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Integration of all data and knowledge
Problems are Global, Impacts are local

Need for sector specific data and solutions

Regional Challenge



“Science exists to serve human welfare.  It’s wonderful to have the opportunity given us by 
society to do basic research, but in return, we have a very important moral responsibility to 

apply that research to benefiting humanity.”   Walter Orr Roberts
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• Water Resources and Climate

• Weather, Climate and Health

• Resilient and Sustainable Cities

• Institutional Vulnerability and 
Adaptation

• Geographic Information Systems

• Climate services 
• Cross-Disciplinary Modeling 
• Engagement - Translation

• Capacity building at home and abroad



Global: Seamless Synthesis in Space and Time
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Positive detection of the nonoptimized T4
fingerprint is not driven solely by global
mean behavior. Removal of spatial mean
changes still yields a detectable RAW finger-
print, but only toward the end of the record
(between 1997 and 2001) (Fig. 4A). In this
case, detection is due to model-data similar-
ities in both the equator-to-pole temperature
gradient and the hemispheric asymmetry of
stratospheric temperature changes. In terms
of the latter, both the RAW T4 fingerprint
and the UAH and RSS data have larger high-
latitude cooling in the Southern Hemisphere
than in the Northern Hemisphere (Fig. 3B
and Fig. 5, A and C). Systematic differences
in the latitudinal structure of the observed
cooling (Fig. 5E) probably explain why the
RAW mean-removed fingerprint has slightly
different detection times in the RSS and UAH
data.

In our approach, 1988 is the earliest time
at which fingerprint detection can occur. Be-
cause the RAW mean-included T4 fingerprint
is already detectable in 1988, optimization
of

3

f cannot improve this result (Fig. 4A).
When the spatial mean is removed, however,
optimization markedly advances RAW detec-
tion times. For example, optimization trans-
forms “late” detection of

3

f (between 1997 and
2001) to “early” detection of

3

f * (in 1988).
The detectability of tropospheric temper-

ature change fingerprints shows greater de-
pendence on the choice of observational data
set. In the mean-included case, the RAW and
OPT T2 fingerprints are consistently identi-

fiable in RSS data, but not in UAH (Fig. 4B).
This difference in detectability is primarily
due to RSS-UAH differences in global mean
trends (Fig. 2B). In contrast, the mean-
removed T2 fingerprint is detectable at the
5% level in both observational data sets (in 6
of 8 cases) (Fig. 4B). This result reflects the
pronounced equator-to-pole temperature gra-
dients common to

3

f and the observations (Fig.
3D and Fig. 5, B and D). These gradients are
preserved after removal of spatial means. As
for T4, latitudinal differences in the two ob-
served data sets (Fig. 5F) lead to slightly
different mean-removed detection times.
Both T4 and T2 results show some sensitivity
to the choice of noise data, with detection
often achieved later if ECHAM noise is used
for testing statistical significance.

The satellite data uncertainties presented
here arise from different processing choices
made by the UAH and RSS groups. For T2
data, UAH-RSS discrepancies are primarily
related to how the two groups deal with the
“instrument body effect” (IBE), and how they
account for satellite drift in sampling the
diurnal temperature cycle. The IBE arises
from correlations between the MSU-mea-
sured brightness temperature and the temper-
ature of the hot calibration target for the MSU
instrument (2, 6). A “target factor” quantifies
this correlation. RSS and UAH arrive at dif-
ferent estimates of this factor, particularly for
channel 2 of the MSU instrument on the
NOAA-9 satellite. In this case, the UAH-
estimated target factor is substantially larger

than the RSS target factor and the target
factors of any other MSU instruments or
channels (6).

Our analysis shows that PCM’s T2 chang-
es are generally in better agreement with RSS
than with UAH. Other models yield qualita-
tively similar results. Though simulated T2
changes in climate models run with similar
forcings are larger than in PCM or either
observational data set, they are still closer to
RSS than to UAH (14, 31). We cannot use
model-data comparisons alone, however, to
determine which of the two satellite data sets
is closer to reality. One reason for this is that
the estimated historical forcing used in cli-
mate model experiments does not include all
possible anthropogenic influences (32). A
key forcing neglected in the present work, for
example, is that arising from indirect aerosol
effects. Repetition of our detection study with
ECHAM fingerprints that include this forcing
does not alter the primary conclusions of this
paper (33).

Consistency with observed surface tem-
perature changes is another factor that may
be useful in evaluating the reliability of the
RSS and UAH MSU data. Observations of
a strongly warming surface are in better
accord with T2 changes in RSS than in
UAH (21). Comparisons with surface data

T4: ALL EOF1 (mean included)
Explained variance: 66.3%

T2: ALL EOF1 (mean included)
Explained variance: 85.8%

T2: ALL EOF1 (mean removed)
Explained variance: 42.1%

T4: ALL EOF 1 (mean removed)
Explained variance: 67.6%
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Fig. 3. RAW climate change “fingerprint” patterns for (A and B) T4 and (C and D) T2 data from the
PCM ALL experiment. Results are shown for analyses with the spatial mean included (A) and (C) and
with the mean removed (B) and (D).
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Fig. 4. Detection times for PCM (A) T4 and (B)
T2 temperature change fingerprints in RSS and
UAH observational data. The detection analysis
uses both the mean-included and mean-re-
moved fingerprints from Fig. 3, with a 5%
significance level as the detection threshold
(25). The longer the colored bar, the earlier the
detection time. If no bar is present, fingerprints
could not be identified before the final year
(2001) of the observations. RAW and OPT de-
note detection times for nonoptimized and op-
timized fingerprints, respectively. To avoid the
introduction of artificial skill (27), the model
control run used for optimization was always
different from the control run used for estimat-
ing natural variability statistics.
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Changes in Seasonal Cycle of Snowmelt (T) 
Shifts in Jet-stream leading to change in Precip (P), how much?
But: less water due to higher evaporation: dry summer season

Barnett et al. 2008

Outlook for Western Water / Snow
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WRF - Roy Rasmussen (RAL) 



IDB WRF Training & Scenarios
with University of Nebraska, Lincoln

•  Queretaro and Mexico: water resources land use changes, denudation of hillsides.
• Morelos: concerns that vast natural springs may have reduced
• Tabasco: increase in the number, duration, and magnitude of the floods
• Guerrero and Oaxaca: preserving natural resources under future climate change
• Yucatan: rising sea level & reduced precipitation/increased evaporation
• Tamaulipas: impacts on agriculture and aquaculture

WRF Training 
NCAR, July 2009

Climate Scenarios 
1. Mexico City - Jan 2010
2, Panama – Aug 2010



InterAmerican Development Bank 
Sustainable Energy & Climate Change Initiative

Water/Ag Olmos, Lambayeque, Peru
CCSM     WRF     Noah     WEAP 



Temperature!!Precipitation

Water/Ag/Hydro Project in Peru



Knowledge Innovation at the Science-Policy Interface
San Jose, Costa Rica, Spring 2010

GIS Training
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Quantifying Societal Impacts
to Climate and Weather Risks  

Ti
meResource 

management Impacts, 
outcomes, 

decision-making

Resource use 
and 

management 

Governance 

Decisions 

Policies 

Scenarios 

(N-VIA:  NCAR - Vulnerability, Impacts, Adaptation)



Climate and Health



Modeling plague risk in Uganda 
 

Andrew J. Monaghan1, Rebecca J. Eisen2, Katherine MacMillan2,  
Sean M. Moore1,2, Kenneth L. Gage2, Mary H. Hayden1, and Paul Mead2 

 
1-National Center for Atmospheric Research, Boulder, CO 

2-Centers for Disease Control and Prevention, DVBID, Ft. Collins, CO 
 
 

12 July 2011 

!"

Funded by the U.S. Centers for Disease Control and Prevention and  
the U.S. Agency for International Development 



Winters et. al (2009) 
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Background 
 
From 1999-2007, approximately 2,000 
suspect human plague cases were 
reported from the West Nile Region in 
NW Uganda.  
 
CDC is developing models based on 
ecological correlates with plague 
 
 
NCAR is working with CDC to:  
 
(1) Build an 11-year high resolution 
climate dataset over Uganda for 
development of models to simulate 
plague incidence 
 
(2) Improve treatment of plague cases 
by training the regional network of 
clinicians and traditional healers in 
plague awareness 
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Modeling 
Work  
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Global processes well understood.
What does it mean for different regions?



Large Model Differences

21



A2 Emissions Scenario
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Climate Services
Bridging science to local needs
   

“The timely production and delivery of useful climate
        data, information and knowledge to decision makers” 
        (NRC, 2001)

  “Give me information in such a way that I can make decisions at a 
local level.  What does this mean for me in the next N years”

• Jargon-free, clear, 
• actionable, 
• expose the uncertainties
• Science-brokers/translators are important 
                 (Pew Report “Lost in Translation”)

  “Official” climate products & processes allow planners to 
    make major, climate-informed, infrastructure decisions
                               ….and stay out of court.



National Climate Prediction 
and Projections (NCPP)

Community Framework towards climate services
Bridging Science to local needs

24
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     Climate Scientist(s)User Group
Problem Solving 

Environment
• Define Problem
• Establish Expectations
• Communicate Needs
• Identify Constraints
•Form Relationships

Resources
• Specializations
• Local Knowledge
• Local Data
• Literature

Resources
• Knowledge 
• Understanding
• Literature
• Data

Inventory of Information

1. Analysis 2. Evaluation 3. 
4. 

Products
• Analysis Narratives
• Evaluation Narratives
• Ensembles
• Uncertainty 
Quantification
• Impact Report
• Scenarios

N
ew

  R
esources

P
roduct Feedback from

 U
sers

Mission	
  and	
  Strategy

Mission: Supports state-of-the-art 
approaches to develop and deliver 
comprehensive regional climate 
information and facilitate its use in 
decision making and adaptation 
planning.  
 
Strategy:  A community enterprise 
where climate information users, 
infrastructure developers, and scientists 
come together in a collaborative 
problem solving environment.

25
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“When I took office, only high 
energy physicists had ever heard 
of what is called the Worldwide 
Web... Now even my cat has its 
own page.” Bill Clinton

WEB and Climate Science27

WEB 1.0 : Static Web Pages
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WEB 1.0 : Static Web Pages
WEB 2.0 : Blogs/Social sites
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WEB 1.0 : Static Web Pages
WEB 2.0 : Blogs/Social sites

WEB 3.0 : Web Service



• Petabyte-scale data volumes
• Globally federated sites
• “Virtual Datasets” created through 
   subsetting and aggregation
• Metadata-based search and discovery
• Bulk data access
• Web-based and analysis tool access
• Increased flexibility and robustness

ESG Goals Current ESG Sites

http://www.earthsystemgrid.org
http://www-pcmdi.llnl.gov

Access: Earth System Grid



 Reaching out to stakeholders 
…even if we don’t know who they are

29



20,000 Climate Scientists
(est)

 NetCDF

4,000,000 GIS 
Licenses

 Reaching out to stakeholders 
…even if we don’t know who they are

29



NCAR GIS Program



Help Prepare a World 
affected by Disasters 1975-2004

"We cannot prevent disasters (droughts, epidemics, volcanoes, storms, 
fires, and events caused by accidents or indirectly caused by wars.) ... 
What we hope to do is to be more proactive, to be better prepared so 

that we can react better, faster." Winston Choo, 2006
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End-To-End - Capacity Building

Needs

Nat Variab

Global

Regional

Impact

Risks

Feedback

Downscaling

Phys Sci
Need

Soc Econ
Need
MultiDim

Translational 
Knowledge

Ammann, 2011
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• Climate Science enabled: 
– Perspectives on interdisciplinary science of global change and risk 

assessments
– GIS skills
– Effective communication at the science-policy interface (policy 

briefs) 
– Networking and future international collaborations
– Capacity building 

 
IAI-NCAR Colloquium in Costa Rica

“Knowledge Innovation at the Science-Policy Interface”

Photo courtesy of Antonio Joyette



“Prediction is very difficult, 
particularly about the future.”

 Niels Bohr

“Society has three choices:  Mitigate, Adapt or Suffer”   
     John Holdren (US Science Adviser) 



“Prediction is very difficult, 
particularly about the future.”

 Niels Bohr

Need for a next generation: 
Data, Knowledge exchange,

Interdisciplinary partnerships
“Society has three choices:  Mitigate, Adapt or Suffer”   
     John Holdren (US Science Adviser) 



  Briefing on Results:
USGS Science Strategy to Support U.S. 
Fish & Wildlife Service Polar Bear 
Endangered Species Listing Decision

U.S. Department of the Interior
U.S. Geological Survey

See slide notes for this topic




