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Agenda Item  
Climate Change Presentation 

Action Requested 
√ 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 

Background 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: 

o Consolidating physical, hydrological, and socio-economic data 
o Integrating observation and monitoring networks  
o Engaging stakeholders  
o Developing simulation, risk assessment, and decision support tools 
o 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.   

 Page 2 of 2 



Climate Change:The IPCC Fourth Climate Change:The IPCC Fourth 
Assessment ReportAssessment Report

What does it mean for the Colorado Basin?What does it mean for the Colorado Basin?

National Integrated Drought Information System National Integrated Drought Information System 
(NIDIS)(NIDIS)

Roger S. Pulwarty
Physical Scientist and

Director, NIDIS Program
NOAA

Boulder CO



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”



Structure of the IPCC 2007Structure of the IPCC 2007

policy options, 
discount rates, 
emission 
scenarios,…..

WG1 - Climate Change:
The Physical

Science Basis

WG3:  Mitigation 
of  Climate 

Change 

Three different working groups with quite distinct scientific 
purviews and required expertise. www.ipcc.ch

Flowering 
dates, corals, 
coastal zone 
erosion
Socio-
economics

WG2 - Climate 
Change:  Impacts,
Adaptation and 
Vulnerability



Global mean annual temperature change relative to 1980-1999
1 2 3 4 5 





Projections of Future Changes in ClimateProjections of Future Changes in Climate

•• For the For the next two decadesnext two decades a warming of about a warming of about 0.20.2°°C C 
per decadeper decade is projected for a range of SRES emission is projected for a range of SRES emission 
scenarios. scenarios. 

•• Even if the concentrationsEven if the concentrations of all greenhouse gases of all greenhouse gases 
and aerosols had been and aerosols had been kept constantkept constant at year 2000 at year 2000 
levels, a further warming of about levels, a further warming of about 0.10.1°°C per decadeC per decade
would be expected. would be expected. 

•• Earlier IPCC projections of 0.15 to 0.3 Earlier IPCC projections of 0.15 to 0.3 ooC C per decade per decade 
can now be compared with can now be compared with observed values of 0.2 observed values of 0.2 ooCC



•• Milly Milly et al 2005et al 2005

•• IPCC 2007IPCC 20072041-2060





WhatWhat’’s in the data?s in the data?





WRCC







Western droughtWestern drought
LargeLarge--Scale Circulation Pattern During 1999Scale Circulation Pattern During 1999--20032003

During the multi-year drought in the West, abnormally high
pressure over the Pacific and western states tended to block 
storms from penetrating the affected region..



 





How were runoff forecasts (and actual runoff) affected?





Water Re s o urce  input  
Change  

 E xamp les  fr o m  AR4   
( IPCC W orking Group )  

1 to 4  w e ek  e arlie r p eak 
streamflo w  d ue  to  
w arming -dri v e n 
sno w melt   

US W est a n d  Can a da 
(WGI and II )  

↓  P roportion of pr e cip  
fa lling  as  s no w  

Western  
Canada /p rairies , US 
West WG II , WG1 )   

↓  D uration and  ext e nt  of  
sno w  co v er   

most of Nort h  A meri c a 
(WG1 )  

↑  A nnual  prec ipitat ion   most of  Nort h  A meri c a 
(WG1 )  

↓  M ountain sno w  w ater  
equi v a lent   

Western Nort h 
A merica   (WG1 )  

↓  A nnual  prec ipitat ion  central R o cki e s, 
South w est  US  (WGII )  

↑  Fr equenc y  of  h e a v y  
precipita t ion  e v en ts   

most of US  (WGII )  

↓  R unoff and s treamf lo w  Colorado a nd 
Columbi a  Ri v er  Ba s ins 
(WGII  

↑  W ater tem p erature  o f 
lake s  ( 0.1 to  1 .5 �C)  

m ost of Nort h  A meri c a  

↓  G lacial  re a ch  a nd 
glaci a l  m a ss  

US w estern  
mounta ins,  (WG1 )  

↑  D r y  da y s  (t iming 
bet w een  ra infall e v en ts)  

most of Nort h  A meri c a  
(WG1 )  

↑  P eriods of dr o ught  Western US  
 



For droughts:For droughts:

•• It is It is very likelyvery likely that that shortshort--termterm severe droughts that have severe droughts that have 
impacted North America during the past halfimpacted North America during the past half--century are century are 
mostly due to atmospheric variability, in some cases mostly due to atmospheric variability, in some cases 
amplified by local soil moisture conditions.amplified by local soil moisture conditions.

•• It is It is likelylikely that sea surface temperature anomalies have that sea surface temperature anomalies have 
been important in forcing been important in forcing longlong--termterm severe droughts that severe droughts that 
have impacted North America during the past halfhave impacted North America during the past half--
century.century.

•• It is It is likelylikely that anthropogenic that anthropogenic warming warming has increased the has increased the 
severity of both shortseverity of both short--term and longterm and long--term droughts over term droughts over 
North America in recent decades.North America in recent decades.



Drought @2050 vs Recent Historical Droughts

2040-2060





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



PeriodPeriod Temperature Temperature 
ChangeChange

PrecipitationPrecipitation
ChangeChange

Storage Storage 
ChangeChange

20102010--20392039 +1.8+1.8ooFF --3%3% --36%36%

20402040--20692069 +3.1+3.1ooFF --6%6% --32%32%

20792079--20982098 +3.6+3.6ooFF --3%3% --40%40%

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

Problems with the models









Regional climates (&trends)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 combined Warming in Western U.S clearly reflects the combined 
influence of natural variation, greenhouse gases, sulfate influence of natural variation, greenhouse gases, sulfate 
aerosolsaerosols

•• Tendency for models to project future warming with more Tendency for models to project future warming with more 
droughtsdroughts

•• EvapotranspirationEvapotranspiration rates (ET) increased by  3rates (ET) increased by  3--4 in. in the last 4 in. in the last 
50 years50 years

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

•• PhenologicalPhenological changeschanges

Warmer nights may have enhanced wine quality in the WestWarmer nights may have enhanced wine quality in the West

•• Increase length of growing season (by2 Increase length of growing season (by2 
days/decadedays/decade



Current models show little change in total
precipitation

Drying trend from increases in temperature

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

Most studies show future reductions in flow 
Depending on the analysis this could mean 10% or 
up to 50% decrease (median around 17%)

If the models are correct, the levels of aridity may 
increase within a time frame of years to decades



•• Planning: depends on Planning: depends on ““stablestable”” climateclimate

•• Small mountainous areas drive the runoffSmall mountainous areas drive the runoff

•• PaleoPaleo--record suggests that depending on the record suggests that depending on the 
planning horizon planning horizon ““normalnormal”” might not existmight not exist

•• Recent climate warmer esp. in SpringRecent climate warmer esp. in Spring

•• Snowmelt is occurring earlier and the proportion Snowmelt is occurring earlier and the proportion 
of precipitation occurring as rain is increasingof precipitation occurring as rain is increasing

(note: late(note: late--summer early fall)summer early fall)

•• Most climate studies suggest that in the near Most climate studies suggest that in the near 
future droughts may be more common in the future droughts may be more common in the 
Colorado Basin even if precipitation stays the Colorado Basin even if precipitation stays the 
samesame



The Longer TermThe Longer Term

Warming will increase if Warming will increase if GHGsGHGs increase.   If increase.   If GHGsGHGs were kept fixed at current were kept fixed at current 
levels, a committed 0.6levels, a committed 0.6°°C of further warming would be expected by 2100.   C of further warming would be expected by 2100.   
Higher emissions translate into more warming.Higher emissions translate into more warming.

1.8oC = 3.2oF

2.8oC = 5.0oF

3.4oC = 6.1oF 850

600

4000.6oC = 1.0oF



Committed change (change already in Committed change (change already in 
the climate system)  requires the climate system)  requires 
effective adaptationeffective adaptation

Collaborative framework between Collaborative framework between 
research and managementresearch and management

Information services for adaptation Information services for adaptation 
from shortfrom short--term (next season) term (next season) 
through climate changes (next 10through climate changes (next 10--20 20 
years) years) 



National Integrated Drought Information National Integrated Drought Information 
SystemSystem



Fundamental Challenges of Drought
Diverse time scales

Droughts span an enormous range of time scales, from short-term “flash droughts” that 
can have major agricultural impacts to multi-year or even decadal droughts (1930s, 
1950s, etc.)  Paleoclimate evidence suggests that in the last 1000 years parts of the 
U.S. have experienced “mega-droughts” that persisted for decades.

Droughts

Other climate modes









National Drought Policy Commission, Drought Policy National Drought Policy Commission, Drought Policy 
Commission (2000), WGA (2004), USGEO (2006)Commission (2000), WGA (2004), USGEO (2006)



QuickTime™ and a
TIFF (Uncompressed) decompressor

are needed to see this picture.

QuickTime™ and a
TIFF (Uncompressed) decompressor

are needed to see this picture.

Partnerships: State, Tribal, Local, Federal, Private: 
County and Regional/Watersheds

PL 109-430



NIDIS:NIDIS: An integrated, interagency national drought monitoring An integrated, interagency national drought monitoring 
and forecasting system that provides:and forecasting system that provides:

•• An An early warning systemearly warning system for drought.for drought.

•• Drought impact and risk scenariosDrought impact and risk scenarios..

•• Resources for drought Resources for drought education andeducation and mitigationmitigation..

•• An interactive, webAn interactive, web--based based drought portaldrought portal..

•• Improved Improved observationalobservational capabilities.capabilities.

National Integrated Drought Information SystemNational Integrated Drought Information System

Existing Drought Product:Existing Drought Product:
NIDIS will Provide Major ImprovementsNIDIS will Provide Major Improvements



But, don’t start off by trying to

implement as big as we can think it!

But, donBut, don’’t start off by trying tot start off by trying to

implement as big as we can think it!implement as big as we can think it!

First Rule of Prototyping:
Think Big!

First Rule of Prototyping:First Rule of Prototyping:
Think Big!Think Big!

Slide 18Slide 18



NIDIS PilotsNIDIS Pilots

Chesapeake Chesapeake 
Bay Bay 

MontanaMontana

Missouri/Missouri/
OklahomaOklahoma

MississippiMississippi

Timeline? Funding?  Transferability?Timeline? Funding?  Transferability?

Colorado Colorado 

River BasinRiver Basin



Applications
Research

PredictionMonitoring

Impact
Mitigation

Proactive
Planning

Improved
Adaptation

Engaging research, management and planning communities:
User defined measures of drought and triggers for decision makinUser defined measures of drought and triggers for decision makingg

Engaging the preparedness communities

Integrating Tools:
e.g. Drought Portal

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

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

NIDIS Process Model:NIDIS Process Model:
Implementing NIDIS PilotsImplementing NIDIS Pilots

Slide 23Slide 23



Portal Home:Portal Home:

Key Clearinghouse Functions:
Credibility, Legitimacy, Accessibility, Reliability Credibility, Legitimacy, Accessibility, Reliability 
(timeliness etc.) information(timeliness etc.) information

to answer
Where are drought conditions now?

Does this event look like other events?
How is the drought affecting me?

Will the drought continue?
Where can I go for help?

Slide 14Slide 14



Opportunities?



End

NIDISNIDIS



Smoothed annual anomalies for precipitation (%) over land from 
1900 to 2005; other regions are dominated by variability.

Land precipitation is changing significantly 
over broad areas

Increases

Decreases



:  
Gaps in Adequate and Timely Observations

:  
Gaps in Adequate and Timely Observations

•• Drought severity Drought severity can be significantly undercan be significantly under--estimated or overestimated or over--estimated due toestimated due to inadequateinadequate
drought observations.drought observations.

•• Poor estimation affects the NationPoor estimation affects the Nation’’s ability to s ability to Plan, Predict, Mitigate, and Respond.Plan, Predict, Mitigate, and Respond.

Example Map Analysis Differences Due to Late Station ReportingExample Map Analysis Differences Due to Late Station Reporting



PeriodPeriod Temperature Temperature 
ChangeChange

PrecipitationPrecipitation
ChangeChange

Storage Storage 
ChangeChange

Hydropower Hydropower 
ChangeChange

20102010--20392039 +1.8+1.8ooFF --3%3% --36%36% --56%56%

20402040--20692069 +3.1+3.1ooFF --6%6% --32%32% --45%45%

20792079--20982098 +3.6+3.6ooFF --3%3% --40%40% --53%53%

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