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“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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US Natlonal Suence Foundatlon FFRDC

Governed by > -70-universities
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Earth Observing Laboratory

Computational & Information Systems

" RAL
Research Applications Laboratory

ISP: Intearated Science Proaram
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NSF/DOE IPCC AR5 Project

NCAR, LBL, ORNL, NERSC, ANL, LANL, NCSA

| | | | I |
6-Year Timeline N\

: Climate Model/Data-systems development
: Climate Model Control Simulations

: IPCC Historical and Future Simulations

. Data Postprocessing & Analysis

. Scientific Synthesis

: Publication
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Surface Temperature: RCP and SRES (dotted) comparison

Anomaly from 1980-1999, annual and global mean
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Surface temperature change relative to 1870-1899 baseline CCSM3 IPCC AR4
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Fossil fuel CO, emissions (GtC yr)

Is the IPCC being too Alarmist?

Observed Emissions vs SRES
Scenarios for IPCC AR4
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M. R. Manning, J. Edmonds, S. Emori, A. Grubler, K. Hibbard, F. Joos, M.
Kainuma, R. F. Keeling, T. Kram, A. C. Manning, M. Meinshausen, R. Moss,
N. Nakicenovic, K. Riahi, S. K. Rose, S. Smith, R. Swart & D. P. van
VuurenNature Geoscience 3, 376 - 377 (2010)doi:10.1038/ngeo880
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Arctic September Sea Ice Extent
Observations and IPCC Projections
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If anything, we are being
much too conservative!



Global Sea Level Anomalies
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In the RCP scenarios, we can mitigate
temperature but not sea level rise
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Climate model genealogy: Generation CMIP5 and how we got there

Reto Knutti, David Masson , Andrew Gettelman
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Priority List of Simulations Planned for 2013 to 2017

Decadal prediction runs using hindcast or DART assimilation for initial states— CESM1 at 1°
Long term runs: CESM1, complete CMIP5 simulations at 1° resolution, concentration driven
[2013 CESM1/BGC concentration driven RCP runs, 0.25° pre-industrial control

. Decadal Prediction CCSM4 at 0.5° CMIP5 RCP future climate change runs
- Single Forcing Runs Special DOE scenario runs with CESM1, including short lived GHG and black carbon

+ High Res CAMS5/SE CESM1 runs with specified ice-sheet meltwater
+ Special DOE Scenarios High Resolution time-slice runs with CAMS5/SE at 0.25° and 0.125° resolution
Perturbed physics ensemble with CCSM4 at 1° resolution
Single-forcing sensitivity experiments with CCSM54 and CESM1/CAMS
2014 Decadal prediction runs using DART assimilation for initial states— CESM1 at 1°
+ BGC RCP runs Long term runs: CESM1 at 0.25° resolution, historical, start RCP future climate change
« CESM1 at 0.25° — scenario runs
« Perturbed Physics Additional CESM1/BGC concentration driven RCP runs at 1° resolution
+ CESM1/IAM at 1° Special DOE scenario runs with CESM1,
CESM1/GLIMMER-CISM runs at 1° including Greenland and Antarctic ice sheets
CVCWG/CCP High-Resolution time-slice runs with CAM5/SE at 0.125° and test 0.0625° resolution
Coupled CESM1/IAM runs at 1° resolution
Resea r.ch :lerturbed Physics elzr?slemble wi.th CESM:!. at 1° resolution
ingle-forcing sensitivity experiments with CESM1
2013 - 2017 Decadal prediction: DART assimilation with CESM1 at 0.25 °
Long term: CESM1 at 0.25° RCP future climate change emission scenario runs
2015 CESM1/GLIMMER-CISM with improved ice-sheet physics including Greenland and
*RCPs at 0.25° Antarctic ice sheets
o d BGC High-Resolution time-slice runs with CAMS5/SE at 0.0625° resolution
mprove ) . .
« Greenland & Antarctic Perturbed physics ensemble with CESM1 at 0.25° resolution
lce Sheets C_oupled CI?SMl/IA.IV_I runs . .
Single-forcing sensitivity experiments with CESM1
Decadal prediction: DART assimilation with CESM1 at 0.25 °©
Long term: CESM1 at 0.25° RCP future climate change emission scenario runs
2016'2017 Additional runs with CESM1/BGC, RCP emission-driven future climate change scenario runs
+ Decadal Prediction CESM1/GLIMMER-CISM with improved ice-sheet physics including Greenland and
. Single Forcing Runs Antarctic ice sheets
- High Res CAMS5/SE High-Resolution time-slice experiments with CAM5/SE at 0.0625° and 0.0125° resolution
- Special DOE Scenarios Perturbed physics ensemble with CESM1 at 0.25° resolution
Coupled CESM1/IAM runs
CMIP6 runs for IPCC ARG
New CESM2 at 0.25° using concentration
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lﬁe Earth System Grld Federation
(ESGF, a distributed grid techn gy,) and most data is being archived
on local or regional nodes; seme groups Wursend their model data
directly to PCMDI where it will be archived on their ESGF node; all
CMIP5 data can be accessed from PCMDI web page with registration;
over 300 users already registered. P

Model outputs are being accesse

An extensive documentation of the models and of model experiments
will be available for CMIP5 via EU Metafor & US Earth System Curator

Gateways

Data Nodes UKMO

#  Delivered Data
BADC Gateway

T Replicate Data To

Publish Data To
1 3
2

|  MPI

PCMDI
Gateway

4 6

ANU Gateway

Japan Gateway €<————— —> WDCC Gateway

Courtesy of Dean Williams (PCMDI)



ZJS(GS Briefing on Results:
USGS Science Strategy to Support U.S.

cience for a changing world
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Fish & Wildlife Service Polar Bear
Endangered Species Listing Decision:
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IPCC AR4 WGII Table 20.8: Impacts

Increased water availability in molst tropics and high latitudes '
WATER Doauulngwahrml-bmymdmaudmwhmmwmmmz -
3 3 3 m"”“-'”'“
410 1.7 1.0to2. 3 increased .
0.4to 1.7 bilion™ > 1.0to 2.0 billion™ 1.1 to 3.2 billion

Increasi phibian About 20 to 30% species at inc- 4

extinction 4 reasingly high risk of extinction 4 o R

ECOSYSTEMS Increased coral bloochlngs Most corals bleached ® Mdupuadeoulmhlys
-8
Increasing species range shifts and wildfire risk 7 Lons:ﬂdbhophmmwandwboomm:.'u.
Low latitudes
Crop Docnuubrmmconnbs . Allcuulldocruug
U " Ry Increases for some cereals® t)«:«uooInsomu'ogkms9
Mid to high latitudes

Increased damage from floods and storms '? _“
COAST B e .
e.‘f’:.um"m""”n:'.&w 0to3million 12 2 to 15 million 12 i

Increasing burden from malnutrition, diarthoeal, cardio-respiratory and infectious diseases'> =%
HEALTH Increased morbidity and mortality from heatwaves, floods and droughts 14 _:;}.
Changed distribution of some disease vectors ' ~ Substantial burden on health services'S =

Local retreat of ice in Long term commitment to several Leading to reconfiguration

3 of coastiines world wide and
sg\llGE:li-gn Greenland and West ‘mm':‘f:gwmmomm - s . dasnd &
Ecosystem changes due to weakening of the meridional overturning circulation'®

0 1 2 3 4 5°C

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



Climate 2.0 - Usable Science for Society

The fundamental question that society Is asking
of climate science has dramatically changed.

Climate 1.0 Is anthropogenic climate change occurring?

Classic, low-resolution, global climate modeling (past 40 years)
After IPCC AR4 findings, the question is now....

Climate 2.0 What is the impact of this climate change
on our coupled human & natural systems?

Magnitude and speed? Direct and indirect impacts?

Adaptation and mitigation - options & limits?

Regional/Local focus on “usable” science

Sustainable Systems: Energy, Food, Water, Health, Cities, Ecosystems
Societal Impacts: GIS, extremes, climate services

Addressing these much more complex, questions requires:
« Vast improvements to existing climate tools ( CESM & WRF/NRCM )
Integrating new approaches, priorities, capabilities,
New collaborators & partners



Table 2.1. Some characteristics of different approaches to CCIAV assessment. Note that vulnerability and adaptation-based
approaches are highly complementary.

Scien(fjjic
objectives

Practical
aims

Research
methods

Spatial
domains

Scenario
types

Motivation

Impact

Impacts and risks
under future climate

Actions to reduce
risks

Standard approach to
CCIAV Drivers-
pressure-state-
impact-response
(DPSIR) methods
Hazard-driven risk
assessment

Top-down Global -»
Local

Approach

Vulnerability

Processes affecting

Adaptation

Processes affecting adaptation

vulnerability to climate change and adaptive capacity

Actions to reduce vulnerability

Vulnerability indicators and profiles Past and present climate risks
Livelihood analysis Agent-based methods Narrative methods Risk
perception including critical thresholds Development/sustainability
policy performance Relationship of adaptive capacity to sustainable

Actions to improve adaptation

development

Bottom-up Local -» Regional (macro-economic approaches are

top-down)

Exploratory scenarios  Socio-economic conditions
Scenarios or inverse methods  analogues from history, other

of cimate and other

factors (e.g., SRES)
Normative scenarios
(e.qg., stabilisation)

Research-driven

Research-/stakeholder-driven

Baseline adaptation Adaptation

locations, other activities

Stakeholder-/fresearch-driven

Integrated

Interactions and feedbacks between
multiple drivers and impacts

Global policy options and costs

Integrated assessment modelling
Cross-sectoral interactions Integration
of climate with other drivers
Stakeholder discussions Linking
models across types and scales
Combining assessment
approaches/methods

Linking scales Commonly
global/regional Often grid-based

Exploratory scenarios: exogenous and
often endogenous (including
feedbacks) Normative pathways

Research-/stakeholder-driven




Climate Science and Applications Program

Promote societal resilience to environmental variability
by conducting interdisciplinary research on the
interactions among society, weather, and climate

GIScience Program
[ RA L ] /[ Olga Wilhelmi ]\ I S P
Governance Reglonal Adaptation
and Adaptation to Climate Change
Kathy Miller J / \ L Caspar Ammann

Resilient Weather, Climate
Sustainable Cities and Health

Paty Romero-Lankao Mary Hayden




CSAP Frameworks: Bridging Social and Physical Sciences

Eernal Extre:me Heat Vulnerzoility
Drivers

ADAPTIVE
CAPACITY

EXPOSURE

Urban design/
Climate vanability Housshold-level KAP land use
and heat waves ealth conditions' change

Macro-level
environmental
and social

perturbations
and stressors # Household resources
Intra-urban Socioeconomic and Targeted
distribution of heat socio-cultural factors Social capital warnings

Climate change

0

Urban land use and

t

Community resources

Carmmunity-

i il and risk reduction
|
Urbanization/ urban hest island eighborhood stability programs mz‘;; .
urban
development

Quantitative and
qualitative interview data

Quantitative
environmental modeled or
maasurad data

Public health
education and
outreach

Population

K change

Phlic assistance

Impacts: Heat-related mortality and morbidity

‘ Urban '
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Biophysical

Physical & .
Science Aspects

Biological
Processes

Information

Actor

Governance Climate-

Urban f R : Economic
esponse Legal Design — iti i
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Traiect Incentives & :
rajectory Constraits Ecolc:glcal Models
Participation System
Actor

Social Science
Aspects

Social, cultural,

Psychological
roots for values



Multi-decadal Regional Climate Predictions of High-
Impact Weather Over North America & the Caribbean

* Global Model: 3 Ensembles from 1950-2060

« NRCM: 1995-2005 Obs, 1995-2005, 2020-2030, 2045-2055,
« 3 ensembles at 36km, 1 at 12 km, specific cases at 4 km.

« Use of statistical downscaling to fill in intermediate periods

Holland - NCAR
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Societal Dimension§\Working Group

Connecting climate res@arch with aajor industrial sector

Water Utility Climate Alliance: create usable climate data with attached uncertainty
at a scale that can inform WWUCA hydrologic and operations models.

CESM Climate Modelers: Advance CESM maddeling éapability and evaluation of
“usability” in a model development context

s

Symbiosis

@ Eé%:? The Stakes on Climate Change:

Sewer Water and Clean Water Sector Only

2011-2031: Without Adaptation

Drinking Water Clean Water
Infrastructure Investment Infrastructure Investment
$335 Billion $298 Billion?

By 2050: Potential Adaptation Costs

Drinking Water + Clean Water Sector:
$448 - 944 Billion*®

12009 Drinking Water Infrastructure Needs Survey and Assessment: Third Report to Congress.” USEPA
Office of Water, 2005.

2“Clean Watersheds Needs Survey 2008: Report to Congress.” USEPA, May 2010.

3 “Confronting Climate Change: An Early Analysis of Water and Wastewater Adaptation Costs,” Association of
Metropolitan Water Agencies, National Association of Clean Water Agencies, 2009.




Respondmg to Seeletal needs

GCMJmprovements

OPTIONS FOR IMPROV-ING)CL.I‘:IA;I'EMsgétigbsq,;:;%{j--} 1"DeVEIOpment and enhancement of
TO AssisT WATER UTILITY PLANNING global climate model ensembiles.
oR CLUMATECHANGE = == = = 5 |mroved use of observations to
constrain climate model projections.
3. Improved modeling of the Tropical
Pacific.
4. Improved decadal prediction.

Regional Model Improvements:

1. Development of regional climate
change ensembles

2. Development of RCM model
components.

3. Development of statistical
downscaling techniques for
probabilistic downscaling, extremes,
and daily data

These needs inte’qrated‘ ihto 2012 CESM development plans.




Climate Services:

“The timely productio v dellvery of useful climate
data, information and knowledge to dec:s:on makers”

(NRC, 2001)
".

“Give me information in such a way that | can make decisions at a
local level. What does this mean for me in the next 3-5 years”
- Jargon-free, clear, actionable, expose the uncertainties

« Science-brokers/translators are important
(Pew Report “Lost in Translation”)

Goal: “Issued” climate products & progesgé\s that allow planners to
move ahead with major, climate-informed, operational decisions
.,,» and get on with their real jobs
...and stay out of court.

US: NCPP, DOI NC-CSC,US NA, ESGF/
Int’l: Climate Service Partnership, ICCS series & WMO/GFCS



- ?‘The Grand Challenge of today...

|n|ng healthy national and local economies,
hanging world of increasing population and GNP,
te resource base.

|I|ty of Energy, Food & Water..

your crltlcal Human systems
Jriculture, Health & Quality of life..

r atural ecosystems...




“Technology alone is not enough. Faster, thinner, lighter, those
are all good things. But when technology gets out of your
way, everything becomes more delightful, even magical...
That's when you leap forward..." Apple iPad




