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Surface temperature change relative to 1870-1899 baseline CCSM3 IPCC AR4

Globally averaged surface temperature change
(relative to 1870-1899 baseline)
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Is the IPCC being too Alarmist?

Arctic September Sea Ice Extent:
Observations and Model Runs
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If anything, we
are being much
too conservative!



Since AR4, the questions society is asking
climate change science dramatically changed.

Is anthropogenic climate change occurring?

What will be the of impac’t of anthrOpogenic climate
change on_couplegiiiman-and natural’systems?

slMlagnitude and speed... in specific regions and sectors?
* Direct and indirect impacts?

» Adaptation vs mitigation

» \What are our options & limits?

> Addressing these new, much more complex, questions requires
* NeW approaches & priorities,
* Nnew science capabilities,
* new collaborators/partners

> Vast improvements.still reqd*for Climate Models & Observation

Image courtesy of Canada DND
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NCAR CCSM4 & IPCC ARS Estimated Timeline

¢ Jun08 CCSM Worlq'shop
7, CCSM4 development

CCSM4 Stage 2 Complete
. CCSM4 Stage 3 Validation
Feb 1'09 ¢, Finalize CCSM4 Components
Feb 1 '095 CCSM4 1000yr Control
Jun1'09
Jun1'09
Jul1'09
Jan1'10
Jan1'10
Mar1 '10 " s 1
May 1°'10

Feb1 '10 i

CSM4 Release at 2009 CCSM Workshop

CCSM4 AR5 sensitivityftest runs
Prepare Scenario Data

Runs start

AR5 Historical runs
----------------- 7 IPCC AR5 Near-term Hi-Res Scenario Runs

IPCC AR5 Long Low-Res stabhilization Runs

Dec 3110 "¢ Runs Finish

Jun1'11 e All Data Submitted
Jun1'1 Q_Eaper_Submisiion Deadline
Dec 15'11 Yo PaperAccepted Deadline
Feb 2013 IPCC AR5 Release ¢




-New CCSM Components for CMIP5

— Direct and |nd|rect effects .
-» Chemistry i Z
- —Radiative and air quality issues :
 Dynamic Vegetation
— Historical evolution, future paths
 Carbon & Nitrogen Cycle N R
— Ocean & land biogeochemistry . 1
— Anthropogenic (trans' nf \énd
 Land Ice Sh-eets
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Horizontal Grid Size (Km)
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The CMIP experience: The importance of Community

From “Climate Models: A Users Guide” Daniel Farber, Sho Sato Professor of
Law and Faculty Director of the California Center for Environmental Law and Policy,
University of California, Berkeley.

[Climate] Model predictions cannot be taken as gospel. There is
considerable residual uncertainty about climate change impacts that
cannot be fully quantified... The policy process should be designed with

this uncertainty in mind.

«Economic models are much less advanced, and their conclusions should
be used with caution. Unfortunately, economists are not always carefully
about incorporating uncertainty into their policy recommendations.

<Climate ientists have created a unique institutional system for assessing
and improving m?')dels, going well beyond the usual system of peer review.
~-Gonsequently thei ions should be entitled to considerable
Sy .
credence by-courts and agencres:—




CMIP Data Services: Earth System Grid
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* Petabyte-scale data volumes
* Globally federated sites

Primary ESG Servers

Mass storage,

* “Virtual Datasets” created through disk cache.
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From: Earth System Grid Center for Enabling Technologies: (ESG-CET)



LUUSGS Briefing on Results:
cience forachangingworid | JSGS Science Strategy to Support U.S.

Fish & Wildlife Service Polar Bear
Endangered Species Listing Decision:
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North Atlantic and North American
Regional Climate Changes

The goal is to simulate
the effects of climate
change on precipitation
across the intermountain
West States and tropical
“8 cyclones, with a focus on
iy the Gulf of Mexico.

_ =

36, 12 and 4 km domains nested into CCSM

1996-2005, then time slices out to 2050

Multi-member ensembles for each period

Dedicated time on NCAR IBM Power 6 (Bluefire) since July:

> 24 nodes (~20% of total number of processors)
» 36 (12) km simulations use 128 (256) processors per job

» Will use 3.9M processor hours through 11/08 L‘
NC

» ~300 Tb of data (to date); 450 Tb total (including earlier runs)




Improving Predictions of Regional
Changes in Weather and Climate

The Nested Regional Climate Model

High Resolution Climate Modeling

___IPCC (2013)
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Thankst, * Any/Questions?

S

| Lawrence Bu;a southern@ucar edu
“National Center for Atmespher/c Research
Boulder Colorado _ -
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“Scrence : _
glven us by ocrety to do bas:e research but in return we have a very lmportan't

‘ moral respohs:blllty to apply that research fo benefltmg humanity.”
Walter Orr.

Roberts NCAR Founder




HPC dimensions of Climate Prediction

New Science Better Science

(new processes/interactions (parameterization — explicit model)
not previously included) \
Resolution limescale

(simulate finer details,
regions & transients) \

Ensemble size Data Assimilation

(quantify statistical properties of simulation) (decadal prediction/ initial value forecasts)

(Length of simulations
* time step)

Lawrence Buja (NCAR) / Tim Palmer (ECMWF)




HPC dimensions of Climate Prediction

New Science | Better Science
ESM+multiscale GCRM

Spatial
Resolution .
XY2) Timescale
: OO(Y*e’?ars*timestep)

Lawrence Buja (NCAR)




Climate of the last Millennium

— Paleo-CSM 1.4 (solar scaled to Lean at al. 1995, and IPCC A2)
3 4—— Proxy-Reconstruction {Jones et al. 1998)
Instrumental Record (Jones et al. 2003)
—— Paleo-CSM 1.4 (natural only, no anthropogenic forcing)
"Medieval Warmperiod" 2 -

equiv. max-temperature
reached in 1940

2000 - 2100 _ +2.5°C
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CSM-Natural forcings only:
0.5 - 0.7°C colder than
observations over 1990s:

This would represent the largest
deviation from observations
over the Millennium

Caspar Ammann
NCAR/CGD



TS (Globally averaged surface temperature)

Probablistic Climate Simulations

Stage 1. 1870 control run: 1000 years with constant 1870 forcing: Solar, GHG, Volcanic Sulfate, O3

Stage 2. Historical: 1870-2000 run using time-evolving, observed, Solar, GHG, Volcanoes, O3

Stage 3. Future Scenarios: 4 2000-2100 IPCC Scenarios from end of historical run

A12100

A1B 2100

3. Future Scenarios B1 2100

2. Historical

1. 1870 control

Years
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wowr ) ] 4
VO W

RUNS

Years{case ¢)

Globally Averaged Surface Temperature (K)

IPCC A2 (2000-2100)
IPCC ALB (2000-2200)
IPCC B1 (2000-2200)
IPCC Const {2000-2100)
Historical (1870-2000)
1870 Control (0-500)

1 I 1 I
2200

1870 2000

o
h#kgugA.J‘ }.’ .",

PR,
"f »' y.

7,

001

Ctrl Run Years

LI I B B |
360 380 100 420 440

{a) (b} (e} (4} (o)




2030: A Warmer and Wetter World

IPCC A1B Sfc Air Temperature 2030-1990 IPCC A1B Precipitation 2030-1990

NCARDOE Cimate Prediction - e ucar educcr
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IPCC A1B Extreme Temp. Range 2030-1990 IPCC A1B Frost days 2030-1990

Temperature :
at 2030

Averages and
Extremes
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IPCC A1B Growing season 2030-1990 IPCC A1B Heat Waves 2030-1990
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IPCC A1B 5-day Precip 2030-1990 IPCC A1B Precipitation Intensity 2030-1990

Precipitation
at 2030

Averages and
Extremes
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