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Purpose and scope

This study is a holistic riverscape health assessment of a 1.9 km reach of the South Arkansas River from 
County Road 107 to the confluence with the Arkansas River east of Salida. The purpose is threefold:

(1) to demonstrate the use of a holistic riverscape health assessment in stream management planning, 

(2) to identify potential opportunities to restore or conserve stream health and function, and 

(3) to provide a rational basis for restoration and/or conservation plans.
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Executive summary

This study is a holistic stream health assessment of the South Arkansas River. It builds upon prior work by the South Arkansas 
Watershed Coalition to identify conservation and restoration potential on the 1.9 km reach through Salida from County Road 
107 downstream to the confluence with the Arkansas. This reach is highly modified for past and current land and water uses. 
Flow regime is significantly diminished due to upstream water diversions. The stream is channelized and often deeply 
entrenched. Most of stream corridor was converted for ranching and agriculture in the 1800s which is also when the major 
roads, and rail lines were built across it. Nowadays, the 150-year-old valley-bottom ranching uses are giving way to urbanization. 
Most of the riverscape has become incrementally constrained by infrastructure and development, leaving less room for 
ecosystem function. In its static and greatly simplified state, with a shrunken corridor, narrowed floodplain, and diminished 
flows, riverscape health and resilience are waning. Composite stream health scores on the reach range from C (significantly 
impaired) to D+ (severely impaired).

Opportunities to improve stream health and resilience depend upon the ability to reverse or mitigate these impacts, the causes 
of impairment, to restore natural ecosystem processes and give back some space where these processes can operate. The best 
prospect for meaningful improvement is on the segment of the old VandeveerRanch owned by the City of Salida plus the 
adjacent private properties up- and downstream. Land use on this section of the stream corridor has moved on from historical 
industrial-scale ranching, the stream is much less entrenched and beginning to recover naturally, and most of the direct causes 
of impairment can be practically and feasibly mitigated. Past levees and cross-valley road fills can be removed to reverse the 
impacts of channelization, entrenchment, and floodplain disconnect; and with improved hydrology native riparian vegetation 
and wetland can be reestablished. Simple treatments can be applied to promote natural fluvial processes such as sediment 
capture, scour, structural complexity, and riparian forest regeneration. In short, this segment provides a rare opportunity where 
natural stream ecosystem processes may occur over a broader portion of the historical riverscape without threatening 
ƛƴŦǊŀǎǘǊǳŎǘǳǊŜ ƻǊ ƛƴŦǊƛƴƎƛƴƎ ƻƴ ǇǊƻǇŜǊǘȅ ƻǿƴŜǊΩǎ needs. Conservation and process-based restoration of the riverscape aligns well 
with landowner values of increased natural habitat, floodplain function, open space, recreation, and environmental education. 
On other segments where stream functions are constrained by land use, development, or infrastructure, marginal stream health 
gains or limited enhancement benefits might be possible using costly engineering-based or artificial approaches. 



A holistic, evidence-based, empirical approach to stream health assessment

Holistic stream health assessment requires a multidisciplinary approach. After carefully delineating the 
riverscape, hydrological, geomorphological, chemical, and biological evaluations are synthesized into a 
holistic view of system health to identify the degree and causes of impairment. Factors are rated for degree 
of impairment using an academic grading scale (A-F) based on predefined criteria that indicate degree of 
departure from natural pre-disturbance reference condition. Like all assessments (ecological or otherwise) 
the ratings are informed opinions based on the best available empirical evidence. Grades may be challenged 
or refined at any time as more evidence or better interpretation becomes available. 

Direct evidence of impairment may come from existing studies, monitoring data, field and remote 
observations, and/or detailed surveys. Judgments must be corroborated by the documentation of stressorsτ
the anthropogenic impacts that cause impairment. Knowing the causes of riverscape health impairment, as 
well as the degree of impairment, is important in deciding if, where, and how efforts to improve stream 
health through conservation or restoration might be feasible. 

ҥ ¢ƘŜ нлмп {ƻǳǘƘ !Ǌƪŀƴǎŀǎ wƛǾŜǊ ²ŀǘŜǊǎƘŜŘ !ǎǎŜǎǎƳŜƴǘ

An assessment of the South Arkansas River Watershed was 
made for the South Arkansas Watershed Coalition (SAWC), 
a combined effort of the Central Colorado Conservancy 
(then known as the land Trust of the Upper Arkansas) and 
Collegiate Peaks Chapter of Trout Unlimited by Bill 
Goosmann. A report from this study, submitted in May 
2014, provides a wealth of useful information and a 
foundation for our assessment of stream and riverscape 
heath. We refer to this report frequently in this document 
ŀǎ ǘƘŜ άнлмп {!²/ wŜǇƻǊǘέΦ

wŜǎƛƭƛŜƴŎŜ ǘƻ ƴŀǘǳǊŀƭ ƘŀȊŀǊŘǎ ŀƴŘ ǎǘǊŜŀƳ ƘŜŀƭǘƘ Ǝƻ ƘŀƴŘ ƛƴ ƘŀƴŘ Ҧ

Stream health assessment and fluvial hazard mapping are 
complimentary studies that provide useful information to decision-

makers in stream management planning efforts. Many of the stressors 
that impair streams are caused by actions taken to engineer riverscapes 

to protect people and property from natural and predictable fluvial 
processes. Anticipating these hazards when planning land use, 

development, conservation and restoration is a good way to protect 
stream health and valuable ecosystem services while simultaneously 

reducing risk. This is the path to building healthy resilient communities. 

For more information about FHZ mapping in Colorado, see 
https://www.coloradofhz.com.

The South Arkansas River, or Little River, is a tremendous resource for residents of Chaffee County. From its origins high in

the SawatchRange, the South Arkansas flows along and through public lands, ranchlands, residential, and commercial 

neighborhoods. Along the way it provides drinking water to the City of Salida, irrigation water to local ranches, critical 

habitat for fish and wildlife, and recreational opportunities for residents and visitors. Streams and wetlands comprise only 

2% of our land cover in Chaffee County, they benefit more than 75% of our wildlife species. Healthy riverscapes, the green 

ribbons that fill stream corridors, are living filters that attenuate floods, enhance water quality, recharge groundwater, 

provide open space, aesthetic values, and a chance for all generations to experience and learn about nature. 

Central Colorado Conservancy and the Collegiate Peaks Chapter of Trout Unlimited have teamed up to study opportunities 

along the South Arkansas River to improve stream health while supporting landowners along the river with their 

management goals. In 2014 we completed the first ever river health assessment of the South Arkansas, which gave us a 

great foundation for understanding of this river system and its many functions. While many of the findings of that study 

remain true today, a lot has also changed in our watershed. We have seen a dramatic shift in forest health, increasing risk 

of wildfire, and growing development pressure along the stream corridor. There has also been a paradigm shift in river 

science and understanding of stream processes that illuminated the importance of biotic elements such as vegetation, 

wood, and beavers as critical drivers of stream change. Healthy streams are no longer viewed as a static channels that 

optimize water conveyance, but as complex and dynamic ecosystems that operate over broad riverscapes. When they are 

able tofunction naturally and to adapt and adjust over time, streams like the South Arkansas create their own habitat 

while providing resilience to flood, drought, and the runoff from wildfires. 

In 2020 we began to explore conservation and restoration opportunities along the reach from County Road 107 

downstream to the confluence with the Arkansas River. We ǎŜŎǳǊŜŘ ƎǊŀƴǘǎ ŦǊƻƳ /ƻƭƻǊŀŘƻ ²ŀǘŜǊ /ƻƴǎŜǊǾŀǘƛƻƴ .ƻŀǊŘΩǎ 

Watershed Restoration Program and Trout ¦ƴƭƛƳƛǘŜŘΩǎEmbrace a Stream program to develop conservation and 

restoration concepts aimed at preserving or improving health and resilience of the Little River. This report is the 

culmination of a holistic riverscape health assessment that identifies several conservation and restoration prospects which 

appear to be quickly vanishing along this increasingly urbanized stream. We look forward to working with the City of Salida 

and other interested landowners along this reach to explore strategies to protect and restore riverscape health and 

resilience so that the many services the South Arkansas River provides our community can be enjoyed for generations. 

Introduction and background

https://www.coloradofhz.com/


Geography and process
Stream ςa course through which water naturally flows through a landscape. Geographically, the stream 

ecosystem is synonymous with riverscape which is mapped as a corridor (i.e., active stream corridor) 
and measured in with length and width 

Riverscapeςthe corridor through which water naturally flows, including and channels, swales, backwater, 
ponds, floodplain, riparian, wetland, and hyporheic zones. It is the area in which a stream ecosystem 
occupies, recently occupied, or could reasonably occupy in the contemporary climatic regime, and is 
therefore aligned geographically with the active stream corridor, riparian zone, and valley-bottom. 

Channel ςone component of the riverscape where surface water flows between well-defined banks
Riparian zone ςthe area within which riparian vegetation would naturally persist; geographically 

synonymous with the ASC, valley-bottom, and extent of the riverscape
Valley-bottom ςthe relatively flat bottom of an active alluvial valley; geographically synonymous with the 

ASC, riparian zone, and extent of the riverscape
Wetland ςareas that are seasonally or perennially saturated, with characteristic soil and hydric vegetation. 

Some but not all riparian areas are wetland. 
Stream evolution ςthe geomorphological and ecological progression of change in a riverscape, described 

as stages in predictive models (see Cluerand Thorne, 2014, for example)
Channelization ςconsolidation of flows into a channel as a result of anthropogenic impacts, either 

intentional or as an indirect result of riverscape changes  
Entrenchment ςthe degree to which a channel is hydrologically and ecologically disconnected from the rest 

of the riverscape.
Incision ςa cause of entrenchment due to downward erosion of a stream; degradation
Aggradation ςraised elevation due to the accumulation of sediment in a channel or other part of the 

riverscape
Reference reach ςa relatively unimpaired riverscape in exhibiting natural processes and sustainable 

performance of functions. Reference reaches must be from similar geological hydrological, and 
ecological context to the reach being assessed 

Stream health factors
Flow regime ςthe pattern of water supply to a stream reach, defined by the amount and timing of flows. 
Materials supply ςthe pattern of sediment, wood, and detritus supply to a stream reach, defined by the 

amount and timing of inputs 
Water Quality ςphysicochemical properties of water on a stream reach
Landscape support ςconnectivity between the riverscape and surrounding landscape, particularly related 

to the exchange of materials, energy, and biota
Riverscape hydrology ςthe spatial and temporal pattern of water distribution across a riverscape
Riverscape dynamics ςspatial and temporal patterns of fluvial geomorphic activity in the riverscape
Riparian vegetation ςspatial and temporal patterns of vegetation extent, diversity, regeneration, and 

succession in the riparian zone 
Physical heterogeneity ςtopographical, bathometric, and structural diversity in the riverscape at 

vegetation, macro- and micro-spatial scales   
Aquatic biota ςcommunity and trophic structure of aquatic and semi-aquatic organisms, especially with 

respect to the impact of biota on ecosystem function

Glossary

System health, function, and services
Stream health ςPhysical and biological integrity of a stream ecosystem (i.e.,riverscape) defined as its

Å ability to perform vital functions (natural processes) 
Å ability to recover from stress (resilience)
Å ability to perform valued roles (ecosystem services)

Stream health is an inherent property of the stream ecosystem, inversely proportional to the degree of human 
disturbance.

Impairment ςloss of function in one or more stream health factors or disruption of natural functions due to 
anthropogenic impacts; decreased stream health. 

Stressor ςanthropogenic disruption of natural stream ecosystem processes; the cause of impairment. 
Stream (ecosystem) functions ςthe natural hydrological, geomorphological, physicochemical, and biological 

processes carried out in a stream ecosystem (riverscape). Functionality is a factor of stream health.
Stream (ecosystem) services ςriverscape functions that are valued by society; services rendered by stream 

ecosystems that benefit people. Some examples are water supply and delivery, flood attenuation, water quality 
maintenance, habitat for valued fish and wildlife, recreational opportunity.

Conservation ςactions taken to prevent stream health impairment due to potential future stressors. It may involve 
protective easements, management agreements, and/or stewardship.

Restoration ςactions taken for the purpose of improving stream health and function. The distinctions between 
restoration and enhancement, stabilization, or river engineering are often made more explicit with the modifier 
άǇǊƻŎŜǎǎ-ōŀǎŜŘέ restoration. Societal benefits derive from sustainable riverscape functions and increased 
ecosystem services.

Enhancement ςactions taken for the purpose of maximizing or increasing one or a few select stream functions. 
Societal benefits are defined by discrete functional objectives.

Stabilization/containment ςactions taken for the purpose of containing flows or managing natural fluvial processes 
to reduce risk to people or property. Societal benefits derive from reduced risk to life and/or property.

Fluvial hazard terms
Fluvial Hazard Zone (FHZ) ςthe area a stream has occupied in recent history, may occupy, or may physically influence. 

It includes ASC and FHB plus auxiliary components including Avulsion Hazard Areas (AHZ), Fans (F), Geotechnical 
Flags (GF), and disconnected portions of the stream corridor

Active stream corridor (ASC) ςthe land influenced by fluvial processes in the contemporary flow and sediment regime
Fluvial Hazard Buffer (FHB) ςerosion-prone land adjacent to the active stream corridor
Avulsion Hazard Zone (AHZ) ςthe area a stream may occupy and impact due to a wholesale shift in channel position 

on the valley floor

Careful and consistent use of language is the key to effective communication.



Fluvial geomorphic processes are natural phenomena in stream corridors such as erosion, sediment transport 
and deposition, wood recruitment and jamming, and the structural influences of plants and animals. Fluvial 
geomorphic processes become hazardous when they encounter public infrastructure, houses, businesses, and 
other investments within and adjacent to the stream corridor. To help communities better understand their 
existing risks associated with erosion, sediment deposition, and other dynamic river processes, the Colorado 
Water Conservation Board (CWCB) developed a technical protocol to identify and map the areas where fluvial 
hazards may exist. 

Flood hazard identification and mitigation must recognize that streams are naturally dynamic, prone to move 
within a corridor, and apt to modify their margins as they transport and deposit water, sediment, and debris 
inputs from their watersheds. Flood insurance claims and property loss data demonstrate that in Colorado, 
reliance on traditional flood inundation maps alone does not provide a comprehensive characterization of the 
hazards imposed by fluvial processes. By taking into accountthe full suite of dynamic stream processes, 
/²/.Ωǎ {ǘŀǘŜ ƻŦ /ƻƭƻǊŀŘƻΩǎ CƭǳǾƛŀƭ IŀȊŀǊŘ ½ƻƴŜ aŀǇǇƛƴƎ tǊƻƎǊŀƳ represents a significant and necessary step 
forward in adaptively managing stream corridors, preparing for and mitigating flood impacts, and making 
informed land use decisions based on awareness of fluvial processes, stream health, and resilience. 

FHZ maps provide communities, property owners, and emergency response teams with information on flood-
and stream-related hazards beyond those identified by traditional floodplain mapping. They are a tool to help 
stakeholders visualize and understand the inherent risk on lands that have been and will someday again be 
shaped by water and sediment moving through the landscape, particularly after large disturbance events like 
wildfires. As stream corridors are environmentally and economically important areas, Fluvial Hazard Zone 
maps can also aid in prioritizing lands for environmental, wildlife, or agricultural conservation. 

Example Fluvial Hazard Zone (FHZ) map showing the Active Stream Corridor (ASC), Fluvial Hazard Buffer (FHZ) ҩ
and auxiliary Disconnected Active Stream Corridor (DASC), Fan (F), and Geotechnical Flag (GF) components.

Fluvial processes and fluvial hazards The Fluvial Hazard Zone (FHZ) is the area a stream has occupied in recent history, may occupy, or may physically 
influence as it stores and transports water, sediment, and debris. FHZs are mapped by fluvial geomorphologistsτ
ǎŎƛŜƴǘƛǎǘǎ ǿƘƻ ǎǘǳŘȅ Ƙƻǿ ŦƭƻǿƛƴƎ ǿŀǘŜǊ ǎƘŀǇŜǎ ŀƴŘ ƳƻŘƛŦƛŜǎ ǘƘŜ 9ŀǊǘƘΩǎ ǎǳǊŦŀŎŜ ǘƘǊƻǳƎƘ ŜǊƻǎƛƻƴŀƭ ŀƴŘ ŘŜǇƻǎƛǘƛƻƴŀƭ 
processes. Mapping is completed through the interpretation and synthesis of geomorphic, geologic, hydrologic, and 
biotic information (i.e., data that describes the physical location, form, flooding intensity, active sediment and debris 
transport, and ecological conditions of a riverine system).

vs.

FLUVIAL HAZARD ZONE MAPS (FHZ)
ω LŘŜƴǘƛŦȅ ǿƘŜǊŜ ŀ ǎǘǊŜŀƳ Ƴŀȅ ƳƻǾŜ ƻǊ Ƴŀȅ ŎŀǳǎŜ ŘŀƳŀƎŜ 

during a flood (e.g., erode a high bank and undermine a 
structure or deposit sediment and debris).

ω {Ƙƻǿ ǎǳǎŎŜǇǘƛōƛƭƛǘȅ ǘƻ ŦƭƻƻŘ ƘŀȊŀǊŘǎ ǊŀǘƘŜǊ ǘƘŀƴ ǇǊƻōŀōƛƭƛǘȅΦ
ω ¦ǎŜ ŀ ǾŀǊƛŜǘȅ ƻŦ Řŀǘŀ ŀƴŘ ƳŜǘƘƻŘǎ ƛƴŎƭǳŘƛƴƎ ƘƛƎƘ ǊŜǎƻƭǳǘƛƻƴ 

topographic data (i.e., LiDAR), geologic and soils maps, and 
field verification.

ω !ǎǎǳƳŜ ǘƘŀǘ ǎǘǊŜŀƳ ŘƛƳŜƴǎƛƻƴǎ ŎƘŀƴƎŜ ŘǳǊƛƴƎ ŀ ŦƭƻƻŘ ŀƴŘ 
that flows are transporting sediment and debris.

ω wŜƭȅ ƻƴ ŦƭǳǾƛŀƭ ƎŜƻƳƻǊǇƘƛŎ όǎǘǊŜŀƳ ŦƻǊƳ ŀƴŘ ǇǊƻŎŜǎǎύ 
expertise to interpret landforms within the floodplain and 
along a stream.

ω 5ƻ ƴƻǘ ŀŦŦŜŎǘ ŦƭƻƻŘ ƛƴǎǳǊŀƴŎŜ ǊŀǘŜǎΣ ǘƘƻǳƎƘ ǘƘƻǎŜ ǿƛǘƘ 
structures within the FHZ are encouraged to purchase flood 
insurance.

ω wŜƎǳƭŀǘƛƻƴΣ ƛŦ ŀƴȅΣ ƛǎ ŘŜǘŜǊƳƛƴŜŘ ōȅ ƭƻŎŀƭ ŎƻƳƳǳƴƛǘƛŜǎΦ
ω bƻƴ-federally regulated product.

FLOOD INSURANCE RATE MAPS (FIRM)
ω aŀǇ ŀǊŜŀǎ ƻŦ ŦƭƻƻŘ ǿŀǘŜǊ ƛƴǳƴŘŀǘƛƻƴΦ
ω /ƻǊǊŜǎǇƻƴŘ ǘƻ ƻƴƭȅ ƻƴŜ ŜǎǘƛƳŀǘŜŘ ǇŜŀƪ ŦƭƻǿΦ
ω ¦ǎŜ ŀ ǾŀǊƛŜǘȅ ƻŦ Řŀǘŀ ŀƴŘ ƳŜǘƘƻŘǎ ǘƻ ƳŀǇ ŦƭƻƻŘ ǎǳǊŦŀŎŜ ŜƭŜǾŀǘƛƻƴǎ ŀƴŘ ŜȄǘŜƴǘΦ 

This may include historical flood data, rainfall data, topographic data (i.e., 
LiDAR and field surveys), along with computer models that calculate results 
for hydraulic equations.

ω wǳƭŜǎ ŦƻǊ ƳŀǇ ŘŜǾŜƭƻǇƳŜƴǘ ŀǊŜ ǎŜǘ ōȅ ǘƘŜ ŦŜŘŜǊŀƭ ƎƻǾŜǊƴƳŜƴǘ Ǿƛŀ C9a!Φ
ω !ǎǎǳƳŜǎ ŀ ǎǘŀǘƛŎ ǎǘǊŜŀƳ ǎȅǎǘŜƳ ǿƛǘƘ ƴƻ ŎƘŀƴƎŜǎ ǘƻ ŀ ǎǘǊŜŀƳΩǎ ǎƘŀǇŜ 

throughout the duration of a flood.
ω 5ŜǾŜƭƻǇŜŘ ǿƛǘƘ ƳŜǘƘƻŘǎ ǘƘŀǘ ǘȅǇƛŎŀƭƭȅ Řƻ ƴƻǘ ŀŎŎƻǳƴǘ ŦƻǊ ǘƘŜ ǘǊŀƴǎǇƻǊǘ ƻŦ 

sediment and debris.
ω !ǊŜ ǘȅǇƛŎŀƭƭȅ ƳŀŘŜ ōȅ ŜƴƎƛƴŜŜǊǎ ǿƛǘƘ ŜȄǇŜǊƛŜƴŎŜ ƛƴ ƘȅŘǊƻƭƻƎƛŎ όǊŀƛƴŦŀƭƭ ŀƴŘ 

watershed) and hydraulic (stream channel and floodplain) computer 
modeling.

ω /ǊŜŀǘŜŘ ŀǎ ǇŀǊǘ ƻŦ ǘƘŜ bŀǘƛƻƴŀƭ CƭƻƻŘ LƴǎǳǊŀƴŎŜ tǊƻƎǊŀƳ όbCLtύ ŀƴŘ ǳǎŜŘ ǘƻ 
determine where flood insurance is required and what rates apply.

ω CŜŘŜǊŀƭ ŀƴŘ {ǘŀǘŜ-regulated product (for community participation in the NFIP).

Since 1978, approximately 49% of all National Flood Insurance Program claims in Colorado have come from policies written outside the high-risk area depicted on the FEMA FIRMs. The 2013 Colorado Front Range flood 
resulted in 52% of flood insurance claims originating outside of regulatory floodplains clearly demonstrating that reliance on flood inundation maps alone does not provide a complete picture of flood hazards. 

https://www.coloradofhz.com/


The Active Stream Corridor
The Active Stream Corridor (ASC) is land that has been or may be shaped by erosion and deposition under a range of conditionsin the prevailing 
flow and sediment regimes (i.e., the contemporary geomorphic floodplain). Dominant processes within this corridor include channel incision, 
widening, avulsion, lateral and downstream migration, aggradation, and braiding. These processes manifest over a range of time and space. 

The geographical extent of the riverscape is defined by the boundaries of the ASC. 

ҥ Conceptual Fluvial Hazards Map of the South 
Arkansas Corridor. The Fluvial Hazard Zone 
consists of two primary components: the ASC 
(described above) and the Fluvial Hazard Buffer 
(FHB). The FHB accounts for erosion prone land 
located beyond the Active Stream Corridor, such 
as hillslopes and terraces, that may be 
susceptible to slope failure as a result of toe 
erosion caused by fluvial scour. It is a buffer 
applied to the outer boundary of the ASC. 
Avulsion Hazard Zones (AHZs) mark the area a 
stream may occupy and impact due to a 
wholesale shift in channel position on the valley 
floor as defined in the Colorado FHZ Protocol.

These draft maps were developed for planning 
purposes only and were delineated with 
topographic data from a 2011 LiDAR survey.

See sheet 26 for a description of 
the relative elevation map



Inundation Risk

Flooding is the most expensive natural disaster in the United States, costing over $1 trillion in inflation adjusted dollars since 1980. TheFirst Street Foundation Flood Model(i.e., Flood Factor)is a nationwide, 
probabilistic flood model that shows risk of flooding from rain, rivers, tides, and storm surge. It builds off decades of peer-reviewed research to forecast how flood risks will change over time due to changes in the 
environment. CƛǊǎǘ {ǘǊŜŜǘΩǎ ŘŀǘŀΣ ŀƴŘ ƻǘƘŜǊ ƻǇŜƴ-source datasets, can serve as important complements to existing sources of flood risk data such as FEMA maps. FEMA maps are designed to set insurance rates and for 
use by decision-makers, and technical expertsτnot as communication tools for the general public to understand actual flood risk.This often leaves average Americans navigating the alphabet soup of AE, X, and V 
zones and having a difficult time understanding how concerned they should be about flood risk. FEMA maps can also create a falseǎŜƴǎŜ ǘƘŀǘ ŦƭƻƻŘ Ǌƛǎƪ ƛǎ ōƛƴŀǊȅ ōȅ ŦƻŎǳǎƛƴƎ ƻƴ ǿƘŜǘƘŜǊ ŀ ǇǊƻǇŜǊǘȅ ƛǎ άƛƴǎƛŘŜέ ƻǊ 
άƻǳǘǎƛŘŜέ ƻŦ ŀ ŦƭƻƻŘ ȊƻƴŜΦ .ŜŎŀǳǎŜ ǘƘƛǎ ŘŜǎƛƎƴŀǘƛƻƴ ƛǎ ōƛƴŀǊȅΣ ƛǘ ŘƻŜǎ ƴƻǘ ǇǊƻǾƛŘŜ ŀƴȅ ƛƴŘƛŎŀǘƛƻƴ ƻŦ Ǌƛǎƪ ƳŀƎƴƛǘǳŘŜ ŦƻǊ ƛƴŘƛǾiduŀƭ ǇǊƻǇŜǊǘƛŜǎΦ ¢Ƙƛǎ ŎƻƳƳǳƴƛŎŀǘƛƻƴ ŎƘŀƭƭŜƴƎŜ ƛǎ ŎƻƳǇƻǳƴŘŜŘ ōȅ ǘƘŜ ŦŀŎǘ ǘƘŀǘ C9a!Ωǎ 
mapssignificantly underestimate risk. As discussed in the section on fluvial processes and fluvial hazards (sheet 4), FEMA maps assume stationarity in watershed hydrology, floodplain terrain, and channel dimensions 
and location. They fail to account for a host of dynamic processes inherent in fluvial systems. They are also often outdated. These shortcomings can lead to substantial consequences for property owners. 

The Flood Factortool and its associated data may be useful in helping individuals and community leaders understand risk and make broad management and planning decisions. Potential uses of this data include:
ÅRisk Awareness:This data gives communities aquick and freepicture of their flood hazard at both the property and community levels. In order to obtain even screening level data, communities would previously have 
had to pay for detailed modeling or a flood risk assessment study. While such detailed studies are essential for local planning efforts, they can cost tens of thousands to hundreds of thousands of dollars, a significant 
financial hurdle for smaller communities or for those with tight budgets.
ÅPlanning:This data can help communities understand gaps in FEMA maps, especially in smaller, rural, and inland communities, and prioritize areas in need of future mapping. It can also help identify potential hazard 
mitigation opportunities by providing an overview of flood risk not captured by FEMA maps. Finally, it can help communities conduct proper emergency response planning and actions, but itdoes notreplace the need 
for comprehensive planning exercises such as vulnerability assessments or stormwater master planning.

Ҩ ! CƭƻƻŘ CŀŎǘƻǊ ƳŀǇ ƻŦ ǘƘŜ {ƻǳǘƘ !Ǌƪŀƴǎŀǎ wƛǾŜǊ ŎƻǊǊƛŘƻǊ ǎƘƻǿǎ ǇƻǘŜƴǘƛŀƭ ƛƴǳƴŘŀǘƛƻƴ ŦƭƻƻŘ Ǌƛǎƪ ǘƻ ŀƴ ŀǊŜŀ ǘƘŀǘ ŎƻǊǊŜƭŀǘŜǎ ǿƛth the physical and ecological indicators used to define the ASC.

ҧ

https://firststreet.org/flood-lab/published-research/flood-model-methodology_overview/
https://floodcoalition.org/2020/06/charting-unknown-waters-understanding-federal-flood-maps/
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A framework for assessing and communicating riverscape health

The reach is assessed as four segments identified by current land ownership. For each segment, evaluations of 26 variables are expressed as grades (A-F) and bar graphs. These evaluations are used to calculate a summary grade for each of 
the 9 key drivers of riverscape health, and, ultimately, an overall riverscape health assessment grade for each segment. The variables and drivers shown in purple are watershed-scale (catchment-scale) attributes. Those in green are reach-
scale (segment-scale) attributes. Grades reflect a continuum of health condition based on the degree of impairment to natural system processes relative to pre-disturbance reference: A = negligible impairment, B = mild impairment, C = 
significant impairment, D = severe impairment, and F = profound impairment. Criteria for evaluating the watershed-scale variables may be found on sheet 24. Criteria for the reach-scale variable are on sheet 25.

C-340 m
6.3 ha

C570 m
9.4 ha C-350 m

8.8 ha

D+620 m
14.7 ha

Stream health assessment summary



ҧ {ǘǊŜŀƳ ƘŜŀƭǘƘ ǊŜǇƻǊǘ ŎŀǊŘǎ summarize riverscape health for each river segment. 
Letter grades and bar charts describe the condition and degree of impairment to the 
9 key factors. See sheets 14-21 for more detail on the health factors. 
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Stream Health Report Card:

South Arkansas River, SWCC-Wykoff-Smith segment
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Stream Health Report Card:

South Arkansas River, Vandeveer-Snyder segment
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Stressor impactҧ {ǘǊŜǎǎƻǊ ƳŀǘǊƛŎŜǎ indicate the relative contribution of off-site and on-site stressors to 
impairment of each riverscape health factor. Note that the stressor categories are overlap and 
are often highly interdependent. See sheets 10-13 for more detail on the stressors. 

SWS Segment VS Segment
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Stream Health Report Card:

South Arkansas River, Two Rivers segment
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Stream Health Report Card:

South Arkansas River, Lowry-Treat segment
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Stressor Explanation
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) Diversions (withdrawals) Exported water (withdrawals)

Irrigation runoff/return flows Return flows (including water and any pollutants)

Dams/reservoirs
Large in-line dams and reservoirs (the South Arkansas 
watershed has only a few small reservoirs) 

Forest health/development
Wildfire burn scars or significant forest health issues in 
watershed (e.g.beetle kill, clear cuts, etc.)

Urban/commercial land use
Urban and commercial development in watershed or 
contributing area

Rural land use
Rural and agricultural development in watershed or 
contributing area

Transportation corridors
Highways, roads, railroads, etc. in  watershed or contributing 
area

Fluvial management or 
impairment

River management (stabilization, channelization) or 
impairment (e.g.incision, riparian loss)

Mining
Pollution from active or abandoned mines in watershed 
(acidity, metals, turbidity, etc.)

Off-site stressors
Stressors are the anthropogenic impacts that cause impairment via disruption to natural 
processes, leading to declines in system health and function. Improving stream health 
depends on our ability to relieve or mitigate stressors or, in the case of conservation, to 
prevent the accumulation of more stress by future actions. It is therefore critical to know 
the causes of impairment if we hope to treat them. On-site stressors have their effects 
within the stream corridor on the reach and can generally be treated in reach-scale 
restoration efforts. Off-site stressors (those that act in the contributing watershed or 
landscape), on the other hand, must be treated at the watershed or landscape scale. Off-
site stressors (and the impairment they are responsible for) are generally treated as 
constraints when evaluating feasibility of reach-scale restoration and conservations actions. 

Identifying trade-offs and feasibility

The purpose of stressor analysis is to clarify the causes of impairment so planners can focus on 
impacts that can feasibly be addressed in restoration or conservation. In theory, any stressor 
could be removed or mitigated to improve riverscape health, but restoration actions to mitigate 
stressors almost always involve a tradeoff of other values. A cornerstone of good restoration 
planning is the ability to identify what tradeoffs are necessary to accomplish conservation and 
restoration goals so decision-makers can evaluate them in cost-benefit analyses.

²ŀǘŜǊ ǿƛǘƘŘǊŀǿŀƭǎ ŀƴŘ ŘƛǾŜǊǎƛƻƴǎ Ҧ

Since flow regime on the South Arkansas is impaired by water 
depletion, one strategy for restoring riverscape health 

(theoretically) could be to curtail water diversions, but water 
use can be a very difficult stressor to mitigate. In most cases (as 
in this diversion for the Harrington Ditch, a source of municipal 
water for Salida) benefits to riverscape health are outweighed 

by other uses (i.e., the need for city water. Mitigating the 
impacts of water diversions would involve a complex 

collaborative effort on a watershed scale. 

ҥ aƛƴƛƴƎΣ ǘǊŀƴǎǇƻǊǘŀǘƛƻƴΣ ŀƴŘ ŦƻǊŜǎǘ ŘŜǾŜƭƻǇƳŜƴǘ

There are several mines in the watershed, most notably 
the Monarch Mine on Monarch Pass. While hard rock 
mines are generally a common source of water pollution 
in other watersheds, there are no apparent water quality 
issues from mining on the South Arkansas. Other 
watershed-scale impacts visible in the photo include 
surface disturbance related to the mine, forest clearing at 
Monarch Ski Area, and Highway 50. Combined, these 
stressors probably have little impact on the health of the 
reach of the Arkansas below CR 107. 

¦Ǌōŀƴ ŀƴŘ ǊǳǊŀƭ ƭŀƴŘ ǳǎŜ Ҧ

Urban, residential, and commercial development 
are increasing land uses in the watershed. Rural 

development and agriculture are more historical 
uses, but urbanization and development 

pressures are on the rise. Stress form 
surrounding land use may impact flow regime, 
materials supply, water quality, and landscape 

support. These constraints limit the potential for 
improving riverscape health and resilience via 

reach-scale conservation and restoration efforts.
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Development
Land use in stream corridor: urban, commercial/industrial, 
residential, infrastructure, transportation corridor

Rural/agricultural land 
use

Land use in stream corridor: rural, pasture, agriculture, 
naturalized open space, parks, disturbed open land

Road/bridge Roads and bridges in stream corridor

Levees/channelizationLevees and channelized river segments

Bank/channel armor
River segments stabilized with engineered structures, 
armored banks (e.g.rip-rap)

Channel structures 
(dams/weirs)

Diversion structures, dams, weirs, vanes

Woody material 
recruitment/removal

Lack of woody material recruitment (due to stabilization or 
riparian degradation) or removal of woody material

Exotic or invasive 
vegetation/weeds

Exotic or invasive plants 

Biotic impacts
Exotic or species, biotic management, keystone species 
impacts, beaver extirpation or removal, culling

On-site stressors
On-site stressors are the causes of impairment that can potentially be addressed in 
reach-scale restoration projects. 

Channelization and levees are ubiquitous on this reach of the South Arkansas, as they are on most 
low-gradient streams of this size across the U.S. Containing and controlling streams were 
widespread and necessary practices during the settlement era to put river bottomland into 
production and to create transportation routes like bridges, trails, roads, highways, and railroads. It 
was relatively easy to excavate channels, build berms, and drain floodplains, even in the 1800s when 
the roads and railroads were first built and when this land was part of industrial-scale ranching 
operations. Channelization, levees, revetment and other engineering practices to control and 
contain rivers accelerated in the mid-1900s through federal government programs, and these 
activities are apparent in historical aerial images of the South Arkansas from that time. 

Restoring stream health on highly managed riverscapes like the South Arkansas can be difficult. It is 
not that entrenched rivers cannot be reconnected nor that levees are difficult to remove. It is more 
a question of whether current land use and social constraints will allow it. Reversing the impacts of 
river engineering to restore the natural processes that maintain stream health and functionτ
allowing them be natural and wildτmeans giving up some control. Finding opportunities where 
these tradeoffs are acceptable is the key to planning successful and sustainable restoration.

ҧ Levees like these (above and below) were constructed during 
channelization  projects in the 1940s or 50s by excavating the 
channel bed to build berms to create an incised channel with 
elevated banksτa double-whammy in terms of entrenchment. Ҩ

ҧ A levee built to create a dam for an off-channel pond.
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ҧ Channelization below the CR 107 bridge ҧ A deeply entrenched channel through ranchland






































