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Objectives

How much water from the Colorado River Basin is
avallable to meet Colorado’s water needsr’”

 Whatis a reasonable base of existing uses for Phase | of the CRWAS?
* How does historical hydrology compare to paleohydrology?
 Whatis a reasonable projection for hydrology affected by climate change?

 How much water is available to Colorado under certain compact
assumptions?

Colorado River Water Availability Study — Phase |




Objectives

How much water from the Colorado River Basin is
avallable to meet Colorado’s water needsr’”

* Phase |
Water Availability under current infrastructure, currently
perfected water rights, and current levels of consumptive and
non-consumptive water demands

* Phasell
Water Availability under projected demands from existing,
conditional, and new water rights and for additional
consumptive and non-consumptive water demands
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Technical APProach _

—

How much water from the Colorado River Basin is
avallable to meet Colorado’s water needsr’”

* Update / expand CDSS based on stakeholder input through BRTs

* Assess water availability using historical hydrology

e Assess water availability using paleohydrology

* Assess water availability using climate-adjusted hydrology

« Compare water availability from historical and climate-adjusted hydrology

* Estimate water available to Colorado under certain compact assumptions
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Fublic Outreach
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~30 public meetings / workshops / peer reviews
- CWCB Board
- CWCB, DWR, and AG Staff
- CW(CB Climate Change Technical Advisory Group (CCTAG]
— Interbasin Compact Committee (IBCC) and Basin Roundtables (BRTs)
— Joint Front Range Climate Change Vulnerability Study Program (JFRCCVS)
- Centennial Water & Sanitation District / Metro District of Highlands Ranch
- NOAA Regional Integrated Sciences and Assessments Program (RISA)
— University of Colorado’s Western Water Assessment Program (WWA)
— Northern Colorado Water Conservancy District (Water User Meeting)
— Colorado River Water Conservation District (Annual Seminar)
— (Colorado House-Senate Joint Agriculture Committee
— Front Range Water Council
— Colorado Water Congress
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Analgsis T ools

i
—
i

—

—

—

e Variable Infiltration Capacity (VIC) Hydrology Model
* Colorado Decision Support System (CDSS)
e Colorado River Simulation System (CRSS)

* Hydrologic Determination Mass Balance Analysis
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1500 1950 2005 2040 2070 2099
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Observed Hydrology
Paleohydrology “ || | " | | | GCM'’s & Hydrology

UNCOMPAHGRE RIVER AT DELTA USGS (09149500)
2040 Average Monthly Natural Flow

Statistical
Models

StateMod
StateCU
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UNCOMPAHGRE RIVER AT DELTA USGS (09149500)
2040 Average Monthly Natural Flow

Statistical
Models

StateMod
StateCU
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GCMS and Hg&rolog}j_

Earth

 Emissions Scenarios

» Global Climate Models

Result: Altered Temperature
and Precipitation

Col o B o State of Colorado
olorado River Basin CDSS Modeling

 “Down-Scaled” Projections
* Revised Basin-Wide Hydrology
Result: Altered Stream Flows

Result: Water Availability
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( limate Cl‘xange: Selection of Frojections f-;-_-;;

g—

e CRWAS coordinated with Front Range Study
* Two time frames jointly selected (2040 / 2070

* Five projections jointly selected to characterize
projected climate for each time frame
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2040 Average Monthly Natural Flow

Statistical
Models
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StateCU
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I inal Step -

Alternate
Temperature

Consumptive

Use Model
StateCU

Alternate
Precipitation

istimating \\ater Availabilitg

Alternate
CIR Surface Water

—> Model o
StateMod

Results for
Decision
W ELGES

Physical and Legal

Alternate Water Availability
Hydrology
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Findings ~ Temperature
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Delta 3E
2040 Average Monthly Temperature

Average Annual Climate
Model Temperature Ranges
from 52.4 to 55.8 inches

mmwm Range of Model Results

=& Historical Average

——Individual Model Results
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Findings ~\Winter
Frecipitation (NOV»-Mar)

e |ncreases basin-wide
by 6 to 13 percent

e [ncreases more In the
northern part of the
river basin

e |[Nncreases more at

higher elevations e P
e Shifts from snow to i y |
rain in the shoulder i ST
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Fin&ings - Summer
Frecipitation (APF"OC’C)

e Decreases basin-wide
by 4 to 10 percent

e Decreases more In the
southern part of the o cron
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Findings ~ Frecipitation
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Fin&ings ~ CroP ]rrigation
Requirement

e |ncreases basin-wide
2.6 to 6.7 in/yr for
pasture grass

e |Nncreases basin-wide
by 20 %

* Growing season 5
increases basin-wide f- N | Logend

CDSS Climate Stations
Selected for Detailed Review

by 15 to 22 days v | p——

. o D P High : 6.72 inches
* Increases more at X TR |-
lower elevations
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Findings = CroP ]rrigation Requiremcnt

Delta 3E
2040 Average Monthly CIR (Grass Pasture)

Average Annual Climate Model CIR === Range of Model Results

Ranges from 2.75 to 3.30 AF/acre —a—Historical Average
Growing season is extended by 18 days Individual Model Results

AF/Acre
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Natural F]ow

UNCOMPAHGRE RIVER AT DELTA USGS (09149500)
2040 Average Monthly Natural Flow

Average Annual Natural Flow
Ranges from 200,000 to 347,000 AF

A\

Range

e=ge=Historical Average

—Individual Model Results
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Moéeleé 5trearmqow

Uncompahgre River At Delta (09149500)
2040 Average Monthly Modeled Streamflow

Average Annual Modeled Streamflow

Ranges from 116,900 to 246,800 AF i Range of Model Results
=== Historical Average

—Individual Model Results
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\\ater Availabiiitg

Uncompahgre River At Delta (09149500)
2040 Average Monthly Water Available to Meet Future Demands

Average Annual Water Available to == Range of Model Results
Meet Future Demands Ranges from

=== Historical Average
100,500to0 242,400 AF

Individual Model Results

Aug Sep
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Modeled Consumptive ( lse

Gunnison River Basin-Wide

2040 Average Monthly Modeled Consumptive Use
180000

Average Annual Consumptive Use e Range of Model Results
160000 Ranges from 630,000 to 660,000 AF

=r=Historical Average

—Individual Model Results

140000

120000

100000

80000

60000

40000

20000
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Modeled Reservoir Storagc

Ridgway Reservoir

2040 Modeled Storage Content
90000

85000

80000 -
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70000 +

65000 \ k/
60000 (

55000 Individual Model Results
——Historical
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Modeled Reservoir Storage

Ridgway Reservoir
2040 Average Monthly Modeled Storage

W Range of Model Results

== Historical Average
—Individual Model Results
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\\ater Availabiiitg

Uncompahgre River At Delta (09149500)
2040 Average Monthly Water Available to Meet Future Demands

Average Annual Water Available to == Range of Model Results
Meet Future Demands Ranges from

=== Historical Average
100,500to0 242,400 AF

Individual Model Results

Aug Sep
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Yampa River Below Stagecoach Reservoir (09237500)
2040 Average Monthly Water Available to Meet Future Demands

Average Annual Water Available to Meet Future
Demands Ranges from 16,600 to 34,200 AF

=== Range of Modeled Results
==gr=Historical Average

Individual Model Results
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600000

500000

400000

300000

200000

100000

Yampa River Near Maybell (09251000)
2040 Average Monthly Water Available to Meet Future Demands

Average Annual Water Available to Meet Future
Demands Ranges from 835,100 to 1,216,700 AF

W Range of Modeled Results
e=gr=Historical Average
——Individual Model Results
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Yampa River Basin-Wide
2040 Average Monthly Modeled Consumptive Use

Average Annual Consumptive Use === Range of Model Results
Ranges from 269,000 to 279,000 AF e=dr=Historical Average

—Individual Model Results
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Modeled Reservoir Storage

YamColo Reservoir
2040 Modeled Storage Content

I

—Individual Model Results

—Historical
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Modeled Reservoir Storagc

YamColo Reservoir
2040 Average Monthly Modeled Storage

mw Range of Model Results
=== Historical Average
—— Individual Model Results
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160000

White River Below Meeker (09304800)
2040 Average Monthly Water Available to Meet Future Demands

140000 -

Average Annual Water Available to Meet Future
Demands Ranges from 189,000 to 372,000 AF

120000

W Range of Model Results
==¢==Historical Average

100000

80000

60000

40000

—Individual Model Results

20000
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White River Basin-Wide
2040 Average Monthly Modeled Consumptive Use

Average Annual Consumptive Use == Range of Model Resuits

Ranges from 54,000 to 62,000 AF *=Historical Average
—Individual Model Results
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Colorado River Near Grand Lake (09011000)
2040 Average Monthly Water Available to Meet Future Demands

Average Annual Water Available to Meet Future
Demands Ranges from 3,500to 23,200 AF

=== Range of Model Results
=== Historical Average
—Individual Model Results
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600000

500000

400000

300000

200000

100000

Colorado River At Dotsero (09070500)
2040 Average Monthly Water Available to Meet Future Demands

Average Annual Water Available to Meet Future
Demands Ranges from 270,000 to 818,000 AF

W Range of Model Results
==de=Historical Average
——Individual Model Results
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1000000

900000 -
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700000

600000

500000

400000

300000

200000

100000

Colorado River Near Cameo (09095500)
2040 Average Monthly Water Available to Meet Future Demands

Average Annual Water Available to Meet Future
Demands Ranges from 947,500 to 2,033,900 AF

W Range of Model Results

==#=Historical Average
—Individual Model Results

UNDER REVIEW
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Colorado River Near Colorado-Utah State Line (09163500)
2040 Average Monthly Water Available to Meet Future Demands

1600000

Average Annual Water Available to Meet Future
Demands Ranges from 2,301,700 to 4,580,900 AF

1400000 -

mmm Range of Model Results
==dr=Historical Average
1200000 ——Individual Model Results

1000000

% 800000

600000

400000

200000

Colorado River Water Availability Study — Phase |



Modeled Consumptive ( Ise

Colorado River Basin-Wide

2040 Average Monthly Modeled Consumptive Use
350000

Average Annual Consumptive Use

Ranges from 1,196,000 to 1,251,000 AF m==Range of Model Results
300000 g =d=Historical Average

—Individual Model Results

250000

200000

150000

100000
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Modeled Reservoir Storagc

Vega Reservoir
2040 Modeled Storage Content

——Individual Model Results
—Historical
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Modeled Reservoir Storage

Vega Reservoir
2040 Average Monthly Modeled Storage

mw Range of Model Results
=== Historical Average
—— Individual Model Results
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200000
180000
160000
140000
120000

% 100000

80000
60000
40000

20000

Gunnison River Near Gunnison (09114500)
2040 Average Monthly Water Available to Meet Future Demands

Average Annual Water Available to Meet Future
Demands Ranges from 145,600 to 423,600 AF

[ Range of Model Results

e=pemHistorical Average
Individual Model Results
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Gunnison River Near Grand Junction (09152500)
2040 Average Monthly Water Available to Meet Future Demands
500000

Average Annual Water Available to Meet Future
450000 Demands Ranges from 637,200 to 1,586,000 AF

400000

350000 W Range of Model Results
=gr=Historical Average
300000 Individual Model Results
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Lt 250000
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100000

50000
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Animas River Near Cedar Hill (09363500)
2040 Average Monthly Water Available to Meet Future Demands

180000

Average Annual Water Available to Meet Future
160000 Demands Ranges from 146,300 to 456,900 AF

140000

120000

W Range of Model Results
100000 ==d==Hjstorical Average
——Individual Model Results
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80000

60000

40000

20000
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Natura] f:]ow

DOLORES RIVER NEAR BEDROCK (09171100)

2040 Average Monthly Natural Flow
180,000

160,000

mm= Range of Climate Model Natural Flows
=r=Historical Natural Flow

140,000

——Individual Climate Model Natural Flows

120,000

LL
< 100,000

80,000

60,000

40,000

20,000
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Dolores River Near Bedrock (09171100)
2040 Average Monthly Water Available to Meet Future Demands

Average Annual Water Available to Meet Future
Demands Ranges from 13,400to 177,500 AF

W Range of Model Results
==gr=Historical Average
—— Individual Model Results
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140000
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100000

80000

60000

40000

20000

San Juan River Basin-Wide
2040 Average Monthly Modeled Consumptive Use

|| Average Annual Consumptive Use

Ranges from 454,000 to 649,000 AF

=== Range of Model Results
=== Historical Average

——Individual Model Results
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Modeled Reservoir Storagc

McPhee Reservoir

2040 Modeled Storage Content
400000
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300000 -

250000

% 200000

150000 -

100000

50000

——Historical
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Modeled Reservoir Storagc

Mcphee Reservoir

2040 Average Monthly Modeled Storage
400000

W Range of Model Results

350000 =¢==jistorical Average

——Individual Model Results
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50000
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 Annual flow increases in some possible futures and
decreases Iin others

* Annual flow generally increases in parts of the Yampa
River basin and at higher elevation watersheds

* Annual flow generally decreases in south-western
watersheds and at lower elevations

 Shifts toward earlier peak runoff

* Flow decreases in late summer and early fall
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Rc—:sult Summary — Mo&&]eé 5tream1qow

p—

B
p—

g—

 Annual modeled streamflow decreases basin-wide,
except in the Yampa River basin, and higher elevation
locations in the Upper Colorado River basin

* Modeled Flow Increases in April and May and
decreases in later summer and fall months
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E Increases in Yampa, White, Upper Colorado, and
Gunnison basins by 4 to 18 %

* Decreases in the San Juan and Dolores basins by 8 %
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Rc—:sult Summary — USC of Reservoirs
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e Reservoirs show increased use

e Pool levels fluctuate more than historical
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RCSUlt Summary - Wa’tér Avai]able o)
Meet [Tuture Demands

* Higher elevations generally have less annual flow
available to meet future demands, as a percent of
modeled streamflow

* Available flow generally increases in April and May,
corresponding to the shift in natural flow hydrographs
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Forest Chamge Hgdrology

e —
i
—
i
—

—

—

e Forest Change Due to Fire
— Localized
— Relatively small except for very rare cases.
— Occurrence is substantially random over long periods.

e Forest Change Due to Insect Infestation
— Data Availability
— Forest Recovery Timeframe
— Water Supply Impact Detection Threshold
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Forest Change due to |nsect [nfestation

—— —

e Data Availability
— [ree and beetle science is changing rapidly
— USFS and participating agencies have ongoing studies in North Platte Basin
— Re-growth, snow studies, and new hydrologic data
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Forest Change due to |nsect [nfestation

—— —

e Forest Recovery Timeframe:
— Re-growth begins immediately via immature trees and understory vegetation
— ET reduction offset quickly by grass / shrub regrowth
— Evaporation reduction offset by tree re-growth (before 2040)
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Forest Change due to |nsect [nfestation

—— —

* Water Supply Impact Detection Threshold:
— Most flow volume from sub-alpine forest (elevations >8,000 feet)
- 20%-30% watershed must be cleared before detectable flow change
— Stream flow impact from forest disturbance <<< Impacts from climate change
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( olorado \\ater Availabi]itg for JFuture Consumptive (se £ E{’“v,a

. I —

—
-

. Approach

— Used mass-balance analysis at Lee Ferry
(2007 Hydrologic Determination)

— Simulated full-development water use requests in upper basin
— Calculated 10-year cumulative flow at Lee Ferry.

— Calculated upper basin consumptive use that could be
maintained considering Compact provisions

* Hydrology adjusted for climate change
* NM, UT, WY fully developed
* All Upper Basin storage capacity fully used
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Coloraclo \\ater Availabilit for [Future (C onsumptive (se
Y &

* Applied Upper Basin water use requests used In
2007 Hydrologic Determination:

Potential Lee Ferry Obligation Upper Basin Water Use

75 MAF 6.76 MAF
82.5 MAF 5.98 MAF

" PRELIMINARY RESULTS — UNDER REVIEW Colorado River Water Availability Study — Phase |
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( olorado \\ater Availabi]itg for JFuture Consumptive (Ise £ E{’“z%

s i

J—
——

"« 1906 - 2000 (Hydrologic Determination)|
1950 - 2005 Study Period
* Extended Historical Hydrology

e Climate Impacted Hydrology
— Focus on 2040 time frame
— Five projections for the time frame
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Colorado \Water Availabi]itg {for [Future Consumptive (Ise
Phase | Assumptions on Curic_n_t_c_onsump_t_iv_e_gse

—
-

e Estimated by StateMod
— 1950-2005 natural flows and weather
— Current irrigated acreage
— Current M&l demands
— Simulates diversions, crop CU, evaporation

— Excludes evaporation from Aspinall Unit and
Navajo evaporation chargeable to New Mexico

— Excludes exports to New Mexico
e Estimated CU = 2.6 MAF
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Previous Analysis
(Seaholm, CWC(CB staff)

2007 USBR Analysis

Modeled Study Period
(1950-2005)

Extended Historical Hydrology _

Alternate Climate Projections
(2040)

0.5 1.0 1.5

Water Available for Future Consumptive Use, MAF
(Includes CRSP Evaporation)
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( onclusions

1. BRT interaction provided essential information
to update and refine CDSS
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( onclusions
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2. Computer models proved appropriate for

Phase | objectives
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( onclusions

3. Phase | demonstrates broad range

of water availability results

- Inherent uncertainties in GCMs
- Complexity of modeling atmospheric circulation

- Down-scaling effects of changed temp/precip on natural flows in Colorado River basin
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Conclusions

4.Phase | results based on current water demands

— Stakeholders demonstrated strong interest to expand
analysis to future demands / operating conditions
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R ecommendations

e Continue CDSS refinements
— Baseflows in Plateau Creek
— Aspinall Unit reservoir operations
— Current release rules for flood control reservoirs
— Alternative transbasin demands affected by climate change
— Alternatives to representing USFWS fish flow recommendations
- Remove New Mexico structures from San Juan / Dolores model
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R ecommendations

e Use CRWAS to support other CWCB / IBCC programs
* Incorporate new water management strategies

e Stakeholders to interpret findings:
— From their own perspective
— Considering their assessment of possible future conditions
— Considering the resources they have available to adapt
— Considering their role in water management

— Considering their tolerance for risk
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stions?

Comménts and Que

Contact Information:

Ray Alvarado: 303.866.3441 ray.alvarado@state.co.us
Blaine Dwyer: 303.987.3443 blaine.dwyer@aecom.com
Matt Brown: 303.987.3443 matthew.brown@aecom.com
Ben Harding: 303.443.7839 ben.harding@amec.com

Erin Wilson:  303.455.9589 erin.wilson@Ircwe.com

Website:
http://cwcb.state.co.us/Waterinfo/CRWAS
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