Glen Canyon Dam Adaptive Management Work Group
Agenda Item Information
August 29-30, 2007

Agenda Item
Climate Change Presentation

Action Requested

v Information item only; we will answer questions but no action is requested.

Presenter

Dr. Roger Pulwarty, Physical Scientist, National Oceanic and Atmospheric Administration

Previous Action Taken

N/A

Relevant Science

N/A

Backeround Information

The Monitoring and Research Plan to Support the GCDAMP that was approved by that AMWG in
December 2006 as a “working document” identifies the effects of climate change and drought as a critical
research and monitoring need outside the Colorado River Ecosystem. The MRP states:

“Long-term drought and climate change have significant implications for decisions about future water
management and hydropower production in the Colorado River Basin and the conservation of natural
resources in Grand Canyon. Run-off in 2000—4 in the upper Colorado River Basin was the lowest in the
period of record; Lake Powell is currently (2007) less than 50% full.... Water managers increasingly need
predictive capability for climate change and related drought forecasting over annual-to-decadal time
spans. Continued climate change and long-term drought will have potentially significant implications for
several identified strategies for the operation of GCD to attain a variety of GCDAMP goals (e.g., native
fishes, sediment, cultural resources, and recreation).

Under this research initiative, basin-scale climate studies will be conducted on how new emerging climate
information could be used by water and other resource managers in the GCDAMP program. The specific
focus will be on: (1) how climate forecast information could be used in decisions related to the operation
of GCD and other Colorado River Storage Project operations, and (2) the role of climate variability and
hydrological variance (upper basin runoff versus the flood frequency of major tributaries below GCD) in
ecosystem responses and their relationship to operation of GCD. This study will be carried out in
cooperation with the National Oceanic and Atmospheric Administration and the Bureau of
Reclamation.”

Dr. Roger Pulwarty of NOAA will present a summary of the latest scientific information concerning climate

variability, climate change, and drought with emphasis on the Colorado River basin and the results of the
recently released Intergovernmental Panel on Climate Change (IPCC) Fourth Assessment Report. Dr.
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Climate Change Presentation, continued

Pulwarty will also present information on the National Integrated Drought Information System (NIDIS). The
NIDIS Act of 2006 (PL 109-430) prescribes an interagency and interstate approach to drought monitoring,
forecasting, and early warning. The goal of NIDIS is to improve the Nation’s capacity to proactively manage
drought-related risks, by providing those affected with the best available information and tools to assess the
potential impacts of drought, and to better prepare for and mitigate the effects of drought. Major elements of

NIDIS include:
0 Consolidating physical, hydrological, and socio-economic data
O Integrating observation and monitoring networks
O Engaging stakeholders
0 Developing simulation, risk assessment, and decision supportt tools
0 Delivering standardized interactive products through the internet

Initial implementation of NIDIS will focus on several pilot regions including a specific pilot study evaluating
water management issues associated with long-term (multi-year) drought in the Colorado River Basin.
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Climate Change:The IPCC Eoliiih

Assessment Reporiae
What does it mean for the Coloradoe Basin?

National Integrated Drought Information System
(NIDIS)

Roger S. Pulwarty
Physical Scientist and
Director, NIDIS Program
N[@FAVAN
Boulder CO

Center
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The IPCC (as opposed to the UN
Framework Convention) defines climate
change as “any change in climate over

time, whether due to natural variability or
as a result of human activity”




WGL1 - Climate Change:

Structure of the IPCC 200{

WG2 - Climate
Change: Impacts,

The Physical (—) Adaptation and
Sclience Basis -
Vulnerability
policy options, T 1 B Flowering
discount rates, dates, corals,
emission coastal zone
scenarios,..... WG3: Mitigation erosion
\\ of Climate Socio-
Change economics

A i

#‘1 Q@ different working groups with quite distinct scientific
Lityiews and required expertise. www.ipcc.ch




Global mean annual temperature change relative to 1980-1999 (°C)
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WATER

Increased water availability in moist tropics and high latitudes == == == == == = - - = - - - - = -
Decreasing water availability and increasing drought in mid-latitudes and semi-arid low latitudes == == == =]

Hundreds of millions of people exposed to increased wWater STress mm mm mm mm m = - - - - - -

ECOSYSTEMS

Up to 30% of species at
increasing risk of extinction

Increased coral bleaching ==== Most corals bleached === \Videspread coral mortality == == == == = = - ==

Terrestrial biosphere tends toward a net carbon source as:
~15% m— ~40% Of ecosystems affected == == == m= == o

Increasing species range shifts and wildfire risk

Ecosystem changes due to weakening of the meridional . g
overturning circulation

Significant” extinctions g
around the globe

FOOD

Complex, localised negative impacts on small holders, subsistence farmers and fishers == == == == = === ]

Tendencies for cereal productivity

Productivity of all cereals mm wm wjg]

to decrease in low latitudes

Tendencies for some cereal productivity

decreases in low latitudes

Cereal productivity to

to increase at mid- to high latitudes

decrease in some regions

COASTS

Increased damage from floods and StOrMS == == mm mm mm m= ——— - ——————————— o

Millions more people could experience
coastal flooding each year

About 30% of
global coastal == mm == == = ———— -
wetlands lost*

=

HEALTH

Increasing burden from malnutrition, diarrhoeal, cardio-respiratory, and infectious diseases == ==

Increased morbidity and mortality from heat waves, floods, and droughts == == == == == == == == ——— -

Changed distribution of some disease vectors == == == == == == == = - - - - .- - = o= - - - - - o

Substantial burden on health services == == =jim
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Projections of Future Changes i (ﬁnate
i

T

 For the next two decades a warming| eifanReli0.2°C
per decade is projected for a range off SRES emission
scenarios.

« Even if the concentrations of all greenhouse gases
and aerosols had been kept constant at year 2000
levels, a further warming of about 0.1°C per decade
woeuld be expected.

o Earlier IPCC projections of 0.15 to 0.3 °C per decade
can now be compared with observed values of 0.2 °C




. Milly et al 2005

\ | . IPCC 2007



Lees Ferry Reconstruction, 1536-1997
5-Year Running Mean

Assessing the 1999-2004 drought in a multi-century context
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What's in the data?




Average Inches of Annual Precipitation
in the United States 1961-1990
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Annual Mean Temperature ( F)

Lower Colorado Basin Mean Annual Temperature.
Units: Degrees F. Annual: red. 11-year running mean: blue

Data from PRISM: 1895-2005.
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Annual Temperature ( F)

Upper Colorado Basin Mean Annual Temperature.
Units: Degrees F. Annual: red. 11-year running mean: blue
Data from PRISM: 1895-2005.
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Water Year Precipitation ( inches)

Upper Colorado River Water Year Precipitation.
October through September. Units: Inches.
Data from PRISM. Blue: annual. Red: 11-yr mean.
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During the multi-year drought in the West, abnormally hlgh
A préssure over the Pacific and western states tended to block

 storms from penetrating the affected region..




1901—-1900 Annual Composite 1999—-<U04 Annual Composite
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March 2004
Monthly mean temperature anomalies (degrees ()

Flg 1. March 284 observed monifdy mean lemperatere anomalies in degrees Calslus, NRCS SNOTEL
sites are shown as iangles, and NS sites are shoen as cirdes. Coniowrs are deriped asing the
PRISM syster (Tifp://|
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Rapid snowpack reduction.

March 2004. (Pagano, Pasteris, Redmond, Dettinger, EOS)

Table 1. Summary of Mountain Snowpack
(Snow Water Equivalent) Changes
Between 1 March and 1 April 2004.
Statewide | Statewide | Statewide
% of % of % of
State/Area | Average, | Average, | Average,
I March I April Change
2004 2004 N\
Arizona 74 22 [51\
Sierra/Tahoe 113 70 [ -35 \
Colorado 90 64 -26
Idaho 105 31 -29
Montana 93 [ -16
Nevada 118 64 =54
New Mexico 80 37 =13
g Oregon 126 96 =30
- Utah 109 70 -39
Washington 93 86 -7
Wyoming 91 71 \-19 /

\/

Record warmth and dryness combine in




January-June 2006 Statewide Ranks

National Climatic Data Center/NESDIS/NOAA
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Temperature

1 = Coldest
112 = Warmest
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Record Much Below Near Above
Coldest Below Normal Normal Normal
MNeormal

How were runoff forecasts (and actual runoff) affected?



2006 Snowpack Vanishing Act

South Platte Snow Courses: April and MAY % of Average SWE

2

178%

2
=

Many Snow Courses lost over 50% of their
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Water Re  source input
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It 1s very likely that short-term severe @reughts that have
Impacted North America during the past-iali=century are
mostly due to atmospheric variability; 1[r some cases
amplified by local soil moisture conditiens.

o It Is likely that sea surface temperature anomalies have
been important in forcing long-term severe droughts that
have Impacted North America during the past half-
century.

o |t Is likely that anthropogenic warming has increased the
severity of both short-term and long-term droughts over
. North America In recent decades.
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Drought @2050 vs Recent Historical Droughts




Current Thinking g

PRELIMINARY Results -- lots i x
of additional analysis required. PRTEEERILA avg

Models are not predictions. runoff decreasese

across 12 models

*10 to 30% Less Runoff e )
Relative Change in Runoff 2041 to 2060 relative to
*About % of Models Agree 1900-1970 Runoff from 12 Models

Decreases in runoff due to
temperature increases,
perhaps small precipitation
declines

~18 0f 24 —> ‘

models show

wide poleward movement of runaff decreases
deserts from ~30 N/S Latitude

*Dryness consistent with world-

Number of Models Runs showing a positive
change minus number showing negative change.




-0.2
1900 1920 1940 1960 1980 2000 2020 2040
Time

Western U.S. P-E 19 models 1900-2100
(Seager et al, 2007)




Annual average changes in the Colorado Basin for future
climate periods (based on Christiansen et la 2004,2006)

[
'

Period Temperature | Precipitation | Sterade
Change Change Chanee
2010-2039 +1.8°F -3% -36%
2040-2069 +3.1°F -6% -32%
2079-2098 +3.6°F -3% -40%

A_%lsﬁblems with the models
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Wild Cards: Pine Beetles

Aerial
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‘Dust Storms Threaten Snowpacks’

Preliminary I,
; = n p [ ARCHIVES | TRAMSCHIPTS | STATIONS | WPRSHOP | ABOUTNPR | CONTACTUS | 7 HELP

Dust Storms Threaten Snow Packs

* snow melt may G| @ias) b s e

WER RESOMIRCES

occur up to 3
weeks earlier if e R
significant dust = R

trouble for farmers,
companies and others who rely

an the water from the melting
SNOW.

« strong L B P

sEll| NPR Podcasts itly set out to Investigata

connection with R v s | |
f

Editian the blue sky wasn't quite blue
enocugh for Painter's trained

drought in Gt Rl Sl o e
Southwest = e < -

LEARN MORE |

MORE ENVIRONMERNT

them happen,” Painter




Regional climates (&trends)

VAR = GHG + Decadal + ENSO + Regional + Local + Noise

(not everything is greenhouse-related, nor will'it ever be &
don’t underestimate the “noise”’=our (in-) ability to
measure correctly)

We do NOT fully understand all of the above components of
the climate system, leaving room for surprises!




{-

« Warming in Western U.S clearly reflects the combbined
influence of natural variation, greenhouse gases, sulfate
aerosols

« Tendency for models to project future warming with more
droughts

« Evapotranspiration rates (ET) increased by 3-4in. in the last
50 years

 April 1 SWE decreased 15-30% since 1950 particularly at low
elevations

 Phenological changes

Warmer nights may have enhanced wine guality in the West

7o Adncrease length of growing season (by2
ffﬁh ‘days/decade



Current models show little change In
precipitation

Drying trend from increases in temperature

By 2010-2039 year round temperatures are
anticipated to be outside the range of normal
variability

Most studies show future reductions in flow
Depending on the analysis this could mean 10% or
up to 50% decrease (median around 17%)
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Planning: depends on “stable” climiat

e Small mountainous areas drive the runofif

e Paleo-record suggests that depending on the
planning horizon “normal”™ might not exist

e Recent climate warmer esp. in Spring

« Snowmelt is occurring earlier and the proportion
of precipitation occurring as rain Is increasing

X1 (note: late-summer early fall)
fAﬁ M.pst climate studies suggest that in the near
mﬁ,future droughts may be more common in the

7" Colerado Basin even if precipitation stays the
CAaAame




The Longer Term

g will increase if GHGs increase. If GHGS werekepisinxed at
levels, a committed 0.6°C of further warming would Berexpecied By 2100.
Higher emissions translate into more warming.
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ommitted change (change alrea I
the climate system) requires

effective adaptation

Collaborative framework between
research and management

-

Jnfiormation services for adaptation
fhﬂpm short-term (next season)
nﬂhrouqh climate changes (next 10-20
years)




National Integrated Drought Infor
System
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Fundamental Challenges of Drought

TIME SCALES OF CLIMATE VARIABILITY
Droughts

m Heat waves, dronghts m Decadal ‘i-_'al‘i_a!:lilit-}'
® Floods El Nifto_ Sont} Oseillati ® Solar variability

D ifio- Southern Oscillation anm ciratlati
® Storm track variations = Other climate modes . E"EEP ocean cirenlation
m Madden- Julian Oscillation m Greenhouse gases

T 1>

30 Days A Season 3 Years 10 Years 30 Years 100 Years

SHORT-TERM INTERANNUAL DECADE-TO-CENTURY

Droughts span an enormous range of time scales, from short-term “flash droughts” that
~ hrave major agricultural impacts to multi-year or even decadal droughts (1930s,
0s, etc.) Paleoclimate evidence suggests that in the last 1000 years parts of the
‘have experienced “mega-droughts” that persisted for decades.




U.S. Drought Monitor Az

lntensity: Drought Impact Tvpes:

[ ] DO Abnormally Dry r~ Delineates dominant impacts
[] D1 Drought - Moderate A = Agricultural (crops, pastures,
[ D2 Drought - Severa grasslands)
Il D3 Drought - Extreme H = Hydrolagical {water)

M D4 Drought - Exceptional

The Drought Monitor focuses on broad-scale conditions.
Local conditions may vary. See accompanying fext summary
for forecast statements. Released Thursday, August 23, 2007

. Author: Richard Heim/Jay Lawrimore/Liz Love-Brotak,
http:/idrought.unl.edu/dm NOAANESDISNCOO

Soil Moisture Ranking Percentile Last day of JUL, 2007
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U.S. Seasonal Drought Outlook

Drought Tendency During the Valid Period
Valid August 16 - November, 2007

Released August 16, 2007

f
/ ; 3 - Improve |

A .
1 —
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N

Some

Improvement
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|
Yt
] Drought to persist or —
intensify (

-
L. -
Drought ongoing, some
m imprc?vem Eﬁt g Diepicts [arge-scale trends based on subjectively derived probabilities guided
by shan- and long-range statistical and dynamical forecasts. Short-term events
Drought likely to improve, - such as individual storms — cannat be accurately forecast more than a few days in advance.
impacts ease Use caution for applications — such as crops — that can be affected by such events
"Ongaing” drought areas are approximated from the Drought Monitor (D1 to D4 intensity).
Drought development For weekly drought updates, see the latest LS, Drought Manitor, HOTE: the green improvement
likely areas imply at least a 1-category improvement in the Drought Maonitor intensity levels,
but do not necessarly imply drought elimination,
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Manonar DroucHt Poucy Commission

PREPARING FOR
DROUGHT
IN THE
215 CeNTURY

Execumve Summiary

Creating a Drought Early Warning System
for the 21st Century

The National Integrated Drought Information System

Western Governors' Association * June 2004

U.S. Integrated Earth Observations System:
National Integrated Drought
Information System

Draft Integration Framework



PL 109-430

X . .
F Partnerships: State, Tribal, Local, Federal, Private:

T

“County and Regional/Watersheds



National Integrated Drought Infoynation System

4
NIDIS: An integrated, interagency nationall drielighitimoenitoring
and forecasting system that provides:

e An early warning system for drought.

Drought impact and risk scenarios.

Resources for drought education and mitigation.

An interactive, web-based drought portal.

Improved observational capabilities.

U.S. Drought Monitor Aveust2i,2007

Existing Drought Preduct:
NIDIS will Provide Major Improvements




o
(4h)|
=|
()
@©

as b




NIDIS I\Dilots
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NIDIS Process Model:
Implementing NIDIS PilGi

Coordinating federal, state, and local drought-related
activities (e.g., within watersheds and states)

— Prediction ) <—> Applications
Research
\

y

& {1 @
Integrating Tools:
e.g. Drought Portal

dentifying and diffusing innovative strategies for drought risk
assessment, communication and preparedness

|4 ‘
IA‘L il
v Proactive Impact Improved
i T e Planning Mitigation Adaptation
Slide 23
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Key Clearinghouse Functions:
Credlblllty, Legitimacy, Accessibility, Reliability
= (timeliness etc.) information
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Where are drought conditions now? okt
Does this event look like other events? —
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How is the drought affecting me? i 42
Will the drought continue? N
SEE Where can | go for help? S

into Brought Impa
BUIIMGE BRSIOURE UE IBaraet aolire MkGhE
alilguam erat volutpat. LUt wisi enim ad
minbm venlam, quls nostrud exend tabion
| ullamcarpar surciptt labartis nigl ut aliguip
L L] Eﬂmmﬂdﬂ cefiaquast.

Will the Drought Continae?

hl;.d ught and the mpo tm:\i f
n be learned from visiting the Se

Slide 14




Opportunities?
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Gaps In Adequate and I'|rr|—=I/ QObservations

can be significantly under-estimated or over-estimateddue to
drought observations.

Poor estimation affects the Nation’s ability to

Example Map Analysis Differences Due to Late Statien Reporting

US Drought Monitor Short-Term Drought Indicator US Drought Monitor Short-Term Drought Indicator
: _ _ February 28, 2005 - FINAL DATA M\

-
y NWS / NCEP
N I A Climate
Percentile (D0-to-D4 equivalent) e St WO, Prediction
w70 - . Center

NWS / NCEP
Climate
Prediction

Center
NESDIS NESDIS
National

) 2 X National

Cimatic = Climatic
Data Center e Data Center
" This map approximates impacts hat respond 1o precipitation over several days to
almer Zindex a few months, such as agriculture, topsoil moisture, unregulated streamflows, and : . a few months, such as agriculture, topsoll moisture, unreguiated streantlows, and
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Period Temperature | Precipitation | Sterage Hydropower
Change Change Change Chanae
2010-2039 -+, 8YF -3% -36% -56%
2040-2069 +3.1°F -6% -32% -45%
2079-2098 +3.6°F -3% -40% -53%

Annual average changes in the Colorado Basin for future

climate periods (based on Christiansen et la 2004)




Reconstructed Upper Colorado River Flows

25 yr average for flows vs. long-term mean (13.7 MAF)
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Population Growth of Colorado River Basin
1900-2000
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