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Recent conditions In the
Colorador River Basin

Below normal flews inte Some relief'in 2005
Lake Powell 2000-2004 s 105% of normallinflows
m 62%, 59%, 25%, 51%), 51%, Not in 2006 !
lIESPECLIVELY s 73% of normal inflows
2002 att 25% lowest inflow 200/ at 68% of: Normal inflows
[ECOrded since completion 2008 at 111% of Normal inflows

off Glen Canyon Dam

Colorado River at Lees Ferry, AZ
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Colorado Water System Demand — Supply
(stressed in recent decades)

—— Total Colorado River Use

—— NF Lees Ferry 5-year moving average

Does not include evaporative losses from Flaning Gorge, Blue
Mesa, Morrow Point, Lake Pow ell, Lake Mead, Lake Mohave, and
Lake Havasu




Past Elew: Summany

Paleo reconstructions indicate
20" century. one of the most wettest
Long dry: spells are net Uncemmoen
20-25% changes 1n; the mean fiew
Significant interannual/interdecadall varianility
Richi variety: of- wet/dry spellfseguences

All the recenstructions' agree greatly en the ‘state’ (Wet or
diy) Infermation

How will the future: differ?

More Impertant, What /s the water: supply. /isk Uiaer: criangnig,
climare?



|IPCC 2007 ARZ Projections

\Wet get wetter and dry get drier...
Seuthwest Likely ter get diier
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|IPCC 2007/ Southwest North

Amerca Regional Eindings

Annual mean warming likely: terexceed giohal
mean

Western NATWamming between 2C and 7€ at
2410]0

I Seuthwest greatest Warming 1R suimmer
Precipitation ikely ter decrease: in seuthwest

SNEW! Seasen Iengih and depti very likely: e
decrease

EESSTaUECINENTTONFIENUPPEIREASINECIMEES
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Models Precip and TTemp Biases

REGION | SEASON | MIN 25 50 75 MAX | MIN 25 50

North America

MOdeIS ShOW DJF 98 24 -0.8 19 a2 33 51 179

consistent errors L1304 04 =
(biases) 14
Westerni North _i: .52-33.33 “
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Correlation Annual PRCP (in Elevation (1000 ft

eAlmost all the water is generated from a small region of the basin at very
high altitude

*GCM projections for the high altitude regions are uncertain
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Colorados River Climate Change
Studies over the Years

Early Studies — Seenaries, Abeut 1980
m Steckton and Boggess, 1979
s Revelle and'\Waggoner, 1983*

Mid Studies, Eiist Glehall Climate Modell Use, 19905
x Nash and Gleick, 1991, 1993
s McCabe and Wolock, 1999 (NAST)
s |PCC, 2001
More: Recent Studies, Since 2004
Milly et all,2005, “Global Patterns of trends in runoefi
Chiistenseni and Lettenmaier, 2004, 2006
Hoerling and Eischeld, 2006, “Past Peak \Water?*
Seager et all, 2007, “Imminent Transitien te more arid climate state..”
IPCC, 2007 (Regional Assessments)
Barnett and Pierce, 2008}, “When will' Lake Mead Go D2

National Research Council Colorado River Report, 2007



Study

Stockton
and

Boggess,
1979

Revelle and
\Waggoner,
1983

Nash and
Gleick, 1991
and 1993

Christensen
et al., 2004

Hoerling
and
Eischeid,
2006

Christensen
and
Lettenmaier,
2006

Climate
Change
Technique

(Scenario/GC

M)

Scenario

Scenario

Scenario and
GCM

GCM

GCM

GCM

Flow Generation Technique
(Regression
equation/Hydrologic model)

Regression: Langbein's 1949 US
Historical Runoff- Temperature-
Precipitation Relationships

Regression on Upper Basin
Historical Temperature and
Precipitation

NWSRFES Hydrology model
runoff derived from 5
temperature & precipitation
Scenarios and 3 GCMs using
doubled CO2 equilibrium runs.

UW VIC Hydrology model
runoff derived from temperature
& precipitation from NCAR
GCM using Business as Usual
Emissions.

Regression on PDSI developed
from 18 AR4 GCMs and 42 runs
using Business as Usual
Emissions.

UW VIC Hydrology Model
runoff using temperature &
precipitation from 11 AR4
GCMs with 2 emissions
scenarios.

Runoff Results

+2C and -10% Precip =
~ -33% reduction in
Lees Ferry Flow

+2C and -10% Precip=
-40% reduction in Lee
Ferry Flow

+2C and -10% Precip =
~ -20% reduction in
Lee Ferry Flow

+2C and -3% Precip at
2100 = -17% reduction
in total basin runoff

+2.8C and ~0% Precip
at 2035-2060 = -45%
reduction in Lee Fee
Flow

+4.4C and -2% Precip
at 2070-2099 = -11%
reduction in total basin
runoff:

Operations Model
Used [results?]

Used USBR CRSS
Model for operations
impacts.

Created and used

operations model,
CRMM.

Also used CRMM
operations model.

Notes

Results are for the
warmer/drier and
warmer/wetter
Scenarios.

+2C only = -29%
runoff,

-10% Precip only =
-11% runoff.

Many runoff results
from different
scenarios and sub-
basins ranging from
decreases of 33%
to increases of
19%.

Used single GCM
known not to be
very temperature
sensitive to CO2
INCreases.

Other results
available, increased
winter precipitation
buffers reduction in
runoff.



Tempearmamature Change

Climate Projections from 11 GCMS for Upper Colorado
Christensen and Lettenmaier (2007)
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Recent Studies (Seager et al., 2007; Milly et al., 2007 etc. suggest a
reduction of 10 ~ 25% in the average annual flow)




Euture: Elew Summany.

Eliture projections of Climate/Hydrelegy: in' the

pasini based on current knowledge suggest

Increase in temperature With Iess uncertaimiy,
[Decrease In streamiflevw Withrlarge: Uncertamty;

Uncertain abeut the summer raimfall (Which ferms a
reasonable ameunt of flew)

Unreliable on the sequence: off wet/dry. (Whlch! Is key. fior
system) risk/relianility)

Iihe best Information that can bhe Used IS the
prejected meant filow



\Water Supply System Risk Estimation

Streamflow Scenarios
Conditioned on climate change
projections

Water Supply Model
Management + Demand growth
alternatives

System Risk Estimates
For each year



Need for Combination
(Paleo, Ohservational andi Climate Change projection)

® Recent Dry Spe// not unusual, based on Paleo reconstructions
e Colorado River System has enormous storage of approx 60MAF ~ 4
times the average annual flow - consequently,
e wet and dry sequences are crucial for system risk/reliability
assessment
eStreamflow generation tool that can generate flow scenarios in the
basin that are realistic in
ewet and dry spell sequences
eMagnitude
=Palee reconstiuctions are
=G0e0d at proeviding state’ (Wet or driy) infermation
=Poer withi the: magnittde nfermation
sOhsernvations arerreliable with the state and magnitude
=Climate change prejectiens have

eUncertain seqguence and magnitude miermation
sReasonanle prejections; ofi the mean: flow.

e Need for combining all the available information

Observed Annual average flow (1SMAF) Is used to define wet/dry state.



Needl for Cembination
(Paleo, Observationalland Climate Change: projection)

Palee reconstructions are
Geod at previding ‘state” (Wet or dry) Infermation
Poor With' the: magnitude infermation

Observations ane reliable with the state andl magnittude
Climate change projections have
Uncertaim sequence and magnitude infermation

Reasonable prejections efi the mean flow

Observed Annual average flew (1SMAE) Is used ter define wet/dry.
state.



Streamflow Generation
Modification; te Prairie et al. (2008, WRR)

Nonhomogeneous Markov Chain
Model on the observed & Paleo
data

Generate system state

Generate flow conditionally Intervening flow of the
(K-NN resampling of historical flow) Resampled year is
Added to this Lees Ferry
Flow

10000 Simulations

Each 50-year long Superimpose Climate Change
2008-2057 trend (10% and 20%)



Water Balance Model

(Modification: off Barnett and Pierce, 2008)
Storage in any year Iis computed as:

Storage = Previous Storage + Inflow - ET- Demand
*Upper and Lower Colorado Basin demand = 13.5 MAF/yr

e | akes Powell and Mead are modeled as one 50 MAF
reservoir (active storage)

e Initial storage of 25 MAF (i.e., current reservoir content)

* Inflow values are natural flows at Lee’s Ferry, AZ +
Intervening flows between Powell and Mead and below
Mead

 ET computed using Lake Area — Lake volume relationship
and an average ET coefficient of 0.436



Combined Area-volume Relationship
ET Calculation

Combined A/V Curve
Powell & Mead
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Average ET coefficient : 0.436
ET = Area * Average coefficient * 12



Management and Demand Growih Combinatiens

The interimi EIS eperational policies employed with demand
grewing lhased onl the Uupper basin depletion schedule.

1. with the demand fixed at the 2008 level.

1. with' larger delivery: shertages post 2026 (EIS Plus).
3. Withra 50% reduced Upper basin depletion schedule.
4. with fivll iRzl sterage.

4. With: post 2026, pelicy’ that estallisies new: shortage action
thresholds and voelumes.

6. Withi demand'fixed at the 2008} Ievel.

Al e reseroll: Operator. PoICIes: take elfect irom. 2026

INTERIM EIS INTERIM PLUS NEW THRESHOLD
Res. Storage Shortage Res. Shortage Res. Shortage
(%) (kaf) Storage (%) (% of Storage (%) (% of
current current
demand) demand)
36 333 36 5 50 5
30 417 30 6 40

6
23 500 23 7 30 7
20 8



Natural Climate Variability

Drying Probability - No CC

mand = 132 5 MAF

2010 2020 2030 2040 2050




Drying Probability 20% CC

Climate Change — 20% reduction

— EIS
— EIS, demand = 13.5 MAF
— ElSplus
- — EIS plus, slow develop
= 7| —— EIZ plus, slow develop, full res
— MNTHwith slow develop
— MNTH,demand = 13.5 MAF
&
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o Drying Probability 10% CC
= — EIS
— EIS demand=13.5 MAF
— EIS plus post 2026, full development
o | — EIS plus post 2026, slow develop
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= ] — NTH, slow develop
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Probability of atleast one drying — Barnett and Pierce (2008)




20% Climate Change Deficit Frequency

| [ If [ W
| = Current EIS, Il = EIS with demand = 13 .5,
Il = EIS Plus with full develop, IW=EIS Flus with demand slow develop,
V=EIS Flus with slow develop and full res, W= NTH with slow dewelop
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10% Climate Change Deficit Frequency
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Drying Probability 20% CC

— EI3 Cost of Inaction
— EIS, demand = 13.5 MAF
— ElSplus
- — EIS plus, slow develop
= | —— Elsplus, slow develop, full res
— MTH with slow develop
= = Stop Dev. 2026
Feduceto 13.5
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Summary

Waiter supply risk (i.e., risk of drying) isismall' (< 5%) in the near term —2026, for:
any. climate varability: (geod rnews)

Risk increases dramatically by about 7 times in the three decades thereaiiter (vaa.
[IEVS)

Riskiincrease 1s highly: nenlinear

There s flexibility in’ the system that can' be: expleited to mitigate risk.
Coensideredt alternatives, provide ideas

Smart eperating policies; and demand growih strategies need to be instilled
Demand proefiles are not rgid

Delayediaction canrhe tooellittie too late

Risk off various sulbsystems need to be assessedi via the basin wide decision model
(CRSS)

Periect Storm /10o/ms PUL IS Impact can be mitigated.
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