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What is the Community Earth System Model (CESM) Project?
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. I;rojec{ to develop and utilize a

comprehensive model to: Modeling the Climate System
o0 Investigate and predict seasonal g ] Includes the Atmosphere,
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o0 Estimate future of environment for
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« Collaborations are critical:

o Developed jointly by NCAR,
National Labs and Universities

 Provide support for climate modeling:

o fully documented and freely
available model (portable)

0 model data
o training



Why so much effort to keep improving our collective ability to
model Earth’s climate?

“Prediction is [very] difficult, especially of the future”

(Niels Bohr)
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Community Earth System Model (CESM1)

Core is a Coupled Ocean-Atmosphere-
Land- Sea Ice model (CCSM4)

e 0.5° 1°, 2° T31 resolutions
e 30 minute time step
e 26 atmosphere levels

e 60 ocean levels

T47 * 15 ground layers
e ~5 million grid boxes at 1°

e ~1.5 million lines of computer code

Archive data (monthly, daily, hourly) for
hundreds of geophysical fields (over 250 in
land model alone)



Configuration of CCSM4
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CCSM4: 1° resolution; T+, clouds, P

animation courtesy ETH Zurich



History of Climate Model to Earth System Model Development
http://Iwww.aip.org/history/climate/GCM.htm
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Configuration of CCSM4
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g CESM: A Community Resource

Model data: Over 3,000 sites from 130+ countries
> 230 Tb since 2005
Model code: Over 1100 downloads since April 2010

Courtesy Gary Strand



CCSM / CESM Publications

Ground Water

100
80
B NCAR Lead Author
60
B NCAR Co-Author
M No NCAR Author
40
20
]
2005 2006 2007 2008 2009 2010 2011




CMIP-5 Simulations

e CESM and partners will make a major contribution to IPCC AR5 through
simulations performed with CCSM4.0 and CESM1.0

e CMIP-5 Experimental Design (Taylor et al. 2009):
A set of coordinated climate model experiments to:
v" address outstanding scientific questions from AR4
v improve understanding of climate variability/change
v' provide estimates of future climate change useful to
those considering its possible consequences

e CMIP-5 is a 5-year experimental design, but a significant fraction of the
experiments will be done in time to be included in AR5

v Initialized decadal prediction and long-term climate change
v" Includes carbon cycle, paleoclimate, whole atmosphere, and land ice




CMIP5 Long-term Climate Change Experiments

e All Core + Most Tier
completed at NCAR
(> 11M GAU used)
(~500 Tb history output)

e Began in Sept 2009

ensembles:
AMIP & 20 C

Control, e Experiments with:

RCP4.5,
A'\Z/'(')P'C& RCP8.5 o CAM4
o CAM5
Control & 20 C RCP8.5 o CAM-CHEM
o WACCM

1%/yr CO, (140 yrs)
abrupt 4XCO, (150 yrs)
fixed SST with 1x & 4xCO,

e 1,000 yr controls

e Ensembles:
o Historical
o RCPs

e High-frequency output
o Control
o Historical
o RCPs

Coupled carbon-
cycle models

I, S @y




Have GCMs actually been getting any better?
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CMIP-3

Reichler et al., 2008, BAMS



Selected Results

* Pre-industrial controls (CCSM4 and CESM1)
v'1850 conditions, multi-century, mostly 1° resolution
v' some comparisons to 1870 CCSM3 (T85)

« 20 century transient simulations
v' 1850-2005, some ensembles, mostly 1° resolution
v' some comparisons to CCSM3 (1870-1999; T85)

* Observations (best available, common periods)
« Mean and Variability
 Good and Bad

e Details and more results in CCSM4 and CESM1
Journal of Climate Special Collections (—65 papers)




SST Biases

CCSM3 (Pre-Industrial)

~ mean = -0.76°C
rms = 1.57°C

mean = 0.30°C
rms = 1.46°C

Overall reduction

mean = 0.07°C SST bias, all basins

rms = 1.11°C

106 4-3-2-10123 4 610




Equatorial Pacific SST T

(Late 20t Century)
a) EQUATORIAL PACIFIC MEAN SST

30

28

O — il
s 4 OBSERVED
24— CCSM4 —
CCSM3

22 ] : . :
120°E 160°E 200°E 240°F 280°F




Equatorial Pacific SST T

(Late 20t Century)
0) EQUATORIAL PACIFIC MEAN SST

30
28 - —
© 267 5BSERVED B
24— CCSM4 -
29 1 CCSM3 ' ’ .
120°E 160°E 200°E 240°E 280°E
Observations CCSM4 CCSM3

MONTH
e T R PSS e e P W OO EOD




JFM Arctic Sea Ice T

(Late 20t Century)
CCSM4




Incoming Shortwave Radiation T

(Differences from SHEBA Observations)
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Antarctic sea ice cover T

(Late 20t Century)
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GRACE satellite measures small
changes in gravity which on
seasonal timescales are due to
variations in mean soil and snow
water content. CLM4 has
improved capacity to store water
from one season to the next




Land surface temperature (annual)

(Differences from Observations: 1950-99)

T RMSE: CCSM3 T, RMSE: CCSM4 T, RMSE: CCSM4 vs CCSM3
3.01°C 271°C 27.1%(+) 12.9%(-)




Total Precipitation
(Annual)

Average = 2.96 Min. = 0.06 Max. = 20.34 Average = 2.89 Min. = 0.05 Max. = 13.92
90NI..I..I..I..I..I..I..I..I.I..I..I..ISON PARTRN (NTRNTIN (NN NN TN NSNS (NN NN SN S NN TNNTAN (SUNANN SU U R, S
60N 60N
30N 30N

0 0
308 308
60S ~ 60S
gﬂls"—"I"I"I"I"I"I"I"I"I"I"I"-gmsI"I"I''I"I"I"I"I"I"I"I"I"I

330W 300W 270W 240W 210W 180 150W 120W 90W 6&0W 30w 0 30E 330W 300W 270W 240W 210W 180 150W 120W 90W 60W 30w 0 30E

oo et e SR M D e L g AveRgesaf0 | MncO0OiMex R
60N — 60N
30N 30N
0 0
308 308
60S 60S

lccsma (T85)[ =

8 +—+—/—r———7""" "’ "T""]] "]+ ¥ 4+——T"TTT T T T T T T T
330W 300W 270W 240W 210W 180 150W 120W 90W 60W 30W 0  30E 330W 300W 270W 240W 210W 180 150W 120W 90W 60W 30W 0  30E
05 1 15 2 25 3 4 5 6 7 8 9 10 11 12 14
mm/day




Total Precipitation Difference o
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Total Precipitation Difference
(Annual)

Ave.=0.28 RMSE=1.10  Min. = -6.24 Max. = 9.94 Ave.=0.20 RMSE =1.27  Min. = -5.65 Max. = 6.30
90N [RRNTIN URNT (TR ST S NN NSNS S NN NS SN UN S S W 9oON o s o e e o e s ey e e s
C on g
L o l
. L __533: P . __

[[cCsMa (1deq)| ™2 w51  [ICCSM4 (2deg)] B B |

WS 1T T T T T T T T T T WS T T T T T T T T T T T

330W 300W 270W 240W 210W 180 150W 120W 90W 60W 30W 0  30E 330W 300W 270W 240W 210W 180 150W 120w 9S0W 60W 30W 0  30E

- Ave.=0.11 RMSE=1.29 Min. = -6.57 Max. = 7.28
QON A b V)

[ CCSM3 (T85) w

T
330W 300W 270W 240W 210W 180 150W 120W 90W 60W 30W 0  30E

B [ [ [ [ [ ]
8 6 4 -3 -2 1050 05 1 2 3 4 6 8
mm/day




Total Precipitation Difference
(Annual)
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Tropical Land Precipitation T
(Frequency of Daily Rate)
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High Latitude SLP (DJF) o

Systematic Reduction in North
Atlantic and North Pacific
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High Latitude SLP (DJF) o

Systematic Reduction in North
Atlantic and North Pacific CESM
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North Atlantic Variability

Observations
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Intraseasonal Variability

Lag correlation of 20-100 day band pass filtered precipitation and 850-mb zonal wind

Observed
(GPCP,ERA4Q) CCSM4 CCSMS3 (T85)

precip (color) | | | u (!|nes) pracip ;mlbr) | U {lines) precip (color)
4 L ] | |

| U {lines)
v

1
20 e 0
,,,,,,,,,, 20 4 . w " -
1 = = i
10 __.I s < {—-—“" '-':"‘ -a.l_
—_— 10 F=1 ] - d
gj“ ] =l i i_ \'|1'| P I‘”i
© 1y =2l oy ® )=
S 0 - 0 al 5 |' L 4_-‘; 9
& it o -
E B'.llf "u,i ‘I qH
I f;
-4 - I L] ~f
0 =10 l\ 1 "- LS ] Q I\\L -
4 -'DJ \ i (=] y
.20 - ] =
-20 4 (’\ ﬁ A =
I . T I T T T T
_GO0E 120 180 120W  6OW 0 EOE  120E 180  120W  &0W 0 BOE  120E 180 120W  BOW
precip (color) U (lines) ’
precip :cnllcr‘l

5 e MR B
:— 20 -: \_’,.) L
: T Y
— 10 i Lo S (;:) ff.--.\“ -
[ ] PRt £ TS

R J

lag (days)

205 Q 20N 205 1] 20N

1 -08 06 04 -02 0 02 04 06 08 1




20th Century and
Future Climate




5 — Observations |-

Global Temperature

(1850-2005) |

CCSM4.0

7 CESM1.0 (WACCM)

| I | | | | ] ] | I | I | | | | I I I I ] | |
1880 1900 1920 1940 1960 1980 2000




Equilibrium Climate Sensitivity

3.20°C in CCSM4 at 1°; 2.86°C in CCSM3 at T85

Due primarily to decline in negative lapse-rate feedback and an
increase in positive shortwave cloud feedback
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Representative Concentration Pathways (RCP)
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Simulation of the 20t and 21st Centuries
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20" Century Surface Temperature Changﬂ

Ave. =0.73 Ave. =0.72
90N

- 60N

L 30N

308

—— pra— 60S

flccsma (1 deg) | CCSM4 (2 deg) [

—T T n : T .|‘_| 908 ——TT T

J30W 300W 270W 240W 210W 180 150W 120W 90W 60W 30W 0  30E 330W 300W 270W 240W 210W 180 150W 120W 90W 60W 30w 0  30E
Ave. = 0.48
T I S T I

ON T TR S IR I |
oN

ON —

0s

0S _- ’ = -_
{1 OBSERVATIONS= - .

DS T T I T T I T T l T T l T T | T T I T T I T T I T T | T T I T T I T T
30E 60E 90E 120E 150E 180 150W 120W 90W 60W 30W 0 30E

(| I N
25 -2 -15 -1 -075-05-025 0 02505075 1 15 2 25
K

Warming too strong in CCSM4.0




Projected # of Days of Extreme Heat (RCP8.5) W

2090-2099 Annual Tmax>90F

g L X

2090-2099.

e : m— ._




September Arctic Sea Ice Extent T

’ lM

19 k"

6
g
1 T 1979-200% Stan Dey
T g ey 1979; .
SSM/T Observations 0504 D538
4 CC8M4 20 Century 0671 0797
3

Yrear
Gy e




Seasonally Frozen Ground

CCSM4 (1980-1999)
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Earth System Model
Features of CESM1




Anthropogenic Aerosol Affects: CESM1 (CAM5) W

(late 20t century relative to pre-industrial climate)
Total aerosol change (optlcal depth)

-
i

v'Increased aerosol burdens in SE Asia, Europe,
NE North America, Brazil

SofPocooo

oo

R883882°38888

sbbbos0
]

_ v’ Increased cloud droplet number concentration;
90S Ly EROL AN RAELEY | T | ERER D PR ERO BLELE SROnin BLELES DLELIN DLILE §

330W 300W 270W 240W 210W 180 150W 120W 90W 60W 30W O 30E Strongest Over |and
Cloud water droplet number

concentration (#/cc) at 850 hPa

v Increased numbers of smaller drops; thus

8

@ brighter low clouds with more liquid

;

% Low cloud affects: net cooling over 20 century
O .« .o iy more reflection — higher albedo

330W 300W 270W 240W 210W 180 150W 120W 90W 60W 30W 0 30E

Liquid water path (g/m?2)

40

32

24 @

16 ] - o

13::. T *, smaller cloud particles
4 . 9 r‘.—f less precipitation
5 = a

2 pouuted z? b

-16 ,huherupﬂcaldemh

o — less radiation at surface

40

330W 300W 270W 240W 210W 180 150W 120W SOW 60W 30W 0  30E




20th Century Surface Temperature Change
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New Capability: Urban Modeling

Present day Urban Heat Island (UHI) simulated by
Community Land Model Urban (CLMU)

(°C)
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» CLM4 includes a
representation of urban
processes; global simulation of
urban environments incl. T of
cities.

» The UHI describes the fact
that urban areas are generally
warmer than surrounding rural
areas.

> More directly evaluate
projected changes in urban
heat stress

Oleson, K.W., G.B. Bonan, J. Feddema, M. Vertenstein, C.S.B. Grimmond, 2008a, J. Appl. Meteor. Climatol.
Oleson, K.W., G.B. Bonan, J. Feddema, M. Vertenstein, 2008b, J. Appl. Meteor. Climatol.
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Paleoclimate: Late Permian continents

Late Permian 255 Ma

Ancienn Langvass gl
Modern Landmacy 2

Subduction Zone {uiangles point in u-_../'
direction of subdycton) a%

i e |

Sea Fioor Spreating Risge ["'




Simulation with CCSM3: Ocean barotropicj
streamfunction (Kiehl and Shields, 2005)

Permian (250Ma)
BSF Sv




An ice sheet model in CESM T

o Community Ice Sheet Model (Glimmer-CISM)

o Currently Glimmer-CISM 1.6 (shallow-ice dynamics)
o Glimmer-CISM 2.0 (higher-order dynamics) to be added soon
» Greenland grids at 5, 10, and 20 km are supported.

» CESM also includes a new surface mass balance scheme for ice sheets in CLM.

» The surface mass balance is computed on the global land grid, then sent to
Glimmer-CISM and downscaled to the local ice sheet grid.
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Left: Greenland SMB from s da
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Superfast Chemistry in CESM T
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Final Thoughts




Some Upcoming Challenges

lake ™ f‘

. lncorﬁoration of vast array of new capabilities and
parameterizations provided by the community (e.g., isotopes,
super-parameterization — embedded cloud resolving model,
global methane cycle, ...)

 Regional refined grids (NRCM and static regionally refined
meshes)

 Extending data assimilation capability
* Incorporation of hooks for human dimensions
* Improved validation metrics, benchmarking

 Post-processing — data management

Atmosphere roame Ocean B -
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Thanks and Get Involved!
« CESM Workshop every June in Breckenridge
 Working group meetings in Winter every year
 Model development discussions
 Download and analyze CESM output

« CCSM4 CMIPS5 data will be posted to Earth System Grid
~May 25
 Download and run the model and do great science with it!

* Sign up for CESM and/or Working group email lists (see
www.cesm.ucar.edu)
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CSM 1 was the first climate model to produce a

Surface temperature (K)
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Decadal Forecasts

For forecasts need to initialize the ocean component.

Use an ocean and sea ice hindcast from 1950 — 2005
forced by best estimate of atm forcing from reanalysis.

Run ocean component alone forced by atm reanalysis,
but assimilating ocean temp and salinity observations.

This I1s new, and more deep ocean obs after —2003
from ARGO floats trying to initialize N Atlantic MOC.
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North Pacific Decadal Variability W
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Initialized (Decadal) Predictions with CCSM4 W

North Atlantic SST RMS Error (North of 30°N)
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