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Introduction

 LTEMP defines 11 goals
— How do we know if goals are being achieved?
— Need to define performance metrics!

* Section 6.1(c) of the LTEMP ROD* states:

“The DOI, in consultation with the AMWG, will develop monitoring
metrics for the goals and objectives using those in Appendix C as a

starting point.”

(Note: Appendix C = performance metrics developed by Runge et al.
(2016) to help select the preferred LTEMP alternative.)

e FY 21-23 TWP, Reclamation Project C.12

* Department of Interior, 2016, Record of Decision for the Glen Canyon Dam Long Term Experimental and Management Plan Final
Environmental Impact Statement, December 2016. Bureau of Reclamation, Upper Colorado River Region, Salt Lake City, Utah and

National Park Service, Intermountain Region, Lakewood, Colorado.
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Metrics Project Objectives

 Determine technically feasible, sustainable metrics to provide
objective measures of progress towards attaining the 11
LTEMP resource goals.

* Use metrics to periodically evaluate and report status of the
11 LTEMP resource goals relative to pre-LTEMP (pre-2016)
condition and LTEMP projections.

— Improve annual/cyclical reporting by distilling large amounts of scientific
information into a set of standardized metrics that can be communicated to
DOI managers and GCDAMP stakeholders via standardized methods and
graphics on a regular (annual?) basis.

— Inform other planning efforts (e.g., specify knowledge gaps in the
context of resource goals).
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Draft Criteria for Selecting Metrics

» Reflects the expected performance outcome of each LTEMP
goal or measures a performance outcome that triggers a
compliance action or experiment

 Quantifiable (metric = measurable)
* Technically and financially feasible to measure

 Compatible with the metrics used to select LTEMP preferred
alternative




Metrics Description

* Metric Type: (direct observation, estimate based on model, etc.)
e Relevant Criteria: relationship to established criteria

e Data required: data needed to produce the metric

* Metric calculation: How will metric be calculated?

* Frequency: How often will the metric be measured?

* Presentation: How will the metric be presented graphically?

* Interpretation: How will the metric be interpreted (historic
range, trend, thresholds?)

 Limitations and uncertainties of the metric
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Project Timeline: FY22

— October 2021 TWG:
* GCMRC presents draft LTEMP performance metrics (sample)

 TWG provides input during meeting; discussion of how best to
graphically represent metrics to meet stakeholder needs.

* Input from TWG (due end of October: Friday, 10/29/21)
— December 2021:

* GCMRC pilots a sample of metrics in the FY2021 Annual Report, including
sample graphics
— January 2022:

* GCMRC solicits feedback from the TWG regarding sample reporting of
metrics in the FY2021 Annual Report.

— February 2022:

 GCMRC solicits feedback from the AMWG and DOI regarding the sample
of reported metrics in the FY2021 Annual Report.
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Example Metrics for the Long-Term
Experimental and Management
Plan: Hydropower and Energy
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Hydropower and Energy

* *Resource Goal: Maintain or increase Glen
Canyon Dam electric energy generation, load
following capability, and ramp rate capability,
and minimize emissions and costs to the
greatest extent practicable, consistent with
improvement and long-term sustainability of
downstream resources.

* Maximize the economic value of hydropower.

* Department of Interior, 2016, Record of Decision for the Glen Canyon Dam Long Term

E Experimental and Management Plan Final Environmental Impact Statement, December 2016.
—
a USGS

Bureau of Reclamation, Upper Colorado River Region, Salt Lake City, Utah and National Park
science for a changing world Service, Intermountain Region, Lakewood, Colorado.



Hydropower and Energy Metrics®

* Economic value of energy generation

— Estimated using optimization model of GCD release
and energy generation (e.g., GTMax)

* Economic value of generation capacity

— Estimated using system model of the larger
electricity sector and power system expansion costs

* Runge, M.C., LaGory, K.E., Russell, Kendra, Balsom, J.R., Butler, R.A., Coggins, L.G., Jr., Grantz, K.A., Hayse, John,
Hlohowskyj, lhor, Korman, Josh, May, J.E., O’'Rourke, D.J., Poch, L.A., Prairie, J.R., VanKuiken, J.C., Van Lonkhuyzen,

R.A., Varyu, D.R., Verhaaren, B.T., Vesekla, T.D., Williams, N.T., Wuthrich, K.K., Yackulic, C.B., Billerbeck, R.P., and
% USGS Knowles, G.W., 2015, Decision analysis to support development of the Glen Canyon Dam Long-Term Experimental and
H Management Plan: U.S. Geological Survey Scientific Investigations Report 2015-5176, 64 p., http://dx.doi.org/10.3133/
science for a changing world sir20155176.
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Hydropower Objective

* Maximize the economic value of hydropower over time
subject to operational constraints.

Flow constraint set
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Example Metric Presentation

Economic Value of Energy
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Example Metrics for the Long-Term
Experimental and Management
lan: Recreational Experience
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Recreational Experience

Resource Goal: Maintain and improve the
quality of recreational experiences for the
users of the Colorado River ecosystem.

* Department of Interior, 2016, Record of Decision for the Glen Canyon Dam Long Term
Experimental and Management Plan Final Environmental Impact Statement, December2016.
Bureau of Reclamation, Upper Colorado River Region, Salt Lake City, Utah and National Park
Service, Intermountain Region, Lakewood, Colorado.
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Whitewater Conceptual Model
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LTEMP Performance Metrics

 Camping Area Index: Accounts for optimal campsite area
building and maintenance flows and sediment load.

* Navigational Risk Index: Measure of navigation difficulty
based on the number of days during which the daily minimum
flow was less than 8,000 cfs.

* Fluctuation Index: Measures the degree to which
combinations of flows and fluctuations are within a range
identified as preferable by experienced boat guides.

e Time Off River Index: Relates the level of flows to visitors
being able to spend time ashore visiting attractions.

Department of Interior, 2016, Record of Decision for the Glen Canyon Dam Long Term

E Experimental and Management Plan Final Environmental Impact Statement, December 2016.
ﬁ USGS Bureau of Reclamation, Upper Colorado River Region, Salt Lake City, Utah and National Park

science for a changing world Service, Intermountain Region, Lakewood, Colorado.




LTEMP Performance Metrics
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Camping Area Index
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Constant Colorado River flow in cubic feet per second
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Glen Canyon

		

								Performance				Economic

				Flow				Glen Canyon

				3000				0.00				$68		0.54																																		3000		125		216

				3250				0.05				$70		0.56																																		10000		263		221		226

				3500				0.10				$72		0.57																																		25000		196		179

				3750				0.15				$74		0.59																																		40000		108		94

				4000				0.20				$76		0.61

				4250				0.25				$78		0.62

				4500				0.30				$80		0.64

				4750				0.35				$82		0.65

				5000				0.40				$85		0.67

				5250				0.45				$87		0.69

				5500				0.50				$89		0.70

				5750				0.55				$91		0.72

				6000				0.60				$93		0.74

				6250				0.65				$95		0.75

				6500				0.70				$97		0.77

				6750				0.75				$99		0.79

				7000				0.80				$101		0.80

				7250				0.85				$103		0.82

				7500				0.90				$105		0.84

				7750				0.95				$107		0.85

				8000				1.00				$109		0.87

				8250				1.00				$111		0.88

				8500				1.00				$114		0.90

				8750				1.00				$116		0.92

				9000				1.00				$118		0.93

				9250				1.00				$120		0.95

				9500				1.00				$122		0.97

				9750				1.00				$124		0.98

				10000				1.00				$126		1.00

				10250				1.00				$125		1.00

				10500				1.00				$125		0.99

				10750				1.00				$124		0.99

				11000				1.00				$124		0.98

				11250				1.00				$123		0.98

				11500				1.00				$123		0.97

				11750				1.00				$122		0.97

				12000				1.00				$122		0.97

				12250				1.00				$121		0.96

				12500				1.00				$121		0.96

				12750				1.00				$120		0.95

				13000				1.00				$120		0.95

				13250				1.00				$119		0.94

				13500				1.00				$119		0.94

				13750				1.00				$118		0.94

				14000				1.00				$117		0.93

				14250				1.00				$117		0.93

				14500				1.00				$116		0.92

				14750				1.00				$116		0.92

				15000				1.00				$115		0.92

				15250				1.00				$115		0.91

				15500				1.00				$114		0.91

				15750				1.00				$114		0.90

				16000				1.00				$113		0.90

				16250				1.00				$113		0.89

				16500				1.00				$112		0.89

				16750				1.00				$112		0.89

				17000				1.00				$111		0.88

				17250				1.00				$111		0.88

				17500				1.00				$110		0.87

				17750				1.00				$109		0.87

				18000				1.00				$109		0.86

				18250				1.00				$108		0.86

				18500				1.00				$108		0.86

				18750				1.00				$107		0.85

				19000				1.00				$107		0.85

				19250				1.00				$106		0.84

				19500				1.00				$106		0.84

				19750				1.00				$105		0.83

				20000				1.00				$105		0.83

				20250				0.98				$104		0.83

				20500				0.96				$104		0.82

				20750				0.93				$103		0.82

				21000				0.91				$103		0.81

				21250				0.89				$102		0.81

				21500				0.87				$101		0.81

				21750				0.85				$101		0.80

				22000				0.83				$100		0.80

				22250				0.80				$100		0.79

				22500				0.78				$99		0.79

				22750				0.76				$99		0.78

				23000				0.74				$98		0.78

				23250				0.72				$98		0.78

				23500				0.70				$97		0.77

				23750				0.67				$97		0.77

				24000				0.65				$96		0.76

				24250				0.63				$96		0.76

				24500				0.61				$95		0.75

				24750				0.59				$95		0.75

				25000				0.57				$94		0.75
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Glen Canyon Inundation Index

Constant Colorado River Flow in CFS

Glen Canyon Inundation Index
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Glen Canyon Inundation Metric

Normalized Net Evonomc Value

Constant Colorado River Flow in CFS

Glen Canyon Inundation Index
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Glen Canyon Inundation Metric

Net Economc Value

Constant Colorado River Flow in CFS

Glen Canyon Inundation Index

Angler Net Economic Value per Trip



		



Bishop et al. 1987

Meldrum et al. In Prep

Bair et al. 2016

Constant Colorado River Flow in CFS

Net Economic Value per Trip



		

								Performance

				Flow				Camping Area Index		Time Off River Index				SUM

				3000				1.00		0.00				1.00

				3250				1.00		0.00				1.00

				3500				1.00		0.00				1.00

				3750				1.00		0.00				1.00

				4000				1.00		0.00				1.00

				4250				1.00		0.00				1.00

				4500				1.00		0.00				1.00

				4750				1.00		0.00				1.00

				5000				1.00		0.00				1.00

				5250				1.00		0.00				1.00

				5500				1.00		0.00				1.00

				5750				1.00		0.00				1.00

				6000				1.00		0.00				1.00

				6250				1.00		0.00				1.00

				6500				1.00		0.00				1.00

				6750				1.00		0.00				1.00

				7000				1.00		0.00				1.00

				7250				1.00		0.00				1.00

				7500				1.00		0.00				1.00

				7750				1.00		0.00				1.00

				8000				1.00		0.00				1.00

				8250				0.99		0.00				0.99

				8500				0.98		0.00				0.98

				8750				0.97		0.00				0.97

				9000				0.96		0.00				0.96

				9250				0.95		0.00				0.95

				9500				0.94		0.00				0.94

				9750				0.93		0.00				0.93

				10000				0.91		0.00				0.91

				10250				0.90		0.01				0.92

				10500				0.89		0.02				0.92

				10750				0.88		0.03				0.92

				11000				0.87		0.05				0.92

				11250				0.86		0.06				0.92

				11500				0.85		0.07				0.92

				11750				0.84		0.08				0.92

				12000				0.83		0.09				0.92

				12250				0.82		0.10				0.92

				12500				0.81		0.12				0.92

				12750				0.80		0.13				0.93

				13000				0.79		0.14				0.93

				13250				0.78		0.15				0.93

				13500				0.77		0.16				0.93

				13750				0.75		0.17				0.93

				14000				0.74		0.19				0.93

				14250				0.73		0.20				0.93

				14500				0.72		0.21				0.93

				14750				0.71		0.22				0.93

				15000				0.70		0.23				0.93

				15250				0.69		0.24				0.94

				15500				0.68		0.26				0.94

				15750				0.67		0.27				0.94

				16000				0.66		0.28				0.94

				16250				0.65		0.29				0.94

				16500				0.64		0.30				0.94

				16750				0.63		0.31				0.94

				17000				0.62		0.33				0.94

				17250				0.61		0.34				0.94

				17500				0.60		0.35				0.94

				17750				0.58		0.36				0.95

				18000				0.57		0.37				0.95

				18250				0.56		0.38				0.95

				18500				0.55		0.40				0.95

				18750				0.54		0.41				0.95

				19000				0.53		0.42				0.95

				19250				0.52		0.43				0.95

				19500				0.51		0.44				0.95

				19750				0.50		0.45				0.95

				20000				0.49		0.47				0.95

				20250				0.48		0.48				0.95

				20500				0.47		0.49				0.96

				20750				0.46		0.50				0.96

				21000				0.45		0.51				0.96

				21250				0.44		0.52				0.96

				21500				0.43		0.53				0.96

				21750				0.41		0.55				0.96

				22000				0.40		0.56				0.96

				22250				0.39		0.57				0.96

				22500				0.38		0.58				0.96

				22750				0.37		0.59				0.96

				23000				0.36		0.60				0.97

				23250				0.35		0.62				0.97

				23500				0.34		0.63				0.97

				23750				0.33		0.64				0.97

				24000				0.32		0.65				0.97

				24250				0.31		0.66				0.97

				24500				0.30		0.67				0.97

				24750				0.29		0.69				0.97

				25000				0.28		0.70				0.97

				25250				0.27		0.71				0.97

				25500				0.25		0.72				0.98

				25750				0.24		0.73				0.98

				26000				0.23		0.74				0.98

				26250				0.22		0.76				0.98

				26500				0.21		0.77				0.98

				26750				0.20		0.78				0.98

				27000				0.19		0.79				0.98

				27250				0.18		0.80				0.98

				27500				0.17		0.81				0.98

				27750				0.16		0.83				0.98

				28000				0.15		0.84				0.99

				28250				0.14		0.85				0.99

				28500				0.13		0.86				0.99

				28750				0.12		0.87				0.99

				29000				0.11		0.88				0.99

				29250				0.10		0.90				0.99

				29500				0.08		0.91				0.99

				29750				0.07		0.92				0.99

				30000				0.06		0.93				0.99

				30250				0.05		0.94				0.99

				30500				0.04		0.95				1.00

				30750				0.03		0.96				1.00

				31000				0.02		0.98				1.00

				31250				0.01		0.99				1.00

				31500				-0.00		1.00				1.00
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Sheet1

		DCCV

		N		Scenario		Alpha		Beta		Median		Conditional Mean		SE C-MEAN				C.I. Upper 95%		C.I. Lower 95%		S.D.		Bishop WTP		Ratio of Current CV Mean to Bishop Mean		Bishop Indexed by CPI		Current DC Mean

		769		Current trip		2.2056		-0.00188		$   1,173.19		$   1,228.79		$   62.45		$   122.40		$   1,351.19		$   1,106.39		$   1,731.79

		404		5,000 cfs		0.3824		-0.00142		$   269.30		$   635.57		$   73.28		$   143.63		$   779.20		$   491.95		$   1,472.91		$   233.00		2.73		$   516.72		$   635.57		1.2300072106

		402		13,000 cfs		2.6617		-0.00221		$   1,204.39		$   1,234.93		$   87.55		$   171.60		$   1,406.53		$   1,063.33		$   1,755.37		$   504.00		2.45		$   1,117.72		$   1,234.93		1.1048660521

		404		22,000 cfs		2.0095		-0.00155		$   1,296.45		$   1,377.61		$   101.52		$   198.98		$   1,576.59		$   1,178.63		$   2,040.53		$   525.00		2.62		$   1,164.29		$   1,377.61		1.183219082

		403		40,000 cfs		0.9308		-0.00113		$   823.72		$   1,117.83		$   116.60		$   228.54		$   1,346.37		$   889.29		$   2,340.73		$   434.00		2.58		$   962.48		$   1,117.83		1.161404026

		402		Reduced beaches		1.7475		-0.00255		$   685.29		$   748.27		$   54.04		$   105.92		$   854.19		$   642.35		$   1,083.50		$   377.00		1.98

						1.7769		-0.0049		$   362.63		$   394.53

		Conjoint				1.8916		-0.0044		$   429.91		$   461.84

		N		Flow Scenario		Mean Trip WTP		Standard Error		Lower 95% C.I.		Upper 95% C.I.		S.D.

		2400		5,000 cfs		$550		$96		$362		$738		$4,703.02								Neher et al. 2017 (2015 $)		Bishop Study (1985 $)		Ratio Current (2015 $) to Bishop (1985 $)		Bishop Study Adjusted by 2015 CPI		Ratio Current (2015 $) to Bishop (2015 $)		Bishop Standard Error (1985 $)		Bishop Standard Error (2015 $)		Bishop et al. 1987 (2015$ adjusted median household income)

		2400		13,000 cfs		$1,142		$195		$759		$1,525		$9,553.01						5,000		$636		$234		2.73		$   519		1.22		62.0144		137.52933488		$560

		2400		22,000 cfs		$1,384		$227		$939		$1,829		$11,120.68						13,000		$1,235		$517		2.45		$   1,147		1.08		83.8292		185.90801684		$1,237

		2400		40,000 cfs		$517		$57		$406		$628		$2,792.42						22,000		$1,378		$528		2.62		$   1,171		1.18		76.3224		169.26018648		$1,263

		2400		Reduced beaches		$889		$227		$444		$1,334		$11,120.68						40,000		$1,118		$439		2.58		$   974		1.15		77.126		171.0423302		$1,050

				SCENARIO		DCCV						CONJOINT																Bishop S.E.		CPI		Income

						MEAN		N		S.D.		MEAN		N				S.D.		T-STAT		SIGNIF. LEVEL						32		70.9664		76.5728

				Current trip		$   1,228.79		769		$   1,731.79																		43		95.3611		102.8947

				5,000 cfs		$   635.57		404		$   1,472.91		$550		2400				$4,703.02		-0.363		0.7169						39		86.4903		93.3231

				13,000 cfs		$   1,234.93		402		$   1,755.37		$1,142		2400				$9,553.01		-0.194		0.8458						39		86.4903		93.3231

				22,000 cfs		$   1,377.61		404		$   2,040.53		$1,384		2400				$11,120.68		0.012		0.9908

				40,000 cfs		$   1,117.83		403		$   2,340.73		$517		2400				$2,792.42		-4.085		<0.0001

				Reduced beaches		$   748.27		402		$   1,083.50		$889		2400				$11,120.68		0.253		0.7999						Bishop Adjusted by 2015 Median HH Income				Current Study (2015 $)

																												$560		76.5728		$636		73.28		$76		105.987509169		0.7135878614

																												$1,237		102.8947		$1,235		87.55		($2)		135.101153911		-0.0162789135

				https://www.medcalc.org/calc/comparison_of_means.php																								$1,263		93.3231		$1,378		101.52		$114		137.8967417803		0.8278571236

																												$1,050		93.3231		$1,118		116.6		$67		149.3477853656		0.4509400647

				SCENARIO		DCCV						CONJOINT

						MEAN		N		S.D.		MEAN		N				S.D.		T-STAT		SIGNIF. LEVEL

				Current trip		$   - 0		0		$   - 0

				0		$   - 0		0		$   - 0		$0		0				$0.00		-0.363		0.7169

				0		$   - 0		0		$   - 0		$0		0				$0.00		-0.194		0.8458

				0		$   - 0		0		$   - 0		$0		0				$0.00		0.012		0.9908

				0		$   - 0		0		$   - 0		$0		0				$0.00		-4.085		<0.0001

				0		$   - 0		0		$   - 0		$0		0				$0.00		0.253		0.7999

				SCENARIO		DCCV						CONJOINT

						MEAN		N		S.E. Mean		MEAN		N				S.E. Mean		T-STAT		SIGNIF. LEVEL

				5,000 cfs		$   636		404		$   73		$   550		2400				$   96		-0.363		0.7169

				13,000 cfs		$   1,235		402		$   88		$   1,142		2400				$   195		-0.194		0.8458

				22,000 cfs		$   1,378		404		$   102		$   1,384		2400				$   227		0.012		0.9908

				40,000 cfs		$   1,118		403		$   117		$   517		2400				$   57		-4.085		<0.0001
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		Flow Scenario		DCCV Models						Conjoint Models						T-Test of Difference in Means

				Mean WTP		N		S.E. Mean		Mean WTP		N		S.E. Mean		T-STAT		SIGNIF. LEVEL

		5,000 cfs		$   636		404		$   73		$   550		2400		$   96		-0.363		0.72

		13,000 cfs		$   1,235		402		$   88		$   1,142		2400		$   195		-0.194		0.85

		22,000 cfs		$   1,378		404		$   102		$   1,384		2400		$   227		0.012		0.99

		40,000 cfs		$   1,118		403		$   117		$   517		2400		$   57		-4.085		<0.0001
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Glen Canyon

		

								Performance				Economic

				Flow				Glen Canyon

				3000				0.00				$68		0.54																																3000		125		216

				3250				0.05				$70		0.56																																10000		263		221		226

				3500				0.10				$72		0.57																																25000		196		179

				3750				0.15				$74		0.59																																40000		108		94

				4000				0.20				$76		0.61

				4250				0.25				$78		0.62

				4500				0.30				$80		0.64

				4750				0.35				$82		0.65

				5000				0.40				$85		0.67

				5250				0.45				$87		0.69

				5500				0.50				$89		0.70

				5750				0.55				$91		0.72

				6000				0.60				$93		0.74

				6250				0.65				$95		0.75

				6500				0.70				$97		0.77

				6750				0.75				$99		0.79

				7000				0.80				$101		0.80

				7250				0.85				$103		0.82

				7500				0.90				$105		0.84

				7750				0.95				$107		0.85

				8000				1.00				$109		0.87

				8250				1.00				$111		0.88

				8500				1.00				$114		0.90

				8750				1.00				$116		0.92

				9000				1.00				$118		0.93

				9250				1.00				$120		0.95

				9500				1.00				$122		0.97

				9750				1.00				$124		0.98

				10000				1.00				$126		1.00

				10250				1.00				$125		1.00

				10500				1.00				$125		0.99

				10750				1.00				$124		0.99

				11000				1.00				$124		0.98

				11250				1.00				$123		0.98

				11500				1.00				$123		0.97

				11750				1.00				$122		0.97

				12000				1.00				$122		0.97

				12250				1.00				$121		0.96

				12500				1.00				$121		0.96

				12750				1.00				$120		0.95

				13000				1.00				$120		0.95

				13250				1.00				$119		0.94

				13500				1.00				$119		0.94

				13750				1.00				$118		0.94

				14000				1.00				$117		0.93

				14250				1.00				$117		0.93

				14500				1.00				$116		0.92

				14750				1.00				$116		0.92

				15000				1.00				$115		0.92

				15250				1.00				$115		0.91

				15500				1.00				$114		0.91

				15750				1.00				$114		0.90

				16000				1.00				$113		0.90

				16250				1.00				$113		0.89

				16500				1.00				$112		0.89

				16750				1.00				$112		0.89

				17000				1.00				$111		0.88

				17250				1.00				$111		0.88

				17500				1.00				$110		0.87

				17750				1.00				$109		0.87

				18000				1.00				$109		0.86

				18250				1.00				$108		0.86

				18500				1.00				$108		0.86

				18750				1.00				$107		0.85

				19000				1.00				$107		0.85

				19250				1.00				$106		0.84

				19500				1.00				$106		0.84

				19750				1.00				$105		0.83

				20000				1.00				$105		0.83

				20250				0.98				$104		0.83

				20500				0.96				$104		0.82

				20750				0.93				$103		0.82

				21000				0.91				$103		0.81

				21250				0.89				$102		0.81

				21500				0.87				$101		0.81

				21750				0.85				$101		0.80

				22000				0.83				$100		0.80

				22250				0.80				$100		0.79

				22500				0.78				$99		0.79

				22750				0.76				$99		0.78

				23000				0.74				$98		0.78

				23250				0.72				$98		0.78

				23500				0.70				$97		0.77

				23750				0.67				$97		0.77

				24000				0.65				$96		0.76

				24250				0.63				$96		0.76

				24500				0.61				$95		0.75

				24750				0.59				$95		0.75

				25000				0.57				$94		0.75
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								Performance

				Flow				Camping Area Index		Time Off River Index				SUM

				3000				1.00		0.00				1.00

				3250				1.00		0.00				1.00

				3500				1.00		0.00				1.00

				3750				1.00		0.00				1.00

				4000				1.00		0.00				1.00

				4250				1.00		0.00				1.00

				4500				1.00		0.00				1.00

				4750				1.00		0.00				1.00

				5000				1.00		0.00				1.00

				5250				1.00		0.00				1.00

				5500				1.00		0.00				1.00

				5750				1.00		0.00				1.00

				6000				1.00		0.00				1.00

				6250				1.00		0.00				1.00

				6500				1.00		0.00				1.00

				6750				1.00		0.00				1.00

				7000				1.00		0.00				1.00

				7250				1.00		0.00				1.00

				7500				1.00		0.00				1.00

				7750				1.00		0.00				1.00

				8000				1.00		0.00				1.00

				8250				0.99		0.00				0.99

				8500				0.98		0.00				0.98

				8750				0.97		0.00				0.97

				9000				0.96		0.00				0.96

				9250				0.95		0.00				0.95

				9500				0.94		0.00				0.94

				9750				0.93		0.00				0.93

				10000				0.91		0.00				0.91

				10250				0.90		0.01				0.92

				10500				0.89		0.02				0.92

				10750				0.88		0.03				0.92

				11000				0.87		0.05				0.92

				11250				0.86		0.06				0.92

				11500				0.85		0.07				0.92

				11750				0.84		0.08				0.92

				12000				0.83		0.09				0.92

				12250				0.82		0.10				0.92

				12500				0.81		0.12				0.92

				12750				0.80		0.13				0.93

				13000				0.79		0.14				0.93

				13250				0.78		0.15				0.93

				13500				0.77		0.16				0.93

				13750				0.75		0.17				0.93

				14000				0.74		0.19				0.93

				14250				0.73		0.20				0.93

				14500				0.72		0.21				0.93

				14750				0.71		0.22				0.93

				15000				0.70		0.23				0.93

				15250				0.69		0.24				0.94

				15500				0.68		0.26				0.94

				15750				0.67		0.27				0.94

				16000				0.66		0.28				0.94

				16250				0.65		0.29				0.94

				16500				0.64		0.30				0.94

				16750				0.63		0.31				0.94

				17000				0.62		0.33				0.94

				17250				0.61		0.34				0.94

				17500				0.60		0.35				0.94

				17750				0.58		0.36				0.95

				18000				0.57		0.37				0.95

				18250				0.56		0.38				0.95

				18500				0.55		0.40				0.95

				18750				0.54		0.41				0.95

				19000				0.53		0.42				0.95

				19250				0.52		0.43				0.95

				19500				0.51		0.44				0.95

				19750				0.50		0.45				0.95

				20000				0.49		0.47				0.95

				20250				0.48		0.48				0.95

				20500				0.47		0.49				0.96

				20750				0.46		0.50				0.96

				21000				0.45		0.51				0.96

				21250				0.44		0.52				0.96

				21500				0.43		0.53				0.96

				21750				0.41		0.55				0.96

				22000				0.40		0.56				0.96

				22250				0.39		0.57				0.96

				22500				0.38		0.58				0.96

				22750				0.37		0.59				0.96

				23000				0.36		0.60				0.97

				23250				0.35		0.62				0.97

				23500				0.34		0.63				0.97

				23750				0.33		0.64				0.97

				24000				0.32		0.65				0.97

				24250				0.31		0.66				0.97

				24500				0.30		0.67				0.97

				24750				0.29		0.69				0.97

				25000				0.28		0.70				0.97

				25250				0.27		0.71				0.97

				25500				0.25		0.72				0.98

				25750				0.24		0.73				0.98

				26000				0.23		0.74				0.98

				26250				0.22		0.76				0.98

				26500				0.21		0.77				0.98

				26750				0.20		0.78				0.98

				27000				0.19		0.79				0.98

				27250				0.18		0.80				0.98

				27500				0.17		0.81				0.98

				27750				0.16		0.83				0.98

				28000				0.15		0.84				0.99

				28250				0.14		0.85				0.99

				28500				0.13		0.86				0.99

				28750				0.12		0.87				0.99

				29000				0.11		0.88				0.99

				29250				0.10		0.90				0.99

				29500				0.08		0.91				0.99

				29750				0.07		0.92				0.99

				30000				0.06		0.93				0.99

				30250				0.05		0.94				0.99

				30500				0.04		0.95				1.00

				30750				0.03		0.96				1.00

				31000				0.02		0.98				1.00

				31250				0.01		0.99				1.00

				31500				-0.00		1.00				1.00





		



Camping Area Index

Time Off River Index

Constant Colorado River Flow in CFS

Recreational Expericnce Indecies



		



Time Off River Index

Constant Colorado River Flow in CFS

Time Off River Index



				Anglers		Private Whitewater		Commercial Whitewater

		January		0		157		0

		February		260		259		0

		March		627		803		0

		April		576		550		955

		May		620		624		3455

		June		328		595		3922

		July		483		568		3921

		August		450		517		3310

		September		516		652		1609

		October		449		609		212

		November		454		350		0

		December		162		294		0

				4,925		5,978		17,384

								23,362





		



Lees Ferry Angler Trips



		



Private Whitewater

Commercial Whitewater

Whitewater




Example Metric Presentation

Economic Value of Whitewater Rafting

B LTEMP EIS Baseline "

@ Alternative with Experiments
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Example Metrics for the Long-Term
Experimental and Management
Plan: Humpback chub




Humpback chub

* Resource Goal: Meet humpback chub recovery goals,
including maintaining a self-sustaining population,
spawning habitat, and aggregations in the Colorado
River and its tributaries below the Glen Canyon Dam.

* Department of Interior, 2016, Record of Decision for the Glen Canyon Dam Long Term

E Experimental and Management Plan Final Environmental Impact Statement, December 2016.
ﬁ USGS Bureau of Reclamation, Upper Colorado River Region, Salt Lake City, Utah and National Park

science for a changing world Service, Intermountain Region, Lakewood, Colorado.




Humpback chub

* Performance metric 1: Expected minimum number of
adult HBC in the Little Colorado River population
during the LTEMP planning period (20 years).

Glen Canyon Dam

Leng-Term Experimental and Management Plan EIS
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Humpback chub

* Performance metric 1: Adult HBC abundance in the
Little Colorado River population.

 Metric Type: Estimated

e Data required: Sampling in the LCR and mainstem CR
* Metric calculation: Multistate mark-recapture model
* Frequency: Annually

Preliminary, do not cite




Presentation

Fall abundances of adult humpback chub in
LCR aggregation (>199mm TL)

T T T |
2012 2014 2016 2018




ZUSGS

science for a changing world

Interpretation

e Relative to Biological opinion triggers (along with other
metrics derived from multistate model)

e Relative to LTEMP predictions under similar conditions
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Preliminary, do not cite



Limitations/Uncertainties

 Estimation adult abundance:

— Capture probability heterogeneity, long-term behavioral
responses, assumptions about partially sampled mainstem.

* Forecasting adult abundance
— Future foodbase conditions.
— Impacts of temperatures above 16-ish.
— Brown trout*, catfish, and any new nonnatives
— Climate change and juvenile production in the LCR
— (see appendix F for more details.)

Preliminary, do not cite




Conceptual models



Colorado River Little Colorado River

. — .. oy, Recruitment**
Juvenile (-\' ! m
Size Class 1 S 6.0 . > e
(40 - 100 mm) gevnes w® G
i 2 Y
¢7 l annmnw d?
Small Sub-adult m _ % w? (\v
Size class 2 Lt e X 2 =
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¢° l i s ‘[ Y
Large sub-adult (‘\ _ w? m
Size class 3 =i —— = 3 _
(150 — 200 mm) & w
o i e |y
m wt (\
Small Adult e — o= "
Size Class 4 )-@' S )ﬁk
(200 — 250 mm) ‘ w? |
sy
N b
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Large Adult @ j\g_ ‘L \(\_\
Size Class 5 B — _i 10 ‘?._T-" o P— , -:JP
(250 mm+) Vo= w'? j_.f'"I:F:—"‘""
¢ — survival @ — movement Y — size transition (growth)

Department of Interior, 2016, Glen Canyon Dam Long Term Experimental and Management Plan Final
Environmental Impact Statement, December 2016. Bureau of Reclamation, Upper Colorado River Region, Salt
Lake City, Utah and National Park Service, Intermountain Region, Lakewood, Colorado.
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Colorado River skipped

resident

Little Colorado
Rive r Preliminary, do not cite



http://www.usgs.gov/

HumpbaCk ChUb Other stuff:

1) LCR Catfish?
2) LCR Sand?
3) Mainstem food?

No flooding

Removals

/ [

iy

Water L, | I
temperature?

<\

@ | Adult HBC | |
Colorado River Abundance Little Colorado River

2 USGS

(Yackulic et al., 2018; 2020; 2021; Dzul et al., 2021, In prep.)



Humpback chub

1.00 =
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* Performance metric 2: Average
temperature suitability for HBC at RM o

15 7 a n d R M 2 13 . Thermally Suitable Days

Humpback chub

(native)

=
ma
th

e Dibble et al. (2021) provides an
improved version.

e But in near future, would like to move " w
towards actual abundance estimates

for western GC.

Preliminary, do not cite
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