Research Applications Laboratory
Brant Foote, Director
Bill Mahoney, Deputy Director
Joanne Dunnebecke, Administrator
Liz Hoswell, Lab Administrator

Aviation Applications Program (AAP)
Bruce Carmichael, Director
Marcia Politovich & Bob Barron, Deputy Directors

National Security Applications Program (NSAP)
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Weather Systems Assessment Program (WSAP)
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Enhancing adaptive capacity for society
in the context of changing weather and climate
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Climate change or natural variability?
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Climate change or natural variability?




Regional Challenge

Integration of all data and knowledge
Problems are Global, Impacts are local
Need for sector specific data and solutions
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“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 I T SO L
Weather, Climate and Health .: AP? e
Resilient and Sustainable Cities '

Institutional Vuilnerability and
Adaptation

Geographic Information Systems

Climate services Sl N
[ Cr’oss- Disciplinary Modeling Enhancing adaptive capacity for society

| in the context of changing weather and climate
e Engagement - Translation S e

Capacity building at home and abroad

“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



Global: Seamless Synthesis in Space and Time

Surface Temperatures: Past - Present - Future

| IPCC-2001 Projected Range of Future Climate
= Observational Range of Past Climate and Central Estimate
Instrumental Record
NCAR-CCSM Simulation Past - Present
NCAR-CCSM Simulation Future Scenarios

T2: ALL EOF1 (mean included)
Explained variance: 85.8% - 4
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Ammann et al., 2007, 2010
Santer et al. 2003




IPCC A1B  5-day Precip 2030-1990 IPCC A1B  Precip > 95th 2030-1990

e —

Precipitation
2030

Averages, Extremes

NCAR/DOE Climate Change Prediction Group: NCAR/DOE Cimate Change Prediction Croup

IPCC A1B Dry days 2030-1990 N .
— = IPCC A1B  Precipitation Intensity 2030-1990
W i o ™ -

NCAR/DOE Climate Charge Prediction Group: __www.cod.ucar edulocric
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Outlook for Western VWater / Show

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
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Lawrence Buja (NCAR)




RESOLUTION REQUIREMENTS: TERRAIN

6-MO. TOTAL PRECIPITATION (MM) COMPARISON
1 Nov. 2007-1 MAY 2008

SNOTEL Obs. 36 km 6 km 2 km

WRF - RoYy RASMUSSEN (RAL)
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CLIMATE SCENARIOS
1. MEXIco CITY - JAN 2010
2, PANAMA — AUG 2010

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



InterAmerican Development Bank
Sustainable Energy & Climate Change Initiative

Belize - Costa Rica - El Salvador - Guatemala - Honduras - Nicaragua - Panama

 Boulder, Colorado ;
. July 13-24, 2009 § Central American

b Probabilistic Risk
7 Assessment

- CAPRA

) <eracocnac| sor IDB

HURRICANE HAZARD




South America

Water/Ag/Hydro Project in Peru

Precipitatio Temperature!!

L L ! ! ! |
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——MERRA
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PRODUCCION PRODUCCION IDASVASE DE AGUA
ACRICOLA L INEDCGIA i g '
CANAL NORTE CENTRAL HIDROELECTRICA N* 1 EMBALSE LIMON
CANAL CENTRAL SALTO BRUTO 404 M V: 44 MMC
CANAL SUR H: 43 METROS
CENTRAL HIDROELECTRICA N* 2
SALTO BRUTO 472 M TUNEL TRASANDINO
L: 19.3 KM
D:4.8M
Tanel Mancharg

Tanel Tabaconas /

4
atoma Definitiva

Tunel -1 '~

Embalse Limon
Tunel D-2
N

Central Hidroeléctrica 1

o PRODUCCION AGRICOLA: Los canales permitirén el

riego de 38,000 hectireas que serin subastadasy de

5,500 hectireas ubicadas en el antiguo valle de

N Olmos, a cargo de la Comunidad Campesina Santo
Central Hidroeléctrica 2, o ILFRE PR TEY

Tunel Trasandino
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Canal Central




Anowiedge innovation at tne science-rolicy interftace
San Jose, Costa Rica, Spring 2010
GIS Tralnlng
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Anowiedge innovation at tne science-rolicy interrace
~San Jose, Costa Rica, Spring 2010
- = o GIS Training




Anowiedge innovation at iné science-rolicy interrace
____San Jose, Costa Rica, Spring 2010
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QUANTIEYING SOCIETAL IMPACTS
TO CLIMATE AND WEATHER RISKS

(N-VIA: NCAR - VULNERABILITY, IMPACTS, ADAPTATION)
A bEcisions | #7 Scenkrios

/ SREGE] Extreme Heat Vulnerability
—= Drivers : se

Targeted
warnings
Climate change

an la a Community-
Urbanization/ ban heat island A and nisk reductio based
urban progra programs

development

Public education

Population
b I

Impacts: Heat-related mortality and morbidity
LO‘l?J*Tﬁ(ﬂ\?l'Es ,

DECISION-MAKING
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Climate and Health

RAL home research technolgy  peopleforg  publications  events

RNCAR Sy
Research Applications Laboratory | RAL

Fourth Biannual Colloquium On Climate And Health

About Agenda Presenters & Attendees Documents Logistics Contacts

THE 2011 NCAR/CDC COLLOQUIUM ON CLIMATE AND HEALTH

July 1115, 2011 | NCAR Mesa Laboratory, Boulder, Colorado

The 2011 NCAR/CDC Workshop on
Climate and Health will focus on
vector-borne diseases related to
human health. This multi-agency
climate and health workshop will provide
rtunities

disease concerns related to dimat
variability and ¢
the workshop is to train heaith
professionals and early career climate
and health researchers (public heaith
officlals, graduate students, post-docs
and early career scientists and faculty)
on how to deve robust

sciplinary re arch projects in the complex area of dimate and health. The week lon

shop will include lectures on relevant ics in dimate and dimate ange and

heaith and huma o Inerability studies, statistics, and spedial
GIS). In adait ssful research projects will be highlighted, providing detailed
analyses ol e methods and components of the projects that led to their s, 5S. There also
will be muRtiple ocpportunities for hands on activities related to p t development to bring

pressroom  for staff

Fourth Biannual Colloquium on Climate and
Health

VECTOR-BORNE DISEASES RELATED TO
HUMAN HEALTH

Held:

(click here for directions)

Previous Colloquiums on Climate & Health

Summer Colloquium on Climate and Health

oquia on Climate and H

Sponsored by:

Centers for Discase Control and Prevention
Department of Health & Human Services
The National Acronautics and Space
Adminstration

National Center for Atmospheric Rescarch
National S Foundation

Change Rescarch Program

’- T 4
DC

77 ]




12 July 2011

Andrew J. Monaghan’, Rebecca J. Eisen?, Katherine MacMillan?,
Sean M. Moore'?, Kenneth L. Gage?, Mary H. Hayden’ and Paul Mead?

-National Center for Atmospheric Research, Boulder, CO
2-Centers for Disease Control and Prevention, DVBID, Ft. Collins, CO




Southern
Sudan

rua
District
Nebbi
District

Uganda

Democratic
Republic
of Congo

Incidence per 1,000
0
0.1-5
5.1-10
1 >10
32???0 Parishes outside clinic buffer
@® Clinics

Kilometers
—T—
0 10 20

Winters et. al (2009)

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




Modeling
Work

30°N

REAL-TIME WRF

15°N

WRF Model Domain
and Topography

15°S

30°S

Terrain Elevation (m)

1w 0 5E 0B B 60°E 3EAL-TIME WRF Init: 2002-08-30_00:00:00
Valid: 2002-12-01_00:00:00
NCEP-DOE-II WRF 18-km WRF 2-km
REAL-TIME WRF Init: 2002-08-30_00:00:00 REAL-TIME WRF Init: 2002-08-30_00:00-00
Valid: 2002-12-01_00:00:00 Valid: 2002-12-01 00:00:00

Example of
downscaling 2-m
temperature

2-m Temperature (C)

REAL-TIME WRF Init: 2002-08-30_00:00:00
Valid: 2002-12-01_00:00:00




Global processes well understood.
What does it mean for different regions?




LARGE MODEL DIFFERENCES

Change in July Precipitation by the 2050s

Model: Ensemble Average, SRES emission scenario: A2

Change Transparency Factoids (»
Topo
Cet Values World

Mexico

m Moo date Sources: USGS, FAD, NPS, EPA, ESH
Lat: 49.69° Lon: -120.96% supplers




NARCCAP PLAN - PHASE |1

< A2 Emissions Scenario >

GFDL CAM3
Time slice

1971-2000 current Prowde boundary condltlons 2041-2070 future

/ / R W WA

MMS RegCM3 || CRCM [HADRMS3 || RSM WRF

lowa State/ UC Santa Cruz Quebec, Hadley Centre Scripps NCAR/
PNNL ICTP Ouranos PNNL

http://www.narccap.ucar.edu Linda Mearns / NCAR
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NARCCAP PLAN - PHASE |1

< A2 Emissions Scenarlo

GFDL CAM3
Time slice
50km
% 2070 f
pd

[ o

MMS RegCM3 || CRCM [HADRMS3 || RSM WRF

lowa State/ UC Santa Cruz Quebec, Hadley Centre Scripps NCAR/
PNNL ICTP Ouranos PNNL

http://www.narccap.ucar.edu __Linda Mearns / NCAR
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CLIMATE SERVI

BRIDGING SCI 'Cﬁ;lﬁNEEDS

P : ! "1’.’ f:’ /e.."'x

ion and dellv,eryaf' useful climate
nation and knowledge to-decision makers”
(NRC, 2001)

“Give me information mguc | wayithat | can make decisions at a
local level. What does thls mea for me in the next N years”
« Jargon-free, Clear

* actionable, - ’ ,«t'
» expose the uncertainties f" o
» Science-brokers/translators are important |

(Pew Report “Lost in TranSIatfon”)

“Official” climate products & processesallow 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



—
IS 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 Resources

pla n n I ng . * Local Knowledge

* Local Data
« Literature

Problem ¢

User Group

994 J1oNpoid

$82IN0S8Yy MON

Strategy: A community enterprise
where climate information users,
infrastructure developers, and scientists
come together in a collaborative
problem solving environment.

25



r- .
1 | | Three Pillars of NCPP

Problemf

User Group / 3
-E

Enviro
efine Prob}3
stablish E;

1: Data - Access

» Communica

2: Science and Tools

3: Knowledge - Translation
in collaborative way

26



WEB 1.0 : STATIC WEB PAGES

“When | 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 SCIENCE
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Rasic Definitions: Web 1.0, Web 2.

NCARY MINGSY Ubrariesy Jourmalsy Milenmumy RALY NOPPY

Werkd Metearalogical Organiration

World Meteorological Organization

Wekcome to the Secretariat of the Wi

Si vous préfére la version fray
Si wsted desea la versidn ¢spal
Information
* WMO Sucmeats, Anoy
* Prosidenn aed Vice-Prs
* Upcoming WMO-spons
* WMO E-mad Address |
o WMOWWW fip scrvey

Major WMO Program

Weather Waich 4
Workl Clnaic Program
Apgiicatons of Mewors
Workl Clisaic Rescact
Global Climase Observd
Aumospheric Rescash i

Apgiications of Mexor
Hydmlogy and Waser R
Education and Training

WMO Members

The national weather Services

We would ike to hear from yo

RealClimate: Making climate science more usefu
- 9 P 5 + Ntp [ /www realchmate.org/index pho/archives/2011/03/making-climate - scence-more- useful
B Varav Newsv Climatev NCARvY MINESv Ubrardesv Jowmalsv Millensiumy RALY NCPPv

Basic Definitions: Web 1.0, Web. 2. RealCimate: Making climate scen

Making climate science more useful

Last wook there was 8 CORDEX workshop on regional
cimate modeling at tre ¢
(ICTP), near Treste, lw,

The CORDEX initiative, as the abbreviaton ‘COordinated
Regional climate Downscading Experiment suggests, tries 1o
teing together the community of regional climate modeliers.
Al least, this intistive has got a blessing from the Workd
Camate Research Programme \WCA

1think the most important take-home message from the
workshop s that the stake holders and end users of cimate
information should not look at just ane simulation from global
cimate models, of Just one Gownscaling method, This is very
much in agreement with the recommencations from the

The main reason for
this is the degree o mmnl« invoived in regional clmate
modelling, as discussed in a o

150050 that the issue of uncartainty is sometimes seen as problematic and dMficut to deal with,
Uncertainty does not mean that we are completely clusloss — it means that we ¢o not have
accurate knowledge about absolutely every detail. Uncertainty is nothing new — we ive with it
every day. Al scientific discipiines have 1o ive with uncertainty $00.

Moreover, we can cescribe and model uncertainty. The question about uncertainty is a question
about informaton about processes, whether understood, random variations (known as ‘nose’ or
stochastic processes), of systematic model Shortcomings (Diases).

[ meaier 1

Q- Cimate Change

STATIC WEB PAGES
BLOGS/SOCIAL SITES

WEB AND CLIMATE SCIENC
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Server Siatistics

Mitenniumy RALY NOPPY
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Basic Definitions: Web 1.0, Web. 2. RealClimate: Making climate scen

Making climate science more useful

Last weok, there was a
cimate moceling at
(ICTP), near Treste, italy.

on regional

The CORDEX initiative, as the abbreviaton ‘COordinated
Regional climate Downscading Experiment suggests, tries 1o
teing together the community of regional climate modeliers.
Al least, this intiative has got a blessing from the World
Camate Research Programme

1think the most important take-home message from the
workshop s that the stake holders and end users of cimate
information shouid not look at just ane simulation from global
cimate models, or Just 0ne Cownscalng method. This is very
much in agreement with the recommencations from the

The main reason for
this is the degree of uncertainties involved in regional cimate
modelling, as discussed in a

1 50ns0 that !he issue of uncertainty is sometimes seen as problematic and dficut to deal with,
Uncertainty coes not mean that we are completoly chusless - it means that we ¢o not have
accurate knowledge about absolutely every detail. Uncertainty is nothing new — we fve with it
every day. Al scientfic disciplines have to ive with uncertainty 100,

Moreover, we can descrbe and model uncertainty. The question about uncertainty is a question
about information about processes, whether understood, random variations (known as ‘noise’ or
stochastic processes), of systematic model shortcomings (biases)

http: / /www.realchmate.org/ Index php /archives/ 2011703/ making-climate-science-more- useful
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STATIC WEB PAGES
: BLOGS/SOCIAL SITES

I ¢ Q- Cimate Change

: WEB SERVICE

OC » NOAM » NCI0NS » NCOC Geann b e

NOAA's Weather and Climate Toolkit

Web Start Installation

Kavin McKinney 0 ¢ Local | Cusnom

THREDOS | Sinvgle File /U
Unforced variations: Ape 2011:
Androw Piccirito

Accens 1o NCDC MAS Order Ressd

TN s

Sedect Date

[Te Ape0s. 2001 I3

Iy e

d the “Select o ‘Cortr

ek

Clear on Close

WEB AND CLIMATE SCIENC



Access: Earth System Grid

SciDAC

Scientific Discovery
through

r Office of
4 Science

U.S. DEPARTMENT OF ENERGY

E5GIGoalS

* Petabyte-scale data volumes

* Globally federated sites Primary ESG Servers
o “\/i 2 Mass storage,
Virtual .Datasets createq through dick eache. =
subsetting and aggregation and computation | : Y Web and spplications-
* Metadata-based search and discovery PMEL: - ‘[ based access to
» Bulk data access applications ! - ;nnaaqsgzmaenn;, discovery,
* \Web-based and analysis tool access NCAR: Climate })  visualization
o ihili change |
Increased flexibility and robustness orediction and y Xl AL ANL:
data archive 12N L e R e . Globus
® VWW.e3 \ J11le oF o J , ¥ 3 4 ,,; P andgrid
http://www Adilinligov ‘ N 4 - applications
LBNL/NERSC: _ / 1 N &
T ot ol Climate b7 i S QRNL: ‘
BT e . data archive g, i ¥ Simulation
= . s B e} 3 g s ' and climate
= ol e LLNL: Model - I ‘ : data archive

= diagnostics and
inter-comparison USC/ISI:

Globus, grid 2 LANL:

el S applications, and Climate and ocean
metadatabases data archive







CLIMATE SCIENTISTS

(ES




NCAR GIS PROGRAM

Climate Modeling

NCAR :cientist: carry out detailed, state-ofthe-art climate
simulation: on zome of the world’s fastest supercomputers to

A 1 3 b
oni

cts of global and regional climate change
cffecﬁng humen and natural systems. Our GIS systems turn these
petabytes of climate data into usable science for society.

Surface temperature change relative to 1870-1899 baseline CcCsM3 IPCC AR4

a harge
(eatve 1 701200 tasdine)

r‘mu Mara

GIS Climate Change Portal

m—..‘

Research Enabled by GIS

NCAR :cienti ductr h that integrate: the Earth system
and zocial science: in a GIS. Rezearch examples illustrate how
simulations from global climate and weather f; t models are

being analyzed in a GIS with respect to societal vulnerability to,
for example, urban heat waves and tropical cyclones.

THE COMMUNITY CUMATE SYSTEM MODEL (CCSM) IS A FULLY COUMLED GLOBAL MO
OF THE EARTH'S PAST, PRESENT, AND FUTURE CLIMATE STATES  HTTP://WWW.CCSM UCAl EDU

THE NORTH AMERICAN REGIONAL CUME CHANGE ASSESSMENT PROGRAM IS AN INTERNATIONAL PROGRAM

I
THAT PRODUCES HIGH Iﬁol SIMULATIONS OF FUTURE CLUIMATE ON A REGIONAL SCALE
/;www NARCCAP.UCAR EDU

The GIS Program at NCAR provides to climate ch
projectionz generated by the C ity Climate Syztem Modol
through the GIS Climate Change portal. The portal zerve: a
community of GIS uzers interested in climate change rezearch
and applications.

ANALYSIS OF CCSM SIMULATIONS OF PRESENT-DAY AND FUTURE CLMATE WITH RESPECT TO
THE URBAN HEAT ISLAND EFFECT AND FUTURE MEAT WAVES,

ARCGIS SERVER-BASED WES APPLICATION INTEGRATES WEATHER RESEARCH AND FORECASTING
(WRF) HURRICANE FORECAST MODEL OUTPUT WITH SOCIOECONOMIC AND INFRASTRUCTURE DATA.
HTTP/ /WRF.MODELORG

2



HELP PREPARE A WORLD
AFFECTED BY BDISASTERS 19752004

"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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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

Soc ECON
NEED

MULTIDIM

TRANSLATIONAL

KNOWLEDGE

AMMANN, 2011
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NCAR  JAI-NCAR Colloquium in Costa Rica

UC

Universidad para la Cooperacién Internacional

ty for International Cooperation

“Knowledge Innovation at the Science-Policy Interface”

« Climate Science enabled:
|', e E — Perspectives on interdisciplinary science of global change and risk

assessments
—  GIS skills

briefs)

Capacity building

Key Findings

- Rural areas are most vulnerable to
disaster events

- The national dsaster coordination
network inadequatedly cover rural
areas

- Many communities may be iso
lated after a disasters because all
primary and secondary roads are
threatened by at least one hazard

Photo courtesy of Antonio Joyette

Disaster Preparedness
Expanding the Costa Rica national disaster co- 3

ordination infrastructure to tap community
networks

Recommendations

- Expanding the number of national
disaster managers and placing the new
managers in at-risk areas
- Focusing training and capacity building

at the community level which takes
advantage of strong soclal and commu
nity networks that already exist
- Create local community participation in|

- — Effective communication at the science-policy interface (policy

— Networking and future international collaborations

Map Z: Road Segrents Vulnerable 1o Natural Hazards

Lase Study Cinchona

finchons is & small town located in the Poas mountain range of the central valley. This region &
merised of ‘which by nature are pr In addition, the
Palicw water table often tacktates Sooding during intense ram and the communtty s Bho Bt risk to
jokcancc and sesmic activity. The town has 3008l vuinersbiities relating to the condition of the housing

I January 8, 2009, Ci heby ol

the disaster management by working
with existing social groups and leaders

‘

Kale. kiflng 31 people. ffecting 320 households (Fully destroying 120 houses). and damage 10 the only
kitess route left the community isolated. The neighbors and local groups mobiized frst response

w After two days, the NOC, the Red Cross
andthe were e
#50 set up emergency shelters and food supples. During this process the local communities were
brevented from asmistg i the response and recovery actves By not mwohnng the Communty




“PREDICTION IS VERY DIFFICULT,

PARTICULARLY ABOUT THE FUTURE.”
NIELS BO




“PREDICTION IS VERY DIFFICULT,

PARTICULARLY ABOUT THE FUTURE.”
NIELS BO




Briefing on Results:

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

jected mid-century change in the frequency
timal polar bear habitat

401 >4

ange (mon! !h)

US Departmen of the Interior 7
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Enhancing adaptive capacity for society
in the context of changing weather and climate
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