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Summary

The recreational use assessment presented in this report provides baseline information relating
streamflows and recreational use. This body of work supplements ongoing strategic water planning
efforts in the upper Roaring Fork watershed. The current planning effort does not consider impacts
of water management and/or climate change on recreational use opportunities on the river. This
report discusses study locations and methods used to collect and analyze streamflow preference
information from recreational users. User survey responses provided by 67 respondents delineated
acceptable and optimal streamflow thresholds for supporting recreational use activities on 9
segments on the Roaring Fork (Table ES.1). Threshold identification supported quantification of the
Boatable Days metric for each assessment reach across wet and dry hydrological year types. The
assessment followed recommendations from the State of Colorado’s Basin Implementation Plan
guidance documents for quantifying non-consumptive recreational needs.

Respondent numbers for the flow preference study conducted in 2020-2021 are robust for a
remote or sparsely populated region of western Colorado. The large number of responses to flow-
related questions for most reaches made delineation of flow acceptability thresholds fairly
straightforward. There was a relatively lower response rate among survey participants for Reach 1
on the Roaring Fork, which is only accessible by expert/elite boaters. This may introduce some
uncertainty into flow preference threshold delineated on that sections of river. Lower response
rates may indicate there is less use on this section during most times of the year. Alternatively, it
may indicate that the survey distribution did not reach the typical users of this reach. Future
recreational use assessment activities may benefit from targeted outreach to those users known to
recreate on the reach.

Table ES.1. User-defined flow preferences for reaches included in the Boatable Days assessment.

Reach  River Reach Description Nahv?g:ble Acch:;rtléble ogiﬁi;al oﬁﬁ;al Acx;féble

1 Roaring Fork Weﬂeéiﬁll;zgu])n gﬁc‘ﬂt 100 200 300 400 600

2 Roaring Fork North Star 100 100 200 1200 1600
3 Roaring Fork Downtown Aspen 100 450 800 1600 1600
4 Roaring Fork Slaughterhouse 100 450 800 1700 3000
5  Roaring Fork @fggfg‘;éi }gfi‘g; 100 500 1000 2000 3000
6 Roaring Fork Toothache 100 450 800 1800 10000
7 Roaring Fork Basalt to Carbondale 100 450 800 3000 5000
8  Roaring Fork Pink to Black 100 550 800 6000 8000
9 Roaring Fork Cemetery 100 550 1200 4000 20000

Variable streamflow conditions were found to impact use opportunities on all reaches. The total
number of Boatable Days and the number of Optimal Boatable Days generally increase throughout
the assessment area as hydrological conditions transition from dry to wet. The number of Optimal
Boatable Days are highest on river segments either during Wet Typical years (Reaches 5, 6 & 9) or
during the Wet Year type (Reaches 1-4, 7 & 8). Peak streamflows drop below lower acceptable
thresholds only on Reaches 1 & 3 during drier years resulting in no Boatable Days. Other segments
maintain some period of flows sufficient for boating even during dry hydrologic conditions. River
segments lower on the Roaring Fork generally offered much longer boating seasons, particularly in

Roaring Fork River Recreational Use Assessment 2



Wet Typical and Wet years. Additional work may be required to understand how alternative water
management or climate change impacts diminish or increase the number of Boatable Days available
to recreational users on each reach, and whether those changes occur in times of the year when
recreation is most likely to occur.

Roaring Fork: Slaughterhouse
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Figure ES.1. Boatable Days totals for the Roaring Fork: Slaughterhouse. (A) Annual

Boatable Days totals summarized by hydrological year type. (B) Flow preference ranges mapped to
representative streamflow time series for wet, wet typical, dry typical, and dry years. Minimum and
maximum recorded daily streamflows also included for reference (C) Monthly Boatable Days totals
summarized by hydrological year type.
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1. Introduction

Considerable work evaluating relationships between streamflow and recreational use
opportunities occurred over the last several decades (Brown et al., 1991; Shelby, Brown, & Taylor,
1992; Whittaker and Shelby, 2002). Many flow-recreation studies focus on whitewater boating,
such as rafting, kayaking, and canoeing, as flow often determines whether people have opportunity
to successfully complete a trip. On many river segments, flow level contributes to the risk,
challenge, and/or aesthetic attributes of on-water activities (Whittaker & Shelby, 2000). Natural
and man-made changes in streamflow can have direct and indirect impacts on recreational boating
experiences. Direct effects include navigation, safety/difficulty, travel times, quality of whitewater
stretches, and beach and camp access (Brown, Taylor, & Shelby, 1991; Whittaker et al., 1993;
Whittaker & Shelby, 2002). Indirectly, variability in streamflow affects wildlife viewing, scenery,
fish habitat, and riparian vegetation over the long term as a result of changes in flow regime (Bovey,
1996; Richter et al,, 1997; Jackson & Beschta, 1992; Hill et al., 1991).

Streamflow is often manipulated through releases from dams and reservoirs, pipelines, and
diversions. Additional scenarios, such as climate change, drought, and new water rights
development can all impact flows and recreation quality. Decision-makers within land and resource
management and regulatory agencies, and state and local governments are increasingly interested
in the extent that flow regimes can be managed to provide desirable recreational resource
conditions. The various recreational use opportunities provided by different flow ranges can be
delineated into “niches” (Shelby et al., 1997). These flow niches may include: unacceptably low
flow; minimum navigable flows, technical, but enjoyable flows; optimal flows; challenging high
flows; and unacceptably high flows. Methodologies developed by American Whitewater are
regularly used to delineate user-defined streamflow niches and subsequently quantify recreational
user opportunities under different hydrological conditions. Implementation of these assessment
methodologies aims to support water management decision-making. Specific evaluative
information on how flow affects recreation quality is often critical, particularly where social values
are central to decision-making (Kennedy and Thomas 1995). American Whitewater’s Boatable Days
assessment methodology is recognized as a best practice for defining recreation flow needs and
opportunities (Stafford et al., 2016).

American Whitewater is currently undertaking a river recreation assessment to supplement
ongoing strategic water planning efforts in the upper Roaring Fork watershed. The characterization
of Boatable Days provides an objective, science-based measure of existing whitewater recreation
opportunities related to variability in streamflow on reaches throughout the assessment area
(Figure 1). This information aims to support conversations about how hydrologic conditions
currently impact whitewater recreation opportunities and how these opportunities might change
under future hydrological conditions and water management scenarios. Boatable Days modelling
can further be used to identify opportunities and constraints for implementation of future water
projects in the Roaring Fork watershed.
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In addition to meeting objectives of local watershed planning efforts, the results of this assessment
advance implementation of the Colorado Water Plan!. The State’s draft Basin Implementation Plan
Guidance document? recommends quantification of recreational values (e.g., boating and fishing).
Section 2.1 of the Guidance calls for the evaluation of non-consumptive needs in terms of
‘measurable outcomes’, data, and assessment using methods described in CWCB’s Non-
consumptive Toolbox (CWCB, 2013). Appendices C and D of the toolbox identify the flow-evaluation
methodology developed and used by American Whitewater as an example of a recreation tool that
can produce measurable outcomes. This assessment aims to 1) address gaps in data and
understanding regarding flow conditions necessary to sustain recreational values on the Roaring
Fork river and 2) improve stakeholders’ collective understanding of existing recreational use
opportunities and how these opportunities may be impacted by climate change and consumptive
water projects.

1. Study Area

River reaches considered in this assessment were identified collaboratively between American
Whitewater and Lotic Hydrological staff. Nine segments on Roaring Fork were determined to have
significant recreational values and were, therefore, included in the assessment (Table 1). The Basalt
Whitewater Park on the Roaring Fork was not included in this analysis due to an ongoing effort to
improve safety by modifying the park’s whitewater structures; consistent flow preferences may be
identified in the future once this work is completed. Each segment was mapped to an existing
United State Geological Society (USGS) streamflow gauging station. Mapping streamflow gauge
locations to each assessment reach considered: 1) the historical period of record (POR) for
streamflow observations, 2) the distance between the gauge and river segment, and 3) the gauge
most commonly used by recreationalists to inform their use of the segment. For some cases, a single
stream gauge represents flows for adjoining river segments in multiple locations. . Influences such
as large tributary inputs or major water diversion locations may impact a gauge’s
‘representativeness’ for a given reach. Flow thresholds used in the Boatable Days analysis
correspond to streamflow at the gauges and may not always reflect accurate streamflow levels at
the reach.

Table 1. River segments and corresponding streamflow measurement gauges considered in this study.

. L USGS .
Reach River Reach Description Gage ID USGS Gage Description
. Weller Lake to Roaring Fork River AB Difficult Creek,
! Roaring Fork Difficult Campground 09073300 Nr Aspen
2 Roaring Fork North Star 09073400 Roaring Fork River Near Aspen
3 Roaring Fork Downtown Aspen 09073400 Roaring Fork River Near Aspen
4 Roaring Fork Slaughterhouse 09076300 Roaring Fork River Blw Maroon Creck,
Nr Aspen
o Jaffee Park to Lower Roaring Fork River Blw Maroon Creek,
> Roaring Fork Woody Creek Bridge 09076300 Nr Aspen
6 Roaing Fork Toothache 09076300 Roaring Fork River Blow Maroon Creek,
Nr Aspen
7 Roaring Fork Basalt to Carbondale 09081000 Roaring Fork River Near Emma
8 Roaring Fork Pink to Black 09085000 Roaring Fork River At Glenwood Springs
9 Roaring Fork Cemetery 09085000 Roaring Fork River At Glenwood Springs

1 https://www .colorado.gov/pacific/cowaterplan/plan

2 http://cwcbweblink.state.co.us/WebLink/0/doc/172522 /Electronic.aspx?searchid=da8f2c6c-3efa-48d6-a43e-892b5c¢2bd750
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Figure 1: Roaring Fork River Recreational Assessment Map.

2. Methods

American Whitewater collected recreational user feedback through a web-based survey (Appendix
B). Three types of questions were included in the survey. The first type of question captured
demographic information about each participant’s skill level, frequency of participation in river-
related recreation, etc. The second type of question allowed users to assign use-acceptability
rankings to various streamflows. The third question type asked users to identify flows associated
with different trip types (technical low-water, standard, challenging high-flow, etc.). These
questions were organized around each assessment reach and were supported with general
mapping and narrative information about that reach from American Whitewater’s website. The
survey also clearly defined which streamflow measurement gauge to reference when assigning
acceptability rankings for conditions on the reach. An announcement of the survey was emailed to
American Whitewater’s members, posted on the website and distributed via American
Whitewater’s online newsletter.

The flow acceptability questions included in the user-survey are the principal focus of this
assessment. These questions asked respondents to evaluate recreational use acceptability for a
range of measured flows on each study segment using a five-point scale that included the following
rankings: Unacceptable, Moderately Unacceptable, Marginal, Moderately Acceptable, and
Acceptable. Each ranking in the scale was mapped to an integer value between -2 and 2 where an
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‘Unacceptable’ ranking mapped to a value of -2, a ‘Marginal’ ranking mapped to a value of 0, and an
‘Acceptable’ ranking mapped to a value of 2. To further explore and characterize the relationship
between flows and recreational use opportunities, the survey posed a series of open-ended
questions about streamflows associated with distinct niche experiences. These niche experiences
included: lowest navigable flow (minFlow), minimum acceptable flow (lowAcceptable), technical
but navigable flows (technicalTrip), flows experienced during a standard trip (standardTrip),
challenging high-water (highChallenge), and highest safe flow (highSafe).

The flow options provided in the flow acceptability questions were directly informed by historical
hydrology data from each individual stream gauge. Both the minimum flow option and the
maximum flow option were informed by historical minimums and maximumes.

Flow-acceptability rankings provided through the survey were used to describe preferences among
recreational users for various ranges of streamflow. Researchers collecting and organizing survey-
based evaluative information often employ a normative approach for analyzing results. The
normative approach considers each individual’s evaluation (personal norms) of a range of potential
conditions. Aggregation of many individuals’ personal norms describe a group’s collective
evaluation (social norms) of resource condition. This approach has been applied extensively in
natural resource management settings, often with respect to instream flows for recreation (Shelby
and Whittaker, 1995; Shelby et al., 1992a; Vandas et al., 1990; Whittaker and Shelby, 2002b) and is
particularly useful for developing thresholds that define low, acceptable, and/or optimal resource
conditions (Shelby et al. 1992). Other applications have extended this approach to different
indicators and impacts, including: evaluation of how many people are considered too many in a
given setting (refer to Donnelly et al.,, 2000; Manning, 2011; Shelby et al., 1996; Vaske & Donnelly,
2002; Vaske et al., 1986, for reviews), campsite impacts or site sharing (Heberlein and Dunwiddie,
1979; Shelby, 1981), fishing site competition (Martinson and Shelby, 1992; Whittaker and Shelby,
1993), discourteous behavior (Whittaker and Shelby, 1988, 1993; Whittaker et al., 2000), and
resource indicators such as litter and campsite impacts (Shelby et al., 1988; Vaske et al., 2002).
Notably, the normative approach was employed to understand user preferences for various
streamflows on the Grand Canyon (Shelby et al. 1992) and on several other rivers in Colorado
(Vandas et al. 1990, Shelby & Whittaker 1995, Fey & Stafford 2009, Fey & Stafford 2010).

Defining management standards is often more efficient if there is a high degree of consensus (or
“norm crystallization”) among users regarding acceptable and unacceptable resource conditions.
Traditional measures of norm crystallization have included the standard deviation, coefficient of
variation, and interquartile range of survey responses (Krymkowski et al., 2009; Manning, 2011;
Shelby and Vaske, 1991). The Potential for Conflict Index-2 (PCI2) was developed to help address
some of the shortcomings associated with traditional measures of norm crystallization when
applied to ordinal data. A detailed description of the PCI2 metric is provided by Vaske et al. (2010).
Briefly, computed PCI2 values range from 0 to 1.0 where the least amount of consensus (PCI2 = 1.0)
occurs when responses are equally divided between two extreme values on a Likert response scale
(e.g. 50% Highly Unacceptable and 50% Highly Acceptable). A set of responses with unanimous
consensus among respondents yields a PCI2 value of zero.

The normative approach was the basis for describing flow preference ranges for streamflows on
different reaches within the assessment area. The numerical representations of flow acceptability
preference rankings were used to compute PCI2 scores for each flow included in the survey. The
central tendency of survey responses was computed as the mean value of the flow acceptability
preference ranking for each streamflow on each reach. Computed PCI2 values were plotted against
the central tendency of survey responses to create use acceptability curves for each of the study
reaches.
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Use acceptability curves, tabular data summaries, and responses to open-ended questions about
niche conditions were used to delineate various normative streamflow characteristics. These
characteristics included a minimum acceptable streamflow, a range of acceptable streamflow
conditions, and a range of optimum streamflow conditions. The upper and lower thresholds
delineated for acceptable, optimal and minimum navigable streamflow conditions were then
compared under Wet, Wet Typical, Dry Typical, and Dry hydrological conditions in order to
complete a Boatable Days analysis.

The computation of Boatable Days is the dominant quantitative approach used by American
Whitewater to characterize recreational use opportunities on rivers (Fey and Stafford, 2009; Shelby
and Whittaker, 1995; Whittaker et al., 1993). The metric itself reflects the number of days in a given
year that fall within certain defined flow ranges (i.e., lower acceptable flows, optimal flows, upper
acceptable flows). The Boatable Days analysis performed on reaches within the assessment area
responded to the inter-annual natural and management-induced variability in streamflows by
computing the number of Boatable Days that occur in each of four hydrological year types: wet-
year, Wet, Wet Typical, Dry Typical, and Dry.

Representative streamflow time series for the four year types on each reach required synthesis of
historical USGS streamflow data. Daily streamflow data was collected from stream gauges
throughout the assessment area for a 34-year period (1986 - 2020). Two USGS gauges were not
operational for the full period and have shorter streamflow records, including USGS station
#09081000 (1999 - 2020) and USGS station #9076300 (1989-2017). Streamflow time series data
from each gauge were then ordered by annual peak flow. Average daily streamflows across all
years in the lower 25t percentile of the ordered list were computed to produce a representative
dry year streamflow time series. The same approach was used to create representative streamflow
series for dry typical years, wet typical years and wet years where dry typical years fell between the
25t and 50th percentiles of annual peak flows, wet typical years fell between the 50th and 75t
percentiles of annual peak flows, and wet year types were those years that fell above the 75t
percentile of the ordered list.

3. Results

The web-survey captured complete responses from 67 recreational users. Survey respondents
were generally very experienced boaters. 91% of respondents indicated they were somewhat
comfortable or very comfortable reporting flows, 89% of respondents identified themselves as
advanced or expert paddlers, 100% identified as Class III or greater paddlers, and 63% recreate on
the Roaring Fork at least 20 days per season (Figure 2). The majority of respondents indicated their
preferred craft types were kayaks (51%) or rafts (21%) while a minority indicated other crafts,
including stand-up paddle boards (16%), inflatable kayaks/rafts (6%) and canoes (2%). Craft
preferences did vary by reach. On most upper reaches of the Roaring Fork (Reaches 1, 3-4),
kayaking was strongly preferred by users. On lower reaches, user preferences were mostly split
between kayaking and rafting (Reaches 5-8). The one exception was on North Star (Reach 2) where
stand up paddle boarding was the preferred activity.

Survey responses were aggregated by reach, reviewed for quality, and displayed graphically to aid
in interpretation (Appendix A). An example summary graphic is included for survey responses for
the Slaughterhouse section of the Roaring Fork (Figure 3).
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Figure 2: Survey responses from 67 users indicating (A) experience level and maximum comfortable
whitewater class; (B) participant confidence in providing flow acceptability rankings for one or more
reaches in the assessment area.
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Roaring Fork: Slaughterhouse
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Figure 3: Survey responses for the Slaughterhouse section of the Roaring Fork. (A) Counts of the various
flow acceptability rankings provided by respondents where survey responses reflect streamflow variability
as measured at the Roaring Fork River Below Maroon Creek, Near Aspen (USGS Station ID: 09076300). (B)
User identified craft types and whitewater skill level for the reach. (C) The self-identified experience and
whitewater skill levels provided by survey respondents.

Use acceptability curves, tabular data summaries, and responses to open-ended questions about
niche conditions were used to delineate various normative streamflow characteristics, including
the ‘Minimum Acceptable’, ‘Minimum Optimal’, ‘Maximum Optimal’, and ‘Maximum Acceptable’
streamflow on each reach (Table 2). An example graphic of use acceptability curves and delineated
flow preferences from is included the Slaughterhouse section of the Roaring Fork (Figure 4).
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Figure 4: Flow preferences reported by users for the Roaring Fork: Slaughterhouse. A) Boxplot of
responses to open-ended questions about different categories of flow. B) PCI2 analysis results plotted against
the central tendency of flow acceptability preference rankings at each flow category. A Loess curve was fit to
support visualization of flow acceptability ranges.

Use acceptability curves for some reaches did not indicate an upper bound for the maximum
acceptable flow. The upper bound was therefore estimated at some reaches as being above the
streamflow categories on the survey. Responses to open ended questions suggest that navigation
hazards due to bridges can increase at high flow at some segments but the risk may depend also the
type of craft used. Further work may be needed to assess these navigation hazards to better
constrain the upper bound of acceptable flows for differing crafts.

The advanced and expert skill levels reported among the majority of survey participants may be the
primary reason that use acceptability curves fail to indicate an upper bound for desirable
recreational flows. It is, therefore, most appropriate to view survey responses within the context of
the user groups that participated in the survey. The upper flow acceptability thresholds delineated
for reaches in the assessment area are, probably, most relevant to advanced and expert users and
are not likely appropriate for novice or intermediate users. Additionally, novices or intermediate
users often have not yet developed sufficient river and boating knowledge to understand what
flows may constitute an upper safe level for themselves or other users at their level, further making
the quantification of consensus upper limits difficult to completely resolve.
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Table 2. Flow preference thresholds delineated for each reach in the assessment area. All values are
reported in cubic feet per second (cfs).

Reach  River Reach Description Nahv?g:ble Acch:;rtléble ogiﬁi;al oﬁﬁ;al Acx;féble

1 Roaring Fork Weﬂeéiﬁll;zgu])n gﬁc‘ﬂt 100 200 300 400 600

2 Roaring Fork North Star 100 100 200 1200 1600
3 Roaring Fork Downtown Aspen 100 450 800 1600 1600
4 Roaring Fork Slaughterhouse 100 450 800 1700 3000
5  Roaring Fork @fggfg‘;éi }gfi‘g; 100 500 1000 2000 3000
6 Roaring Fork Toothache 100 450 800 1800 10000
7 Roaring Fork Basalt to Carbondale 100 450 800 3000 5000
8  Roaring Fork Pink to Black 100 550 800 6000 8000
9 Roaring Fork Cemetery 100 550 1200 4000 20000

Streamflows preferred by users generally were lower on headwater segments and increased on
downstream segments of the Roaring Fork. Variability in flow thresholds between reaches also can
be attributed to different user groups recreating in different locations, the unique geomorphic or
hydraulic characteristics of each reach, and/or variability in the sample size of respondents
providing flow rankings on each reach and for each listed streamflow. As noted above, maximum
acceptable flows were estimated above those provided on the survey for Reaches 6 & 9.

Flow preference thresholds were used to compute the number of Boatable Days associated with
different hydrological conditions on each reach in the assessment area (Table 3). Results were
summarized graphically and in tabular form (Appendix A; Figure 5, representative example). The
total number of Boatable Days and the number of Optimal Boatable Days generally increase
throughout the assessment area as hydrological conditions transition from dry to wet. The number
of Optimal Boatable Days are highest on river segments either during Wet Typical years (Reaches 5,
6 & 9) or during Wet years (Reaches 1-4, 7 & 8). Several upper river segments including Reaches 1
& 3 appeared to be more marginal for boating. These reaches had low numbers or zero total
Boatable Days in the Dry and Dry Typical years and had around one month of boating opportunity
in Wet years. River segments lower on the Roaring Fork generally offered much longer seasons for
boating, particularly in Wet Typical and Wet years.

Flows on several reaches of the Roaring Fork did not tally any boatable days in the ‘Upper
Acceptable range’. This is due, in some locations, to the lack of a discernible upper bound on the
range of “Optimal” flows identified by recreational users. In other locations, the streamflow time
series never exceeded the upper bound of user-defined “Optimal” flows. A different representation
of hydrological year types (i.e., different thresholds for what constitutes a dry, typical, or wet year)
will result in different Boatable Days totals.
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Table 3. Boatable Days falling within each acceptability category calculated for reaches within the
assessment area for typical Dry, Dry Typical, Wet Typical and Wet hydrological year types.

Dry Wet

Reach Reach Description Flov(v: Preference Dry Typical  Typical Wet
ategory Year Year Year Year
Lower Acceptable 0 7 23 12
1 Weller Lake to Difficult Optimal 0 0 3 9
Campground Upper Acceptable 0 0 0 11
Total Days 0 7 26 32
Lower Acceptable 22 22 28 39
2 North Star Optimal 25 34 46 62
Total Days 47 56 74 101
Lower Acceptable 0 0 7 18
3 Downtown Aspen Optimal 0 0 0 10
Total Days 0 0 7 28
Lower Acceptable 35 33 19 30
Optimal 6 22 44 35
4 Slaughterhouse
Upper Acceptable 0 0 0 19
Total Days 41 55 63 84
Lower Acceptable 37 43 28 35
5 Jaffee Park to Lower Optimal 0 6 32 26
Woody Creek Bridge Upper Acceptable 0 0 0 16
Total Days 37 49 60 77
Lower Acceptable 35 33 19 30
Optimal 6 22 44 36
6 Toothache
Upper Acceptable 0 0 0 18
Total Days 41 55 63 84
Lower Acceptable 31 88 116 93
Optimal 27 49 60 85
8 Basalt to Carbondale
Upper Acceptable 0 0 0 10
Total Days 58 137 176 188
Lower Acceptable 21 40 51 56
9 Pink to Black Optimal 27 49 60 95
Total Days 48 89 111 151
Lower Acceptable 102 168 170 165
10 Cemetery Optimal 48 59 77 75
’ Upper Acceptable 0 0 19 41
Total Days 150 227 266 281
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Table 4. Boatable Days analysis results broken out by month for the Roaring Fork: Slaughterhouse.

Where an Acceptability Category (e.g. ‘Optimal’) is missing for a given month, zero days were
observed to fall within that category and the row was left out of the table for brevity.

D Dry Wet Wet
Month Flow Preference Category y Typical Typical
Year Year
Year Year
Lower Acceptable 9 12 6 10
May Optimal 0 7 6 4
Total Days 9 19 12 14
Lower Acceptable 24 15 0 1
Optimal 6 15 30 13
Jun
Upper Acceptable 0 0 0 16
Total Days 30 30 30 30
Lower Acceptable 2 6 13 10
Optimal 0 0 18
Jul
Upper Acceptable 0 0 0 3
Total Days 2 6 21 31
Lower Acceptable 0 0
Aug
Total Days 0 0 9

Roaring Fork River Recreational Use Assessment
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Figure 5: Boatable Days totals for the Roaring Fork: Slaughterhouse. (A) Annual Boatable Days totals
summarized by hydrological year type. (B) Flow preference ranges mapped to representative streamflow
time series for wet, wet typical, dry typical, and dry years. Minimum and maximum recorded daily
streamflows also included for reference (C) Monthly Boatable Days totals summarized by hydrological year

type.

It is important to note the difference between a Boatable Day and a user-day. A Boatable Day
describes when acceptable flows are met to provide an opportunity for recreation. User-days
indicate the actual numbers of known recreational users present on a reach over a period of time.
User-days are affected by numerous factors including weather, hazards, river access, etc. while
Boatable Days are solely affected by flow conditions. The number of total Boatable Days for the
Cemetery reach include days in March, November and December when recreational use is likely to
be light. There is limited known use on these segments during the fall and winter months due to
weather conditions, ice hazards on the river, and poor river access due to snow and road closures.
When using the Boatable Days analysis results to inform management decisions it will be
particularly useful to consider the monthly Boatable Days totals during the typical user-season
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rather than the annual totals. While ice coverage varies depending on the year and the location, ice
has potential to impact user days on most reaches between November 1 and March 31.

4. Discussion and Conclusions

This report discusses study locations and methods used to collect and analyze streamflow
preference information from recreational river users. User survey responses provided by 67
respondents were used to delineate acceptable and optimal streamflow thresholds for supporting
recreational use activities on 9 segments on the Roaring Fork. Threshold identification supported
quantification of the Boatable Days metric for each assessment reach under wet, typical, and dry
hydrological year types. The assessment followed recommendations in the State of Colorado’s Basin
Implementation Plan guidance documents for quantifying non-consumptive recreational needs.

Respondent numbers for the flow preference study conducted in 2020-2021 are robust for a
remote or sparsely populated mountain region of Colorado. The large number of responses to flow
related questions for most reaches made delineation of flow acceptability thresholds fairly
straightforward. However, low response rates (<10 respondents) among survey participants for
Reach 1, an expert/elite headwaters reach, may introduce some uncertainty into the flow
preference threshold delineated for that section. Low response rates may indicate there is little to
no use on these sections during most times of the year. Alternatively, it may indicate that the survey
distribution did not reach the typical users of this reach. Future recreational use assessment
activities may benefit from targeted outreach to those users known to recreate on this reach and
inquiries into whether or not they have companions or are aware of additional users/groups that
recreate at those locations (i.e., ‘snowball’ or ‘referral’ sampling methods). It may also be useful to
ascertain why this reach may be receiving so little use and whether or not there is opportunity or
interest to increase recreational activity through awareness campaigns, development of river
access points, or through some other means.

Variable streamflow conditions impact use opportunities on all reaches. The total number of
Boatable Days generally increase throughout the assessment area as hydrological conditions
transition from dry to wet. Boatable Days on the majority of upper segments on the Roaring Fork
(Reaches 1-6) are only during high flow months (May - July) while lower segments (Reaches 7-9)
generally have boating seasons that start earlier into the spring and extend further into the summer
and fall. During wetter years, the boating season is generally longer on all Roaring Fork segments.

The results presented in this report represent baseline information characterizing the relationships
between flows and recreational use. As such, this body of work supplements ongoing strategic
water planning efforts in the Roaring Fork watershed. Future efforts may choose to build upon this
assessment by calculating the number of Boatable Days available in a greater diversity of
hydrological year types, by different user groups (such as boat-based anglers), or in anticipation of
altered future hydrology due changes in water management and climate change.

Roaring Fork River Recreational Use Assessment 18



5. References

Bovee, K.D. (editor). (1996) The Complete IFIM: A Coursebook for IF250. Fort Collins, CO: U.S.
Geological Survey.

Brown, T.C,, Taylor, ].G., & Shelby, B. (1991). Assessing the direct effects of Stream flow on
recreation: A literature review. Water Resources Bulletin, 27(6), 979-989.

Colorado Water Conservation Board, 2013. Nonconsumptive Needs Toolbox, Retrieved from:
http://cwcbweblink.state.co.us/weblink/0/doc/172701/Electronic.aspx?searchid=b764b205-1125-
4£18-b3e8-998e5e025e10

Fey, N. & Stafford, E. (2009) Flow-Recreation Evaluations for the Upper Colorado River basin.
Report prepared for Upper Colorado River Wild and Scenic Stakeholders Group & U.S.
Bureau of Land Management.

Greiner, ]. and Warner. (2012) Commercial River Use in the State of Colorado 2008- 2011. Colorado
River Outfitters Association.

Hill, M.T,, Platts, W.S.,, and Beschta, R.L. (1991) Ecological and geomorphological concepts for
instream and out-of-channel flow requirements. Rivers 2(3):198-210

Loomis, ]. 2008. The economic contribution of instream flows in Colorado: how angling and rafting
use increase with instream flows. January 2008 Economic Development Report, No. 2 (EDR:
08-02). Department of Agriculture and Resource Economics.

Jackson, W.L. & Beschta, R.L. (1992) Instream flows for rivers: Maintaining stream form and
function as a basis for protecting dependant uses. In M.E. Jones and A. Laenen (editors),
Interdisciplinary Approaches in Hydrology and Hydrogeology. St. Paul, MN: American
Institute of Hydrology.

Kennedy, ].J. & Thomas, ].W. (1995) Managing natural resources as social value. Pages 311-322 in
R.L. Knight and S.F. Bates (editors), A New Century for Natural Resources Management.
Island Press, Washington D.C.

Richter, B.D., Baumgartner, ].V., Wigington, R., and Braun, D.P. (1997) How much water does a river
need? Freshwater Biology 37:231-249

Sanderson, |].S., B.P. Bledsoe, N. L. Poff, T. Wilding, and N. Fey (2012). Yampa-White Basin
Roundtable Watershed Flow Evaluation Tool (WFET) Study. Prepared by CDM Smith for
The Nature Conservancy, June 2012

Shelby, B., Brown, T. C., & Taylor, J. G. (1992). Streamflow and Recreation. Ft. Collins, CO: USDA
Forest Service, Rocky Mountain Forest and Range Experiment Station (General Technical
Report RM-209).

Shelby, B., Brown, T.C., and Baumgartner, R. (1992) Effects of streamflows on river trips on the
Colorado River in Grand Canyon, Arizona. Rivers 3(3): 191-201

Shelby, B., Stankey, G., and Schindler, B. (1992) Introduction: the role of standards in wilderness
management. Pages 1-4 in B.

Roaring Fork River Recreational Use Assessment 19



Shelby, G. Stankey, and B. Shindler (editors). Defining wilderness quality: The role of standards in
wilderness management. Portland, OR: U.S. Forest Service, Pacific Northwest Research
Station (General Technical Report PNW-GTR-305).

Shelby, B., Vaske, ].]., & Donnely, M.P. (1996). Norms, standards and natural resources. Leisure
Sciences, 18, 103-123

Shelby, B., Whittaker, D. & Hansen, W. (1997). Streamflow effects on hiking in Zion National Park,
Utah. Rivers, 6(2), 80-93

Southwick Associates, 2012. Economic Contributions of Outdoor Recreation on the Colorado River

& Its Tributaries. Retrieved from: http://protectflows.com/wp-
content/uploads/2012/05/Colorado-River-Recreational-Economic-Impacts- Southwick-Associates-
5-3-12_2.pdf

Stafford, E., Fey, N, and Vaske, |. ]. (2016) Quantifying Whitewater Recreation Opportunities in
Cataract Canyon of the Colorado River, Utah: Aggregating Acceptable Flows and Hydrologic
Data to Identify Boatable Days. River Res. Applic., doi: 10.1002/rra.3049.

Vandas, S., Whittaker, D., Murphy, D., Prichard, D., and others. (1990) Dolores River Instream Flow
Assessment. Denver, Co: U.S. Bureau of Land Management (BLM/YA/PR-90-003).

Whittaker, D., Shelby, B., Jackson, W., & Beschta, R. (1993). Instream Flows for recreation: A
handbook on concepts and research methods. Anchorage, AK: Us National Park Service,
Rivers, Trails.

Whittaker, D. and B. Shelby. (2002) Evaluating instream flows for recreation: a handbook on
concepts and research methods. U.S. Department of Interior, National Park Service,
Anchorage, AK

Roaring Fork River Recreational Use Assessment 20



APPENDIX A: Analysis Results by Reach



Roaring Fork: Weller Lake to Difficult Campground (Reach 1)
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Figure 1: Survey responses for Roaring Fork: Weller Lake to Difficult Campground. (A) Flow
acceptability rankings. (B) User identified preferred craft types and whitewater skill level. (C) User
identified expertise and whitewater skill level.
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Figure 2: Flow preferences reported by users for Roaring Fork: Weller Lake to Difficult Campground.
A) Boxplot of responses to open-ended questions about different categories of flow. B) PCI2 analysis
results plotted against the central tendency of flow acceptability preference rankings at each flow
category. Loess curve was fit to support visualization of flow acceptability ranges. C) Summarized
open-format flow-preference question responses.



Table 1: PCI2 analysis results for Roaring Fork: Weller Lake to Difficult Campground.

Flow (cfs) Median Likert Response n Max. Distance Total Distance
25 -1.63 8 128 42
50 -1.63 8 128 42
100 -1.50 8 128 52
150 -0.89 9 160 120

200 0.00 9 160 120
250 0.56 9 160 108
300 1.00 9 160 100
350 1.00 8 128 84
400 1.00 8 128 84
450 0.25 8 128 116
500 0.38 8 128 118
600 0.75 8 128 100
800 0.63 8 128 102
1000 0.63 8 128 102

Table 2: Boatable Days analysis results broken out by month for the Roaring Fork: Weller Lake to
Difficult Campground. Where an Acceptability Category (e.g. ‘Optimal’) is missing for a given month,
zero days were observed to fall within that category and the row was left out of the table for brevity.

D Dry Wet Wet

Month  Flow Preference Category y Typical Typical €
Year Year

Year Year

May Lower Acceptable 0 2 1 2

Total Days 0 2 1 2

Lower Acceptable 0 5 22 4

Optimal 0 0 3 3

Jun

Upper Acceptable 0 0 0 19

Total Days 0 5 25 26

Lower Acceptable 0 0 0 6

! Optimal 0 0 0 6

Ju Upper Acceptable 0 0 0 2

Total Days 0 0 0 14
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Figure 3: Boatable Days analysis results for the Roaring Fork: Weller Lake to Difficult Campground.
(A) Annual Boatable Days totals summarized by hydrological year type. (B) Flow preference ranges
mapped to representative streamflow time series for wet, wet typical, dry typical, and dry years.
Minimum and maximum recorded daily streamflows also included for reference (C) Monthly Boatable
Days totals summarized by hydrological year type.



Roaring Fork: North Star (Reach 2)
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Figure 4: Survey responses for Roaring Fork: North Star. (A) Flow acceptability rankings. (B) User
identified preferred craft types and whitewater skill level. (C) User identified expertise and
whitewater skill level.
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Figure 5: Flow preferences reported by users for Roaring Fork: North Star. A) Boxplot of responses to
open-ended questions about different categories of flow. B) PCI2 analysis results plotted against the
central tendency of flow acceptability preference rankings at each flow category. Loess curve was fit
to support visualization of flow acceptability ranges. C) Summarized open-format flow-preference
question responses.



Table 3: PCI2 analysis results for Roaring Fork: North Star.

Flow (cfs) Median Likert Response n Max. Distance Total Distance
25 -1.42 19 720 316
50 -1.05 19 720 452
100 -0.05 19 720 592
150 0.53 19 720 584

200 1.00 19 720 504
250 1.16 19 720 460
300 1.26 19 720 400
400 1.58 19 720 236
500 1.63 19 720 224
600 1.68 19 720 204
700 1.39 18 648 330
800 1.24 17 576 336
1000 1.32 19 720 388
1200 1.21 19 720 440
1400 0.95 19 720 516
1600 0.89 19 720 536

Table 4: Boatable Days analysis results broken out by month for the Roaring Fork: North Star. Where
an Acceptability Category (e.g. ‘Optimal’) is missing for a given month, zero days were observed to fall
within that category and the row was left out of the table for brevity.

Dry DI:Y W.et Wet
Month  Flow Preference Category Y Typical Typical Y.
car Year Year car
Lower Acceptable 11 9 13 12
May Optimal 12 12 12 14
Total Days 23 21 25 26
Lower Acceptable 11 8 0 0
Jun Optimal 13 22 30 30
Total Days 24 30 30 30
Lower Acceptable 0 5 15 13
Jul Optimal 0 0 4 18
Total Days 0 5 19 31
Aug Lower Acceptable 0 0 0 14
Aug Total Days 0 0 0 14
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Figure 6: Boatable Days analysis results for the Roaring Fork: North Star. (A) Annual Boatable Days
totals summarized by hydrological year type. (B) Flow preference ranges mapped to representative
streamflow time series for wet, wet typical, dry typical, and dry years. Minimum and maximum
recorded daily streamflows also included for reference (C) Monthly Boatable Days totals summarized
by hydrological year type.



Roaring Fork: Downtown Aspen (Reach 3)
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Figure 7: Survey responses for Roaring Fork: Downtown Aspen. (A) Flow acceptability rankings. (B)
User identified preferred craft types and whitewater skill level. (C) User identified expertise and
whitewater skill level.
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Figure 8: Flow preferences reported by users for Roaring Fork: Downtown Aspen. A) Boxplot of
responses to open-ended questions about different categories of flow. B) PCI2 analysis results plotted
against the central tendency of flow acceptability preference rankings at each flow category. Loess
curve was fit to support visualization of flow acceptability ranges. C) Summarized open-format flow-
preference question responses.



Table 5: PCI2 analysis results for Roaring Fork: Downtown Aspen.

Flow (cfs) Median Likert Response n Max. Distance Total Distance
25 -2.00 25 1248 0
50 -2.00 25 1248 0
100 -2.00 25 1248 0
150 -1.92 25 1248 92

200 -1.62 26 1352 416
250 -1.27 26 1352 666
300 -0.77 26 1352 912
400 -0.32 25 1248 968
500 0.28 25 1248 1016
600 0.60 25 1248 1016
700 0.80 25 1248 984
800 1.20 25 1248 740
1000 1.48 25 1248 536
1200 1.76 25 1248 260
1400 1.92 25 1248 92

1600 1.88 25 1248 140

Table 6: Boatable Days analysis results broken out by month for the Roaring Fork: Downtown Aspen.
Where an Acceptability Category (e.g. ‘Optimal’) is missing for a given month, zero days were
observed to fall within that category and the row was left out of the table for brevity.

D Dry Wet Wet
Month  Flow Preference Category Yer:Zr Typical Typical Year
Year Year
Lower Acceptable 0 0 7 13
Jun Optimal 0 0 0 10
Total Days 0 0 7 23
| Lower Acceptable 0 0 0 5
u
J Total Days 0 0 0 5



Roaring Fork: Downtown Aspen
A B

Year Type

= Minimum Recorded
15004 Dry Year

= Dry Typical Year
— Wet Typical Year
— Wet Year

1000 - = Maximum Recorded

Boatable Days
Streamflow (cfs)

Flow Preference

5+ N
500 Minimum Navigable

Lower Acceptable

Optimal

Upper Acceptable

N
s\ef& _@fé _@é sko’é & <<é9 @‘b‘ ?55 @q?\ NN Vpg &R & éo\‘ oef’ &
& <&@ <@ $Q"\
Q Q
A 8

ORI
Year Type

Wet Typical Year Wet Year

20+

Flow Preference

N
o
1

Lower Acceptable
Optimal

N
o
1

Season

Boatable Days

In Season

S »
Year Type

Figure 9: Boatable Days analysis results for the Roaring Fork: Downtown Aspen. (A) Annual Boatable
Days totals summarized by hydrological year type. (B) Flow preference ranges mapped to
representative streamflow time series for wet, wet typical, dry typical, and dry years. Minimum and
maximum recorded daily streamflows also included for reference (C) Monthly Boatable Days totals
summarized by hydrological year type.



Roaring Fork: Slaughterhouse (Reach 4)
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Figure 10: Survey responses for Roaring Fork: Slaughterhouse. (A) Flow acceptability rankings. (B)
User identified preferred craft types and whitewater skill level. (C) User identified expertise and
whitewater skill level.
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Figure 11: Flow preferences reported by users for Roaring Fork: Slaughterhouse. A) Boxplot of
responses to open-ended questions about different categories of flow. B) PCI2 analysis results plotted
against the central tendency of flow acceptability preference rankings at each flow category. Loess
curve was fit to support visualization of flow acceptability ranges. C) Summarized open-format flow-

preference question responses.
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Table 7: PCI2 analysis results for Roaring Fork: Slaughterhouse.

Flow (cfs) Median Likert Response n Max. Distance Total Distance
100 -2.00 50 5000 0
200 -1.82 50 5000 818
300 -1.26 50 5000 2498
350 -0.88 50 5000 2892
400 -0.46 50 5000 3266
450 0.06 50 5000 3322
500 0.62 50 5000 3446
600 1.16 50 5000 2396
700 1.54 50 5000 1714
800 1.70 50 5000 1226
900 1.84 50 5000 700
1000 1.94 50 5000 290
1200 1.96 50 5000 196
1400 1.86 50 5000 662
1600 1.84 49 4800 716
1800 1.71 49 4800 1204
2000 1.53 49 4800 1836
2200 1.31 49 4800 2552
2400 1.12 49 4800 3044
2600 0.90 49 4800 3444
3000 0.69 49 4800 3836



Table 8: Boatable Days analysis results broken out by month for the Roaring Fork Slaughterhouse.
Where an Acceptability Category (e.g. ‘Optimal’) is missing for a given month, zero days were
observed to fall within that category and the row was left out of the table for brevity.

D Dry Wet Wet
Month  Flow Preference Category y Typical Typical
Year Year
Year Year
Lower Acceptable 9 12 6 10
May Optimal 0 7 6 4
Total Days 9 19 12 14
Lower Acceptable 24 15 0 1
Optimal 6 15 30 13
Jun
Upper Acceptable 0 0 0 16
Total Days 30 30 30 30
Lower Acceptable 2 6 13 10
Optimal 0 0 18
Jul
Upper Acceptable 0 0 0 3
Total Days 2 6 21 31
Lower Acceptable 0 0
Aug
Total Days 0 0 9
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Figure 12: Boatable Days analysis results for the Roaring Fork: Slaughterhouse. (A) Annual Boatable
Days totals summarized by hydrological year type. (B) Flow preference ranges mapped to
representative streamflow time series for wet, wet typical, dry typical, and dry years. Minimum and
maximum recorded daily streamflows also included for reference (C) Monthly Boatable Days totals
summarized by hydrological year type.



Roaring Fork: Jaffee Park to Lower Woody Creek Bridge (Reach 5)
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Figure 13: Survey responses for Roaring Fork: Jaffee Park to Lower Woody Creek Bridge. (A) Flow
acceptability rankings. (B) User identified preferred craft types and whitewater skill level. (C) User
identified expertise and whitewater skill level.
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Figure 14: Flow preferences reported by users for Roaring Fork: Jaffee Park to Lower Woody Creek
Bridge. A) Boxplot of responses to open-ended questions about different categories of flow. B) PCI2
analysis results plotted against the central tendency of flow acceptability preference rankings at each
flow category. Loess curve was fit to support visualization of flow acceptability ranges. C) Summarized

open-format flow-preference question responses.
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Table 9: PCI2 analysis results for Roaring Fork: Jaffee Park to Lower Woody Creek Bridge.

Flow (cfs) Median Likert Response n Max. Distance Total Distance
100 -2.00 33 2176 0
200 -1.94 33 2176 128
250 -1.88 33 2176 252
300 -1.50 34 2312 902
400 -0.68 34 2312 1594
500 0.03 34 2312 1718
600 0.58 33 2176 1536
800 1.12 33 2176 1336
1000 1.27 33 2176 1208
1200 1.45 33 2176 988

1600 1.42 33 2176 1056
2000 1.33 33 2176 1152
2500 1.38 32 2048 1060
3000 1.09 32 2048 1382

Table 10: Boatable Days analysis results broken out by month for the Roaring Fork Jaffee Park to
Lower Woody Creek Bridge. Where an Acceptability Category (e.g. ‘Optimal’) is missing for a given
month, zero days were observed to fall within that category and the row was left out of the table for

brevity.
Dry Wet
Month  Flow Preference Category Dry Typical Typical Wet
Year Year
Year Year
Lower Acceptable 16 8 13
May Optimal 0 0 3 0
Total Days 16 11 13
Lower Acceptable 27 24 4 2
Optimal 26 14
Jun
Upper Acceptable 0 0 0 14
Total Days 27 30 30 30
Lower Acceptable 2 3 16 17
Optimal 0 0 12
Jul
Upper Acceptable 0 0 0 2
Total Days 2 3 19 31
Lower Acceptable 0 0 3
Aug
Total Days 0 0
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Figure 15: Boatable Days analysis results for the Roaring Fork: Jaffee Park to Lower Woody Creek
Bridge. (A) Annual Boatable Days totals summarized by hydrological year type. (B) Flow preference
ranges mapped to representative streamflow time series for wet, wet typical, dry typical, and dry
years. Minimum and maximum recorded daily streamflows also included for reference (C) Monthly
Boatable Days totals summarized by hydrological year type.



Roaring Fork: Toothache (Reach 6)
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Figure 16: Survey responses for Roaring Fork: Toothache. (A) Flow acceptability rankings. (B) User
identified preferred craft types and whitewater skill level. (C) User identified expertise and
whitewater skill level.
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Figure 17: Flow preferences reported by users for Roaring Fork: Toothache. A) Boxplot of responses
to open-ended questions about different categories of flow. B) PCI2 analysis results plotted against
the central tendency of flow acceptability preference rankings at each flow category. Loess curve was
fit to support visualization of flow acceptability ranges. C) Summarized open-format flow-preference
question responses.



Table 11: PCI2 analysis results for Roaring Fork: Toothache.

Flow (cfs) Median Likert Response n Max. Distance Total Distance
100 -2.00 23 1056 0
200 -1.91 23 1056 88
250 -1.65 23 1056 300
300 -1.17 24 1152 720
400 -0.52 25 1248 980
500 0.32 25 1248 1004
600 1.04 24 1152 658
800 1.46 24 1152 470

1000 1.67 24 1152 304
1200 1.79 24 1152 214
1600 1.75 24 1152 260
2000 1.50 24 1152 460
2500 1.50 22 968 350
3000 1.36 22 968 432

Table 12: Boatable Days analysis results broken out by month for the Roaring Fork: Toothache. Where
an Acceptability Category (e.g. ‘Optimal’) is missing for a given month, zero days were observed to fall

within that category and the row was left out of the table for brevity.

D Dry Wet Wet
Month  Flow Preference Category y Typical Typical €
Year Year
Year Year
Lower Acceptable 12 6 10
May Optimal 0 7 6 4
Total Days 19 12 14
Lower Acceptable 24 15 0 1
Optimal 15 30 13
Jun
Upper Acceptable 0 0 0 16
Total Days 30 30 30 30
Lower Acceptable 2 6 13 10
Optimal 0 0 19
Jul
Upper Acceptable 0 0 0 2
Total Days 2 6 21 31
Lower Acceptable 0 0
Aug
Total Days 0 0 9
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Figure 18: Boatable Days analysis results for the Roaring Fork: Toothache. (A) Annual Boatable Days
totals summarized by hydrological year type. (B) Flow preference ranges mapped to representative
streamflow time series for wet, wet typical, dry typical, and dry years. Minimum and maximum
recorded daily streamflows also included for reference (C) Monthly Boatable Days totals summarized
by hydrological year type.



Roaring Fork: Basalt to Carbondale (Reach 7)

Roaring Fork: Basalt to Carbondale
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Figure 19: Survey responses for Roaring Fork: Basalt to Carbondale. (A) Flow acceptability rankings.
(B) User identified preferred craft types and whitewater skill level. (C) User identified expertise and
whitewater skill level.
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Figure 20: Flow preferences reported by users for Roaring Fork: Basalt to Carbondale. A) Boxplot of
responses to open-ended questions about different categories of flow. B) PCI2 analysis results plotted
against the central tendency of flow acceptability preference rankings at each flow category. Loess
curve was fit to support visualization of flow acceptability ranges. C) Summarized open-format flow-
preference question responses.



Table 13: PCI2 analysis results for Roaring Fork: Basalt to Carbondale.

Flow (cfs) Median Likert Response n Max. Distance Total Distance
100 -1.91 23 1056 84
200 -1.04 22 968 308
300 -1.09 22 968 568
400 -0.48 23 1056 792
500 0.26 23 1056 820
600 0.91 22 968 660
800 1.30 23 1056 564
1000 1.63 24 1152 370
1500 1.71 24 1152 298

2000 1.50 24 1152 488
2500 1.55 22 968 388
3000 1.45 22 968 452
3500 1.32 22 968 534
4000 1.19 21 880 548
4500 1.14 21 880 576
5000 1.05 21 880 628



Table 14: Boatable Days analysis results broken out by month for the Roaring Fork: Basalt to
Carbondale. Where an Acceptability Category (e.g. ‘Optimal’) is missing for a given month, zero days
were observed to fall within that category and the row was left out of the table for brevity.

D Dry Wet Wet
Month  Flow Preference Category v Typical Typical
Year Year
Year Year
Lower Acceptable 0 0 13 19
Apr Optimal 0 0 0 1
Total Days 0 0 13 20
Lower Acceptable 10 16 14 4
May Optimal 6 15 16 27
Total Days 16 31 30 31
Lower Acceptable 9 0 0 0
Optimal 21 30 30 21
Jun
Upper Acceptable 0 0 0 9
Total Days 30 30 30 30
Lower Acceptable 12 27 17 0
Optimal 0 4 14 30
Jul
Upper Acceptable 0 0 1
Total Days 12 31 31 31
Lower Acceptable 0 31 31 25
Aug Optimal 0 0 0 6
Total Days 0 31 31 31
S Lower Acceptable 0 14 29 30
e
P Total Days 0 14 29 30
Lower Acceptable 0 0 12 15
Oct
Total Days 0 12 15
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Figure 21: Boatable Days analysis results for the Roaring Fork: Basalt to Carbondale. (A) Annual
Boatable Days totals summarized by hydrological year type. (B) Flow preference ranges mapped to
representative streamflow time series for wet, wet typical, dry typical, and dry years. Minimum and
maximum recorded daily streamflows also included for reference (C) Monthly Boatable Days totals
summarized by hydrological year type.



Roaring Fork: Pink to Black (Reach 8)
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Figure 22: Survey responses for Roaring Fork: Pink to Black. (A) Flow acceptability rankings. (B) User
identified preferred craft types and whitewater skill level. (C) User identified expertise and
whitewater skill level.
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Figure 23: Flow preferences reported by users for Roaring Fork: Pink to Black. A) Boxplot of
responses to open-ended questions about different categories of flow. B) PCI2 analysis results plotted
against the central tendency of flow acceptability preference rankings at each flow category. Loess
curve was fit to support visualization of flow acceptability ranges. C) Summarized open-format flow-
preference question responses.



Table 15: PCI2 analysis results for Roaring Fork: Pink to Black.

Flow (cfs) Median Likert Response n Max. Distance Total Distance
400 -1.00 35 2448 1628
500 -0.33 36 2592 2116
600 0.19 36 2592 2062
800 1.17 36 2592 1500
1000 1.56 36 2592 1012
1200 1.69 36 2592 726
1500 1.72 36 2592 660
2000 1.75 36 2592 586
2500 1.69 36 2592 714
3000 1.01 36 2592 892
4000 1.39 36 2592 1260
5000 1.22 36 2592 1488
6000 1.11 36 2592 1644
8000 1.03 36 2592 1742

Table 16: Boatable Days analysis results broken out by month for the Roaring Fork: Pink to Black.
Where an Acceptability Category (e.g. ‘Optimal’) is missing for a given month, zero days were
observed to fall within that category and the row was left out of the table for brevity.

Dry DI:Y W.et Wet
Month  Flow Preference Category Year Typical Typical Year
Year Year
Lower Acceptable 0 0 3 8
Apr Optimal 0 0 0 1
Total Days 0 0 3 9
Lower Acceptable 8 14 9 4
May Optimal 6 15 16 27
Total Days 14 29 25 31
Lower Acceptable 9 0 0 0
Jun Optimal 21 30 30 30
Total Days 30 30 30 30
Lower Acceptable 4 23 17 0
Jul Optimal 0 4 14 31
Total Days 4 27 31 31
Lower Acceptable 0 3 22 25
Aug Optimal 0 0 0 6
Total Days 0 3 22 31
Lower Acceptable 0 0 19
Sep
Total Days 0 0 19
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Figure 24: Boatable Days analysis results for the Roaring Fork: Pink to Black. (A) Annual Boatable
Days totals summarized by hydrological year type. (B) Flow preference ranges mapped to
representative streamflow time series for wet, wet typical, dry typical, and dry years. Minimum and
maximum recorded daily streamflows also included for reference (C) Monthly Boatable Days totals
summarized by hydrological year type.
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Figure 25: Survey responses for Roaring Fork: Cemetery. (A) Flow acceptability rankings. (B) User
identified preferred craft types and whitewater skill level. (C) User identified expertise and
whitewater skill level.
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Figure 26: Flow preferences reported by users for Roaring Fork: Cemetery. A) Boxplot of responses to
open-ended questions about different categories of flow. B) PCI2 analysis results plotted against the
central tendency of flow acceptability preference rankings at each flow category. Loess curve was fit
to support visualization of flow acceptability ranges. C) Summarized open-format flow-preference
question responses.



Table 17: PCI2 analysis results for Roaring Fork: Cemetery.

Flow (cfs) Median Likert Response n Max. Distance Total Distance
400 -1.06 34 2312 1468
500 -0.48 33 2176 1680
600 0.24 34 2312 1816
800 1.00 34 2312 1536
1000 1.29 34 2312 1164
1200 1.56 34 2312 874
1500 1.65 34 2312 732

2000 1.85 34 2312 314
2500 1.94 34 2312 128
3000 1.85 34 2312 306
4000 1.68 34 2312 638
5000 1.56 34 2312 858
6000 1.44 34 2312 1006
8000 1.24 34 2312 1276



Table 18: Boatable Days analysis results broken out by month for the Roaring Fork: Cemetery. Where
an Acceptability Category (e.g. ‘Optimal’) is missing for a given month, zero days were observed to fall
within that category and the row was left out of the table for brevity.

D Dry Wet Wet
Month  Flow Preference Category v Typical Typical
Year Year
Year Year
Lower Acceptable 0 0 14 14
Mar
Total Days 0 0 14 14
Lower Acceptable 22 23 25 23
Apr Optimal 0 0 5 7
Total Days 22 23 30 30
Lower Acceptable 15 11 5 0
Optimal 16 20 26 28
May
Upper Acceptable 0 0 0 3
Total Days 31 31 31 31
Optimal 30 30 11 1
Jun Upper Acceptable 0 0 19 29
Total Days 30 30 30 30
Lower Acceptable 29 22 0 0
Optimal 2 9 31 22
Jul
Upper Acceptable 0 0 0 9
Total Days 31 31 31 31
Lower Acceptable 8 31 27 14
Aug Optimal 0 0 4 17
Total Days 8 31 31 31
S Lower Acceptable 7 30 30 30
e
P Total Days 7 30 30 30
o Lower Acceptable 18 31 31 31
ct
Total Days 18 31 31 31
Lower Acceptable 3 20 30 30
Nov
Total Days 3 20 30 30
Lower Acceptable 0 23
Dec
Total Days 0 8 23
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Figure 27: Boatable Days analysis results for the Roaring Fork: Cemetery. (A) Annual Boatable Days
totals summarized by hydrological year type. (B) Flow preference ranges mapped to representative
streamflow time series for wet, wet typical, dry typical, and dry years. Minimum and maximum

recorded daily streamflows also included for reference (C) Monthly Boatable Days totals summarized
by hydrological year type.



