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Executive Summary
The City of Fort Collins Natural Areas Department and Utilities Service Area have developed this River
Health Assessment Framework (RHAF) to clearly define the City’s vision for a healthy and resilient
Poudre River. This vision includes aspirations for improving the Poudre River’s health as well as
sustaining current ecosystem function. The RHAF will help guide and inform the City’s efforts to support
watershed services and river management efforts. The scope of the RHAF encompasses the entire
Poudre River as it affects the City, from its headwaters to Windsor, but with greater emphasis on the
reach extending from the City’s water supply intake in the lower Poudre Canyon to I-25.
The RHAF is based on a recently developed river assessment methodology that has been refined and
customized to fit the specific context of the Poudre River. This methodology is built around ten
indicators that represent the essential physical, chemical, and biological elements of the river
ecosystem. Each health indicator is described by several metrics that are measurable or observable
aspects of the river ecosystem, such as water chemistry or the number of bird species detected.
The RHAF also supports the broad set of watershed services that a healthy River provides to the City of
Fort Collins. These include a reliable water supply; floodplain and stormwater management; clean
water; ecological health; and a source of recreation, health and wellness for the community. There are
a diverse and complex set of City objectives related to these watershed services.
The RHAF describes a range of potential conditions for each indicator and then goes on to prescribe
recommended ranges for each indicator. Generally, the embodiment of ideal health in ecosystems is
native condition. The RHAF’s recommended ranges acknowledge that, for many indicators, a return to
native conditions is not feasible given the contemporary context and more than 150 years of changing
conditions and anthropogenic impacts to the river. The recommended ranges attempt to identify the
most beneficial yet feasible outcomes by incorporating the best available science as well as the broader
context of historic land use, and economic, administrative and legal frameworks influencing the
contemporary Poudre River. Therefore, instead of describing native conditions, the RHAF’s
recommended ranges describe conditions that would ensure a functioning, resilient river that meets
critical water quality and ecological health thresholds and continues to perform the watershed services
valued by the City of Fort Collins community.
The RHAF uses an academic grading scale (A, B, C, D, and F) to relate the sense of health or impairment
in a way that is designed to be easily understandable. Grading guidelines provide specific criteria to
describe the existing condition and/or magnitude of dysfunction to warrant a given grade. Each
indicator and its metrics can be quantitatively evaluated, but lacking specific data, metrics can be
assessed using best professional judgement following the established grading guidelines.
While a substantial amount of data already existed to inform RHAF, current data gaps for some of the
indicators prevent the City from fully understanding the current condition of the river. To remedy this,
the RHAF will form the basis of a City initiative to develop a State of the River Assessment and Report
(2016). This long-term monitoring program will strengthen the City’s ability to realize its vision of a
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healthy and resilient river, by tracking trends and detecting responses to management actions. The
State of the River Report Card will also provide a clear, consistent and common means of
communication within the City organization and the community.
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I Introduction
Why Develop a River Health Assessment Framework?
The Cache la Poudre River (hereafter Poudre River or “River”) is a treasured community asset. The City
of Fort Collins (hereafter “City” or “CFC”) recognizes that the Poudre River provides the community with
a broad set of ecological, agricultural, municipal, industrial, and recreational benefits valued by the
community.
The purpose of this River Health Assessment Framework (RHAF) is to articulate clearly defined goals for
the river and provide a framework for monitoring progress towards meeting the goals. Given the
central importance of the river to the community, the City has many initiatives underway to support the
vitality of the river ecosystem. These extensive and diverse set of river-related efforts includes pollution
prevention and stormwater management; regulatory compliance and water quality monitoring;
conservation and restoration of urban streams, the river and its floodplain; augmentation of in-stream
flows; ecological studies; and source water protection. While the purpose of each of these efforts is to
benefit some aspect of river health, the City lacks a comprehensive, metrics-based framework to guide
the overall vision for the river ecosystem.
Further, numerous City and community-adopted planning documents reflect broad support for
maintaining a healthy and resilient Poudre River. Yet, in spite of the fact that there is an ever-increasing
body of research available to help quantify the physical, chemical, and biological components of the
river, the terms ‘healthy’ and ‘resilient’ are subject to various interpretations and have yet to be defined
from the City’s perspective.

Photo by Norm Keally

The Poudre River basin is no exception to an era of highly altered and managed river ecosystems
coupled with high demands for consumptive water. This document describes the rationale for
establishing recommended ranges for the health and functioning of the river. It does so within the
Poudre River’s modern context as a working river with multiple beneficial uses – from delivery of water
to towns and farms, to providing habitat, flood protection, and quality of life for the community. This
framework builds upon similar tools from around the globe that include ecological factors which, when
communicated collectively, provide a broad picture of river and watershed health. The RHAF evaluates
river health using a ‘report card’ style format for effectively communicating the results of monitoring
complex systems.
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Project Goal and Approach
The goal of the RHAF is to develop a framework to clearly describe the City’s aspirations for a healthy
and resilient Poudre River. The framework will help assess, guide and inform the City’s efforts to
support and sustain the health of the river.
This approach is supported through four components:
1. An interdisciplinary City team.
2. Alignment of the team around the common purpose of the watershed services and related City
objectives to assure the pursuit of river health within an inclusive context.
3. Development of river health indicators and associated metrics.
4. Development of recommended ranges for each metric that if met or maintained indicate the
river’s health is sufficient to support the desired level of function and resiliency.
Geographic Scope
The RHAF is designed to be used throughout the Poudre River as it affects the City, from its headwaters
to Windsor. In application, considerably more detail will be included for the reach extending from the
City’s water supply intake in the lower Poudre Canyon to I-25. The RHAF takes into account factors such
as the effects of the upstream watershed, despite the fact that some of these factors fall outside the
City’s control.
Related Poudre River Research, Monitoring and Standards
The City is in the fortunate position of having a considerable amount of data and benefitting from
numerous scientific studies of the Poudre River. To the extent possible and where applicable, this
framework incorporates existing monitoring programs, data, and other ecological studies specific to the
Poudre River. Where applicable, it refers to water quality and aquatic life standards established by the
Colorado Department of Public Health and Environment (CDPHE). Key projects that have informed this
framework include: the Source Watershed Monitoring Program (water quality); the Lower Poudre
Monitoring Alliance (water quality, aquatic insects, and fish); the Ecological Response Model (ecosystem
relationships)(City of Fort Collins, 2014); CFC Natural Areas breeding bird survey, hydrologic and
hydraulic models (various gages, models, sources); and Colorado Parks and Wildlife fish monitoring data,
land use and landform data (data primarily based in Geographic Information System).
Additionally, in the Urban Stream Health Assessment for the Fort Collins (City of Fort Collins 2012),
urban tributaries were examined for their susceptibility to channel erosion, stream habitat, and channel
geomorphology using a variety of established measuring and rating techniques. While the assessment
methods completed for the RHAF are not identical to the Urban Stream Health Assessment, the
approach and tools used in each are similar enough that the information yielded by each will be
complementary.
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Laying the Groundwork for the State of the River Assessment and Report Card
In addition to the goals set forth above, this framework plays two important and unique roles in the
City’s management of the River. First, it organizes a large amount of information into a single
communicable form. Second, it will serve as the foundation for an upcoming comprehensive assessment
of the river’s condition by establishing a Poudre-specific assessment methodology. In the 2016 State of
the River project, City staff will conduct the first complete river assessment and communicate the
results through a State of the River Report Card. The City plans to repeat the State of the River
assessment every 3-5 years and update the report card based on those findings to track trends in the
river’s health and document improvements and identify emerging health issues. This program will also
enable the City to benchmark current conditions for each river reach against the recommended ranges.

II Integrating River Health within the Broader Context of City Interests

City of Fort Collins Natural Areas Department Photo

The interdisciplinary approach to developing the RHAF was the result of recent efforts by the City to
align its river management priorities and interests. The City recognizes the inherent competing
challenges, as well as the synergies, between securing a stable water supply, managing stormwater and
flood risk, and restoring and maintaining an ecologically healthy river. The City also recognizes the River
is a complex, interconnected system, with each department focusing on different aspects of the system
and no single department being charged with managing the river system as a whole. Thus, this
framework has relied on a collaborative, interdepartmental process to articulate what a ‘healthy river’
means in terms of the City’s mission and to better understand the ways in which the City’s River-related
projects support or strain the health of the River.
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Watershed Services and Related City Objectives
River health serves as an index to watershed health. Understanding the health of our river provides
insight into the health of our watershed. A healthy watershed provides direct and indirect benefits to
the communities living in the watershed. For the purposes of this project, these benefits are referred to
as ‘watershed services’ (Figure 1). This project recognizes five essential categories of natural watershed
services:
Clean water (in the river itself, and for the City’s water supply)
Recreation, health and wellness for the community
Reliable water supply
Stormwater conveyance and floodplain resilience
River ecology

City of Fort Collins Natural Areas Department Photo

1.
2.
3.
4.
5.

The City has a variety of programmatic objectives intended to maximize the benefit from these
watershed services. While some City priorities, such as river ecology and water quality, have a
synergistic, mutually supportive relationship, there are inherent tensions between others, such as
maintaining river health while securing adequate water supply and safely conveying stormwater or
effluent. To better understand the ways in which an assessment of river health may implicate the City’s
other needs and objectives, Table 1 sets forth the City’s river-related objectives for each watershed
service.
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Figure 1: An illustration of the Watershed Services provided by a healthy Poudre River highlighting the interactions amongst natural features,
community needs and challenges to river health.
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Table 1: City-Wide Objectives Related to Five Watershed Services
Clean Water
1
2
3
4
5
6

The Poudre River water supply remains treatable with current technologies to current drinking water standards.
Water quality conditions are consistent and do not significantly deviate from the expected seasonal and annual variability.
Poudre River fish and benthic populations are not significantly adversely affected by pollutants in urban runoff.
The Poudre River is protected against discharges that are toxic to humans, animals, plants and aquatic life.
Permitted discharges meet water quality standards to support established beneficial uses of the Poudre River.
The Poudre River is protected from streambank erosion, channel incision, sediment deposition and pollutant loadings from stormwater runoff.

Reliable Water Supply
7

Poudre River streamflows are adequate to reliably supply a portion of the City's current and future water demands.

8

Water rights administration and storage operations are conducted to benefit Poudre River streamflows while first meeting City water demands and legal
obligations.
Surplus water leases are arranged to recover revenue for Utility ratepayers while also promoting agriculture in the Poudre Basin and, where possible,
benefiting Poudre River streamflows.

9

Stormwater Conveyance and Floodplain Resilience
10
11

Stabilize sections of the Poudre River constrained by existing urban activities in order to minimize infrastructure damage and public safety impacts.
Flood resilience is maximized while supporting multiple community land use objectives.

12

Effectively and safely conveys flood flows in accordance with current City/State/Federal floodplain regulations.

Recreation, Health & Wellness
13
14

Connect the community to the river corridor by offering events, educational activities, interpretive features, and volunteer opportunities.
Preserve and interpret the cultural and historic resources within the river corridor.

15
16

Promote a healthy riverine environment as a place to escape from urban stresses, observe wildlife, and improve human health and wellness.
Promote community health and wellness by providing recreation infrastructure improvements to the river such as access points, instream recreation
features, parks, and trails.

River Ecology
16
17
18

Ensure flows are sufficient to sustain critical ecosystem functions and processes, including inundation of the riparian zone, refreshing the riverbed and
supporting aquatic life.
To the extent possible manage sediment and chemical inputs to provide high-quality riverine habitats
Promotes a river and floodplain shape in balance with variability of flows, ecosystem dynamics, local infrastructure and safety.

19

Healthy, resilient and well connected aquatic and riparian habitats and associated characteristic biota are supported, maintained or restored.
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III The Assessment Framework
The following section describes the main components of the framework, the river sections covered, and
the methods used.

Outline of Framework
The River Health Assessment Framework includes ten indicators of river health (Table 2). Each indicator
is evaluated by one or more metrics. Each metric is assigned a recommended range of conditions for
achieving a functional and healthy river.
Table 2: A summary of the Framework’s river health indicators and the metrics used to measure and
describe them.
Indicator
Flow regime

Sediment

Water quality

Floodplain connectivity
Riparian condition

Debris
River form

Channel resilience
Physical structure
Aquatic and Riparian Wildlife

Metrics
Peak flow
Base flows
Rate of change
Land erosion
Channel erosion
Transport
Temperature
Nutrients
pH
Dissolved oxygen
Extent
Saturation duration
Vegetation structure and complexity
Habitat connectivity
Contributing area
Large wood
Detritus
Planform
Dimension
Profile
Dynamic equilibrium
Channel recovery
Coarse scale
Fine scale
Aquatic insects
Native fish
Trout
Aquatic habitat connectivity
Birds
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River Sections
In order to develop meaningful, section-specific recommended health ranges, the study area was
divided into four stream sections for this project. These sections were determined based on natural
changes in river and valley type, topography, land use, and stream classifications, as designated by the
CDPHE. In the future State of the River studies, these segments will also be used to stratify detailed
sampling and monitoring efforts. The river sections for the RHAF are defined below and illustrated in
Figure 2.





Canyon: The headwaters of the Poudre River in Rocky Mountain National Park to the mouth of
the Poudre River Canyon.
Transition: The Poudre River from the mouth of the Poudre River Canyon to Shields Street in
Fort Collins.
Urban: The Poudre River from Shields Street in Fort Collins to the confluence with Boxelder
Creek.
Warm: The Poudre River from the confluence with Boxelder Creek to downstream of the
confluence with Fossil Creek at County Road 32 East.

Figure 2: This map provides and overview of the geographic scope of the RHAF. It shows the Poudre
River divided into four sections for purposes of this project and how those sections correspond to
Colorado Department of Health and Environment regulatory segments.
River Health Assessment Framework
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RHAF River Sections Compared to CDPHE Regulatory River Segments
The CDPHE Water Quality Control Division (CDPHE/WQCD) uses a regulatory framework for classifying
and assigning water quality standards to surface waters. Because aspects of the CDPHE regulatory
framework are incorporated into the RHAF, it is necessary to understand the relationship across RHAF
river sections and CDPHE classification of stream segments. The Poudre River, within the geographic
scope of this project, is classified into three stream segments as defined by the CDPHE/WQCC’s
Regulation No. 38. The ‘Canyon’ river section downstream of Munroe Diversion and ‘Transition’ river
section are classified as stream segment 10. The ‘Urban’ and ‘Warm’ river sections are classified as
stream segments 11 and 12, respectively. The Canyon section upstream of the Munroe Diversion is
classified into three stream segments (1, 2a, and 2b), with segment 1 beginning at the headwaters in
Rocky Mountain National Park. Stream segment 12 continues downstream of County Road 32 East to
the Poudre River’s confluence with the South Platte River.
A Holistic, Functional Approach to Measuring River Condition
Defining a methodology for assessing river health is a precursor to
setting recommended ranges for specific metrics, such as the condition
of native fish or aquatic insect populations. In ecology, like medicine,
the notion of health is related to the ability of the entity to perform vital
functions. In the case of aquatic ecosystems, the functions performed
by healthy rivers support watershed services that have both intrinsic
and economic value. This framework defines river ‘health’ in terms of functional condition.
The physical, chemical and biological environment of the River creates the beneficial functions on which
the community depends. The natural functions and ecosystem services provided by aquatic habitat are
only provided by a healthy and resilient river system. Some functions, such as flood reduction, water
quality maintenance, fishery support and sediment transport, are well known benefits of a healthy
riverine environment. Other functions, such as food chain support or nutrient cycling, are more subtle,
while just as important.
Functional assessments of rivers, streams and wetlands are designed to evaluate and describe the
functional condition or health of aquatic habitats. The Functional Assessment of the Colorado Streams
(FACStream) is one such functional assessment methodology (M. Beardsley, pers. comm. Jan. 10 2015).
Because it was developed specifically for the purposes of assessing and describing the functional
condition of Colorado’s rivers, the City chose FACStream as the template for developing the City’s River
Health Framework. The FACStream framework is built from ten natural “state variables” (called
“Indicators” in the RHAF) that drive river functioning. When evaluated collectively, these Indicators
comprehensively describe river health by diagnosing the severity, extent and causes of river dysfunction.
The RHAF, building on the FACStream template, is intended to encompass the full spectrum of functions
performed by the River. The FACStream employs common ecological principles and focuses on key
ecological factors known to act together to generate all aquatic habitat functions. The performance of
individual functions is assumed to follow the condition of the natural infrastructure used to produce
these functions. Appendix A presents the changes made from the FACstream to the final RHAF.
River Health Assessment Framework
City of Fort Collins, 2015
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Guiding Concepts
Several fundamental principles or ‘guiding concepts’ of modern river systems underlie the
recommended ranges embodied in this report. These principles are essential to understanding and
building the resilience of the River and community in the face of major disturbances such as floods, fires
and drought. They include:
Variability of flows
Disturbance
Biodiversity

Watershed condition
Novel ecosystems
Collaboration and partnerships

The concepts of variability of flows, disturbance, biodiversity and the watershed condition are
recognized in river science as key attributes of natural river systems. It is necessary to understand and
plan with these concepts in mind, not only because they are beneficial and critical drivers in the river
health, but also because they may present challenges to the City and its need to supply essential
services, such as water supply, transportation ways, and a safe and resilient floodplain.

Novel ecosystems are natural systems that have been fundamentally altered by human actions. The
modern Poudre River is one such novel ecosystem. This reality underscores the importance of
recognizing the 150 years of human alterations to the system. On account of these changes, the
pristine, native river is not attainable. Therefore, rather than describing native conditions, the criteria
for an “A” grade describe a self-sustaining system.
The Poudre River system crosses many jurisdictional and political boundaries. The City of Fort Collins is
only one of many important organizations working to positively influence the river’s future. Therefore,
efforts to maintain and improve river health will only be effective if collaboration and partnerships are
prioritized and integrated into the City’s river management initiatives.
These six guiding concepts are explored further in Appendix B.

River Health Assessment Framework
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Grading Health
Following the FACStream framework and numerous other ecological assessment methods, RHAF uses an
academic grading scale (A, B, C, D, F) to relate the state of health or impairment. Grading guidelines
provide the criteria for the conditions or magnitude of impairment warranting a given grade. Table 3
below provides grading guidelines that describe the general level of condition embodied by each grade
category. Within a given grade category, the range of condition varies within the bounds of the grading
criteria. The variation in condition within grade categories is conveyed by adding pluses or minuses to
the letter grades (e.g., B+ or B-).
Grading criteria are based the severity of stressors degrading the indicator and on the amount of
maintenance required to sustain or improve habitat conditions. Required maintenance is a cornerstone
concept in grading. A lack of required maintenance implies a sustainable, dynamic equilibrium in the
system. Active maintenance is required to set various components of the natural system back on track
when disequilibrium threatens system stability. The maintenance required to sustain a dysfunctional
river system has both direct and intrinsic costs to the residents of Fort Collins.

Photo by Norm Keally

FACStream’s grading guidelines apply broadly to all Colorado streams and rivers and are written to guide
rapid functional assessment. However, because the Poudre River has been the subject of long-standing
and intensive study, many of the FACStream grading guidelines have been customized specifically to the
Poudre River. Ranges are recommended in association with the specific grading guidelines for each
metric. The specificity or degree of customization of the guidelines for each metric vary based on
availability of existing data, as well as the need to distinguish between conditions on different river
reaches.

River Health Assessment Framework
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Grading Guidelines and Recommended Ranges
Table 3 below provides the grading guidelines developed to calibrate all of the metrics against a
common description for each grade letter.
Table 3: Grading guidelines used to calibrate the grading criteria of health indicators and metrics
A

B

Reference
standard

Highly
functioning

C

Functioning

D

Functionally
Impaired

F

Nonfunctioning

Condition of the variable is self-sustaining and supports functional characteristics
appropriate to sustain river health. Limited management to sustain and protect this
level of function given stressors from the modern landscape.
The condition of the variable maintains essential qualities that support a high level
of ecological function, yet there is some influence of stressors at a detectable, yet
minor, level. Requires some limited management to sustain and protect against
stressors. The variable retains its essential qualities and supports a high level of
ecological function.
The condition of the variable has been altered and/or degraded by stressors that
substantially influence the variable’s functionality. The variable still supports basic,
natural, stream/riparian functioning. Management is likely required to support
maintenance of the characteristic functional role of the variable.
The condition of the variable is severely altered by stressors that impair the
variable’s ability to support characteristic functioning and the overall health of the
river. Extensive, active management is required to support maintenance of this
level.
The condition of the variable is under the influence of massive deleterious
alterations/stressors. The level of alteration generally results in an inability of the
variable to support characteristic functioning or it otherwise makes the area
biologically unsuitable.

Recommended Ranges
After establishing the above grading guidelines, recommendations were developed for each metric. The
recommendations describe a range of conditions necessary to support varying degrees of river health,
as indicated by the grading guidelines.
Recommended ranges consider not only the metric’s direct support of river functioning but also the way
it indirectly affects or suggests the condition of other health indicators. For example, aquatic insect
populations not only perform intrinsic functions such as organic matter cycling, but they support
fisheries and are indicative of water quality.
While the recommended ranges suggest upper limits for each metric, a better grade is always
acceptable. The recommended ranges show the span of metric condition that would support ecosystem
function and is potentially attainable.
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Summary of Recommended Ranges
The following graph provides a snapshot of the recommended ranges described in the previous pages. In keeping with the goal of this initiative
to develop aspirational but reasonable recommendations for river health, grounded in the guiding concepts, the framework recommends most
metrics should fall in the B range with a few exceptions.
Table 4: A summary of the RHAF’s grade recommendations for each health metric.

A
B
C
D
F

River Health Assessment Framework
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Aquatic Habitat
Connectivity
Birds

Trout

Native Fish

Aquatic and Riparian
Wildlife

Aquatic Insects

Fine Scale

Coarse Scale

Channel Recovery

Channel Physical
Resilience Structure

Dynamic Equilibrium

Profile

Dimension

River Form

Planform

Detritus

Debris

Large Woody Debris

Contributing Area

Habitat Connectivity

Riparian
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Vegetation Structure

Saturation Duration

Floodplain
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Extent

Dissolved Oxygen

pH

Nutrients

Water Quality

Temperature

Transport

Channel Erosion

Sediment

Land Erosion

Rate of Change

Base Flow

Grade

Peak Flows

Flow Regime
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Indicators and Metrics
The following pages set forth the ten indicators of river health, the metrics for each indicator, the
specific grading guidelines and recommended range for each metric. Appendix C provides further
background, reasoning and/or empirical justification behind each grading guideline.
Indicator 1: Flow Regime
Water is commonly said to be the master variable of a river system. The magnitude, duration,
frequency, timing, and rate of change of river flow interact with the landscape to determine the types
and levels of functions that the river performs. In other words, the condition of the Flow Regime is a
fundamental driver and indicator of river health. Three metrics are used to describe the condition of the
river’s Flow Regime: Peak Flows, Base Flows, and flow Rate of Change.

Base flows, on the other hand, are the low
flows that occur during drier times of the
year. They support aquatic life and habitat
connectivity after the seasonal snows have
melted. Base Flows are generally
comprised of rainfall in the watershed and
slowly percolating groundwater (also
referred to as return flows). In more
managed systems, flows may be
augmented with reservoir releases,
exchanges and water administration and
groundwater from the urban corridor.
Base Flows are critically important to river
health since the raw material for aquatic life support – water – is at its lowest supply.

Photo by Dave Leatherman

Adequate Peak Flows are essential to river health and functioning. Spring snow-melt-driven Peak Flows
drive the production of many watershed services including water quality maintenance, support of
fisheries and riparian habitats, recreation and aesthetics. High flows flush accumulated sediment and
algae from the system, leaving the substrate clean and increasing the oxygen in the water. They also
maintain the shape of the channel, facilitate forest reproduction, and sustain groundwater connections
that moderate stream temperatures.

It is not just the amount of water that matters to river health. The flow Rate of Change has an influence
on aquatic and riparian species. On the Poudre River, rapid fluctuations in river flow, especially in the
low flow months, create a highly unnatural environment that is a significant stressor on aquatic insects
and fish.
The following grading guidelines for Peak and Base Flows are provided as narrative descriptions. In
some cases, the grading guidelines include numeric values where the narrative thresholds are supported
by research specific to the Poudre River at given locations.

River Health Assessment Framework
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Tables 5-7: Grading guidelines for the three Flow Regime metrics: Peak Flows, Base Flows, and Rate of
Change.
Peak Flows
Grade Description
1

A

B

Peak flows provide all the functions necessary for a healthy and resilient river ecosystem. Hence,
other metrics require no additional management on account of flow functions, but they may
require management on account of other urban/anthropogenic stressors. Peak flows in this
category support all functions listed below in the ‘B’ category, with the added function of
inundating the riparian area to supporting all floodplain functions.
Peak flows have been reduced or re-timed such that the associated functions are operating, but
with a somewhat reduced capacity. Peak flows support the ‘B’ grade for dependent metrics such
as: largely natural coarse and fine scale physical structure to support aquatic habitat, long-term
dynamic equilibrium with occasional support, maintenance of river form with occasional support,
and inundation of riparian forests and wetlands.
2
5
Location
3 day Magnitude
Frequency
3
Transition Section
3300 cfs
1 in 3 years
4
Warm Section
2100 cfs
1 in 3 years
Peak flows have been reduced or retimed such that there is an increased risk of having an adverse
effect on associated functions. Bed mobility should occur (though with less certainty than at the B
level) given discharges of:

C

2

5

Location
3 day Magnitude
Frequency
3
Transition Section
2700 cfs
1 in 3 years
4
Warm Section
1550 cfs
1 in 3 years
Peak flows have been significantly reduced or retimed past critical system thresholds, having a
cascading deleterious effect on associated functions and dependent metrics. Examples include
reaches below diversions that have fluctuating low regimes but severely attenuated peaks, flashy
urban watersheds, or watersheds with major augmentation or withdrawal. Peak flows reach
desired magnitude for bed sediment mobility, but occur too infrequently (less than 1 in 7 years) to
D
provide required function. Sand and silt deposited in the reach are flushed with regularity (2 in 3
years).
2, 6
5
Location
3 day Magnitude
Frequency
3
Transition Section
1750 cfs
1 in 3 years
4
Warm Section
900 cfs
1 in 3 years
Peak flow patterns do not resemble the natural hydrograph resulting in the near elimination of
natural stream functions and likely require high levels of management in order to maintain a river
F
acceptable to the public and resource managers. Examples include rivers with overwhelming
augmentation or withdrawal.
1
The term ‘Peak Flow(s)’ in this table includes the magnitude, frequency and duration of peak discharge.
2
Daily average flow for three days in a year.
3
Corresponds to the Ecological Response Model (ERM) reach 3a below Larimer and Weld Ditch.
4
Corresponds to the ERM reach 7 Below the Boxelder Gage.
5
Grade adjusts to a ‘+’ if frequency is less than q in 3 years and a ‘-‘ if frequency is greater than 4-7 years.
6
Flow magnitudes for the D grade based upon the flushing of sand and finer material deposited on the channel
bed (ERM).
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Base Flows
Grade Description
Base flow magnitude is ample to provide all the functions necessary for a healthy and resilient
river ecosystem. There are no dry-ups or other significant stressors and aquatic life is never
stressed by altered base flow.
Base flow magnitude is somewhat less than optimal, yet has minimal effects on stream function.
Aquatic life is rarely (and never critically) stressed by altered base flow. Base flows support
associated ‘B’ grade designation for the Water Quality metrics, in turn supporting habitat
B
availability and functional needs of aquatic life. Additionally, this grade levels requires winter daily
1
average of 35 cfs, and all daily average flows are above 20 cfs .
Base flow magnitude alterations are short in duration, or are during times of the season when
stream functions are minimally stressed. There are no dry-ups and the average base flows support
aquatic life needs most of the time. Overall aquatic life is not stressed, despite spatially
C
intermittent and temporally periodic areas of poor habitat availability and water quality. Daily
average charge needs to be greater than 20 cfs. Additionally, during summer/fall there should be
no impairment for dissolved oxygen (see ‘C’ grading guidelines for the Dissolved Oxygen indicator).
Altered base flow patterns are common and measurably affect stream function, such as multi-day
periods of critically low flow or no flow. Winter daily average below 20cfs and short periodic of
D
dry-ups occur in spatially limited sections. Summer/fall flows impaired for Dissolved Oxygen (see
‘D’ grade for Dissolved Oxygen).
Altered base flow patterns have critically reduced stream function, including eliminating native or
desired species, violating water quality standards, and/or other irreversible changes. Examples
include naturally perennial streams that regularly dry up, reaches where critically low flow
F
conditions exist for most of the season, or dry-ups occurring at multiple longer reaches for
extended periods of time.
3
Corresponds to values contained in the Ecological Response Model (ERM).

A

Rate of Change
Grade Description
A

Flow rate of change equal to or less than that caused by natural weather patterns and seasonal
trends. Rate of change is within the tolerance of native and desired biota.

B

Flow rate of change is somewhat altered but change over hours is slow enough to support highly
functional aquatic life and abundant ecological diversity. This includes rate of change from peak
flows (the descending limb of the hydrograph) as well as base flows.

C

Flow rate of change is moderately altered and stresses native and desired plants and animals.
Daily flow change needs to be less than an order of magnitude per day to maintain this level of
function.

D/F

Daily and hourly variability are erratic and independent of season or climate. Aquatic life is still
able to exist, but only the most resilient species survive.

Recommended Ranges:
Peak Flows:
B+ to BBase Flows:
B+ to C
Rate of Change: B
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Sediment is soil, sand and rock that is washed from
the watershed slopes into the river. Fine sediments
can be suspended in the water or larger particles
can move along the river bed. Sediment is a natural
component of the Poudre River ecosystem, but too
much or too little will throw the river’s physical
processes out of balance. When sediment is in
excess, it builds up on floodplains, buries fish
spawning habitat, suffocates aquatic insects, and
aggrades the channel bed. A shortage of sediment
can be equally detrimental for river health. The river is always trying to balance its energy inputs and
outputs. When sediment is withheld from a river reach, the excess energy of the water energy is
expressed elsewhere such as through down-cutting into the bed or erosion of banks. In this way, a
sediment-starved river finds its own sediment sources, but at a cost.
The Sediment indicator is described with three metrics: Land Erosion, Channel Erosion and sediment
Transport. Land Erosion considers the amount of sediment produced in the watershed by hill slope
processes and land uses resulting in exposed soils. Channel erosion evaluates sediment production
caused by erosion of the channels of the river and its tributaries. While erosion is a natural process, the
rates of erosion can be elevated by human activities, such as when alluvial streams incise to form gullies.
Reductions in sediment Transport causes downstream areas to either become unstable due to bed and
bank erosion or the sediments to armor the bed (degrading fish and insect habitats). Watershed
contributions to sediment starvation include diversions, the construction of dams, excessive
imperviousness in the watershed, or upstream channels being lined or buried in culverts.
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Indicator 2: Sediment
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Tables 8-10: Grading guidelines for the three Sediment metrics: Land Erosion, Channel Erosion and
Transport.
Land Erosion
A
B

C

D

F

The amount and timing of sediment production from land erosion is relatively unaffected by human
land use. There are no significant stressors.
Stressors are present but rates of surface erosion and mass erosion events appear to be mostly
natural. Examples include watersheds with low road or development density or grazing practices
that do not deplete vegetation cover. There is no visible discharge of sediment or evidence of
sediment deposition from outfalls.
Land uses in the watershed are causing significant changes to the amount of land erosion. Examples
include overgrazed slopes with increased bare ground, high density of unimproved roads, or
evidence of past human-caused mass erosion. If present, visible discharge of sediment or evidence
of sediment deposition from outfalls is minimal.
Greatly increased land erosion caused by human activity or land use is evident. Examples include
widespread overgrazed or clear-cut slopes, erosion associated with roads adjacent to the stream, or
evidence of recent human-caused mass erosion. Visible discharge of sediment or evidence of
sediment deposition from outfalls indicates unprotected exposed soil in the contributing watershed.
Land uses in the watershed are causing an overwhelming amount of sediment from land erosion.
Examples include widespread loss of ground cover on adjacent slopes with rill or gully formation or
very large or frequent human-caused mass erosion. Visible discharge of sediment or evidence of
sediment deposition from outfalls indicates a significant proportion of unprotected exposed soil in
the contributing watershed.

Channel Erosion
A
B
C

Tributaries and main-stem rivers in the watershed show natural levels of erosion. There are no
significant stressors.
Some tributaries and main-stem rivers in the watershed may have isolated areas of accelerated
bank erosion, but channel-scale instability is not present. Stressors are present but the combined
effects are minimal.
Accelerated bank erosion tributaries and main-stem rivers is common in the watershed. Localized
areas with major instability, incision, and/or gully formation are present. The combined effects of
stressors cause reach-scale instability which is moving through the watershed.

D

Accelerated bank erosion tributaries and main-stem rivers is widespread in the watershed.
Human-induced channel erosion is a major source of sediment to the reach. Adjacent
contributing reaches are incised and some of the contributing tributaries are unstable gullies.

F

Human-induced channel erosion is an overwhelming source of sediment to the reach. Stream
and river reaches are unstable and many of the contributing tributaries are unstable incised
channels or eroding gullies.
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Transport
A
B
C

The amount of sediment delivered to the reach is at natural levels. This often can be
attributed to a largely natural watershed, or the thoughtful application of best management
practices which eliminate the impacts of watershed development.
Impediments to sediment delivery exist, but they are either insignificant or they block
sediment from only a small portion of the overall contributing area. Watersheds may contain
small diversion structures or larger dams located on small tributary drainages.
Impediments to sediment delivery are notable and block sediment from only a moderate
portion of the watershed. Examples include small dams higher on the main stem or major
dams on tributaries.

D

Major impediments to sediment delivery exist in the watershed, but these impediments
either pass a portion of the sediment downstream or block sediment from a less than half of
the contributing area. Reaches far below major dams are an example.

F

Major impediments to sediment delivery trap most or all incoming sediment, supplying the
downstream reach with clear-water discharge. Examples include tailwaters below major
dams.

Recommended ranges:
Land Erosion:
A to B+
Channel Erosion
B
Transport:
B to C
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Indicator 3: Water Quality
Water Quality describes the ability of water to support life, including the plants and animals that live in
it and those that depend on it, including humans. The notion of water quality encompasses element
levels, such as those of lead or mercury, but it also refers to nutrient concentrations, pathogen
concentrations, the amount of oxygen present, and the physical properties of water such as its
temperature and pH. Four metrics are used to inform the Water Quality health indicator: Temperature,
Nutrients, pH, and Dissolved Oxygen.
Water Temperature is a critical abiotic habitat factor that has a strong control on what types of
organisms can inhabit a river reach. For instance, most species of trout are considered “cold water” fish.
Viable populations cannot typically be sustained above a given temperature threshold. Nutrients in the
water are necessary to support aquatic life, but when nutrients are supplied in excess, water quality
suffers through algal blooms, decreased clarity, and bad odor. The pH of water is a measure of its
acidity or alkalinity. Aquatic organisms react strongly to gradients in pH and it sets the context of the
chemical environment mediating the types and rates of a host of bio-geochemical processes and
reactions.
Like the air we breathe, the oxygen dissolved in water is essential to aquatic life. The Dissolved Oxygen
content is generally high in steep mountain streams, where turbulent flows engulf “pockets” of air,
allowing the gas to dissipate in the water. All other things being equal, dissolved oxygen content tends
to decrease as flow rate decreases. Dissolved oxygen content is most commonly impacted by the
elevated microbial respiration resulting from the decomposition of organic matter, such as over-growth
of algae and aquatic plants.

City of Fort Collins Natural Areas Department Photo

Water Quality grading guidelines were developed using historical data collected by the City of Fort
Collins Utilities’ water quality monitoring programs and CDPHE water quality standards. Statistical and
data analyses were performed on long-term data records to assess and compare data distributions over
the period of record, 2009 to 2013.
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Tables 11-14: Grading guidelines for the four Water Quality metrics: Temperature, Nutrients, pH and
Dissolved Oxygen.
Temperature
A
B

C

D

F

Natural temperature regime is present. The annual and/or seasonal average water temperature is
less than the 50th percentile.
Stressors are present but the combined effects are minimal. Examples include watersheds with
relatively minor impacts to water source, floodplain connectivity, stream morphology, or riparian
vegetation. Most headwaters reaches will score in this range or higher. The annual and/or seasonal
average water temperature falls between the 50th and 75th percentiles.
The temperature regime is altered, but natural biotic communities are still mostly intact. Examples
include reaches with widespread land uses that affect temperature, or reaches associated with
moderate point source impacts such as small reservoirs. The annual and/or seasonal average water
temperature is greater than or equal to the 75th percentile, but does not exceed the water quality
standard.
The temperature regime is clearly altered, and impact to the distribution and abundance of
characteristic aquatic life is documented or suspected. Tail waters below large reservoirs and 303d
listed reaches should also be scored in this category or lower. The water quality standard has been
exceeded.
The temperature regime is fundamentally altered by anthropogenic stressors, with effects on the
distribution and abundance of characteristic aquatic life. The water quality standard has been
exceeded consistently.

Nutrients
A
B

C

D
F

Natural physicochemical conditions exist. The annual and/or seasonal average is less than the 75
percentile.

th

Significant stressors are present but the combined effects are minimal. Examples include rural
watersheds with low density land use or high density land use and buffers. No severe point sources
th
are present. The annual average falls between the 75 percentile and the water quality standard.
The supply of organic material and/or nutrients is significantly altered but natural biotic communities
are still mostly intact. Examples include reaches with significant agricultural or urban runoff or the
presence of large reservoirs in the watershed. The annual and/or seasonal average is greater than or
equal to the water quality standard, but does not exceed a 1-in-5 year exceedance frequency.
The supply of organic material and/or nutrients is clearly altered by anthropogenic stressors and
impact to the distribution and abundance of characteristic aquatic life is documented or suspected.
303d-listed reaches should be scored in this category or lower. The water quality standard has been
exceeded.
Unnaturally eutrophic or oligotrophic conditions clearly affect the distribution and abundance of
characteristic aquatic life. The water quality standard has been exceeded consistently.

River Health Assessment Framework
City of Fort Collins, 2015

28
pH (measure of acidity)
A

Natural water quality conditions exist. The annual and/or seasonal average pH is within one standard
deviation of the long-term mean.

B

Significant stressors are present but the combined effects are minimal. The annual and/or seasonal
average pH is within one and two standard deviations of the long-term mean.

C

Water quality conditions are significantly altered but natural biotic communities are still mostly intact.
The annual and/or seasonal average pH is within two standard deviations of the long-term mean and the
water quality standard.

D

Water quality is clearly altered by anthropogenic stressors, and impact to the distribution and abundance
of characteristic aquatic life is documented or suspected. 303d-listed reaches should be scored in this
category or lower. The water quality standard has been exceeded.

F

The physicochemical environment is fundamentally altered by anthropogenic stressors, and conditions
clearly affect the distribution and abundance of characteristic aquatic life. The water quality standard has
been exceeded consistently.

Dissolved Oxygen
A
B
C

D

F

Natural water quality conditions exist. The annual and/or seasonal average is greater than the 50th
percentile.
Significant stressors are present but the combined effects are minimal. The annual and/or seasonal
average is between the 25th and 50th percentiles.
Water quality conditions are significantly altered but natural biotic communities are still mostly intact.
The annual and/or seasonal average is within the 25th percentile of the water quality standard for
aquatic life.
Water quality is clearly altered by anthropogenic stressors and impact to the distribution and abundance
of characteristic aquatic life is documented or suspected. 303d-listed reaches should be scored in this
category or lower. The water quality standard for aquatic life has been exceeded.
The physicochemical environment is fundamentally altered by anthropogenic stressors, and conditions
clearly affect the distribution and abundance of characteristic aquatic life. The water quality standard
for aquatic life and recreation has been exceeded consistently.

Recommended ranges:
Temperature:
A to B+
Nutrients:
A to B+
pH:
A to B+
Dissolved oxygen:
A to B+
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A healthy floodplain
harnesses the power of flood
flows. It allows water to
wander through a defined
habitat zone where its
abundant energy can not only
dissipate but also bring forth
new life.
The Floodplain Connectivity
indicator is described with
two metrics: Floodplain
Extent and Saturation Duration. In evaluating Floodplain Extent two aspects of the floodplain are
considered: the High Frequency Floodplain and the Low Frequency Floodplain. The High Frequency
Floodplain considers the width of the floodplain that is inundated by flows occurring 1 in 5 years. This
“five-year floodplain” helps the system maintain year-to-year dynamic equilibrium, and this is the zone
where most of the river’s forests and wetlands are created and sustained. The Low Frequency
Floodplain includes the width of the floodplain inundated in more extreme events, namely flows on a
100 year reoccurrence interval. Understanding the low frequency floodplain helps us evaluate the
river’s ability to absorb and recover from large floods. Where floodplains are narrow, communities can
expect that the river and associated infrastructure will require routine maintenance and substantial
reconstructing following large flows. Please note: The submetric for the Low frequency floodplain will be
developed in the futurephase of this project (or during the 2016 assessment).
Saturation Duration describes the hydrologic regime for a specific location on the floodplain. The
duration of soil saturation drives a whole host of processes and functions – from creating habitat for
water-dependent plants and animals to geochemical cycling.

River Health Assessment Framework
City of Fort Collins, 2015

City of Fort Collins Natural Areas Department Photo

Indicator 4: Floodplain Connectivity
The channel’s access or connection to its floodplain affects river health as much as it does the riparian
ecosystem. When flows are higher than the channel can contain, the floodplain provides relief. The
floodplain allows excess water to spread across the land. Vegetation, woody debris and complexity in
the floodplain’s topography help absorb the energy of rushing water. This allows the channel to
maintain a stable shape and habitat features, while also providing a buffer to vital human
infrastructure. At the same time, overbanking flood flows nourish the riparian zone, replenishing
nutrients, recharging the
aquifer, and rejuvenating the
forest.
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Tables 15-16: Grading guidelines for the two Floodplain Connectivity metrics – Floodplain Extent and
Saturation Duration.
Extent
Grade Description
1
No significant stressors. The width of the 5-year floodplain is greater than 100 m.
A
The width of the 5-year floodplain width is between 75 to 100 m
B
The width of the 5-year floodplain width is between 50 to 75 m
C
The width of the 5- year floodplain width is between 25 to 50 m
D
The width of the 5-year floodplain width less than less than 25m
F
1
The five-year floodplain width includes both sides of the channel but excludes the channel itself. The
categories are based on expected average widths for a river section. Each RHAF River section is
characterized by a large degree of variation including long reaches with narrow to non-existent
floodplains and intermittent wider reaches.
Saturation Duration1
Grade Description
The active floodplain retains a characteristic saturation regime supporting a mosaic of wetland and
A
B
C
D

riparian species.
The saturation regime of the active floodplain is mildly altered but still supports a mosaic of wetland
and riparian species.
The active floodplain still can become seasonally saturated for more than 14 consecutive days on the
average of one out to two years, but saturation duration is substantially shorted from a characteristic
regime. Wetland habitats tend to be dominated by facultative wetland species.
Saturation of the active floodplain happens less than once in two years on average, or for a period of
time less than 14 consecutive days. Saturation is generally limited to depressions in the floodplain.
No functional floodplain exists.

F
This metric retains the original language from the FACstream method. However, it is likely to be further
developed in the process of the first field application (2016)
1

Recommended ranges:
Note: The following recommended range for “Extent” is intended to be applied at the landscape level
(each of the four RHAF river sections). Thus, the recommended range is not the City’s intent to manage
each local property within the floodplain, rather an overall goal at the larger scale.
Extent: A to B
Saturation: B to C+
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Indicator 5: Riparian Condition
The riparian zone is the area adjacent to and influenced by the river, especially its hydrology. The
riparian zone can be very narrow in canyon reaches or extend for miles when unconfined. On the plains
the riparian zone is characterized by a grand gallery forest of cottonwood, intermixed with meadows
and wetlands. The ribbon of riparian habitat forms a virtual highway for wildlife and birds. Roughly 80%
of Colorado’s species are dependent on riparian areas for food, water and refuge. Riparian habitats
flood at varying intervals depending on topography, flow regime and channel shape. While high flows
cause disturbance to the habitat by uprooting trees, removing vegetation and burying plants with
sediment, this flooding is actually central to the persistence of the riparian ecosystem.
The condition of the riparian zone is described
using three metrics: Vegetation Structure and
Complexity, Habitat Connectivity, and
Contributing Area. Healthy riparian zones are
characterized by a high level of vertical
complexity, including the presence of tree,
shrub and herbaceous vegetation layers. They
are also patches. Vegetation Structure and
Complexity is a result of shallow alluvial
groundwater and the cyclic regime of
disturbance caused by seasonal flooding. It
influences a spectrum of river functions, from
channel stability to evaporation. The
importance of the structure and complexity of
riparian habitat is perhaps most commonly
associated with the critical role it plays in
forming wildlife habitat.
The ability to move freely through the riparian
corridor is of fundamental importance to animal
City of Fort Collins Natural Areas Department Photo
and plant species. Regardless of the condition
of a riparian patch, if it is functionally isolated,
its value to wildlife greatly diminished. Habitat
Connectivity in healthy riparian ecosystems
allows unrestricted movement of wildlife laterally between habitat patches and up and down the
corridor to other reaches. The Contributing Area is the landscape surrounding the riparian zone. Land
uses adjacent to the riparian area can affect its function and condition, such as when nutrient-rich
runoff causes shifts in species composition. Dysfunctions in riparian health in turn can affect the health
of the river, potentially altering nutrient cycling, temperature, channel stability and aquatic biota.
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Tables 17-19: Grading guidelines for the three Riparian Condition metrics: Vegetation Structure,
Complexity and Composition, Contributing Area and Habitat Connectivity.

Vegetation Structure, Complexity
A

B

C

D
F

The structure, complexity and species composition of the riparian vegetation resemble native
conditions. The weighted metric score is 100 – 90, indicating that vegetation is self-sustaining with an
absence or trivial presence of noxious species, a strong predominance of native species without spread of
aggressive species, and characteristic habitat patchiness and interspersion.
The structure, complexity and species composition of the riparian vegetation still resemble native conditions
but with mild detectable changes. The weighted metric score is <90 – 80, indicating that vegetation is largely
self-sustaining, requiring little maintenance to preserve habitat vegetation quality. Noxious species may be
present but at very low densities that do not threaten functioning. Desirable native species predominate but
minor invasion by aggressive species may be present. Habitats maintain a high degree of patchiness and
interspersion, but some minor homogenization through land use has occurred.
Substantial changes in the character of the vegetation are evident, including alteration of layer coverage,
structural complexity and species composition; but, the vegetation retains its essential character. The
weighted metric score ranges between 70 - <80 indicating that regular minor management, such as weed
spraying, is required to maintain vegetation condition. Minor populations of noxious species may occur, and
a larger proportion of the species are exotic or aggressive native species. Homogenization of the riparian
vegetation is common in terms of vertical structure or habitat interspersion.
The vegetation structure, complexity and species composition have been profoundly
impacted. The weighted metric score is 60 - <70, indicating that significant patches of noxious weeds may be
present, along with a preponderance of exotic species. Aggressive native species may wholly dominate the
vegetation, substantially reducing vertical and horizontal vegetation complexity.
The vegetation layer has been completely removed or altered to the extent that is no longer comparable to
the natural structure, diversity and composition. The weighted metric score 50 - <60.

Contributing area
A No appreciable land use change has occurred on the surrounding landscape.
B

C

D

F

Some land use change has occurred in the surrounding landscape, but changes have minimal effect on the
landscape's capacity to support characteristic aquatic functioning. This may be because the land use
changes are not intensive, e.g., haying, light grazing, or low intensity silviculture, or because more substantial
changes have occurred in less than roughly 10% of the area.
The surrounding landscape has been subject to a marked shift in land use; however, the land retains much of
its capacity to support natural wetland function and is not an overt source of pollutants or sediment.
Moderate-intensity land uses such as dry-land farming, urban "green" corridors, or moderate cattle grazing
would commonly fall within this scoring range.
Land use changes in the surrounding landscape have been substantial, including a moderate-to-high
coverage (up to 50%) of impermeable surfaces, bare soil, or other artificial surfaces. Considerable in-flow
urban runoff or fertilizer-rich waters are common. The supportive capacity of the land has been greatly
diminished but not totally extinguished. Intensively logged areas, low-density urban developments, some
urban parklands, and many cropping situations would commonly result in a score within this range.
The surrounding landscape is more or less completely developed or is otherwise a cause of severe ecological
stress on wetland habitats. Commercial developments or highly urban landscapes generally result in a score
of less than 0.6.
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Habitat connectivity

A

B

C

D

F

Habitat patch size

Types and degree of barriers

A continuous corridor of
functional riparian habitat >
100 m exists.

No appreciable barriers exist between the assessment reach and adjacent
wetland and riparian habitats

A continuous corridor of
functional riparian habitat
50 - 100 m wide exists.

A continuous corridor of
functional riparian habitat
15 - 49 m wide exists.

A continuous corridor of
functional riparian habitat
15 - 49 m wide exists.

A continuous corridor of
functional riparian habitat is
less than 5 m or absent
altogether.

Barriers impeding migration or dispersal between the assessment reach and
adjacent wetland/riparian habitat are permeable and easily passed by most
organisms. Examples could include gravel roads, minor levees, ditches or
barbed-wire fences. More significant barriers (see "D” grading guidelines
below) could affect migration of plant and animal species in the assessment
reach to up to 10% of the surrounding wetland/riparian habitat.
Barriers to migration and dispersal retard the ability of many species to pass
between the assessment reach and adjacent wetland/riparian
habitat. Passage of species through such barriers is still possible, but it may
be slowed down, constrained to certain times of day, increasingly dangerous
or require additional travel. Busy two-lane roads, rail lines, small-to-medium
artificial water bodies or widely scattered residential development would
commonly result in a score in this range. More significant barriers (see
"functioning impaired" category below) could affect movement to up to 10%
of the surrounding wetland/riparian habitat.
Barriers to migration and dispersal preclude the passage of many types of
species between the assessment reach and up to 66% of surrounding wetland
and riparian habitat. Travel of those animals which can potential negotiate
the barrier are strongly restricted and may include a high chance of
mortality. Up to 33% of surrounding wetland/riparian habitat could be
functionally isolated from the assessment reach.
The assessment reach is essentially isolated from the surrounding
wetland/riparian habitat by impermeable migration and dispersal
barriers. An interstate highway or concrete-lined water conveyance canal are
examples of barriers that would generally create functional isolation.

Recommended Ranges:
Vegetation Structure and Complexity: B to C+
Contributing Area:
B to C+
Habitat Connectivity: B to C+
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Indicator 6: Debris
The organic debris contributed by the riparian habitat to the channel is critical to river health as it
provides habitat structure, influences channel form, and constitutes the foundation of the aquatic food
chain. Dead-fall trees and large branches that become snagged in the channel or trapped on islands
change the hydraulics of flowing water. This provides refuge for aquatic species and drives geomorphic
processes that ultimately maintain the channel shape and bank configuration.
The Debris indicator is described by two metrics: Large Wood and Detritus. Large Wood is comprised of
branches and trees which fall into the riparian area or channel. Large wood provides habitat diversity
and organic material to both the riparian habitat and within the river channel. Detritus includes fine
material such as leaves, small twigs, decomposing large wood, animal remains, and waste products.
Detritus is the river’s sources of organic material and the base of the river’s food web feeding aquatic
insects and subsequently trout and native fishes.
Tables 20-21: Grading guidelines for the two Debris metrics: Large Wood and Detritus.
Large Wood:
A
B
C
D
F

Large wood supply and presence is at natural levels for this river system. There are no significant
stressors.
Stressors are present but the supply of large wood is not significantly affected. Examples include
fetch areas with minor encroachment, minimal forest clearing, or recovering forests.
Large wood supply is significantly limited. Examples include reaches with woody riparian areas that
are partially cleared or urban areas where large wood is removed for safety purposes and selective
large wood is left in strategic locations within the channel.
Large wood supply is severely limited. Examples include cleared or developed riparian areas with
very thin buffer strips, and urban areas with removal of most of the large wood in the channel and
riparian areas for safety purposes
Large wood supply is essentially zero. Examples include riparian areas that are developed, converted
from woody to grass or rivers from which all large wood is actively removed.

Detritus
Detritus supply is largely unaffected. Riparian vegetation maintains its characteristic structure and
A
B
C
D
F

composition.
Vegetation changes in the riparian zone may exist, but stream side vegetation is largely intact and
the amount and type of detritus is minimally affected.
Detritus supply is limited or altered in composition, such as by widespread clearing of woody species
or partial isolation of the river from its floodplain. Sufficient detritus is still able to reach the channel
to support faunal food webs.
Detritus supply is seriously limited in quantity, or its composition has been fundamentally altered.
This can be caused by extensive row cropping, urban encroachment, vegetation clearing to the river’s
banks, or substantial isolation of the floodplain and river.
Detritus supply is severely limited or functionally nonexistent because of a widespread lack of stream
side vegetation or total isolation of the river from its floodplain.

Recommended Ranges:
Large Wood: A- to C
Detritus: A- to B
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Indicator 7: River Form
Understanding how the river form responds to human-caused and natural stressors is important for
effective management, conservation, and rehabilitation of rivers and streams. For example, channel
change may have implications for the protection of property and structures, water supply, navigation,
and biotic and riparian habitat. Geomorphic responses to disturbances include changes to the channel
bed elevation (erosion or deposition), channel width, channel form (e.g., braided, plane bed, riffle-pool)
and/or the size of channel bed materials. While most channels tend towards an equilibrium state, it
could be argued that no channel is truly in equilibrium and that channels are always adjusting to some
short- or long-term influence. Fortunately this tendency toward equilibrium is intrinsic to river systems
when the necessary building blocks of space, water, and sediment are present.
Planform refers to the ‘bird’s eye’ view of the river and describes the degree of branching and sinuosity.
The Channel Dimension focuses on the cross-sectional condition that can be altered by the processes of
degradation, enlargement, and widening. Channel Profile is the downstream gradient or slope of a river,
including any abrupt drops caused by dams or other grade control structures.
Tables 22-24: Grading guidelines for the three River Form metrics: Planform, Channel Dimension and
Profile.
Planform
Grade Description
A

Planform and variation is appropriate for a well-functioning river of this flow/sediment regime and
landscape setting. There are no significant stressors to the river planform.

B

Planform and variation is appropriate for a river of this flow/sediment regime and landscape position.
Stressors are evident, but with minimal effect on the river planform.

C

There are localized impacts to the river planform, possibly from floodplain encroachment or hardened
banks.

D

There are widespread impacts to the river planform, from floodplain encroachment, hardened banks, or
planform straightening.

F

Severe changes to the planform are evident. Examples include anastomosed or meandering streams
that were straightened, or rivers with armored banks.

Channel Dimension
Channel Cross
Sectional Area

Width to Depth ratio

Not entrenched

Appropriate with no
significant stressors

Appropriate with no significant
stressors

B

Minimal entrenchment

Stressors present, but effects
are minimal

Stressors present, but effects are
minimal

C

Slight entrenchment

Slightly enlarged or reduced

Slight overwidth or overdepth

D

Moderate entrenchment

Enlarged or reduced

Overwidth or overdepth

F

Fully Entrenched

Extremely enlarged or
reduced

Extreme overwidth or overdepth

Grade

Entrenchment

A

River Health Assessment Framework
City of Fort Collins, 2015

36
Profile
Grade Description
A

Overall water surface slope and bed profile variation are appropriate for a well-functioning river of
this flow/sediment regime and landscape position. There are no significant stressors.

B

Overall water surface slope and bed profile variation are appropriate for a well-functioning river of
this flow/sediment regime and landscape position. Stressors are evident but with minimal effect.

C
D
F

There are changes to the localized bed profile and/or the water surface slope is impacted to a small
degree. Examples include reaches with small grade control structures (decreased slope) or reaches
that have been slightly straightened (increased slope).
There are major local gradient impacts at low flow and/or significant changes to the slope of the
water surface. Examples include reaches with large grade control structures and moderate planform
changes.
Severe changes to slope are evident. Examples include anastomosed or meandering streams that
were straightened, or streams with very large grade control structures.

City of Fort Collins Natural Areas Department Photo

Recommended ranges:
Planform: A to C+
Dimension: A to C+
Profile: A to B
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Indicator 8: Channel Resilience
Like all rivers, the Poudre River faces major disturbance events including floods, droughts, and fires. To
recover from these disturbances, rivers must rely on their built-in resilience. This resilience is a direct
function of the availability of appropriate flow and sediment regimes, ample lateral space, connectivity
to adjacent ecosystems, and the pre-disturbance condition of the system. The more rivers can be
managed for resilience, the healthier they will be under common conditions, and recovery from major
disturbances will be faster.
Dynamic Equilibrium is the long-term (decadal) tendency for a river to maintain its form or character
under a characteristic flow and sediment regime. The definition of dynamic equilibrium varies for
different river types. In channels where sediment does not tend to move, stability is a function of both
the channel bed and the banks being stronger than the forces acting upon them. In other channel types,
in which there is a balance of incoming and outgoing sediment, stability is maintained through a
complex state of dynamic equilibrium between sediment supply and flow energy. The Channel Recovery
metric describes the ability of a river system to rapidly recover from changes arising from singular
extreme events or disturbance (e.g., floods, fires, landslides) in an acceptable length of time.
Tables 25-26: Grading guidelines for the two Channel Resilience metrics – Dynamic Equilibrium and
Channel Recovery
Dynamic Equilibrium
A

Stressors are minimal. Patterns, levels, and rates of dynamic processes (erosion, deposition, and
migration) are appropriate for the river in light of its landscape setting.

B

Moderate stressors are present but partially mitigated. Patterns of erosion, deposition, and
migration are largely within the natural range for this river type.

C

Moderate stressors are present and largely unmitigated. Notable impacts to stability are evident
(but not widespread). Examples of impacts include excess deposition, scour, bank erosion,
accelerated migration, pool filling, unnatural bars, over-widening, enlargement, or mild incision.

D

Significant stressors are present and unmitigated. Excess deposition, scour, or widespread bank
erosion are common., along with common avulsions on meandering streams, complete pool
filling, reach wide aggradation, recent head cuts, or artificially hardened channels in unconfined
alluvial valleys.

F

Streams have visible and rapid aggradation, incision, or migration. Stressors need to be identified
and mitigated rapidly or the instability will worsen and spread.
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Channel Recovery
A

B

C

D

F

Reach conditions indicate full resilience and capacity for rapid recovery. There are no significant
stressors that would impede the physical movement/adjustment of the stream or the recovery of
critical components.
Conditions indicate the reach retains the potential to be resilient to moderate events, but slow to
recover from major events. The reach has a characteristically wide and attached floodplain,
mostly native riparian vegetation, and few structural impediments to movement/adjustment.
Moderate stressors are present but are either mitigated or minor.
Reach conditions indicate impaired capacity to be resilience to moderate events and difficulty in
recovering from major events. Examples include structural impediments to physical
movement/adjustment, slightly diminished floodplain connectivity, or vegetation that is limited
due to a lack of local source material, impediments to establishment, or exotics.
The reach has very limited capacity to be resilient to episodic flood events. Examples include
reaches that depend upon artificial stabilization or structures, have limited floodplain
connectivity, have very poor riparian vegetation, or where water source impairment strongly
affects peak flows and effective discharge.
The reach lacks the ability to rebound from and be resilient to episodic flood events,
demonstrating little or no capacity for natural recovery from disturbance events. The stream
relies completely on human-led restoration efforts. Examples include artificially maintained
threshold channels, and reaches with severe floodplain disconnect, severely limited mechanisms
for vegetation recovery, or a severely impaired water source.

City of Fort Collins Natural Areas Department Photo

Recommended Ranges:
Dynamic Equilibrium: B+ to C+
Channel Recovery: B+ to C+
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Indicator 9: Physical Structure
Physical structure in streams and riparian areas is the product of channel change, hydraulics, biological
processes, and the work of natural ecosystem engineers such as beavers. As we alter the inputs or form
of a stream corridor through land use changes, these actions have direct effects on the physical
structure within that system. The required physical structure is often dictated by the habitat needs of
native (or desired) species. Habitat needs vary widely by species and life stage. Diversity in physical
structure supports a wider variety of species and/or life stages and provides places for aquatic species to
rest or hide in times of stress. Diversity in physical structure tends to be difficult to maintain in highly
static systems.

Coarse Scale Physical Structure includes the characteristic diversity of different water velocity conditions
(fast versus still water), depth, and physical cover such as structural elements (e.g., large wood jams or
rocks), overhanging banks, and vegetation for the selected reference condition. Factors affecting Coarse
Scale Physical Structure include habitat types and distribution (e.g., pool spacing, pool-riffle ratios) and
velocity/depth ratios. Fine Scale Physical Structure evaluates the amount and diversity of microhabitats
within the reach, primarily bed materials and algae. Typical factors affecting fine-scale physical
structure include bed material size distribution, fine sediment deposition and scour, embeddedness,
compaction, and algae type/cover. Degradation can include channel bed armoring, elevated fine
sediment deposition, or excessive algae.
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Tables 27-28: Grading guidelines for the two Physical Structure metrics – Coarse-scale Physical
Structure and Fine-scale Physical Structure.
Coarse scale physical structure
A
B
C
D
F

Natural coarse-scale structural heterogeneity on the reach is characteristic of the reference stream
type. There are no significant stressors.
Mostly natural coarse scale physical structure is present. Examples include reaches with slightly
altered physical structure arising from dispersed stressors or minimal direct impacts. Stressors are
present but the combined effects are minimal.
Most typical velocity-depth combinations are present, but distribution of features is skewed.
Examples include reaches with increased pool/run habitat or lack of off-channel habitat.
Some typical velocity-depth combinations or characteristic structural elements are absent, making
the reach uncharacteristically homogenous. Examples include reaches with graded or heavily
armored banks, or with features that are frequently limited by inundation or low flow.
There is severely altered coarse-scale structural diversity. Examples include reaches with severely
homogenized physical characteristics such as unnatural plain-bed morphology.

Fine scale physical structure
A
B
C
D
F

Fine-sediment/algae flushing and bed mobility flow functions are intact, with the substrate clean on
the surface and interstitial space open. Algae exists but is limited. Stressors are minimal.
Fine sediment/algae flushing occurs at least 2 in 3 years and bed mobility in at least 1 of 3 years.
Interstitial space is open in high-energy zones such as riffles but showing some evidence of
degradation. Stressors are present but the combined effects are minimal.
Fine sediment/algae flushing is partially intact, but bed mobilization flows are not present. This can
result in reaches with moderate degradation, including patches of armoring/embeddedness or algae
in the riffles.
There is partial-to-no substrate cleaning and channel maintenance is absent. Examples include
gravel or cobble-bed streams with bimodal materials distribution, increased embeddedness, and
reaches with excessive algae.
Completely static/armored conditions exist, possibly choked with fine sediment and/or algae, or
because of no movement or flushing in past 5+ years.

Recommended Ranges:
Coarse Scale: B to C+
Fine Scale: A to B-
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Indicator 10: Aquatic and Riparian Wildlife
The Aquatic and Riparian Wildlife indicator considers the composition of animal species that depend on
the river and/or its riparian forests for their survival. Together, the different organisms form a “trophic”
or feeding pyramid in which biota, such as aquatic insects, which are low on the pyramid, support
animals such as trout, which are higher on the pyramid. Four metrics are used to assess this
indicator: Aquatic Insects, Native Fish, Trout, Aquatic Habitat Connectivity and Birds.
Aquatic Insects are an essential component of the river ecosystem, performing numerous critical
functions. Aquatic insects can act as an important barometer of water quality, providing early warning
when negative trends are occurring. The Native Fish metric focuses on the small-bodied, warm-water
species common to the eastern Colorado plains. These fishes avoid colder mountain waters and
therefore are not expected upstream of Shields Street in Fort Collins. Trout are a hallmark of Colorado’s
streams and a valued recreational resource.
Aquatic Habitat Connectivity provides an indirect assessment of the health of aquatic life. Aquatic
species must be able to travel among habitats to feed, avoid stressors, and breed. Barriers, such as
cross-channel agricultural diversions, can hamper or outright block the movement of aquatic species,
causing populations to suffer and breaking down faunal food webs.

The development of these wildlife
metrics was informed by existing
monitoring programs that provide
data for a portion of the study area.
Therefore, they are written with a
focus on quantitative rather than
narrative descriptions. Even so, each
grade was developed with an intent
to quantitatively reflect the functionbased grading guidelines as
presented in Table 3.
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Over 80% of all Colorado Birds use riparian habitats at some point in their life cycle. Some species
depend entirely on riparian forests for critical breeding habitat. The presence of the types of species
that inhabit structurally diverse riverside forests provides a gage of the overall quality of riparian forest
as habitat.
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Tables 29-33: Grading guidelines for the five Aquatic and Riparian Wildlife metrics – Aquatic Insects,
Native Fish, Trout, Aquatic Habitat Connectivity and Birds.
Aquatic Insects
The reach sustains and supports reference conditions for aquatic insect communities and aquatic life
1
use. No management is needed other than protection of existing conditions. MMI score is 80-100.
Some detectable stressors are likely with minor alterations to aquatic communities. The ecological
B system retains essential qualities and supports a high level of function. Some management may be
required to sustain or improve this condition. MMI score is 65-<80.
The reach supports and maintains essential components of the aquatic ecosystem, but exhibits
C measurable signs of degradation and less than optimal community parameters. The reach meets the
attainment threshold, with an MMI score of 52-<65.
There are detectable alterations or degradation of aquatic life use, but the system still supports a
D fundamental community structure and function. Active management is required (or at least
recommended) to maintain and improve characteristic functional support MMI score is 42-<52.
There is clear impairment to benthic macroinvertebrate communities and aquatic life. This level of
alteration generally results in an inability to support characteristic benthic organisms, or makes the
F
stream segment biologically unsuitable. The reach has a “below impairment” threshold with an MMI
score of <42.
1
Data is available only for Lincoln Street downstream. MMI (multi-metric index) is established by the CDPHE and
explained further in Appendix C. Scores and thresholds are established according to biotype.

A

Native Fish1
A 12 or more taxa, multiple life stages for most species
B 9-12 taxa, multiple life stages for most species
C 7-8 taxa, multiple life stages for half of species
D 5-6 taxa, single life stage for most species
F 4 or fewer taxa, single life stage for most species
1

These fishes do not thrive in colder mountain waters and therefore are not expected upstream of Shields Street
in Fort Collins. Data was collected in the transition and warm water reaches. The grade has been trending
downward over time as observations of plains top minnow, brassy minnow and red shiner have been increasingly
rare over the past decade.

Trout

A
B
C

Population shows 4 age classes present; high levels of natural reproduction and age 0 fish
documented; high total biomass (60lbs+/acre-gold medal standard); overall average relative weight
is average or higher than average; viable recreational fishery, many adult fish.
More cold water obligate trout species (rainbow and cutthroat trout) present and reproducing.
Population shows 3 age classes present; medium levels of natural reproduction and age 0 fish
documented; medium total biomass (40-59lbs/acre); overall average relative weight is average;
mediocre fishery with moderate numbers of adult fish.
Population shows 2 age classes present; low levels of natural reproduction and age 0 fish
documented; low total biomass (20-39lbs/acre); overall average relative weight is below average;
inconsistent recreational fishery with low numbers of adult fish

D

Population dominated by a single age class; very sporadic natural reproduction and few age 0 fish
documented; very low total biomass (0-19lbs/acre); overall average relative weight is substantially
below average; minimal recreational fishery potential with very low numbers of adult fish

F

No trout present; no natural reproduction; no biomass; no recreational fishery
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Aquatic Habitat Connectivity1
A 20 miles connected
B 10 mile segments
C 5 miles segments
D 2 miles segments
F 1 miles segments
1

Native fish habitat requirements are less well understood compared to brown trout which are known to travel
over 20 miles. Even without specific research on the native fishes, stream fishes in general need to be able to
move among a mosaic of habitat types in order to be resilient under adverse conditions.

Birds
1

91-100% of Indicator Species present during the breeding season dependent on native
heterogeneous habitat structure dominant (>90%), Management needed as directly related
A
to sustaining current conditions.
71-90% of Indicator Species present during breeding season, reflecting habitat structure
B
strongly native and heterogeneous (70-90%).
51-70% of Indicator Species present during breeding season, reflecting habitat that consists
C
mostly of native plants (50-70%) and there is limited heterogeneity in structure.
31-50% of Indicator Species present during breeding season, reflecting habitat lacking in
D
native plant diversity (30-50%) and habitat heterogeneity.
0-30% of Indicator Species present, reflecting habitat severely lacking in native plant diversity
F
(0-30%, mostly dominated by non-native plants) and habitat structure is homogeneous.
1
The City of Fort Collins Natural Areas Department conducted breeding bird surveys along the Poudre River from
the town of La Porte south to Interstate-25 in 2009, 2010, and 2014. This effort produced a data set that provided
an inventory of species, their distribution, and abundance, and that will inform this metric henceforth.

Recommended Ranges
Aquatic insects: A- to C
Native fish: B+ to C+
Trout: A to B
Aquatic habitat connectivity: C
Birds: A to B+
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IV Application and Management
Current Condition and the 2016 State of the River
In addition to articulating the City’s vision for the River, this framework establishes a mechanism to
organize, monitor and report comprehensively on specific metrics of river health. The following section
provides a snapshot of the current condition for each metric based on best available data and expert
opinion. To fill in the data gaps regarding current conditions, the City is planning to conduct a State of
the River Assessment in 2016 utilizing the RHAF as its basis.
While the RHAF draws on available data to inform the grading guidelines, the RHAF itself is not intended
to provide a comprehensive assessment of current conditions. That is the purpose of the State of the
River Assessment. Nevertheless, Table 34 below provides a snapshot of known or estimated current
conditions to provide perspective to the RHAF’s recommended ranges. In doing so, it uses the U.S.
Environmental Protection Agency’s following three-tiered assessment framework to describe the type of
data used to create the health preview:
Level 1= remote assessment that typically relies on Geographic Information System
Level 2= rapid field-based assessment
Level 3= intensive, quantitative site assessment

The last column in Table 34, entitled ‘Data Availability,’ applies this three-tiered approach but adds an
additional level, denoted as IE (informed estimate). IE refers to a “desktop” level of assessment by
technical experts familiar with the study area. For some metrics the informed estimate is applied in
conjunction with other available data that does not directly correspond to these grading guidelines. In
the 2016 State of the River Assessment, a field based rapid assessment approach (Level 2) will be used
to develop a more complete report of the current condition.
In 2016, the City will use the RHAF to conduct a comprehensive river health assessment that will be
published with a higher level of spatial detail in a report-card-style “State of the River Assessment and
Report.” This report will be produced periodically, every three to five years, and will enable the City to
benchmark current conditions for each river reach against the recommended ranges.
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Table 34: A summary of the known or estimated current condition for each metric in each of the four river sections, alongside the respective
recommended ranges. The last column provides an indication of the type of data used to describe current condition. The ranges provided
reflect the range of conditions within each reach and are presented based on sample units appropriate to the data or knowledge available.
Indicator

Metric

Flow regime

Peak flows
2
Base flows
Flow rate of change
Land erosion
Channel erosion
Transport
Temperature
3
Nutrients (TN/TP)
pH
Dissolved oxygen
Extent
4
Saturation duration
Vegetation structure & complexity
Habitat connectivity
Contributing area
Large wood
Detritus
Planform
Dimension
Profile
Dynamic equilibrium
Channel recovery
Coarse scale
Fine scale
Aquatic insects
Native fish
Trout
Aquatic habitat connectivity
Birds

Sediment

Water quality

Floodplain connectivity
Riparian condition

Debris
River form

Channel resilience
Physical structure
Aquatic & riparian wildlife
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Recommended
range
B
B+ to C
B
A to B+
B
B to C
A to B+
A to B+
A to B+
A to B+
B to C+
B to C+
B to C+
B to C+
B to C+
A- to C
B+
A to C+
A to C+
A to B
B+ to C+
B+ to C+
B to C+
A to BA- to C
B+ to C+
A to B
5
C
A to B

Current condition by RHAF Sections
Canyon Transition
Urban
Warm
1
unk
C+
CB
unk
C
D+
DA to B+
C to D
C to D
C
A to B+
A to C
A
B to C
A to B
B to C
D
D
B+
BB+/B
A to B+
A to B+
C to F
A
B+
A
A
B+
A
A
B
N/A
D+
B to C+
A
A to B
unk
unk
unk
A to B
C
C
C
A
B to C
B to D
B to F
A to B+
C
B to D
C
C
B
C
unk
B+
B+
B+
B+
A
A- to C
B to D
A- to C
B
A- to C
B to D
A- to C
A
B to CB- to D
B+ to C
B+
C
C to D+
C
B+
C
C to D+
C
B
B to C
C to D
B+ to C
A to B+
C
B to C
B+ to Bunk
unk
B to C
C to D
unk
unk
C to D
C to D
unk
unk
B to C
N/A
A to CC- to F
D to F
D to F
unk
B to D
B to D
B

Data
availability
3
3
3
IE
IE
IE
3
3
3
3
1
IE
IE
IE
IE
IE
IE
IE
IE
IE
IE
IE
IE
3
3
3
1
3
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1.

2.
3.
4.

5.

Unk stands for unknown, meaning the technical experts were not comfortable developing an informed
estimate. IE stands for informed estimate. N/A stands for not applicable, as the RHAF explicitly is not
going to evaluate the given metric for that reach.
Base flow current conditions were considered in light of the numeric grading guidelines ascribed to winter
base flows. Summer conditions were NOT included in this assessment of current conditions.
Nutrients are reported as TN (total nitrogen) and TP (total phosphorus).
Saturation duration is a local result of both flow regime and topography. Too many unknowns contribute
for the authors to comfortable provide an informed guess. This metric may be further developed during
the first field application of the RHAF in 2016.
A C grade is recommended for aquatic habitat connectivity for all river sections below the mouth of the
canyon. Higher grades already exist for the upper reaches of the river.

Relationships, Stressors, and Degrees of Influence
Another application of the framework will be as a decision support tool for future watershed and river
management. In addition to helping illuminate complex ecological interrelationships and, the
framework enables the City to better understand the varying degrees of influence that any given
stressor has on overall river condition. In light of the City’s limited role in the overall management of
the Poudre River and specific ability to influence each stressor, it can begin to consider opportunities
and challenges in its effort to work towards a resilient future Poudre River and the watershed services it
provides.
The Poudre River’s condition is not simply a sum of its individual parts. It is widely recognized that
indicators of a river system are interdependent and interact in complex ways. However, the nature of
this interaction tends to be largely directional, meaning that some indicators have further reaching
effects within the ecosystem than others.
The U.S. Environmental Protection Agency developed a ’functional pyramid’ to describe the relationship
among river ecosystem attributes (Harmon, 2012). Figure 3 depicts a Poudre River-specific functional
pyramid with system stressors indicated on the outside of the pyramid. As the pyramid indicates, flow
regime is the fundamental driver of river health and affects all aspects of the ecosystem. The physical
template of the river is the next most widely influential group of indicators; however, there is strong
feedback between the river’s physical form and its riparian zone, since vegetation protects and stabilizes
the river’s banks and keeps it on course. Water quality is influenced by the indicators depicted below it
and is essential to sustaining aquatic and riparian wildlife.
Stressors impair the ability of the river to support life. Due to interactions between the indicators, the
effects of a stressor on one component will ripple through the ecosystem, impacting all subordinate
indicators and the functions they drive. For example, when active management of flows causes a
reduction in the magnitude and frequency of high flows, this would be expected to cause a change in
river shape through sediment buildup and other processes. Riparian and wetland dependent species are
likely to decline, owing to the lack of vital moisture and flood-induced germination. Water quality would
likely degrade because of contaminant concentration. Finally, fish and aquatic insect populations would
likely suffer because of all of the aforementioned changes.
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Figure 3: Poudre River functional pyramid (as modified from original version in EPA (2012)). Central pyramid depicts the dependence and
influence of each higher level component on the lower ones. Stressors on each component are indicated in gray bars on the sides.
Competition from non-native or urban species
Pollutants
Recreation

Wildlife

Urban stormwater runoff
Land use and polluted return flows

High banks, disconnected from river flows
Grazing and forestry practices in floodplain
Recreation

Bank armoring
Infrastructure (bridges, roads, pipes)
Large-scale fires in the watershed

Land and Water Use
Climate
Diversions
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Water Quality
Riparian
Vegetation, Floodplain connectivity, Debris

Physical Setting
Sediment, Channel Resilience, Physical Structure, River Form

Flow Regime

Habitat fragmentation
Stressors/poor habitat in other parts of home range

Point source discharge

Gravel mining, development in floodplain
Noxious weeds and aggressive natives
Lack of natural disturbances

Urbanization in the floodplain
Land disturbing practices causing erosion

Water rights and administration
Impervious surfaces
Transbasin Imports
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The Poudre River has been altered for more than a century and a half. Studies indicate the river has
been on a trajectory of ecological decline which could continue in the future (City of Fort Collins, 2014).
As described in Figure 4 below, extensive factors or stressors limit the condition of each river health
indicator. Some of these stressors pose significant challenges for the City in achieving its vision of
maintaining a healthy and resilient river owing to the varying degree of influence it has on stressors.

Diversion structures
Water rights/administration

Figure 4: Diagram showing stressors and their relative impact on the whole river system as well as the
City’s ability to influence change (considering jurisdictional limitations, scope of stressor, and legal
frameworks)
For example, reconnecting the river to its floodplain in an area owned primarily by the City is a
functional improvement the City can choose to act on and likely accomplish. On the other end of the
spectrum, climate is well beyond the City’s control. Many of the stressors fall somewhere in the middle
of this spectrum. The City does have the ability to affect change through some form of influence,
collaborative partnerships, and long-term internal commitment. The Lower Poudre Monitoring Alliance
is one example of collaboration between businesses and government agencies designed to monitor and
make publicly available information about the water quality on the Poudre River from Fort Collins to
Greeley. Positive changes will require long-term commitments from multiple stakeholders. Innovative
funding strategies will be needed to overcome the declining ecological trends on the Poudre and
achieve or maintain the recommended ranges. Efforts to maintain and improve river health will also
need to be integrated with economic and social goals.
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Management Applications
While this framework will serve as a guidance document for numerous City initiatives, the degree to
which it informs a specific project or question will be varied. For some, the lens of the RHAF will provide
supplemental information to the City’s Sustainability Assessment Tool. For example, a project that is not
focused on the river, but that overlaps geographically (e.g., transportation or utilities infrastructure) may
consider the RHAF to understand potential impacts on the river and possible mitigation actions. On the
other hand, a project focused on a particular aspect of river ecology might use the RHAF directly to
evaluate treatment effectiveness or monitor long-term changes.

Photo by Norm Keally

Another important application of this framework is organizing the results from existing and ongoing
monitoring efforts into a common platform for communicating river condition, successes, and potential
new concerns. Having a common platform and increased accessibility to information may enable City
managers, staff and public alike to engage in more informed dialogue and decision-making about the
Poudre River. Finally, by considering the River as an ecosystem with many interrelated parts, rather
than discussing and evaluating components of the River independently, the RHAF can lead to
management decisions that can have a positive effect that ripple through much of the system.

Lifetime of this report
This framework represents an important tool for assessing future projects and informing dialogue
around the River. To some degree, it will continue to be refined, particularly in terms of the spatial and
temporal distinctions that will be refined during the field work of the 2016 State of the River
Assessment.
Further, an extensive amount of Poudre River research and data collection is ongoing but not available
at this time. As new data become available, the grading guidelines may be refined or enhanced.
However, the recommended ranges for each metric are less likely to change for the lifetime of this
document. The RHAF report will be updated in ten years and may reconsider some of the
recommended ranges at that time.
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V Summary
The goal of this initiative was to develop a framework to quantitatively describe the City’s aspirations for
a healthy and resilient Poudre River. The RHAF takes a comprehensive look at the components and
thresholds necessary to have a functioning river, which in turn supports river health and resiliency. The
A through F grading system and associated guidelines provide clear definitions for each metric and grade
level. Thus while the terms ‘healthy’ and ‘resilient’ are acknowledged to be subjective, grade
descriptions provide objective science-based criteria to describe condition classes that are based on
substantial local expertise, available data, and application of ecological theory.
The recommended ranges set forth in this report aspire to maintain a sustainable ecosystem that has a
low risk for functional impairment. In the RHAF, the terms ‘healthy’ and ‘resilient’ are described through
recommended ranges for each metric. These work synergistically to support a more robust, functional
ecosystem that is more resilient to future disturbances, stochastic
events, and short-term or localized human-caused impacts. The
A
closer any single metric gets to the C- to D+ threshold, the more
B
Resilient
at-risk it becomes. A grade of D or F indicates impairment or
C
imminent vulnerability which may have broad implications for
At risk
D
entire system.
Impaired/Vulnerable
F
A number of the ranges recommended herein aspire for some
degree of functional improvement from the current condition.
Nonetheless, the framework recognizes that real-world challenges can limit the pace or feasibility of
potential improvements. Thus, the recommended ranges accept that if some metrics remain steady or
improve only slightly the system may still function well.

Photo by Norm Keally

It is hoped that this new tool will enhance the City’s interdisciplinary approach towards river
management, by providing a common platform for communicating about the river that reaches across
departments. The RHAF will help guide, align, and evaluate City’s river-related initiatives, while also
informing larger-scale regional collaborative dialog.
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