Ganga
River Basin Management Plan (GRBMP 2.0), has developed a unified and scientifically robust
framework that integrates River Classification (RCF), Pristine River Grading Index (PRGI),
River Health Assessment (RHA), and Functional Assessment and Classification of Local
Water Systems (FACLWS). The outputs of RCF, PRGI, RHA and FACLWS are synthesised through
Integrated Diagnosis and translated into two complementary management pathways: Reach-
Specific River Management and Planning and Management of Local Water Systems (PMLWS).
Implementation is followed by monitoring, periodic reassessment and adaptive management.

Conceptual Foundation
The framework is founded on three fundamental principles.

First, every river, more precisely every river reach, possesses intrinsic ecological value
irrespective of its size, water clarity, or economic importance. River stretches differ naturally
because of their geology, climate, hydrology, sediment regime, and evolutionary history.
These natural differences must be recognized rather than interpreted as degradation.

Second, river assessment should distinguish between intrinsic characteristics and current
condition. A naturally sediment-rich Himalayan River and a clear groundwater-fed spring
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stream are equally natural systems, although they differ greatly in appearance and water
chemistry.

Third, river basin management must adopt a systems perspective in which rivers, floodplains,
wetlands, streams, ponds, drains, and groundwater-dependent ecosystems function as
interconnected components of a single hydrological and ecological network.

Accordingly, the framework moves beyond conventional water quality assessment towards an
integrated understanding of rivers as dynamic, living systems.

Four-Component Integrated Assessment Framework

The Integrated River Assessment Framework comprises four complementary assessment and
diagnostic components: RCF, PRGI, RHA and FACLWS. Their outputs are synthesised through
Integrated Diagnosis, which provides the scientific basis for Reach-Specific River Management
and PMLWS. Neither management pathway constitutes a fifth assessment framework.

I.  River Classification Framework: Question addressed > What type of river is it?

The first step is to identify the intrinsic characteristics of a river through a multidimensional
classification system. Classification is independent of river condition and represents the
natural identity of the river.

The framework classifies rivers using five principal descriptors:
e Hydrological regime
e Geomorphological setting
¢ Sediment regime
¢ Hydrochemical characteristics
e Source of flow
Additional descriptors include climatic setting, longitudinal position, and river style.

Each river reach is assigned a standardized classification code that provides a concise
representation of its intrinsic characteristics, thereby facilitating consistent documentation,
comparison, and basin-wide analysis.

Il.  Pristine River Grading Index (PRGI): Question addressed = How ecologically important
is the river under natural conditions?
The Pristine River Grading Index evaluates the intrinsic ecological significance of rivers or river
reaches without considering anthropogenic disturbance.

The assessment is based on four pillars:
e Hydrology
¢ Biodiversity
¢ Uniqueness

12



e Ecosystem Services
Each pillar is quantified through measurable indicators and integrated into a weighted scoring
framework.

The resulting PRGI Tiers identify rivers, or river reaches of exceptional ecological significance,
thereby supporting conservation prioritization, protected area planning, biodiversity
management, and ecological safeguarding.

Importantly, PRGI evaluates ecological importance rather than environmental quality.
Naturally turbid, sediment-rich, or mineralized rivers are therefore assessed according to their
natural characteristics and are not penalized for conditions that arise from natural processes.

lll.  River Health Assessment (RHA): Question addressed = What is the present river-health
condition of the river or reach relative to its appropriate reference condition?

RHA evaluates six integrated components: Hydrological Condition (H), Geomorphic Condition
(G), Sediment Regime (S), Water & Environmental Quality (W), Habitat & Biodiversity (B), and
Connectivity (C).

Unlike assessments based solely on water quality, RHA evaluates the present condition of a
river or identified reach through six interrelated hydrological, geomorphic, sediment, water-
quality, biodiversity and connectivity components.

Assessment is undertaken relative to an appropriate reference condition for each river type,
thereby distinguishing natural variability from anthropogenic alteration. River reaches are
assigned one of the five River Health Classes:

A — Pristine/Near-reference; B — Slightly Modified; C — Moderately Altered; D — Heavily
Altered; E — Critically Degraded.

RHA provides a scientifically defensible basis for restoration prioritization, environmental flow
assessment, ecological rehabilitation, and basin planning.

IV.  Functional Assessment and Classification of Local Water Systems (FACLWS): What
functions should associated local water systems perform, and how well are they
functioning?

The framework extends beyond main river channels to include streams, drains, ponds,
wetlands, floodplain channels, and other local water bodies.

Recognizing that many urban and peri-urban systems can no longer realistically be restored to
pristine conditions, the framework evaluates these systems according to their functional
performance rather than their degree of naturalness.
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Assessment considers five functional dimensions:
e Hydrological functions
e Water-quality functions
e Ecological functions
e Geomorphic/sediment functions
e Human-support functions

Habitat and ecological connectivity are assessed within Ecological functions, biogeochemical
processes within Water-quality functions and compatible uses, livelihoods socio-cultural
benefits within Human-support functions.

Delete the first occurrence of this paragraph. Retain its second occurrence under the heading
Integration within River Basin Management.

Integration within River Basin Management

River Classification establishes river/reach identity and reference context. PRGI establishes
intrinsic ecological significance. RHA diagnoses present river-health condition. FACLWS
diagnoses the functions and functional deficits of associated Local Water Systems. These
diagnostic outputs are integrated and translated into action through PMLWS and reach-
specific river-management responses.

Together, these assessments enable managers to distinguish between rivers requiring
protection, restoration, rehabilitation, or sustainable management.

Applications
The framework supports a broad range of river basin management activities, including:
e Conservation prioritization
¢ River restoration planning
e Environmental flow assessment
e Basin zoning and land-use planning
e Floodplain management
e Urban river rejuvenation
e Nature-based wastewater treatment
¢ Biodiversity conservation
¢ Climate resilience planning
e Long-term river health monitoring

The framework is equally applicable to Himalayan, alluvial, peninsular, coastal, arid, and
groundwater-fed river systems across India.

14



Conclusion

Rivers are dynamic, interconnected ecological systems whose health depends upon the
integrity of hydrological, geomorphological, ecological, and biogeochemical processes
operating across entire river basins. Sustainable river management therefore requires
assessment frameworks that recognize both natural diversity and anthropogenic impacts.

The unified framework presented provides a scientifically robust and operationally practical
basis for understanding river identity, ecological significance, functional health, and basin-
wide ecological performance. By integrating river classification, ecological grading, functional
health assessment, and functional evaluation of local water systems, the framework
establishes a comprehensive foundation for conservation, restoration, and sustainable
management of India's river systems.

The intended integrated outcomes are Water Security, River Health and Climate Resilience.
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1. Introduction and Conceptual Foundation

1.1. Background

Rivers are among the most dynamic and complex natural systems on Earth. They are not
merely channels conveying water from upstream to downstream, but integrated ecological
systems in which hydrological, geomorphological, geological, chemical, and biological
processes continuously interact across space and time. These interactions shape river
morphology, regulate ecosystem functions, sustain biodiversity, recharge groundwater and
receive base flows through subsurface flows, transport sediments and nutrients, and provide
a wide range of ecosystem services essential for environmental sustainability and human well-
being.

India possesses extraordinary river diversity. The country encompasses glacier-fed Himalayan
rivers, snow-fed mountain streams, monsoon-driven alluvial rivers, groundwater-fed spring
systems, peninsular plateau rivers, ephemeral desert streams, tidal rivers, estuaries, and
distributary networks. Each river type has evolved under distinct geological, climatic, and
hydrological settings and therefore exhibits unique physical, chemical, and ecological
characteristics.

Historically, river management has largely been guided by sectoral objectives such as
irrigation, flood control, navigation, hydropower development, urban water supply,
wastewater disposal, and pollution control. While these interventions have supported socio-
economic development, they have often overlooked the ecological processes that sustain
river systems. As a result, many rivers have experienced altered flow regimes, disrupted
sediment transport, floodplain disconnection, habitat degradation, declining biodiversity, and
deteriorating water quality.

In recent decades, increasing recognition of rivers as living ecosystems has fundamentally
changed the philosophy of river management. Contemporary approaches emphasize
ecological integrity, process-based understanding, environmental flows, nature-based
solutions, and integrated river basin management. Rather than focusing solely on water
quality or infrastructure, these approaches seek to maintain or restore the natural functions
that enable rivers to remain resilient and self-sustaining.

The Ganga River Basin Management Plan (GRBMP 2.0) framework developed by cGanga, IIT
Kanpur adopts this broader perspective. It recognizes that sustainable river management
requires an integrated framework capable of distinguishing a river's intrinsic natural
characteristics from its present condition, while also acknowledging the contribution of
associated water systems such as streams, wetlands, ponds, floodplain channels, and urban
drains as local ecological infrastructure.

16



1.2. Need for a Unified River Assessment Framework

Most existing river assessment methods evaluate only selected aspects of river systems.
Water quality indices focus primarily on physico-chemical parameters; biological indices
emphasize aquatic communities; hydrological assessments examine flow regimes;
geomorphological studies investigate channel forms and sediment processes; and ecological
assessments often address habitat or biodiversity independently. Although each provides
valuable information, none individually represents the overall condition or functioning of an
entire river system.

An additional limitation arises from the widespread use of uniform assessment criteria across
fundamentally different river types. Glacier-fed rivers naturally exhibit high sediment loads
and seasonal variability, while spring-fed rivers generally have clearer water and more stable
discharge. Likewise, alluvial rivers differ significantly from bedrock-confined mountain rivers
in morphology, habitat diversity, and sediment transport. Evaluating such diverse systems
using identical standards can lead to misleading conclusions and inappropriate management
decisions.

Another common limitation is the failure to distinguish intrinsic ecological significance from
current condition. A river reach of exceptional ecological importance may presently be
degraded, while another reach with relatively modest ecological significance may remain in
excellent condition. These represent two different management questions requiring different
assessment approaches.

Furthermore, local water systems—including urban drains, natural streams, ponds, wetlands,
floodplain channels, and decentralized treatment systems—are often assessed independently
of the river basin despite their important ecological and hydrological linkages with the main
river channel.

These limitations underscore the need for a unified assessment framework that:
e Recognizes natural diversity among river systems.
e Separates river identity from river condition.
¢ Integrates ecological, hydrological, geomorphological, and functional perspectives.
e Supports consistent river basin planning.
e Provides practical guidance for conservation, restoration, and sustainable
management.

The framework presented in this guideline addresses these requirements through four
complementary assessment components:

River Classification Framework (RCF), Pristine River Grading Index (PRGI), River Health
Assessment (RHA), and Functional Assessment and Classification of Local Water Systems
(FACLWS).
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1.3. Philosophy of River Assessment

The framework is founded on the principle that every river should be evaluated in relation
to its own natural potential rather than against a universal standard. Rivers are products of
long-term interactions among geology, climate, hydrology, topography, sediment dynamics,
and ecological evolution. Their natural characteristics therefore differ considerably across
regions and river types.

A scientifically meaningful assessment must first establish what a river is naturally before
evaluating how its present condition has changed. This distinction between natural character
and current condition is fundamental to the framework.

Accordingly, the assessment philosophy recognizes four complementary assessment
questions:
1. What type of river is it?
This is addressed through River Classification, which identifies the river's intrinsic bio-
physical and hydrological characteristics.

2. How important is the river under natural conditions?
This is evaluated using the Pristine River Grading Index (PRGI), which measures
intrinsic ecological significance and conservation value.

3. How wellis the river functioning currently relative to its natural reference condition?
This is assessed through the River Health Assessment (RHA), which evaluates the
integrity of hydrological, geomorphological, ecological, hydrochemical, and
connectivity processes.

4. What functions should associated Local Water Systems perform, how well are they

presently functioning, and how do their functional deficits influence the receiving
river? FACLWS addresses this question by diagnosing the expected functions, present
functional condition, deficits and river influence of individual Local Water Systems
and their connected networks?
This is addressed through the potential of Local Water Systems to be a part of the
ecological infrastructure in sync with the natural processes and systems, recognizing
the contribution of streams, wetlands, ponds, drains, and floodplain channels to basin-
wide resilience.

These four questions constitute assessment and diagnosis. Their outputs are synthesised
through Integrated Diagnosis to identify management requirements for two coordinated
pathways: Reach-Specific River Management and PMLWS.
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1.4. Rivers as Dynamic Functional Systems

A river is best understood as a dynamic functional continuum rather than a static
watercourse. From its source to its outlet, a river continuously evolves in response to changes
in climate, topography, geology, sediment supply, tributary inflows, groundwater interactions,
and human interventions.

Hydrological processes regulate the quantity, timing, duration, and variability of water flows.
Geomorphological processes shape channel morphology through erosion, transport, and
deposition of sediments. Hydrochemical processes govern nutrient cycling, dissolved
constituents, and water quality. Ecological processes sustain biodiversity, food webs, habitat
complexity, and ecosystem resilience. Connectivity processes link upstream and downstream
reaches, rivers with floodplains, surface water with groundwater, and aquatic ecosystems with
surrounding landscapes.

These processes are highly interdependent. Alterations in one component frequently
propagate through the entire river system. For example, interruption of sediment transport
by dams may trigger downstream channel incision, habitat simplification, floodplain
disconnection, and ecological degradation. Similarly, excessive abstraction of river flows can
affect groundwater recharge, wetland hydrology, water quality, and biodiversity.

Consequently, meaningful river assessment requires evaluation of the functioning of the river
as an integrated socio-ecological system rather than isolated measurements of individual
parameters.

1.5. Natural Variability and Anthropogenic Degradation
One of the most important principles underlying this guideline is the distinction between
natural variability and human-induced degradation.

Natural variability reflects the inherent diversity among rivers arising from differences in
climate, geology, geomorphology, hydrology, vegetation, and landscape evolution. Such
variability should not be interpreted as environmental degradation. For example:

¢ Glacier-fed Himalayan rivers naturally carry high sediment loads and exhibit seasonal
fluctuations associated with snowmelt and monsoon rainfall.

e Peninsular rivers generally experience stronger seasonal flow variability linked to
monsoon rainfall.

¢ Spring-fed rivers often maintain relatively stable discharge throughout the year.

e Arid-zone rivers may remain dry for extended periods as a natural characteristic rather
than an indication of ecological failure.

e Estuarine rivers naturally experience tidal influence and elevated salinity.
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These characteristics represent natural river behaviour and therefore define appropriate
reference conditions for assessment.

Anthropogenic degradation, in contrast, results from alterations such as flow regulation,
excessive water abstraction, pollution, floodplain encroachment, channel modification,
sediment trapping, riparian vegetation loss, habitat fragmentation, invasive species, and
unsustainable land-use practices.

The framework therefore evaluates rivers relative to the conditions expected for their specific
river type rather than against generalized standards.

1.6. Integrated Assessment Framework

The unified framework consists of four complementary assessment and diagnostic
components. River Classification Framework (RCF) establishes river/reach identity and
reference context using Hydrology, Geomorphology, Sediment, Hydrochemistry and Source;
climatic setting, longitudinal position and River Styles are supplementary descriptors, and
anthropogenic regulation is recorded separately as a modifier. PRGI assesses intrinsic
ecological significance. RHA assesses present river-health condition through H, G, S, W, B and
C relative to the appropriate reference condition. FACLWS assesses the expected functions,
present functional condition, deficits and river influence of associated Local Water Systems.
Integrated Diagnosis synthesises these outputs. Reach-Specific River Management and
PMLWS are distinct, coordinated planning and management pathways, followed by
implementation, monitoring, reassessment and adaptive management.

e River Classification
Defines the intrinsic identity of the river based on hydrology, geomorphology, sediment
regime, hydrochemistry, source of flow, and longitudinal characteristics.

e Pristine River Grading Index (PRGI)
Evaluates the intrinsic ecological significance of rivers under natural conditions, independent
of present degradation.

e River Health Assessment (RHA)

Assesses the current functional condition of rivers relative to their natural reference state by
integrating hydrological, geomorphological, hydrochemical, ecological, habitat, connectivity,
sediment, and ecosystem service dimensions.

e Local Water Systems

The associated water systems—including streams, drains, ponds, wetlands, and floodplain
channels—based on their ecological, hydrological, treatment, habitat, and socio-cultural
functions serve as local ecological infrastructure.
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Planning and Management of Local Water Systems (PMLWS):
Translates FACLWS diagnosis, together with relevant RHA requirements and planning

information, into protection, sustenance, restoration, rehabilitation, reconnection,
optimisation/repurposing and, where justified, augmentation of Local Water Systems.

Together, these four components and PMLWS form an integrated decision-support
framework that enables:

e scientifically sound river assessment;

e conservation prioritization;

e restoration planning;

e environmental flow assessment;

e basin zoning and land-use planning;

e nature-based wastewater management;

e monitoring of river health and resilience; and

o adaptive river basin governance.

The overall conceptual framework adopted in this guideline is illustrated in Figure 1.1, which
integrates the four complementary assessment components into a unified river basin
management framework.

RCF

River/Reach Identity & Reference Context

Identify and characterise
river/reach based on
hydrology, geomorphology,
sediment, hydrochemistry,

PRGI RHA FACLWS
Intrinsic Ecological Significance Present River-Health Condition Functional Assessment & Diagnosis of LWS

Gl Assess intrinsic
s  ecological significance
of the river/reach
(unaltered or near-
natural condition),

A Assess present

river-health condition

using key components:
H,G,S,W,Band C

associated Local Water
Systems (LWS)and their
influence on the
receiving river.

J

f  source and reference

e e—

¥

gé ’ l Integrate RCF, PRGI, RHA and FACLWS diagnostic outputs
wall to identify key issues, priorities and management requirements
at reach and basin scales.

Planning & Management of LWS

Plan and manage Local Water Systems (LWS)
for . 4 R

E§ reconnection and continuous improvement
at the basin scale.

Prepare and implement reach-specific
management actions for protection, restoration,

l justified by integrated diagnosis.

Implement management actions, establish monitoring programs,
and track ecological, social and management outcomes at reach and basin scales.

Reassess outcomes against objectives, identify new or emerging issues,
and adapt management actions using monitoring evidence and updated knowledge. J

, Water Security River Health Climate Resilience
‘ (¢ ) Reliable and clean water for people Healthy, resilient and functioning Rivers and basins better able to
Healthy Rivers, Resilient Basins and nature. river systems. withstand and adapt to climate change. |

Figure 1.1: Integrated River Assessment Framework (IRAF) - From River Classification and
Integrated Diagnosis to Planning, Management and Outcomes

River Classification (RCF) establishes river/reach identity and reference context; PRGI
determines intrinsic ecological significance; RHA evaluates present river-health condition; and
FACLWS diagnoses the functions and deficits of associated Local Water Systems. Integrated
Diagnosis synthesises these outputs and informs two coordinated pathways: Reach-Specific




River Management and PMLWS. Implementation and monitoring provide evidence for
reassessment and adaptive management, contributing to Water Security, River Health and
Climate Resilience.

1.7. Scope and Organization of the Guideline

This guideline provides a comprehensive methodology for classifying, grading, assessing, and
managing river systems within the context of integrated river basin management. While
developed under the framework of the Ganga River Basin Management Plan (GRBMP 2.0),
the concepts and methodologies are applicable to diverse river systems across India.

The chapters that follow present each component of the framework in a logical sequence.
Chapter 2 introduces the River Classification Framework, establishing the natural identity and
typology of river systems. Chapter 3 presents the Pristine River Grading Index (PRGI), followed
by Chapter 4 on the River Health Assessment (RHA). Chapter 5 addresses the use and
development of Local Water Systems as supporting ecological infrastructure, while
subsequent chapters demonstrate how these frameworks are integrated into river basin
planning, management, and decision-making.

By progressing from river identity to ecological significance, functional health, and basin-wide
integration, the guideline offers a coherent and scientifically rigorous foundation for the
conservation, restoration, and sustainable management of India's river systems.
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2. River Classification Framework

2.1. Introduction

River classification forms the scientific foundation of integrated river basin management.
Before a river can be evaluated for its ecological significance, functional health, or
management priority, its intrinsic natural characteristics must first be understood. Rivers differ
fundamentally in their hydrological regimes, geomorphological settings, sediment dynamics,
hydrochemical properties, and sources of flow. These characteristics determine how rivers
function, evolve, and respond to both natural processes and anthropogenic disturbances.

Historically, many river assessment frameworks have implicitly assumed that all rivers can be
evaluated against common standards. Such approaches overlook the natural diversity of river
systems and often lead to inappropriate comparisons. A glacier-fed Himalayan River carrying
high suspended sediment loads, for example, should not be assessed using the same criteria
as a spring-fed river of the Western Ghats or an ephemeral stream of western Rajasthan. Their
contrasting characteristics reflect natural environmental settings rather than differences in
ecological quality.

River classification therefore serves as the essential first step in river assessment. It establishes
the natural identity of a river and provides the contextual basis for all subsequent evaluations.
Within the framework presented in this guideline, river classification is independent of
ecological condition or anthropogenic disturbance. It describes what a river is, not how
healthy it is.

The classification framework presented here integrates hydrological, geomorphological,
sedimentological, hydrochemical, climatic, and ecological perspectives into a standardized
typology that is applicable across the diverse river systems of India.

2.2. Objectives of River Classification
The River Classification Framework has six principal objectives:

e To establish the intrinsic natural identity of river reaches.

¢ To distinguish natural river characteristics from anthropogenic alterations.

e To provide a standardized basis for ecological grading and functional health
assessment.

¢ To facilitate comparison among rivers of similar types rather than dissimilar systems.

e To support river basin planning, conservation, restoration, and environmental flow
assessment.

e To enable consistent documentation and geospatial mapping of river characteristics.
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Rather than assigning quality grades, the framework provides a descriptive classification that
captures the natural variability of Indian river systems. The overall hierarchy of the River
Classification Framework is presented in Figure 2.1.
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Figure 2.1: River Classification Framework

2.3. Scientific Basis

River systems evolve through the interaction of climate, geology, topography, hydrology,
vegetation, and tectonic processes operating over geological timescales. These factors
collectively determine river morphology, channel behaviour, sediment transport,
hydrochemistry, ecological communities, and longitudinal evolution.

The classification framework adopts a process-based approach, recognizing that river form
and function are inseparable. Hydrological processes govern discharge and flow variability;
geomorphological processes shape channel morphology; sediment dynamics influence
channel stability and habitat diversity; hydrochemical conditions regulate nutrient cycling and
water chemistry; while ecological processes determine biodiversity and ecosystem
functioning.

Accordingly, the framework integrates five primary descriptors:
e Hydrological Regime
e Geomorphological Setting
e Sediment Regime
e Hydrochemical Characteristics
e Source of Flow

These descriptors are supplemented by climatic setting, longitudinal river position, and River
Styles to provide a comprehensive characterization of river systems.
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2.4. Principles of River Classification
The classification framework is guided by the following principles:

Naturalness: Classification describes the river's natural characteristics rather than its present
environmental condition.

Process-Based Understanding: Classification is based on dominant physical and ecological
processes instead of isolated parameters.

Reach-Based Assessment: Classification is undertaken at the river reach level because river
characteristics evolve continuously from source to mouth.

Hierarchical Organization: Broad River categories are progressively subdivided into
increasingly specific river types.

Scalability: The framework can be applied to headwater streams, tributaries, major rivers,
river basins, and national river inventories.

Compatibility: The classification supports integration with GIS databases, River Styles analysis,
environmental flow studies, and ecological assessment frameworks.

2.5. Components of River Classification

The proposed framework classifies every river reach using five principal descriptors.

2.5.1. Hydrological Regime

Hydrology defines the quantity, timing, duration, frequency, and variability of river discharge.
It controls channel-forming processes, habitat diversity, sediment transport, ecological
connectivity, and biogeochemical cycling.

Table 2.1: River Hydrological Classes

Code River Type Characteristics
P Perennial Flow throughout the year
I Intermittent Seasonal cessation of flow
E Ephemeral Flow only after rainfall
T Tidal Flow influenced by tides

Where multiple conditions occur, the dominant natural regime should be recorded, with
regulation indicated as a modifying attribute rather than a separate intrinsic hydrological class.

2.5.2. Geomorphological Setting

Geomorphology reflects the physical template within which river processes operate. It
influences channel stability, floodplain development, sediment transport, habitat diversity,
and ecological functioning.
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Table 2.2: River Geomorphological Classes

Code Setting

Bedrock

Colluvial

Alluvial

Mixed Bedrock—Alluvial
Deltaic

Estuarine

mo|IZ|>| 0w

Within each setting, channel confinement may be described as:
e Confined
e Partly confined
¢ Laterally unconfined

This terminology aligns with the River Styles framework and supports process-based
interpretation.

2.5.3. Sediment Regime
Sediment transport is a fundamental driver of river morphology and ecological processes. The
sediment regime influences channel pattern, habitat complexity, floodplain evolution, and
nutrient dynamics.

Table 2.3: Sediment Classes

Code Sediment Condition

L Low
M Moderate
H High

VH Very High

Where possible, sediment characterization should incorporate both suspended and bed-load
transport. Importantly, high sediment loads in Himalayan or braided alluvial rivers should be
recognized as natural characteristics and not interpreted as ecological degradation.

2.5.4. Hydro-chemical Characteristics

Hydrochemistry reflects the natural interaction between water, geology, soils, climate, and
groundwater. It influences aquatic ecology, nutrient availability, and suitability for various
ecosystem functions.

Table 2.4: River Hydro-chemical Classes (Based on Total Dissolved Solids)

Code TDS Level
L Low
Moderate
H High
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Additional descriptors may include dominant ionic composition, alkalinity, hardness, pH, or
salinity where appropriate. Natural hydrochemical characteristics should always be
distinguished from pollution-related changes.

2.5.5. Source of Flow
The origin of river discharge strongly influences seasonal variability, hydrochemistry, sediment

supply, and ecological dynamics.

Table 2.5: River Source Categories

Code | Source

Glacier-fed

Snow-fed

Rain-fed

Groundwater-fed

Tidal

Composite (mixed sources)

oS |=m n|o

Many large rivers exhibit changing source dominance along their longitudinal profile.
Accordingly, source classification should be applied reach-wise rather than assuming a single
category for the entire river.

2.6. Climatic Setting
Climate exerts a dominant influence on river hydrology, sediment production,
evapotranspiration, vegetation, and ecological productivity.

For management purposes, rivers may additionally be categorized according to their
prevailing climatic setting:

¢ Himalayan alpine

¢ Humid subtropical

e Tropical monsoon

e Semi-arid

e Arid

e Coastal humid

This climatic descriptor provides valuable context for interpreting river behaviour and
selecting appropriate reference conditions.

2.7. Longitudinal River Continuum

River characteristics evolve systematically from source to mouth, reflecting downstream
changes in slope, discharge, sediment transport, floodplain development, hydrochemistry,
and ecological communities.
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The framework recognizes five generalized longitudinal zones:

Table 2.6: River Longitudinal Zonation

Zone

Dominant Characteristics

Headwaters

Steep gradients, confined channels, coarse sediment

Upper Reaches

Transition from erosion to transport

Middle Reaches

Active floodplains, sediment transport, diverse habitats

Lower Reaches

Deposition, meandering, distributaries

Estuarine/Tidal Zone

Tidal interaction, salinity gradients, delta formation

These zones should be interpreted flexibly, recognizing regional variability.

2.8. Integration with River Styles

The River Classification Framework is fully compatible with the River Styles approach
developed by cGanga. River Styles provides a geomorphological understanding of river
character based on valley setting, channel planform, confinement, bed material, and

geomorphic units.

Within the present framework:
e River Styles describes the geomorphic character and behaviour of a river reach.

e River Classification provides the broader hydrological, sedimentological, hydro-

chemical, and source context.
o Together, they establish the physical template upon which ecological grading and
functional health assessments are undertaken.

The integration of River Styles strengthens process-based interpretation, supports prediction

of river behaviour, and improves the design of conservation and restoration strategies.

2.9. Integrated River Classification Code
To facilitate standardized documentation, each river reach is assigned a concise alphanumeric

code representing its dominant natural characteristics.

The recommended coding format is:

[Hydrology — Geomorphology — Sediment — Hydrochemistry — Source]
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Table 2.7: Example River Reach Classification Codes

River Reach Code Interpretation

Glacier-fed Himalayan P-B-L-L—-G Perennial, bedrock-controlled, low

headwater sediment, low TDS, glacier-fed

Himalayan foothill reach | P-M-M-L-S Perennial, mixed bedrock-alluvial,
moderate sediment, low TDS, snow-fed

Alluvial plains P—A—-H-M-R Perennial, alluvial, high sediment,
moderate TDS, rain-fed

Groundwater-dominated | P-A—-M-M-W Perennial, alluvial, moderate sediment,

reach moderate TDS, groundwater-fed

Tidal estuary T-E-M—-H-T Tidal, estuarine, moderate sediment, high
TDS, tidal influence

Anthropogenic regulation shall be recorded separately as a modifier and shall not replace
intrinsic river identity. The coding system provides a compact yet comprehensive description that is
readily incorporated into GIS databases, basin inventories, and river information systems.

2.10. Applications of River Classification
River classification supports a wide range of scientific and management applications,
including:

e Establishing reference conditions for ecological assessment.

e Delineating river reaches for basin planning.

e Supporting the Pristine River Grading Index (PRGI).

¢ Providing the baseline for the River Health Assessment (RHA).

¢ Identifying environmentally sensitive river types.

¢ Guiding environmental flow assessments.

e Supporting River Styles analyses.

o Developing national river inventories.

e Standardizing communication among scientists, planners, and policymakers.

2.11. Concluding Remarks

River classification represents the essential first step in understanding and managing river systems.

By defining the intrinsic identity of river reaches, it establishes the scientific foundation upon
which ecological grading, functional health assessment, and basin planning are built.

The integrated framework presented in this chapter recognizes the diversity of Indian river
systems while providing a standardized and nationally applicable classification methodology.
By combining hydrology, geomorphology, sediment dynamics, hydrochemistry, source of flow,
climatic context, and River Styles, it offers a robust and process-based characterization of
rivers that is directly applicable to conservation, restoration, and sustainable river basin
management.
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3. Pristine River Grading Index (PRGI)

3.1. Introduction

River conservation begins with recognizing the intrinsic ecological significance of rivers before
evaluating their present condition. While many assessment frameworks focus on degradation,
pollution, or restoration needs, equally important is the identification of rivers and river
reaches that possess exceptional natural value and therefore warrant the highest levels of
protection.

Every river has evolved under unique geological, hydrological, climatic, and ecological
conditions. Some rivers support rare habitats, endemic species, intact floodplains, or unique
geomorphic features, while others play critical roles in groundwater recharge, sediment
transport, nutrient cycling, climate regulation, or cultural heritage. These characteristics
collectively define the ecological importance of a river independent of its current
environmental condition.

The Pristine River Grading Index (PRGI) has been developed to quantify this intrinsic
ecological significance. Unlike pollution indices or river health assessments, PRGI does not
evaluate degradation. Instead, it identifies the ecological value that would exist under natural
or minimally disturbed conditions. Consequently, a highly significant river may presently be
degraded, while a river of relatively lower ecological significance may currently remain in
excellent condition.

PRGI therefore provides the scientific basis for conservation prioritization and serves as the
second tier of the integrated river assessment framework presented in this guideline.

3.2. Purpose and Objectives
The primary purpose of PRGI is to evaluate the natural ecological significance of river
systems. The specific objectives are:

o To identify rivers and rivers’ reaches possessing exceptional ecological importance.

¢ To provide an objective basis for conservation prioritization.

e To distinguish intrinsic ecological value from present environmental condition.

e To support basin planning and protected area management.

e To identify ecologically sensitive river reaches requiring long-term protection.

e To provide baseline information for sustainable development planning.

e To complement the River Health Assessment (RHA).

PRGI is therefore a conservation assessment tool, not a pollution or river health index.
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3.3. Conceptual Framework
The conceptual basis of PRGI is founded on a simple but fundamental principle: Ecological
significance is an inherent property of a river system and must be assessed independently
of its present level of degradation.

This distinction is essential because management objectives differ depending on whether
the assessment concerns:

e intrinsic ecological importance, or

e present functional condition.

For example:

A glacier-fed Himalayan River supporting unique alpine biodiversity may possess extremely
high ecological significance even if downstream reaches have experienced anthropogenic
alteration.

A river may improve its RHA condition following restoration without changing its PRGI Tier.
Urban setting, present modification and water-quality improvement do not, by themselves,
establish intrinsic ecological significance; PRGI is determined from the river’s natural
hydrology, biodiversity, uniqueness and ecosystem services.

PRGI therefore answers the question:
"How important is this river in its natural state?"
rather than
"How healthy is this river at any instance?"
The latter question is addressed separately through the River Health Assessment (RHA).

3.4. Guiding Principles
The PRGI framework is governed by the following principles.

Natural Reference: Assessment is based on natural or least-disturbed ecological conditions
rather than current anthropogenic influences.

Ecological Integrity: The index evaluates the ability of river systems to sustain naturally
functioning ecosystems and ecological processes.

Multi-dimensional Assessment: Ecological significance cannot be represented by a single
variable. Multiple ecological dimensions are therefore evaluated simultaneously.

Scientific Objectivity: Indicators are measurable, reproducible, and based on accepted
scientific understanding.

River-Type Specificity: Assessment is undertaken relative to the natural characteristics of each
river type.
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Reach-Based Assessment: Large rivers should be assessed at the reach level because

ecological significance changes along the river continuum.

3.5.

Assessment Framework

The PRGI evaluates four fundamental dimensions of ecological significance.

3.5.1. Hydrological Importance

Hydrology provides the foundation upon which river ecosystems develop. Hydrological
importance reflects the natural flow characteristics that sustain ecological processes and basin
functioning.

Representative indicators include:

natural flow regime
perenniality

environmental flow reliability
groundwater interaction
floodplain connectivity
hydrological variability
natural recharge functions

Hydrological importance reflects the river's capacity to sustain long-term ecological processes.

3.5.2. Biodiversity Value

Biodiversity represents one of the most important indicators of ecological significance.

Assessment considers:

species richness
endemic species
threatened species
migratory species
habitat diversity
aquatic biodiversity
riparian biodiversity
ecological communities

The emphasis is placed on naturally occurring biodiversity rather than artificially introduced
species.

3.5.3. Uniqueness

Some rivers possess exceptional scientific or ecological value because of their rarity or
distinctive natural characteristics.
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Examples include:
o glacier-fed rivers
e spring-fed systems
e braided rivers
e karstrivers
e endemic fish habitats
e unique geomorphological features
e culturally significant natural landscapes

Uniqueness reflects irreplaceability rather than ecological condition.

3.5.4. Ecosystem Services
Healthy rivers provide numerous ecosystem services supporting both nature and society.

PRGI evaluates natural ecosystem services such as:
Regulating Services

e groundwater recharge

o flood moderation

e sediment regulation

e nutrient cycling

¢ climate regulation

Supporting Services
¢ habitat provision
e primary productivity
e ecological connectivity
o food web support

Provisioning Services
o freshwater availability
o fisheries
e natural resources

Cultural Services
e recreation
e education
e spiritual values
e cultural heritage
e aesthetic importance

Assessment emphasizes services provided under natural ecological functioning. The scheme
followed for assigning river grades is illustrated in Figure 3.1.
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Tier | — Exceptional
Ecological Significance

85 < PRGI = 100

Tier Il — High
Ecological Significance
70 < PRGI < 85

Tier lll — Moderate
Ecological Significance

55 < PRGI <70

Tier IV — Limited
Ecological Significance
40 < PRGI < 55

Tier V — Relatively Low
Ecological Significance
20 < PRGI < 40

PRGI evaluates intrinsic
ecological significance
under natural reference

conditions using
Hydrology, Biodiversity,
Uniqueness and
Ecosystem Services.

Present degradation
does not determine
PRGI Tier; it is assessed
separately through RHA.
=g

Figure 3.1: Pristine River Grading Pyramid

3.6. PRGI Assessment Indicators

Each pillar is represented by a set of measurable indicators.

Table 3.1: PRGI Assessment Framework

Pillar Representative Indicators Recommended Weightages, %
Hydrology Natural flow regime, perenniality, 30
recharge, floodplain interaction
Biodiversity Species richness, endemism,
threatened species, habitat 30
diversity
Uniqueness Rare habitats, geomorphic 20
uniqueness, endemic ecosystems
Ecosystem Services Regulating, supporting, 20

provisioning and cultural services

The indicator list may be refined according to basin-specific requirements while maintaining

consistency with the conceptual framework.

3.7. Weighting Scheme
The four pillars contribute differently to intrinsic ecological significance. The recommended
weighting is shown in Table 3.1. Hydrology and biodiversity receive the highest weight because

they fundamentally determine ecological functioning and resilience.

The weighting scheme may be adjusted for specialized applications, provided scientific

justification is documented.
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3.8. Scoring Methodology

Each indicator is scored using a standardized five-point scale. Exceptional: 5; High: 4;
Moderate:3; Low: 2; Very Low: 1. Scores are normalized according to indicator weights. The
composite PRGI score is calculated as:

§;= average indicator score (1-5) for PRGI pillar j
W j= fractional pillar weight (Hydrology 0.30, Biodiversity 0.30, Uniqueness 0.20,

Ecosystem Services 0.20).

Or equivalently:

4
PRGI =20 ) (5;W)

j=1

The index is expressed on a 100-point scale. With indicator scores restricted to 1-5 and
fractional pillar weights summing to 1, its attainable range is 20-100. Missing evidence
is recorded as not assessed and is not assigned a zero score.

Every individual pillar may have its own sub indicators. For example, suppose Hydrology
has four representative sub indicators, namely: Natural Flow Regime, Perenniality,
Recharge, and Floodplain Interaction. The average indicator score may be calculated as
shown in following Table.

Table 3.2: An Example of Calculation of Average Indicator Score of a Pillar

Hydrology Indicator Score (1-5)
Natural flow regime 5
Perenniality 5

Recharge function 4
Floodplain interaction 4

Average indicator score 4.50

The normalized Hydrology pillar score is 4.50 + 5 x 100 = 90
its weighted contribution is 90 x 0.30 = 27.0:
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4.50

H = X 100 =90

Thus, the original 1-5 indicator scores can be converted into a normalized pillar score of
90/100.
Its contribution to PRGI is then: 90x0.30=27.0

3.9. PRGI Grades
The composite score is interpreted using five ecological grades.

Table 3.3: Ecological Grades for Rivers and River Reaches

Grade Score Interpretation

Tier | 85 < PRGI £100 Exceptional Ecological Significance
Tier Il 70 < PRGI < 85 High Ecological Significance

Tier llI 55 <PRGI <70 Moderate Ecological Significance
Tier IV 40 < PRGI < 55 Limited Ecological Significance

Tier V 20 < PRGI <40 Relatively Low Ecological Significance

These grades indicate ecological importance only. They should never be interpreted as
measures of river degradation.

3.10. Interpretation of PRGI

The ecological grades guide conservation planning rather than restoration priorities.

Tier I: Represents rivers or rivers reaches of outstanding ecological significance possessing
exceptional biodiversity, hydrological importance, uniqueness, and ecosystem services.
Management objective: Strict protection and long-term conservation.

Tier 1l: Represents rivers of high ecological significance supporting important ecological
functions and biodiversity.
Management objective: Protection with carefully regulated sustainable use.

Tier lll: Represents rivers of moderate ecological importance.
Management objective: Integrated conservation and sustainable management.

Tier IV: Represents River systems having relatively limited ecological significance but still
contributing valuable local ecosystem functions.
Management objective: Maintain ecological functionality while supporting multiple uses.

Tier V: Represents rivers having comparatively lower intrinsic ecological significance.
Management objective: Appropriate management according to basin priorities while
maintaining minimum ecological integrity.

Importantly, a Tier V River may still possess excellent functional health if natural processes
remain intact.
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3.11. Applications
PRGI provides valuable information for numerous river basin management activities. Major
applications include:
e identification of ecologically important rivers
e conservation prioritization
o designation of protected river corridors
e biodiversity management
e environmental impact assessment
e ecological zoning
e river-sensitive infrastructure planning
e basin-scale conservation strategies
¢ ecological compensation planning
e national river inventories

PRGI also supports international commitments relating to biodiversity conservation and
ecosystem restoration.

3.12. Relationship with Other Assessment Frameworks
Within the integrated framework developed in this guideline:

River Classification identifies "What kind of river is this?", PRGI determines "How important
is this river under natural conditions?”, River Health Assessment (RHA) evaluates "How well
is this river functioning at any instance?", Local Water Systems assessment is to determine
"How effectively do associated water systems contribute to basin functioning?"

Each framework addresses a distinct question, ensuring that assessments remain
complementary and free from conceptual overlap.

3.13. Limitations
PRGI should not be used as:
e a water quality index,
¢ apollution assessment tool,
e arestoration priority index,
e an environmental compliance indicator, or
e ameasure of present ecological health.

Instead, it quantifies the intrinsic conservation value of rivers under natural conditions.

3.14. Concluding Remarks
The Pristine River Grading Index provides a scientifically robust methodology for identifying
and ranking the intrinsic ecological significance of rivers. By focusing on natural value rather
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than present condition, PRGI establishes a strong foundation for conservation planning and
complements the River Classification Framework described in the previous chapter.

Together, River Classification and PRGI answer the first two fundamental questions of
integrated river assessment: What type of river is it? and how important is it in its natural
state?
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4. River Health Assessment (RHA)

4.1. Introduction

A river is far more than a flowing body of water. It is a dynamic, self-organizing geologically
formed ecological system in which water, sediments, channel morphology, floodplains,
riparian vegetation, aquatic organisms, groundwater, nutrients, and human interactions
continuously influence one another. The long-term sustainability of a river depends not
merely on the quality of its water but on the integrity of the physical, chemical, biological, and
ecological processes that enable the river to function as a living system.

Traditional river assessments have frequently relied on water quality parameters as the
primary indicator of river condition. While water quality is undoubtedly important, it
represents only one manifestation of river functioning. A river may satisfy prescribed water
quality standards while simultaneously suffering from disrupted sediment transport,
fragmented habitats, altered flow regimes, disconnected floodplains, invasive species, or
severely modified channel morphology. Conversely, a naturally sediment-rich Himalayan River
may appear turbid but remain ecologically intact and highly functional.

Recognizing these limitations, the River Health Assessment (RHA) has been developed as an
integrated, process-based framework for evaluating the present condition of rivers relative to
their natural reference state.

Unlike conventional environmental indices, RHA evaluates how effectively the essential
functions of a river continue to operate. It considers hydrological processes, channel and
sediment dynamics, hydrochemistry, ecological integrity, habitat quality, longitudinal and
lateral connectivity, and ecosystem services as interconnected dimensions of river health. By
assessing these components together, RHA provides a holistic understanding of river condition
and directly supports river restoration, environmental flow assessment, and integrated river
basin management.

4.2. Purpose and Objectives
The River Health Assessment is designed to answer a single, clearly defined question: "How
well is the river functioning at any instance relative to its natural reference condition?"

The principal objectives of RHA are:
e To evaluate the present functional condition of river reaches.
e To distinguish natural variability from anthropogenic degradation.
¢ To identify the principal drivers of ecological impairment.
e To support river restoration and rejuvenation planning.
e To guide environmental flow assessments.
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e To prioritize management interventions.

e To monitor long-term changes in river condition.

e To provide a nationally consistent assessment framework applicable across diverse
river systems in India.

Unlike PRGI, which evaluates ecological significance, RHA assesses current functionality. The
two frameworks are therefore complementary rather than overlapping.

4.3. Conceptual Framework

The conceptual basis of RHA is founded on the understanding that river health is the capacity
of a river to sustain its characteristic physical, chemical, biological, and ecological functions
over time while maintaining resilience to natural and anthropogenic disturbances.

This definition emphasizes that rivers are not static entities, but dynamic systems maintained
by interacting processes. Healthy rivers continuously transport water and sediment, exchange
nutrients, sustain habitats, support biodiversity, interact with floodplains and groundwater,
and deliver ecosystem services. Degradation occurs when one or more of these processes are
impaired to the extent that the river can no longer perform its natural functions effectively.

Accordingly, RHA adopts a functional systems approach rather than a parameter-based
approach. Instead of asking whether a river meets predefined standards for individual
variables, RHA evaluates whether the river continues to function as an integrated ecological
system.

4.4. Guiding Principles
The River Health Assessment is based on the following principles:

Reference Condition

Assessment shall always be undertaken relative to an appropriate reference condition
representing the natural or least-disturbed state of the same river type. This ensures that
naturally sediment-rich, mineralized, or seasonally variable rivers are evaluated according to
their inherent characteristics rather than against universal standards.

Process-Based Assessment

River health depends on the integrity of interacting hydrological, geomorphological,
hydrochemical, ecological, and biophysical processes. RHA therefore evaluates processes
rather than isolated environmental parameters.

Reach-Based Assessment
River characteristics vary longitudinally. Consequently, assessments shall be conducted at the
river reach level, with reach boundaries defined by major geomorphic, hydrological, or land-

use transitions.



Integrated Assessment
Hydrology, sediment transport, habitat, ecology, connectivity, hydrochemistry, and ecosystem
services are evaluated as mutually dependent components of a single river system.

Reference Condition

Data Availability and Transparency, allowing application using detailed field surveys, remote
sensing, existing monitoring programmes, or expert assessments, provided that the
methodology remains transparent and scientifically defensible.

4.5. Functional Dimensions of River Health

RHA is scored through six components: Hydrological Condition (H), Geomorphological
Condition (G), Sediment Regime (S), Water and Environmental Quality (W), Habitat and
Biodiversity (B), and Connectivity (C). The functional themes described in Section 4.5.1 —
Section 4.5.8 explain the processes and outcomes informing these components; they are not
eight separately weighted scores. Ecological integrity and habitat quality are assessed
together under B. Ecosystem services are interpreted as cross-cutting outcomes and
supporting evidence, without an additional composite weight.

Six Components of River Health Assessment (RHA)
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Figure 4.1: Schematic Representation of Interrelated Functional Dimensions of River
Health

4.5.1. Hydrological Function
Hydrology governs the quantity, timing, duration, frequency, and variability of river flows. It
determines habitat availability, sediment transport, floodplain inundation, groundwater
recharge, ecological connectivity, and ecosystem productivity. Key indicators include:

e Environmental flow regime

¢ Seasonal flow variability

e Flow permanence




e Flood pulse characteristics

e Groundwater interaction

o Degree of flow regulation

e Water abstraction pressure
4.5.2. Geomorphological Function
Geomorphology reflects the capacity of the river to maintain its characteristic channel form
and floodplain processes. Assessment considers:

e Channel stability

e Channel pattern

e Bank condition

e Floodplain integrity

e Channel migration

¢ Natural geomorphic processes

4.5.3. Sediment Continuity
Sediment is fundamental to river functioning. It shapes channels, forms habitats, sustains
deltas, replenishes floodplains, and supports ecological processes. Indicators include:

e Sediment supply

¢ Sediment transport continuity

e Sediment balance

e Bed material condition

e Reservoir trapping effects

e Channelincision or aggradation

4.5.4. Hydrochemical Function
Hydrochemistry influences nutrient cycling, aquatic productivity, ecological resilience, and
overall river metabolism. Assessment considers:

e Dissolved oxygen

e Nutrient balance

e Organic pollution

e Salinity

e pH

e Electrical conductivity

e Toxic contaminants
Importantly, naturally occurring hydrochemical characteristics should be distinguished from
pollution-induced changes.

4.5.5. Ecological Integrity
Ecological integrity represents the capacity of the river to sustain native biological
communities and ecological interactions. Representative indicators include:

o Native fish assemblages
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e Macroinvertebrate diversity
e Riparian vegetation

e Aquatic biodiversity

e Invasive species

e Trophic structure

e Ecological resilience

4.5.6. Habitat Quality

Habitat quality reflects the availability and diversity of physical environments supporting

aquatic and riparian organisms. Assessment includes:
e Habitat diversity
¢ Instream woody material
e Pools and riffles
e Riparian condition
e Substrate diversity
¢ Refuge habitats
o Wetland connectivity

4.5.7. Connectivity

Connectivity enables the movement of water, sediments, nutrients, organisms, and energy

throughout river systems. RHA evaluates:
¢ Longitudinal connectivity
e Lateral connectivity with floodplains
e Vertical connectivity with groundwater
e Tributary connectivity
e Fish passage
o Wetland connectivity

4.5.8. Ecosystem Services
Healthy rivers provide numerous services supporting
Assessment considers:

e Groundwater recharge

e Flood attenuation

e Natural purification

e Fisheries

e Recreation

e Cultural values

e Climate regulation

e Carbon sequestration

e Livelihood support

both ecosystems and society.
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4.6. Integrated Functional Assessment Framework

The six RHA components collectively define present river-health condition. The functional
themes in Section 4.5 provide process-based evidence for these components. Disruption of
sediment continuity may alter channel morphology, reduce habitat diversity, disconnect
floodplains, impair biodiversity and diminish ecosystem services. Assess these linked effects
through H, G, S, W, B and C, assign each indicator to a declared component, and prevent
duplicate weighting of the same evidence.

4.7. Assessment Indicators

Table 4.1 presents the matric of River Health Assessment (RHA) outlining Functional
Dimensions, Objectives, Indicators, Assessment Considerations along with Typical Stressors.
This table will form the operational basis for RHA implementation and can be adapted to
basin-specific conditions while maintaining national consistency.

4.8. RHA Assessment Indicators and Weighting Scheme

RHA integrates six component scores using Table 4.2: H 20%, G 15%, S 15%, W 20%, B 20%
and C 10%. The functional themes described in Section 4.5 supply evidence for these six
components and do not receive additional independent weights.

The recommended weighting emphasizes the primary drivers of river functionality—
hydrology, geomorphology, sediment continuity, and ecology—while ensuring that
hydrochemistry, habitat quality, connectivity, and ecosystem services are adequately
represented.
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Table 4.1: River Health Assessment (RHA): Functional Dimensions, Objectives, Indicators and Assessment Considerations

Functional Theme Assessment Objective Representative Indicators Typical Data Sources / Typical Stressors
Assessment Methods
Hydrological Function | Evaluate the extent to » Environmental flow compliance | Hydrological records, Dams, barrages,
which the river maintains » Seasonal flow variability flow gauging stations, diversions,
its natural flow regime and | » Baseflow contribution environmental flow groundwater
hydrological processes. » Flood pulse characteristics studies, groundwater abstraction
» Flow permanence monitoring, remote
» Water abstraction intensity sensing, hydrological
» Groundwater—surface water models
interaction
Geomorphological Assess the ability of the » Channel stability Topographic surveys, Channelization,
Function river to maintain natural > Bank erosion/accretion satellite imagery, River embankments,
channel form, floodplain » Channel pattern Styles assessment, sand mining
processes and geomorphic | » Floodplain connectivity geomorphic mapping,
adjustments. » Channel migration field surveys
» Bedform diversity
» River Styles condition
Sediment Continuity Determine whether » Sediment load Sediment monitoring, Dams, excessive
sediment production, » Sediment continuity bathymetric surveys, mining, bank
transport and deposition » Bed material composition reservoir sedimentation protection
processes remain » Reservoir trapping effects studies, geomorphic
functionally connected. » Channel incision/aggradation investigations
» Sediment balance

Table 4.1 Continued on next page ...............
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Functional Dimension

Assessment Objective

Representative Indicators

Typical Data Sources /
Assessment Methods

Typical Stressors

Hydrochemical Assess whether natural » Dissolved oxygen Water quality monitoring | Sewage, industrial
Function water chemistry supports » Biochemical Oxygen Demand programmes, laboratory | discharge,
ecological functioning. (BOD) analysis, pollution agricultural runoff
» Nutrients (N & P) inventories
> pH
» Electrical conductivity
» Salinity
» Toxic contaminants
» Water temperature
Ecological Integrity Evaluate the ability of the » Native fish diversity Biodiversity surveys, Habitat loss,
river to sustain native » Macroinvertebrate communities | ecological monitoring, invasive species,
biological communities and | » Riparian vegetation fisheries assessments, overfishing
ecological processes. » Aquatic flora vegetation mapping
» Invasive species
» Species richness
» Ecological resilience
Habitat Quality Assess the diversity, quality | » Habitat heterogeneity Habitat surveys, River Encroachment,

and availability of aquatic
and riparian habitats.

» Pools, riffles and runs

» Substrate diversity

» Large woody debris

» Riparian buffer condition
» Wetland association

> Refuge habitats

Habitat Survey (RHS),
drone imagery, field
observations

riparian clearing,
channel
modification

Table 4.1 Continued on next page ...............




Functional Dimension | Assessment Objective

Representative Indicators

Typical Data Sources /
Assessment Methods

Typical Stressors

Connectivity Evaluate the continuity of » Longitudinal connectivity GIS analysis, dam Weirs, barrages,
ecological and hydrological | » Lateral floodplain connectivity inventories, floodplain culverts, levees
linkages within the river » Vertical groundwater mapping, field
corridor. connectivity assessment, ecological

» Tributary connectivity connectivity studies
» Fish passage
» Wetland connectivity

Ecosystem Services Assess the river's capacity » Groundwater recharge Ecosystem service Urbanization, land-
to provide ecological and » Flood attenuation valuation, socio- use change, over-
socio-economic benefits. » Nutrient cycling economic surveys, land- | extraction

» Carbon sequestration use analysis, stakeholder
» Fisheries consultation

» Recreation

» Cultural and spiritual values

» Livelihood support

Assessment Notes
Each functional dimension should be evaluated relative to an appropriate Reference Condition established for that river type.
Indicators may be refined according to basin characteristics while retaining the six scored RHA components H, G, S, W, B and C.

1.
2.
3.

Quantitative data should be used wherever available. Where data are limited, structured expert judgement supported by field

observations may be adopted.

Map the functional themes to scored components as follows: Hydrological Function - H; Geomorphological Function - G; Sediment
Continuity - S; Hydro-chemical Function - W; Ecological Integrity and Habitat Quality - B; Connectivity - C. Interpret Ecosystem
Services as cross-cutting outcomes and supporting evidence, without a separate weight. Aggregate declared indicators into their assigned

component scores and apply the six component weights in Table 4.2.

The framework is designed for application at the river reach scale, recognizing that functional characteristics vary longitudinally and

laterally.
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Table 4.2: RHA Components and Weightages

Functional Dimension :ﬁ/l(;lght Rationale
()

Hydrological Condition (H) 20 Primary driver of river processes
Geomorphological Condition (G) 15 Controls channel stability and evolution
Sediment Regime (S) 15 Maintains channel form and habitats
Water & Environmental Quality (W) | 20 Reflects biological functioning and resilience
Habitat & Biodiversity (B) 20 Sustains aquatic and riparian biodiversity

. Retain the weights H 20%, G 15%, S 15%, W
Connectivity (C) 10 20%, B 20% and C 10%

The weighting scheme may be modified for specific river basins where scientific evidence
demonstrates the need for regional adjustments. However, any modification should preserve
the integrated nature of the framework.

4.9. Assessment Indicators

Each of the six RHA components is evaluated using declared measurable indicators selected
from the relevant functional themes. Selection of indicators should consider scientific validity,
data availability, reproducibility, and applicability across diverse river systems.

Table 4.3: Functional Themes and Representative Indicators

Functional Theme Representative Indicators

Hydrology Environmental flows, flow variability, abstraction, flood
pulses, groundwater interaction

Geomorphology Channel stability, bank erosion, floodplain integrity, channel
pattern, geomorphic diversity

Sediment Continuity Sediment balance, sediment transport continuity, bed
material, reservoir trapping

Hydrochemistry Dissolved oxygen, nutrients, organic pollution, conductivity,
pH, toxic substances

Ecological Integrity Fish diversity, macroinvertebrates, riparian vegetation,
invasive species, aquatic biodiversity

Habitat Quality Habitat diversity, substrate composition, pools, riffles, woody
debris, refuge habitats

Connectivity Longitudinal, lateral, vertical and tributary connectivity; fish
passage

Ecosystem Services Flood attenuation, groundwater recharge, fisheries,
recreation, cultural value

These indicators support the six-component RHA framework. Use the theme-to-component
mapping in the notes to Table 4.1, combine Ecological Integrity and Habitat Quality within B,
and record Ecosystem Services as outcomes or supporting evidence without a separate
composite weight. Additional basin-specific indicators require a documented rationale.



4.10. Scoring Methodology
Each indicator is evaluated using a five-point scoring scale based on comparison with the
established reference condition.

Table 4.4: Indicator Scoring Scale

Score Functional Condition
Pristine/Near-reference
Slightly Modified
Moderately Altered
Heavily Altered
Critically Degraded

= IN W A~ U,

Scores should be assigned using quantitative data wherever available. Where quantitative
information is lacking, structured expert judgement supported by field observations may be
used.

For each functional dimension,

Y.(IndicatorScore X IndicatorWeight)
Y.IndicatorWeight

Dimension Score =

The overall RHA Score is computed as:

RHA = 0.20H + 0.15G + 0.155 4+ 0.20W + 0.20B 4+ 0.10C
H, G, S, W, B and C are component scores on 1-5 scale, each calculated from its declared
indicator scores and normalized indicator weights. The RHA Score ranges from 1.0 to 5.0.
Assign the RHA Class from the unrounded score and round only the displayed result.

4.11. River Health Classes
The River Health Score is interpreted using five Health Classes.

Table 4.5: River Health Classes

Class RHS Score Functional Status

Class A 4,50 <RHA £5.00 Pristine/Near-reference
Class B 3.50<RHA < 4.50 Slightly Modified

Class C 2.50<RHA < 3.50 Moderately Altered
Class D 1.50<RHA< 2.50 Heavily Altered

Class E 1.00<RHA< 1.50 Critically Degraded




These classes provide a nationally consistent framework while allowing river-type-specific
interpretation. The RHA assessment classes are schematically presented in Figure 4.2.

CLASS A ,
Pristine a
CLASS B Represents
Slightly Modified increasing
‘ deviation from
CIASS O | 1 reference
=AJVI condition

CLASS

’

Heavily Altered ] CLASS A
(Best Health)

CLASS E cLass e

(Poorest Health)

Critically Degraded

Figure 4.2: River Health Assessment Classes

4.12. Interpretation of Health Classes
Class A — Pristine/Near-reference: The river retains almost all natural hydrological,
geomorphological, ecological, and biogeochemical functions. Habitat diversity is high,
ecological connectivity remains intact, and ecosystem services are fully maintained.
Management Objective: Protect existing conditions through conservation and preventive
management.

Class B — Slightly Modified: Minor alterations have occurred, but the river continues to
function effectively with minimal impairment of ecological processes. Examples include
limited flow regulation, localized bank stabilization, or moderate land-use change.

Management Objective: Maintain existing condition while preventing further degradation.

Class C — Moderately Altered: Noticeable degradation has occurred in several functional
dimensions. Examples include:

e altered flow regime

o fragmented habitats

e reduced biodiversity

e moderate pollution

¢ interrupted sediment transport
However, ecological recovery remains feasible.

Management Objective: Active restoration and adaptive management.
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Class D — Heavily Altered: Multiple River processes have been substantially impaired. Typical

characteristics include:

major hydrological alteration
extensive channel modification
severe pollution

disrupted connectivity
degraded habitats

declining biodiversity

Management Objective: Comprehensive rehabilitation supported by basin-wide

interventions.

Class E — Critically Degraded: River functioning has largely collapsed. Hydrological,
geomorphological, ecological and biogeochemical processes are severely impaired. Examples

include:

heavily urbanized channels
concrete-lined rivers
severely polluted reaches
disconnected floodplains
ecological collapse

Management Objective: Long-term ecological recovery through integrated river

restoration programmes.

4.13. Management Decision Framework
RHA is intended not merely as an assessment tool but as a decision-support framework.

Table 4.6: Functional Health Classes and Recommended Management Response

Functional Health Class Recommended Management Strategy

Class A Long-term protection and conservation

Class B Preventive management and monitoring
Class C Targeted ecological restoration

Class D Comprehensive river rehabilitation

Class E Intensive basin-scale restoration and recovery

This linkage between assessment and management enables direct application in river basin

planning.

4.14. Integration with River Classification and PRGI
The three principal assessment frameworks developed in this guideline are complementary

and sequential.

River Classification answers What type of river is this? It establishes the natural physical

identity of the river.
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Pristine River Grading Index (PRGI) answers How ecologically important is this river under
natural conditions? It identifies intrinsic conservation value.

River Health Assessment (RHA) answers How well is this river functioning presently? It
evaluates present ecological condition relative to the river's natural reference state.

RCF, PRGI and RHA constitute the three main-river assessment layers. FACLWS provides the
complementary functional assessment and diagnosis of associated Local Water Systems.

4.15. Applications
RHA has broad applicability across river basin planning and management. Major
applications include:

e River rejuvenation programmes

e Environmental flow assessment

e Basin restoration planning

¢ Conservation prioritization

e Climate resilience assessment

e Wetland restoration

¢ Dam operation and sediment management

e Urban river restoration

e Monitoring of river health trends

¢ Adaptive basin management

e Evaluation of restoration outcomes

e Reporting under national river conservation programmes

The framework is equally applicable to Himalayan, alluvial, peninsular, coastal, spring-fed, and
ephemeral river systems, provided assessments are undertaken relative to appropriate
reference conditions.

4.16. Strengths and Limitations
Strengths
The RHA framework:
o adopts a process-based rather than parameter-based approach;
e integrates physical, chemical, biological, and ecological dimensions into a single
assessment;
o distinguishes natural variability from anthropogenic degradation;
e is compatible with River Styles, environmental flow assessment, and integrated river
basin management;
e provides direct guidance for restoration and conservation planning; and
e isscalable from individual reaches to entire river basins.
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Limitations

Like any assessment framework, RHA depends on the availability and quality of data. In data-
scarce regions, expert judgement may be required, and uncertainties should be documented
transparently. The framework is therefore intended to support adaptive management, with
periodic reassessment as improved information becomes available.

4.17. Concluding Remarks

The River Health Assessment constitutes the central operational component of the integrated
river assessment framework presented in this guideline. RHA provides a more coherent,
scientifically robust, and management-oriented assessment of river condition.

When used together with the River Classification Framework (Chapter 2) and the Pristine
River Grading Index (Chapter 3), RHA completes the three-tier assessment hierarchy:

¢ River Classification defines the river's intrinsic identity.

¢ PRGI determines its intrinsic ecological significance.

¢ RHA evaluates its present condition relative to its natural reference state.

Together, River Classification, PRGI and RHA provide the three complementary main-river
assessment layers: River Classification establishes identity and reference context; PRGI
establishes intrinsic ecological significance; and RHA establishes present river-health
condition. FACLWS extends the diagnosis to associated Local Water Systems. This integrated
hierarchy enables managers to distinguish whether a river should be protected, maintained,
restored, or rehabilitated, thereby providing a sound scientific basis for river basin planning
under the Ganga River Basin Management Plan (GRBMP 2.0) and for application across
diverse river systems in India.
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5. Functional Assessment and Classification of Local
Water Systems (FACLWS)

5.1. Introduction

Healthy river basins comprise not only the main river channel but also an extensive network
of interconnected local water systems, including first- and second-order streams, natural
drains, floodplain channels, wetlands, ponds, lakes, springs, reservoirs, and urban drainage
systems. These systems collectively regulate hydrological connectivity, groundwater recharge,
sediment transport, nutrient cycling, habitat diversity, flood attenuation, and ecological
resilience. Their cumulative influence often determines the functional condition of the river
itself.

FACLWS is a diagnostic framework. It identifies the Local Water System, establishes its
natural/intended functions, assesses its present functional condition, identifies functional
deficits and determines its influence on the receiving river. Planning, intervention and long-
term management are undertaken subsequently through PMLWS.

Conventional river management has generally focused on the main river channel, while
associated local water systems have been managed independently under different
institutional and administrative frameworks. Urban drains are treated primarily as wastewater
conveyance systems, ponds as isolated water bodies, wetlands as land-use categories, and
natural streams as local drainage features. Such fragmented approaches fail to recognize that
these systems collectively constitute the functional infrastructure of a river basin.

Under the Ganga River Basin Management Plan (GRBMP 2.0), basin management extends
beyond the river channel to encompass the entire aquatic network. Accordingly, FACLWS
constitutes the fourth assessment and diagnostic component of IRAF. Its assessment units are
individual Local Water Systems and their connected networks; its findings inform subsequent
PMLWS planning and management. Unlike the preceding chapters, which focus on the
intrinsic characteristics and functional health of rivers, this chapter evaluates the functional
performance of local water systems in sustaining basin-scale ecological and hydrological
processes.

The emphasis is therefore not on restoring every local water body to pristine conditions but
on maximizing its contribution to river basin functioning through appropriate conservation,
restoration, rehabilitation, or adaptive management. The schematic representstion of various
treatment systems for improving quality of used- water/ sewage/wastewater/ such as electro-
mechanical (STPs/ETPs) systems, nature-based systems and natural systems for balancing
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utilization of land, energy and human resources and developing local ecological infrastructure
is schematically presented in Figure 5.1.

Wastewater Treatment Plant Vegetated Sedimentation & Polished Ecological Habitat
(STP) Wetland / Channel Nutrient Uptake Water & Recharge

Natural & Q Improves Water Supports Biodiversity l l Enhances Groundwater Climate Resilient !

. Sustainable Quality & Ecosystems =X Recharge & Cost-Effective

Figure5.1: Schematic Representation of Various Treatment Systems for Used Water: Electro-
Mechanical Systems, Nature Based Systems and Natural Systems for Balancing
Utilization of Land, Energy and Human Resources and Developing Local Ecological
Infrastructure

5.2. Need for Utilizing Local Water System to Develop Ecological

Infrastructure
Local water systems vary enormously in their origin, morphology, hydrology, ecological
characteristics, and present condition. Some are entirely natural, while others have evolved
into highly modified but functionally important systems. For example:

¢ A natural spring-fed stream may possess exceptional ecological value.

e An urban drain may no longer retain natural characteristics but may significantly
improve river health if transformed into an ecologically functioning treatment corridor.

e A restored wetland may provide flood attenuation, nutrient removal, groundwater
recharge, and habitat creation despite substantial historical modification.

e A village pond may contribute to local groundwater recharge and biodiversity even
though it has limited connection to the main river.

Assessment based solely on naturalness is therefore inadequate for these systems. Instead,
their contribution to basin functioning should be evaluated according to the ecological,
hydrological, treatment, habitat, and socio-cultural functions they presently perform or can
realistically perform following restoration.
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5.3. Objectives
The assessment of Local Water Systems seeks to:
e Evaluate the contribution of local water systems to river basin functioning.
e Recognize both natural and restored systems according to their functional
performance.
e Support decentralized water management and nature-based solutions.
e Guide restoration prioritization.
o Strengthen hydrological and ecological connectivity within river basins.
e Promote sustainable urban and rural water management.
e Complement the River Health Improvement efforts.

5.4. Guiding Principles

The framework is based on six principles.

Functional Performance: Assessment emphasizes how effectively a system performs
ecological and hydrological functions ratherthan how closelyit resemblesits original natural condition.

Basin Connectivity: Every local water system should be evaluated in relation to its
contribution to the broader river basin.

Multiple Functions: Most systems simultaneously perform hydrological, ecological, water
quality, habitat, and socio-economic functions.

Context Sensitivity: Functional expectations should reflect climatic, geomorphological, and
land-use contexts.

Restoration Potential: Modified systems should be assessed according to achievable
ecological performance rather than unrealistic restoration targets.

Adaptive Management: Assessment should support continuous improvement through
monitoring and periodic reassessment.

5.5. Local Water Systems

Local Water Systems are assessed through five functional dimensions: Hydrological; Water-
quality; Ecological; Geomorphic/sediment; and Human-support functions, as shown in Figure
5.2.
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The 5 Functional Dimensions of Local Water Systems

Hydrological Water Quality Geomorphic / Ecological Human-Support

Function Improvement Sediment Functions Functions Functions
- Regulates water flows, R di nutrients, diment storage and transfer, Sustains biodiversity and Supports compatible water use,
recharges groundwater, and pathogens, and pollutants maintenance of channel and maintains habitat connectivity  livelihoods, recreation, education,
attenuates floods to maintain through natural or engineered floodplain morphology, and for aquatic and terrestrial aesthetics, and cultural heritage.
local balance. processes. interaction with erosion- organisms.

deposition processes.

LA o
AN
Wi

Figure 5.2: Functions of Local Water Systems

The framework recognizes six principal categories of local water systems.

5.5.1. Natural Streams
Small perennial or seasonal streams forming the upper drainage network. Primary functions
include:

o flow generation

e sediment transport

o habitat provision

¢ groundwater interaction

e ecological connectivity

5.5.2. Drains
Artificial or modified drainage channels conveying stormwater, wastewater, or mixed flows.
Although often degraded, properly managed drains can perform valuable functions
including:

¢ pollutant attenuation

o decentralized wastewater treatment

o flood conveyance

e ecological corridors

e groundwater recharge (where appropriate)

5.5.3. Wetlands

Natural or constructed wetlands perform critical ecological functions including:
e nutrient removal
o flood storage
e habitat support




e carbon sequestration
e groundwater recharge
o biodiversity conservation

Wetlands should therefore be regarded as integral components of river systems rather than
isolated water bodies.

5.5.4. Ponds and Lakes
Village ponds, urban ponds, lakes, oxbow lakes, and reservoirs contribute to:
e local storage
¢ groundwater recharge
o biodiversity
o fisheries
e recreation
¢ landscape amenity
Their functional value depends more upon ecological performance than size.

5.5.5. Floodplain Water Bodies
Floodplain lakes, side channels, abandoned meanders, and seasonal depressions provide:
o flood attenuation
¢ sediment storage
o fish breeding
e nutrient cycling
¢ biodiversity refugia

Maintaining connectivity with the river is essential for sustaining these functions.

5.5.6. Nature-Based Treatment Systems
Constructed wetlands, polishing ponds, decentralized treatment systems, ecological
treatment corridors, and vegetated drains increasingly form part of integrated urban water
management. Although engineered, these systems contribute substantially to river basin
health through:

o wastewater polishing

e nutrient removal

e habitat creation

¢ landscape enhancement

¢ groundwater recharge

e climate resilience

5.6. Functional Dimensions

Evaluation of each local water system may be done using five functional dimensions and the
sequential diagnostic pathway (Figure 5.3).
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Hydrological Functions: Flow regulation, storage, recharge/discharge, flood attenuation and

hydrological connectivity.

Water-Quality Functions: Pollutant attenuation, nutrient transformation, organic-matter
processing and compatible natural or engineered treatment.

Ecological Functions: Native biodiversity, aquatic and riparian habitat, ecological processes,
refugia and ecological connectivity.

Geomorphic/sediment Functions: Sediment storage and transfer, side-channel and floodplain
morphology, energy dissipation and erosion—deposition processes.

Human-Support Functions: compatible water use, livelihoods, flood-risk reduction,
recreation, education, landscape amenity and cultural values. Assess each dimension against
the system’s natural or intended role. Functions that are not applicable are identified
explicitly; every system is not expected to perform all functions equally.

Five Functional Dimensions of the Local Water System

HYDROLOGICAL
FUNCTION

recharges groundwater, and
attenuates floods to maintain
local balance.

‘ Regulates water flows,

WATER-QUALITY
FUNCTION

pathogens and pollutants
through natural or engineered

Removes sediments, nutrients,
processes.

Sustains biodiversity and A
ECOLOGICAL maintains habitat connectivity Schematic
FUNCTIONS for aquatic and terrestrial Representation

organisms. o~ Of the

Sediment storage and transfer, Five Functional
GEOMORPHIC / maintenance of channel and Dimensions

floodplain morphology, and
SEDIMENT FUNCTIONS mteraculon with erosion-deposition e of the
st R Local Water
HUMAN_SUPPORT Supports compatible water use, SYStem

livelihoods, recreation, education, Lo NN i B
FUNCTIONS aesthetics and cultural heritage.
aesthetics and cuitural heritage. A’\-Q

Sequential Diagnostic Pathway for Functional Assessment and Classification

of Local Water Systems
Identify Establish Assess Present
Local Water System Natural/Intended Functional @ I::ﬁ"my ':":'mmal @ m DFACLWS
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4 Lo Flood ; s
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Flow regime ateration
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Habitat loss or fragmentation
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or engineered) based on type, setting and of key functional attributes qual i 3
. Mapnsgpaml extent and reference‘go?:diﬁon 2 « Use field observations, « Identify and quantify * Evaluate ecological connectivity )
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Figure 5.3: Schematic Representation of the Five Functional Dimensions of the Local Water System
(top figure) and Sequential Diagnostic Pathway for Functional Assessment and
Classification of Local Water Systems (FACLWS) (bottom figure)




5.7. Assessment Indicators

Table 5.1: Functional Assessment Framework

Functional Dimension Representative Indicators

Hydrological Functions Storage, recharge, flood attenuation, flow regulation
Ecological Functions Biodiversity, vegetation, ecological integrity
Water-Quality Functions Pollutant removal, nutrient attenuation, self-purification
Geomorphic Functions Habitat diversity, connectivity, refuge value
Human-Support Functions | Recreation, aesthetics, education, cultural importance

5.8. Functional Performance Categories
Local water systems are classified according to their functional performance.
Table 5.2: Functional Categories

Category Functional Status Interpretation

A Highly Functional Performs most ecological and hydrological
functions effectively

B Functionally Adequate | Performs major functions with moderate
limitations

C Functionally Impaired Significant reduction in functional
performance

D Non-functional Performs few ecological or hydrological
functions

FACLWS Categories A-D describe the functional performance of associated Local Water
Systems. They are distinct from PRGI Tiers and RHA Classes and are assigned from the
documented functional evidence; this table does not prescribe numerical cut-offs.

5.9. Diagnostic Requirements for PMLWS
Category A: Category A identifies functions requiring continued protection and monitoring
empbhasis:
e conservation
e preventive maintenance
¢ ecological monitoring

Category B: Category B identifies specific functional limitations and their causes:
e habitat enhancement
e connectivity improvement

e pollution reduction

Category C: Category C identifies substantial functional deficits, pressures, connectivity

constraints and recovery requirements:



e ecological restoration

o flow improvement

e sediment management
e decentralized treatment

Category D: Category D identifies functions that are absent or effectively lost, together with
constraints, risks and the evidence required to determine a feasible future role. FACLWS
records these management requirements. Subsequent PMLWS planning selects and
prioritises  protection, sustenance, restoration, rehabilitation, reconnection,
optimisation/repurposing or justified augmentation measures and prepares the
management plan:

e nature-based restoration

e ecological engineering

e integrated urban water management

e basin-scale interventions

5.10. Functional Assessment Matrix

Table 5.3: FACLWS Functional Diagnosis Record

Functional Dimension Expected Observed Functional Confidence
Function and | Performance | Deficit and
Reference and Evidence | River Influence

Hydrological functions
Water-quality functions
Ecological functions
Geomorphic/sediment
functions

Human-support functions

Report the five-dimension functional profile and the evidence supporting the Category A-D
interpretation in Table 5.2. Report a composite score only when a system-specific schedule
declares the applicable indicators, reference expectations, common scoring scale, normalized
weights, treatment of non-applicable indicators and numerical category thresholds before
scoring. Calculate the composite as the sum of each dimension score multiplied by its declared
fractional weight; the applicable weights sum to 1. Report the dimension profile, weights and
thresholds with the result. Until this schedule is complete, enter ‘Not calculated’ for the
composite score.

5.11. Integration with RHA

The Functional Classification of Local Water Systems complements the River Health
Assessment by evaluating the supporting aquatic infrastructure of the river basin. The
relationship between the two frameworks may be summarized as follows:
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Table 5.4: Relationship between RHA and FACLWS

River Health Assessment (RHA) Functional Assessment and Classification of
Local Water Systems (FACLWS)

Main river channel Streams, wetlands, ponds, drains and associated
water bodies

Evaluates river functioning Evaluates supporting system performance

River-scale assessment Local system assessment

Diagnosis of present river-health Diagnosis of local-system functions, deficits and

condition and reach-management management requirements for subsequent

requirements PMLWS planning

Basin health outcome Basin health contributors

Together, they provide a comprehensive understanding of both the condition of the river and

the performance of the supporting aquatic network.

5.12. Applications
The Functional Classification of Local Water Systems supports:

Urban river rejuvenation

Decentralized wastewater management
Wetland restoration

Floodplain management

Blue-green infrastructure planning
Climate adaptation

Stormwater management
Groundwater recharge programmes
Smart Cities and AMRUT initiatives
Basin-scale ecological restoration

It is particularly valuable in rapidly urbanizing catchments, where restoring the functional

contribution of local water systems can significantly improve downstream river health.

5.13. Relationship with the Integrated Assessment Framework
The four assessment components introduced in this guideline now form a complete

hierarchy:

Table 5.5: Hierarchy for Four Suggested Assessment Components in Integrated Assessment

Framework Principal Question Assessment Focus

River Classification What type of river is it? Intrinsic physical identity

Pristine River Grading Index How ecologically important is | Intrinsic ecological

(PRGI) it under natural conditions? significance

River Health Assessment (RHA) | How well is it functioning Present river condition
presently?
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Framework Principal Question Assessment Focus
Functional Assessment and How effectively do associated | Functional performance of
Classification of Local Water water systems support basin | supporting aquatic systems
Systems (FACLWS) as functioning?

Supporting Ecological
Infrastructure in a River Basin
and/or an Administrative Unit
(District)

This hierarchy ensures that each framework addresses a distinct management question,
avoiding conceptual overlap while supporting integrated river basin planning.

5.14. Concluding Remarks

Local water systems are indispensable components of healthy river basins. Their contribution
extends beyond water storage and drainage to include groundwater recharge, flood
moderation, nutrient cycling, biodiversity conservation, pollutant attenuation, habitat
creation, and socio-cultural benefits. Assessing these systems solely based on naturalness
overlooks their current and potential functional roles within the basin.

The Functional Assessment and Classification of Local Water Systems (FACLWS) provides a
practical framework for evaluating these contributions and complements the River
Classification, PRGI, and RHA by extending assessment beyond the main river channel to the
broader aquatic network. Together, these four frameworks establish an integrated and
scalable foundation for river basin planning, restoration, and sustainable water resources
management under GRBMP 2.0.
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6. Integration into River Basin Management

6.1. Introduction

The preceding chapters have presented four complementary assessment frameworks that
characterize rivers from different but interconnected perspectives. The River Classification
Framework establishes the intrinsic identity of river systems; the Pristine River Grading Index
(PRGI) evaluates their intrinsic ecological significance; the River Health Assessment (RHA)
assesses their present condition; and the Functional Assessment and Classification of Local
Water Systems (FACLWS) evaluates the contribution of associated aquatic systems to basin-
scale functioning.

Individually, each framework provides valuable scientific information. However, their greatest
strength lies in their integrated application within the context of river basin management.
River restoration, conservation, environmental flow assessment, urban river rejuvenation, and
sustainable water resources management require decisions that simultaneously consider river
identity, ecological significance, present condition, and the functioning of supporting aquatic systems.

Accordingly, this chapter presents an integrated decision-support framework that translates
scientific assessment into management action. Rather than generating isolated indices, the
four frameworks collectively guide what should be protected, what should be restored, what
should be rehabilitated, and what should be sustainably managed.

6.2. From Assessment to Management
The integrated framework follows a logical sequence of decision-making.

Step 1 - Identify the River
Determine the intrinsic characteristics of the river using the River Classification Framework.

Step 2 — Determine Ecological Significance
Assess the intrinsic conservation value through PRGI.

Step 3 — Assess River Health
Evaluate the present functional condition using RHA.

Step 4 — Diagnose Associated Local Water Systems
Assess expected functions, present functional condition and deficits through FACLWS.

Step 5 — Integrated Diagnosis
Synthesise RCF, PRGI, RHA and FACLWS outputs to identify principal pressures, causes of
impairment, functional deficits and management requirements.

Step 6 — Coordinated Planning and Management
Prepare distinct, coordinated Reach-Specific River Management and PMLWS plans.



Step 7 — Implementation and Monitoring
Implement the agreed measures and monitor their effects on river condition and local-system
functions.

Step 8 — Reassessment and Adaptive Management
Use monitoring results to reassess diagnosis and revise both management plans.

This sequence ensures that management decisions are scientifically defensible and context
specific.

6.3. Integrated River Assessment Hierarchy

RCF establishes identity and reference context; PRGI, RHA and FACLWS provide
complementary assessments at their appropriate operational scales. Integrated Diagnosis
combines these findings to inform two coordinated management pathways.

Feedback to Integrated Diagnosis
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Figure 6.1: Integrated River Assessment Hierarchy

6.4. Decision Matrix for River Basin Management
The combined use of PRGI and RHA provides the basis for selecting management priorities.

Table 6.1: Integrated Decision Matrix for River Basin Management

PRGI RHA Management Priority

High High Strict conservation and protection

High Moderate | Prevent further degradation and restore impaired functions
High Low Highest priority for ecological restoration

Moderate | High Sustainable management and monitoring
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PRGI RHA Management Priority

Moderate | Moderate | Targeted restoration and adaptive management

Moderate | Low Basin rehabilitation with phased interventions

Low High Maintain ecosystem functions while supporting multiple uses
Low Moderate | Improve selected ecological functions

Low Low Rehabilitation according to basin priorities

This matrix recognizes that ecologicalimportance and river health are independent characteristics.

6.5. River Basin Zonation
The integrated framework supports basin-wide zoning based on ecological significance and
functional condition.

Conservation Zones: River reaches exhibiting both high PRGI and high RHA should be
designated as conservation zones where ecological integrity is maintained through preventive
management. Examples include:

e pristine headwaters

e protected forest reaches

e ecologically sensitive tributaries

Restoration Zones: River reaches with high ecological significance, but poor river health
requires active restoration. Typical interventions include:

e environmental flow restoration

¢ pollution control

¢ habitat enhancement

e sediment management

o floodplain reconnection

Sustainable Use Zones: River reaches with moderate ecological significance, and good river
health may accommodate carefully managed water resource development while maintaining
ecological functions.

Rehabilitation Zones: Highly degraded river reaches require integrated rehabilitation
involving hydrological, geomorphological, ecological, and socio-economic interventions.
Urban rivers frequently fall within this category.

6.6. Environmental Flow Management
e Environmental flows represent one of the most important applications of the
integrated framework.
e River Classification identifies the natural hydrological regime.
e PRGI establishes ecological flow requirements for maintaining biodiversity and

ecosystem services.



e RHA evaluates present hydrological functioning.

e FACLWS identifies opportunities for improving local hydrological processes through
decentralized interventions and by utilizing Local Water Systems as Ecological
Infrastructure for river rejuvenation and conservation.

Together, these frameworks support scientifically robust environmental flow assessments that
extend beyond minimum flow prescriptions to include seasonal variability, flood pulses,
sediment transport, ecological connectivity, and groundwater interactions.

6.7. River Restoration Planning
Effective river restoration should address the underlying processes responsible for
degradation rather than merely improving water quality. The integrated framework enables
restoration planning through the following sequence:

e Establish the natural river type.

e Identify the reference condition.

e Evaluate functional impairment.

e Diagnose dominant stressors.

e Prioritize restoration measures.

e Monitor functional recovery.

Typical restoration measures include:
e environmental flow restoration
o floodplain reconnection
¢ sediment continuity restoration
e riparian vegetation recovery
e wetland restoration
¢ habitat enhancement
¢ pollution reduction
e decentralized wastewater treatment
e barrier removal
¢ ecological engineering

6.8. Nature-Based Solutions
Nature-Based Solutions (NbS) form an essential component of basin-scale river
management. Examples include:

e constructed wetlands

e ecological treatment corridors

o floodplain restoration

e riparian buffer establishment

e green stormwater infrastructure

e riverbank bioengineering
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e recharge wetlands
¢ ecological ponds

These interventions improve both RHA and FACLWS scores while enhancing climate resilience
and reducing infrastructure costs.

6.9. Urban River Rejuvenation
Urban rivers present unique management challenges due to altered hydrology, wastewater
discharges, channel modification, encroachment, and loss of floodplain connectivity. The
integrated framework supports urban river rejuvenation through:

e restoration of environmental flows

¢ decentralized wastewater management

e rehabilitation of urban drains as ecological corridors

e reconnecting floodplains where feasible

¢ restoration of ponds and wetlands

¢ enhancement of riparian green infrastructure

e community stewardship

Rather than attempting to recreate pristine conditions, urban restoration should focus on
maximizing functional performance and ecosystem services.

6.10. Climate Change Adaptation
Climate change is expected to alter river hydrology through changing precipitation patterns,
glacier retreat, increased evapotranspiration, extreme floods, prolonged droughts, and sea-
level rise. The integrated framework supports climate adaptation by:

o protecting ecologically resilient river reaches;

¢ restoring natural hydrological processes;

e improving groundwater recharge;

¢ maintaining sediment continuity;

e enhancing floodplain storage;

e strengthening ecological connectivity; and

e increasing the adaptive capacity of local water systems.

Functional river systems are inherently more resilient to climate variability than highly
modified systems.

6.11. Basin Governance

Successful implementation requires governance structures that recognize rivers as integrated
socio-ecological systems rather than sectoral infrastructure. Key governance principles

include:



e basin-scale planning;

¢ inter-agency coordination;

e adaptive management;

o stakeholder participation;

e science-based decision-making;
e periodic reassessment; and

e transparent monitoring.

The integrated assessment framework provides a common scientific language for engineers,
ecologists, planners, policymakers, and local communities.

6.12. Monitoring and Adaptive Management
River systems continuously evolve in response to natural variability and human interventions.
Consequently, management should follow an adaptive cycle (Figure 6.2):

Iterative, science-based cycle for
resilient and healthy river systems Implementation
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Figure 6.2: Cyclic Process of Human-River Interaction and Adaptive Management of River
System

Repeated RHA and FACLWS assessments, together with PMLWS performance monitoring,
provide quantitative evidence of functional recovery, river-health response and emerging
management needs.

6.13. Integrated River Basin Management Framework
The four assessment frameworks collectively support all major components of Integrated
River Basin Management (IRBM).



Table 6.2: Contribution of Assessment Components and Management Stages

Management Activity River Classification PRGI RHA FACLWS | PMLWS
River inventory v

Conservation planning V4 v v
Environmental flows v v v v
River restoration v v v v
Wetland restoration v v v
Urban river rejuvenation v v v
Basin zoning V4 v v v v
Climate adaptation v v v v v
Long-term monitoring v v v

Note: v indicates that the component contributes to the specified management activity.
Important distinction: PMLWS is not a fifth assessment framework. It is the planning and management stage
that uses assessment findings to contribute to Water Security, River Health and Climate Resilience.

6.14. Integration with GRBMP 2.0
The framework aligns closely with the objectives of the Ganga River Basin Management Plan
(GRBMP 2.0) by supporting:

e ecological river rejuvenation; e decentralized wastewater
e conservation of high-value river management;
reaches; e restoration of tributaries and
e environmental flow wetlands;
implementation; ¢ basin-scale resilience;
e river-sensitive land-use planning; ¢ adaptive governance; and

e evidence-based decision-making.

Rather than replacing existing planning processes, the framework strengthens them by
providing standardized scientific assessment tools applicable across all river basins.

6.15. Concluding Remarks

The value of an assessment framework lies not in the production of scores or classifications
but in its ability to guide better management decisions. The integrated framework developed
in this guideline bridges the gap between scientific understanding and practical river basin
management by linking river identity, ecological significance, river health, and the
performance of local water systems within a unified decision-support system. Through this
integration, river managers can move beyond fragmented sectoral approaches toward holistic,
process-based management that balances conservation, restoration, sustainable use, and
climate resilience. The framework provides a common foundation for planning,
implementation, monitoring, and adaptive management, ensuring that interventions are
tailored to the natural characteristics and functional needs of each river system.
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7. Longitudinal River Classification and Reach-Based
Assessment

7.1. Introduction

Rivers are dynamic systems that undergo continuous changes in their physical, hydrological,
geomorphological, ecological, and biogeochemical characteristics from their source to their
confluence or estuary. Consequently, no river should be regarded as a homogeneous entity.
Rather, each river comprises a sequence of interconnected reaches, each possessing distinct
characteristics, processes, ecological functions, and management requirements.

Historically, many river assessments have treated entire rivers as single management units,
often masking important spatial variations. Such an approach may overlook pristine
headwaters, highly degraded urban stretches, ecologically important tributary junctions, or
functionally significant floodplain reaches. Effective river basin management therefore
requires assessments at an appropriate spatial scale that reflects natural variability.

The integrated framework presented in this guideline adopts the river reach as the
fundamental unit of assessment. Each reach is characterized using the River Classification
Framework (Chapter 2), evaluated for intrinsic ecological significance through the Pristine
River Grading Index (PRGI) (Chapter 3), assessed for present condition using the River Health
Assessment (RHA) (Chapter 4), and supported by the Functional Assessment and
Classification of Local Water Systems (Chapter 5). This chapter describes the methodology
for delineating river reaches and integrating these assessments into a longitudinal river profile
for basin-scale planning.

7.2. Rationale for Reach-Based Assessment
River characteristics change continuously along their course due to variations in geology,
topography, climate, tributary inflows, groundwater interaction, land use, and human
interventions. Assessing the river as a single unit can obscure these transitions and lead to
generalized management recommendations. Reach-based assessment offers several
advantages:

e Captures spatial variability in river processes.

o Identifies localized degradation and ecological hotspots.

e Enables targeted conservation and restoration.

e Supports environmental flow assessment.

e Facilitates monitoring of changes over time.

e Aligns with River Styles and fluvial gecomorphology principles.
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Apply RCF, PRGI and RHA to the main-river reach. Apply FACLWS to individual Local Water
Systems and their connected networks, and link each diagnosis to the relevant receiving reach.
These linked spatial units provide the basis for coordinated Reach-Specific River Management
and PMLWS.

7.3. Concept of River Reaches
A river reach is a relatively homogeneous Section of a river within which hydrological,
geomorphological, ecological, and functional characteristics remain broadly similar. Reach
boundaries are established where significant changes occur in one or more of the following:

e Valley setting

e Channel morphology

¢ River slope

e Geology

e Major tributary confluences

¢ Flow regime

¢ Floodplain characteristics

e Landuse

e Urbanization

e Hydraulic structures (dams, barrages, weirs)

e Ecological characteristics

Reach lengths may vary from a few kilometres in mountainous terrain to several tens of
kilometres in alluvial plains.

7.4. Hierarchical Spatial Framework

For basin planning, river systems should be assessed using a hierarchical spatial framework.

Table 7.1: Hierarchy of Assessment Units

Level | Assessment Unit Typical Scale Primary Purpose

I River Basin Entire basin Strategic planning

Il Sub-basin Major tributary basin Basin management

i River Main river Longitudinal assessment
v Reach Homogeneous river segment Functional assessment
\Y Site Local investigation Project planning

This hierarchy enables assessment results to be aggregated from individual reaches to the
basin scale.

7.5. Criteria for Reach Delineation

Reach boundaries should be based on natural transitions rather than administrative
boundaries. The principal delineation criteria include:
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Hydrological Criteria
e Major tributary confluences
e Significant changes in discharge
e Transition from perennial to
seasonal flow

Geomorphological Criteria
e Change in valley confinement
e Channel pattern transition
¢ Bed material changes

Ecological Criteria
¢ Major habitat transitions
e Riparian vegetation changes

Anthropogenic Criteria
e Dams
e Barrages
e Urban areas

e Major groundwater inputs
¢ Environmental flow change

e Slope breaks
e Floodplain development

¢ Wetland associations
e Biodiversity hotspots

e Industrial clusters
¢ Major abstractions
e Channelization

Where multiple criteria coincide, a single reach boundary should be established.

7.6. Reach Characterization

Each reach should be described using a standardized format.

Table 7.2: Standard Reach Description

Attribute Description

Reach ID Unique identification code
River Name Name of river

Reach Name Local name

Start Chainage

River kilometre

End Chainage

River kilometre

Reach Length

km

Elevation Range

m

River Classification Code

As per Chapter 2

River Style

Geomorphic description

Dominant Land Use

Forest, agriculture, urban, etc.

Major Tributaries

Important inflows

Key Pressures

Major stressors
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7.7.

Integrated Reach Assessment

The assessment and management stages for a river reach and its associated Local Water

Systems are summarized below.

Table 7.3: Reach Assessment Framework

Component / Management Stage

Output

River Classification

River type and classification code

PRGI Intrinsic Ecological Significance Tier
RHA River Health Class and dominant deviations
FACLWS Functional condition and deficits of associated LWS

Integrated Diagnosis

combined interpretation of pressures, causes,
functional deficits and management requirements

Reach-Specific River Management

Reach objectives and management plan

PMLWS

Local Water-System network plan

Implementation and Monitoring

Implemented measures and performance evidence

Reassessment and Adaptive
Management

Updated diagnosis and revised management priorities

This integrated assessment provides a complete characterization of every river reach.

7.8.

Longitudinal River Profile

The reach assessments are combined to develop a Longitudinal River Profile, illustrating
changes in river characteristics and management priorities from source to mouth.
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Note: This is an illustrative longitudinal profile. Actual classification for each reach shall be based on evidence and coded using Tables 2.1 - 2.5

Figure 7.1: Typical Longitudinal Profile of a River

This profile provides an immediate visualization of changing ecological significance, functional

health, and management needs.




7.9. Reach Prioritization
Assessment results enable reaches to be prioritized according to management objectives.

Table 7.4: Reach Priority Categories

Priority

Typical Characteristics

Management Focus

Priority |

High PRGI, High RHA

Conservation

Priority Il

High PRGI, Low RHA

Ecological restoration

Priority Il

Moderate PRGI, Moderate RHA

Functional enhancement

Priority IV

Low PRGI, Low RHA

Rehabilitation and pollution control

This prioritization facilitates efficient allocation of financial and institutional resources.

7.10. Reach Report Card

For communication with planners and stakeholders, each reach should be summarized in a
standardized River Reach Report Card.

Table 7.5: River Reach Report Card

Item

Assessment

River Classification

River Classification Code

River Style

PRGI Grade

RHA Class

LWS Category

Major Stressors

Restoration Priority

Recommended Actions

The report card provides a concise summary suitable for basin management plans, annual

monitoring reports, and decision-support systems.

7.11. GIS-Based River Assessment
The integrated framework is designed for implementation within a Geographic Information
System (GIS). Each river reach should be represented as a geospatial feature linked to an

attribute database containing:
¢ River Classification Code

e River Style
e PRGI Grade
e RHA Class

e LWS Categories

e Major stressors

e Monitoring stations

e Restoration projects

e Environmental flow requirements
e Land use

e Protected areas

GIS integration enables spatial analysis, visualization, monitoring, and decision support at

basin, sub-basin, and reach scales.
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7.12. Applications
Longitudinal and reach-based assessment supports:

e Basin planning e Monitoring of river health trends

e River restoration e Infrastructure planning

e Environmental flow assessment e Prioritization of investments

¢ Floodplain management e Preparation of District River
e Climate adaptation Management Plans (DRMPs)

e Biodiversity conservation

It also facilitates communication among planners, scientists, administrators, and local
communities.

7.13. Integration with GRBMP 2.0

Reach-based assessment provides the operational framework for implementing GRBMP 2.0.
It enables interventions to be tailored to the specific characteristics and needs of individual
river reaches rather than applying uniform measures across an entire river.

This approach supports:
e Reach-specific restoration plans.
e Environmental flow allocation by reach.
o Tributary-specific management.
e Identification of ecological hotspots.
e Integration with district and basin-level planning.
e Performance monitoring through repeat assessments.

7.14. Concluding Remarks

The river reach is the most appropriate operational unit for integrated river assessment
because it captures the natural variability of river systems while remaining practical for
planning and management. The river reach is the operational unit for River Classification, PRGI
and RHA. Associated Local Water Systems and their connected networks constitute the
operational units for FACLWS and PMLWS, with their diagnosis and management linked to the
relevant receiving river reach. Managers can develop a comprehensive longitudinal
understanding of river systems and prioritize interventions based on scientific evidence reach
by reach.

This chapter provides the bridge between the conceptual assessment frameworks and their
practical application. It lays the foundation for standardized river inventories, GIS-enabled
decision support, and adaptive management across river basins.
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8. Assessment Methodology and Implementation

Protocols

8.1. Introduction

The scientific value of any river assessment framework depends not only on the robustness of
its conceptual foundation but also on the consistency and transparency of its implementation.
Uniform assessment procedures are essential to ensure that results generated by different
organizations, investigators, and river basin authorities remain comparable across river basins
and over time.

The four frameworks presented in this guideline namely, River Classification, Pristine River
Grading Index (PRGI), River Health Assessment (RHA), and Functional Assessment and
Classification of Local Water Systems (FACLWS) are intended for nationwide application. This
chapter provides standardized methodologies for data collection, field investigations,
indicator selection, scoring, quality assurance, reporting, and periodic reassessment, thereby
ensuring scientific consistency and reproducibility.

8.2. Implementation Framework
Implementation follows a structured sequence comprising eight stages.

Integrated River Assessment and Management Workflow
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Each stage builds upon the previous one and should be documented to maintain transparency.

8.3. Stage | — Preliminary Desk Study
The assessment begins with a comprehensive review of available information. The desk
study should compile:

e Topographic maps

e River basin maps

o Satellite imagery

¢ Geological maps

e Land use and land cover maps

e Hydrological records

¢ Water quality data

e Biodiversity inventories

e Wetland inventories

¢ Existing environmental flow studies

e Previous river health assessments

e District and basin management plans

The desk study establishes the preliminary understanding of river characteristics and identifies
data gaps requiring field verification.

8.4. Stage Il — River Segmentation
Using the criteria described in Chapter 7, the river should be divided into homogeneous
reaches. Reach delineation should consider:

¢ Valley setting

e Geology

e Hydrology

e Channel morphology

e Tributary confluences

e Major hydraulic structures

e Land-use transitions

e Urban influence

e Floodplain characteristics

Each reach shall receive a unique identification code to facilitate GIS integration and long-term
monitoring.

8.5. Stage Ill - Field Investigation

Field investigations provide the primary data required for assessment. The objectives are to:
o verify desk study findings;
e characterize river reaches;
e assess physical and ecological conditions;
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e document anthropogenic pressures; and
¢ identify restoration opportunities.

Field surveys should include:
Hydrological Observations
e Flow characteristics
e Water abstractions
e Groundwater interactions
e Floodplain connectivity

Geomorphological Survey
¢ Channel pattern
e Bed material
e Bank stability
¢ Floodplain condition
e River Styles verification

Water Quality Assessment
e In-situ measurements (temperature, pH, EC, dissolved oxygen)
¢ Sampling for laboratory analysis
e Visual observations of pollution

Ecological Survey
e Riparian vegetation
¢ Aquatic habitats
e Fish and macroinvertebrates
e Wetlands
¢ Invasive species

Socio-economic Observations
e Water uses
e Religious and cultural sites
¢ Livelihood dependence
e Community interactions

Photographic documentation and GPS coordinates should accompany all observations.

8.6. Stage IV — Data Compilation and Validation
Data from field surveys, monitoring stations, laboratory analyses, and secondary sources
should be integrated into a standardized database. Each dataset should include:

e Source

e Date

e Spatial reference

e Methodology
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e Reliability
e Limitations

Where conflicting information exists, preference should be given to the most recent,
scientifically reliable, and spatially representative data.

8.7. Stage V — Assessment Procedures

Apply the four complementary assessment components below, using RCF identity and
reference context to interpret PRGl and RHA, and linking FACLWS diagnoses to the appropriate
receiving reaches.

Step 1: River Classification
Determine:
e Hydrological class
e Geomorphological class
e Sediment regime
e Hydrochemical class
e Source category
Assign the integrated River Classification Code.

Step 2: PRGI
Evaluate:
e Hydrology
¢ Biodiversity
¢ Uniqueness
e Ecosystem services
Calculate the composite PRGI score and assign the ecological grade.

Step 3: RHA
Assess H, G, S, W, B and C; compute the weighted RHA Score and assign RHA Class A—E.

Step 4: FACLWS
Assess associated LWS identity, expected functions, present functional condition, deficits and
river influence.

Step 5: Subsequent diagnosis and management

Integrate RCF, PRGI, RHA and FACLWS outputs through Integrated Diagnosis. Use this diagnosis
to prepare distinct, coordinated Reach-Specific River Management and PMLWS plans.
Implement and monitor the plans, then reassess and adapt both diagnosis and management.

8.8. Scoring Protocol

Scoring and classification are component-specific. RCF assigns descriptive classes and a five-
element code; it does not assign a health score. PRGI uses the intrinsic-significance scale 5
Exceptional, 4 High, 3 Moderate, 2 Low, 1 Very Low, with the formula, weights and Tier



thresholds in Chapter 3. RHA uses the reference-condition scale and six-component weighting
in Chapter 4. FACLWS reports a functional diagnosis against the natural or intended role of the
Local Water System; any numerical aggregation requires the declared system-specific scoring
schedule specified in Section 5.10. Present degradation shall not reduce a PRGI score or alter
intrinsic RCF identity; anthropogenic regulation is recorded separately.

8.9. Data Quality Assurance

Reliable assessments require systematic quality assurance. The following principles should
be adopted:

Standardized Methods: All measurements should follow nationally accepted protocols.

Field Verification: Remote sensing interpretations should be validated through field
observations.

Replicability: Assessment procedures should be repeatable by independent investigators.

Documentation: All assumptions, expert judgments, and data limitations should be clearly
documented.

Independent Review: Major basin assessments should undergo peer review before
publication.

8.10. GIS-Based Assessment System
All assessment results should be incorporated into a GIS platform. The spatial database
should include:

e Riverreaches

e River Classification Codes

e PRGI Tiers

e RHA classes

e FACLWS functional condition/deficits

e PMLWS management responses/plans

e Monitoring stations

e Wetlands

e Tributaries

e Hydraulic structures

e Pollution sources

e Restoration projects

GIS integration enables basin-wide visualization, spatial analysis, and monitoring.
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8.11. River Reach Report Card
Each assessed reach should be summarized in a standardized report card.

Table 8.2: River Reach Report Card

Item

Description

River Name

Reach ID

River Classification Code

River Style

PRGI Tier

RHA Class

Dominant RHA Deviations

Associated LWS

FACLWS Functional Diagnosis

PMLWS Response

Main River Management Response

Major Pressures

Restoration Priority

Recommended Actions

Monitoring Frequency

8.12. Basin Summary Dashboard

This report card forms the basic management unit for river basin planning.

For basin-level reporting, the resultsfromall reaches should be consolidated into a dashboard.

Table 8.3: Basin Assessment Dashboard

Assessment Component

Basin Summary

Total River Length

Number of Reaches

PRGI Tier Distribution

RHA Class Distribution

LWS Functional-Deficit Summary

PMLWS Intervention/Management Priorities

Priority Restoration Reaches

Conservation Reaches

Major Stressors

Recommended Investments

8.13. Monitoring Frequency
Monitoring intervals should reflect the sensitivity of the river system and the intensity of
management interventions.

The dashboard provides decision-makers with an overview of basin status and priorities.
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Table 8.4: Recommended Monitoring Frequency

Assessment Component

Frequency

River Classification

Every 10 years or after major geomorphic changes

PRGI Every 10 years or following significant ecological changes
RHA Every 3-5 years

FACLWS Every 2-3 years

Water Quality As per national monitoring programme

Hydrology Continuous where feasible

Biodiversity Every 3-5 years

Periodic reassessment allows managers to evaluate trends and the effectiveness of

interventions.

8.14. Capacity Building

Successful implementation requires trained multidisciplinary teams comprising:

e Hydrologists
e Geomorphologists
e Ecologists

e Environmental engineers

¢ Water quality specialists

e GIS analysts
e Social scientists
e River basin planners

Training should cover:

¢ assessment methodologies;

o field survey techniques;

e scoring procedures;
¢ GIS applications;

e quality assurance; and

e reporting standards.

8.15. Reporting Standards

Assessment reports should include:

e Executive Summary
e Basin Description

e River Segmentation
e River Classification
e PRGI Results

e RHA Results

e FACLWS Results

83



e Integrated Diagnosis
e Reach-Specific River Management Plan
e PMLWS Plan
e GIS Maps and Reach Report Cards
e Implementation and Monitoring Plan
e Periodic Reassessment and Adaptive-Management Requirements
e Data Sources, Uncertainty and Limitations
Standardized reporting ensures comparability across river basins.

8.16. Digital Decision Support System
The assessment framework is well suited for implementation through a web-based River
Basin Decision Support System (DSS).

Core modules may include:
e GIS Viewer
e Reach Database
e Assessment Calculator
e PRGI Module
e RHA Module
e FACLWS Module
¢ Integrated Diagnosis Module
e Reach-Specific River Management Module
e PMLWS Decision-Support and Planning Module
¢ Implementation Tracking Module
e Monitoring and Reassessment Dashboard
o Adaptive-Management Decision-Support Module

Such a DSS would facilitate data sharing, periodic updates, and evidence-based decision-making.

8.17. Concluding Remarks

The methodologies presented in this chapter provide a standardized operational framework
for implementing the integrated river assessment system. By combining rigorous field
investigations, consistent scoring protocols, GIS-based data management, quality assurance,
and periodic reassessment, the framework ensures that River Classification, PRGI, RHA, and
FACLWS can be applied uniformly across diverse river basins.

The resulting assessments are synthesised through Integrated Diagnosis to guide Reach-

Specific River Management and PMLWS. Implementation, monitoring and periodic
reassessment provide the evidence required for adaptive revision of management measures

and priorities.



9. Implementation Framework for Integrated River
Basin Management

Towards a National Framework for River Assessment, Conservation,
Restoration and Sustainable Management

"A river cannot be restored merely by improving its water quality, nor can it be conserved solely
by protecting isolated reaches. Sustainable river management requires an integrated
understanding of river identity, ecological significance, functional health, and the contribution
of supporting aquatic systems. The Integrated River Assessment Framework provides the
scientific foundation for achieving this objective."

9.1. Introduction

9.1.1. From Assessment to Action

The preceding chapters have established the scientific principles, conceptual foundations, and
operational methodologies of the Integrated River Assessment Framework (IRAF). Together,
the River Classification Framework (RCF), the Pristine River Grading Index (PRGI), the River
Health Assessment (RHA) and FACLWS constitute the assessment and diagnostic architecture
of IRAF. PMLWS is the subsequent planning and management stage for associated Local Water
Systems and is not a fifth assessment framework.

However, scientific assessment alone cannot restore rivers. Assessments become meaningful
only when they are translated into planning, policy, investment, implementation, monitoring,
and adaptive management. River restoration is therefore not an end product of assessment
but the outcome of an iterative process that integrates scientific understanding with
governance, institutional coordination, engineering interventions, ecological restoration,
stakeholder participation, and long-term monitoring.

Historically, river management in many parts of the world has evolved through sectoral
approaches focusing separately on water resources development, flood management,
pollution control, irrigation, hydropower, navigation, biodiversity conservation, or urban
infrastructure. While each of these sectors addresses important aspects of river systems, they
often operate independently, resulting in fragmented planning, duplication of efforts,
conflicting objectives, and inefficient resource utilization. Such fragmented approaches rarely
achieve sustainable river rejuvenation because they fail to recognize rivers as integrated socio-
ecological systems.

The Integrated River Assessment Framework has been developed specifically to overcome
these limitations. Rather than treating rivers solely as hydraulic systems, water resources,
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drainage channels, or ecological habitats, the framework recognizes rivers as dynamic,
interconnected systems whose hydrological, geomorphological, ecological, environmental,
social, cultural, and economic functions are inseparable.

Accordingly, implementation of the framework requires a corresponding transformation in
river governance—from project-based interventions to basin-scale planning, from isolated
engineering works to integrated ecosystem management, from reactive pollution control to
preventive river stewardship, and from static planning to adaptive management.

This chapter provides the strategic framework for translating scientific assessments into
actionable river basin management programmes. It establishes the institutional, planning,
technological, and governance mechanisms necessary for implementing the Integrated River
Assessment Framework across river basins of varying scales and complexities.

9.1.2. Need for an Integrated Implementation Framework

River basin management has entered a new era characterized by increasing environmental
uncertainty, rapid urbanization, changing climate, competing water demands, and growing
societal expectations. Rivers are now expected not only to supply water but also to sustain
biodiversity, regulate floods, recharge groundwater, support livelihoods, preserve cultural
heritage, provide recreational opportunities, maintain ecosystem services, and contribute to
climate resilience.

These expanding expectations cannot be met through conventional river management
approaches that primarily focus on individual sectors or isolated projects. Instead, they
require integrated planning supported by comprehensive scientific assessment.

The Integrated River Assessment Framework fulfils this need by establishing a common
scientific language for river assessment and management. River Classification defines the
physical identity of river systems; PRGI identifies reaches of high intrinsic ecological
significance requiring long-term conservation; RHA evaluates present functional performance
and identifies restoration needs; while FACLWS assesses the contribution of associated
aquatic systems that collectively sustain basin resilience.

Together, these frameworks provide a robust scientific basis for evidence-based planning,
enabling managers to distinguish between conservation, protection, restoration,
rehabilitation, and sustainable development priorities. More importantly, they provide a
common platform through which scientists, engineers, administrators, planners,
policymakers, and local communities can communicate using consistent terminology and
standardized assessment methodologies.



9.1.3. Purpose of this Chapter
Unlike the preceding chapters, which
concepts and

focus on scientific

assessment methodologies, this
chapter focuses on implementation. Its
purpose is to demonstrate how the
assessment  framework can be
embedded within the broader process
of Integrated River Basin Management
(IRBM), thereby transforming scientific
into practical

information decision

support.

Specifically, this chapter aims to:

e establish a strategic roadmap for

implementing the Integrated
River Assessment Framework at
national, basin, sub-basin, river,
reach, and local water system
scales;

e provide guidance on

institutional arrangements and

governance mechanisms
necessary for  coordinated
implementation;

e integrate scientific assessments
with  planning, investment,
restoration, monitoring, and
adaptive management;

e promote standardized

implementation across river

&
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Figure 9.1: Evolution of River Basin Management
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basins to ensure consistency and comparability of assessments;

o identify opportunities for digital transformation through GIS, remote sensing, artificial

intelligence, and decision-support systems; and

o articulate a long-term national vision for river assessment, conservation, restoration,

and sustainable management.

In doing so, the chapter serves as a bridge between scientific assessment and practical river

basin management, thereby completing the conceptual framework presented in this volume.
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9.2. From Assessment to Integrated River Basin Management

9.2.1. Assessment as the Foundation of River Management

Effective river management begins with understanding the river itself. Without a sound
understanding of river identity, ecological significance, functional condition, and associated
aquatic systems, management interventions are likely to be fragmented, inefficient, or even
counterproductive.

The Integrated River Assessment Framework therefore adopts the principle of "Assessment
before Intervention." This principle recognizes that every river possesses unique physical
characteristics, ecological attributes, and functional processes that should guide management
decisions. Restoration measures appropriate for a Himalayan River may be unsuitable for an
alluvial river; similarly, interventions designed for a pristine headwater stream may be
inappropriate for a highly urbanized river reach. Standardized assessment provides the
scientific basis for identifying these differences and tailoring interventions accordingly.

Assessment is thus not merely a diagnostic exercise but the foundation upon which planning,
investment, implementation, monitoring, and adaptive management are built.

9.2.2. Linking Assessment with the River Basin Planning Cycle
The Integrated River Assessment Framework is designed to support every stage of the river
basin planning cycle.

Initially, River Classification establishes the natural identity of the river and defines the
reference conditions against which future changes are evaluated. PRGI identifies reaches
possessing high ecological significance that require conservation. RHA evaluates current
functional performance and identifies restoration priorities, while FACLWS extends the
assessment to floodplain wetlands, tributaries, springs, ponds, paleochannels, and
engineered aquatic systems.

The outputs of these assessments are subsequently synthesized to identify management
priorities, formulate restoration strategies, allocate investments, design monitoring
programmes, and evaluate implementation outcomes. Periodic reassessment allows
managers to determine whether interventions are producing measurable improvements in
river condition and, where necessary, modify management strategies accordingly.

The planning cycle therefore becomes an iterative process characterized by continuous
learning and adaptive management rather than a one-time planning exercise.
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Figure 9.2: Integrated River Assessment-to-Management Pathway—From River
Classification and Functional Diagnosis to Implementation, Monitoring and
Adaptive Management

The framework integrates four complementary assessment components—River Classification
(RCF), Pristine River Grading Index (PRGI), River Health Assessment (RHA), and Functional
Assessment and Classification of Local Water Systems (FACLWS)—into an Integrated
Diagnosis. This informs two complementary planning and management pathways: reach-
specific river management and Planning and Management of Local Water Systems (PMLWS).
Implementation is followed by monitoring, reassessment and adaptive management, creating
a continuous feedback cycle for improving River Health, Water Security and Climate
Resilience.

9.2.3. Integrated River Basin Management Philosophy

The philosophy underlying the Integrated River Assessment Framework is founded on the
recognition that rivers should be managed as living systems rather than as isolated water
conveyance channels. Hydrology, geomorphology, sediment transport, water quality, habitats,
biodiversity, floodplains, wetlands, groundwater, and human communities together constitute
an interconnected socio-ecological system whose components continuously influence one
another.

Consequently, river basin management should seek to restore and sustain the functioning of
the entire river system rather than addressing individual problems in isolation. Pollution
control, environmental flows, floodplain restoration, biodiversity conservation, groundwater
recharge, wastewater reuse, and nature-based solutions should therefore be viewed as
complementary components of a unified management strategy rather than independent
programmes.



This integrated philosophy provides the conceptual foundation for GRBMP 2.0 and aligns river
basin planning with contemporary principles of ecosystem-based management, adaptive
governance, and sustainable development.

Table 9.1: Transition from Conventional River Management to Integrated River Basin

Management
Conventional Approach Integrated River Assessment Framework
Project-oriented Basin-oriented
Water quality focused River system focused
Administrative boundaries Hydrological boundaries
Sectoral planning Integrated planning
Reactive pollution control Preventive ecosystem management
Engineering solutions Hybrid engineering and nature-based solutions
Periodic project evaluation Continuous adaptive management
Single-sector decision-making | Multi-disciplinary governance
Static plans Dynamic, evidence-based planning

9.3. Guiding Principles for Implementation

Successful implementation of the Integrated River Assessment Framework depends upon a
set of guiding principles that ensure consistency, scientific integrity, and long-term
sustainability across all river basins.

These principles provide the philosophical foundation for river assessment, planning,
restoration, monitoring, and adaptive management.

Principle 1 — River Identity Before Intervention
Every river possesses unique hydrological, geomorphological, ecological, and
cultural characteristics. Management interventions shall therefore be based on
River Classification and reference conditions rather than standardized engineering
prescriptions.

Principle 2 — Conservation Before Restoration
River reaches exhibiting high PRGI and good RHA should receive priority for
conservation and protection, thereby preventing future degradation and reducing
long-term restoration costs.

Principle 3 — Functional Integrity

Management should focus on restoring the natural functioning of rivers rather
than merely improving individual environmental indicators such as water quality.



Principle 4 — Basin-scale Planning
Planning shall follow hydrological boundaries at basin, sub-basin, river-reach and
connected Local Water-System scales, while implementation shall be organized
through appropriate administrative units and institutions.

Principle 5 — Reach-based Management
The river reach shall constitute the principal operational unit for main-river
classification, PRGI, RHA and reach-level management. Individual and connected
networks of Local Water Systems shall constitute the operational units for FACLWS
and PMLWS.

Principle 6 — Integration of Local Water Systems
Local Water Systems shall be assessed through FACLWS and planned and managed
through PMLWS as distributed hydrological and ecological infrastructure
contributing to Water Security, River Health and Climate Resilience.

Principle 7 — Science-based Decision Making
Planning, investment, and restoration priorities shall be guided by standardized
scientific assessments rather than subjective judgement alone.

Principle 8 — Adaptive Management
River management shall be treated as a continuous learning process supported by
periodic reassessment, monitoring, and evidence-based revision of management
strategies.

Principle 9 — Multi-stakeholder Participation
Implementation should involve government agencies, river basin organizations,
local authorities, academic institutions, civil society organizations, industries, and
river-dependent communities.

Principle 10 — Climate Resilience and Sustainability
River basin management should enhance resilience to climate variability while
ensuring long-term ecological sustainability and water security.

Principle 11 - Digital Transformation
Implementation should progressively adopt GIS, Earth observation, artificial
intelligence, sensor networks, and digital decision-support systems to improve
assessment efficiency, transparency, and responsiveness.
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Principle 12 — Knowledge Integration

River management should integrate scientific research, traditional ecological
knowledge, local experience, and emerging technologies to continuously improve
understanding and management of river systems.
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Figure 9.3: Twelve Guiding Principles of the Integrated River Assessment Framework

Concluding Note
The concepts presented in this Volume establish the philosophical and strategic foundation
for implementing the Integrated River Assessment Framework. Volume || demonstrates the

operational application of IRAF through the Tier | Ganga River case, including River
Classification, PRGI, RHA,

FACLWS and the translation of diagnosis into coordinated Reach-Specific River Management
and PMLWS. The framework is also applicable to other river systems, including the Hindon.




