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CESM Status
•! CESM2 currently being assembled

–!CAM5.5, POP2+, CLM5, CICE5

•! CESM has benefitted from previous CPTs
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CESM Status
•! CESM2 currently being assembled

–!CAM5.5, POP2+, CLM5, CICE5

•! CESM has benefitted from previous CPTs

•! Numerous biases remain within CESM

•! We highlight examples of some important biases 
across different model components and the need for 
new model capabilities

•! The examples given are areas where process 
understanding could lead to model improvements
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Example: SST Bias

Late 20th 
Century 

Relative to 
HadISST

(Danabasoglu et al. 2012)

Anomalously Warm Coastal Upwelling Regions
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Example: SST Bias

Late 20th 
Century 

Relative to 
HadISST

(Danabasoglu et al. 2012)

Biases associated with the Gulf Stream 
Separation and Path
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Bias Example: Southern Ocean

•! CESM simulations have shallow mixed layer depths in the 
Southern Ocean

•! This bias is not strongly dependent on the atmosphere or model 
resolution

•! It is affected by vertical and lateral ocean mixing processes
Courtesy of Matt Long

(a) CAM4 (b) CAM5 (c) CORE-forced (d) Hi-resolution
Shallow Mixed Layer Depths
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Bias Example: Southern Ocean

Comparisons of simulated 
and observed ocean CFCs

Indicate too little Southern 
Ocean uptake

Courtesy of Matt Long

Anthropogenic Carbon 
uptake bias

20th century runs simulate 
too little carbon uptake
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Bias Example: !
Excessive Southern Ocean Absorbed Shortwave 

Radiation 

                     

(Kay et al., 2014)

Latitude

CESM-CAM5 simulates excessive TOA Absorbed Shortwave Radiation
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Courtesy of Jennifer Kay

Cloud phase biases in atmosphere-only CAM5 runs!
(using simulator-enabled comparisons with CALIPSO)

Over the Southern Ocean: Not enough Liquid, Too much Ice
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Bias Example: Snow on Sea Ice

CESM retains excessive snow 
cover on sea ice during summer

JAS Snow Depth
1981-2000 CESM-LE
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the albedo drops below 0.84 until it reaches 0.65 for the last time. Pond formation is identified with an
albedo less than 0.65, decreasing with a relatively steep slope and lasting at least 5 days. Pond
development is determined by a reduced slope. Initial freeze onset immediately follows the albedo mini-
mum. Full freezeup returns the surface to its initial condition, covered by cold snow with albedo of about
0.85.

Responding to synoptic-scale weather variability, the model record has significantly larger variability than
the empirical record. The empirical albedo is heavily smoothed, and while this is not representative of natu-
ral conditions, it is imposed by the algorithm used to generate the record. As with the previous figures, only
summers that meet the 50% ice concentration requirement for the entire summer are included. For both
records, the 76!N study area (the most southerly of the three) has the fewest summers that meet this
requirement. The number of qualifying summers increases for the two more northerly study areas.

Figure 5. Summer ice albedo at three locations along 170!W (82!N, 79!N, 76!N) from (a) model (left) and (b) empirical record (right). Col-
ors correspond to phases of albedo, (1) cold snow (dark blue), (2) melting snow (cyan), (3) pond formation (green), (4) pond development
(red), (5) freezeup (magenta). Gray curves indicate summers where the model albedos do not follow the typical pattern of melt. The inset
shows map of SHEBA drift track and area of three study sites.
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(Light et al., 2015)

Simulated Surface Albedo

Obs-Based Albedo

•!High snow cover leads to high 
albedo
•!Modifies surface albedo response 

and feedbacks
•!This is an intermittent phenomena 

associated with ephemeral summer 
snowfall events
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Courtesy of Matthew Sturm

Many known snow processes are not incorporated into CESM

Processes 
influencing 

snow evolution
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Peacock, 2012

Summer precipitation 
bias in percent
CCSM4 minus 
observations

Model Bias – Rainfall Spatial Distribution
Poor representation of orographic 
effects
•! Resolution of complex 

topography
•! Boundary layer processes over  

orography
•! Cloud microphysics



10/21/15 14!"#$%&#'($)*+",-.%%*/$0."%'#$0($)*',*123",4.*5&(2#'.*6,0.&%*
7-',8."*9:;<*

!"#$%"&'())"*+&
,-())"*+./0"#12+/&

Model Bias – Rainfall Spatial Distribution

!
!"#$%&'#()*'+,&$,-$./#*+0+')'+,&$)&1$2(,3()0"4$5%./26$$
!
!"#$#%&'()*+,-%%-#.(/#"(012(345&.624()0*47(!"#8"&,(93)!:(;<=>()*,,2"(?#''#@*-*,(
!
"#$%&'()#*!+,-./0! ! ! ! !
/'12!,)%3)!!+-4560! ! ! 7'812!79&1#')::!+-4560! ! !
;<3'9!=%1>)'*8)#!+-4560! ! /9?!/%*><**)&!+/.60! ! !
;9)!@#'AA'%!+-4560! ! ! 7%#8?&!-3%#B!+/.60!
C)8)#!6%<#'8()&!+-4560! ! D82%&!4<8>%&&!+/.60!
!
"#$%&'()#*!+&9&E,-./0!
5%3)!5<#%&!+FG!H%*2'&$89&0! ! H'33'%>!=99*!+I%3)0!
-3'::!7%**!+FG!H%*2'&$89&0! ! 7'B)!7)?)#*!+,"..0!
!
"J)#J')K!
!
7%&?!9:!82)!>%L9#!M#)1'M'8%8'9&!:)%8<#)*!%1#9**!82)!$39A)!%#)!%**91'%8)N!K'82!82)!M#)*)&1)!
9:! *'$&':'1%&8! 9#9$#%M2?G! ! @2'*! '*! 8#<)! )J)#?K2)#)! 39KE3)J)3! :39K! %&N! 82)! M#)*)&1)! 9:!
>9'*8<#)!19>A'&)!K'82!9#9$#%M2'1!<M3':8!89!M#9J'N)!M#):)#)&8'%3!391%8'9&*!:9#!M#)1'M'8%8'9&G!
@2)! 9#9$#%M2'1! '&:3<)&1)*! :#)O<)&83?! )P'*8! %*! 391%3!>9N':'1%8'9&*! )>A)NN)N! '&! 82)! 3%#$)#!
*1%3)! :39K! %&N! M#)1'M'8%8'9&! :')3NG! 5<)! 89! 82)! 19>M3)P! &%8<#)! 9:!>9*8! 9#9$#%M2'1! #)$'9&*!
K2)#)! *1%3)*Q! $#%N')&8*! %&N! )3)J%8'9&! 1%&! J%#?! '&! %! ><38'8<N)! 9:! K%?*! 82)#)! '*! 3'883)!
$)&)#%3'(%8'9&! M9**'A3)! :9#! 82)! #93)! 9:! 9#9$#%M2?! '&! 82)! N'*8#'A<8'9&! 9:! M#)1'M'8%8'9&! +R'$G!
S%0G! T&!>9'*8)#!)&J'#9&>)&8*! '8!>%?!A)!%! *8#9&$!%>M3':')#!9:!M#)1'M'8%8'9&!%>9<&8Q!A<8! '&!
N#?)#!)&J'#9&>)&8*Q!82)!13'>%8)!>%?!K)33!A)!>9#)!N)*)#8E3'B)!K'82!'&1#)%*)*!'&!)3)J%8'9&G!!
!

! !
7+38(#$ 9:! +%Q! 3):80! 5'::)#)&8! #)$'>)*! %**91'%8)N! K'82! M#)1'M'8%8'9&! 9J)#! 9#9$#%M2?U! +AG! #'$280!
N'*8#'A<8'9&! 9:! M#)1'M'8%8'9&! '&! 9A*)#J%8'9&*! +@/770! %&N! '&! -.7! :9#! VGWXY! %&N! SY! #)*93<8'9&!
*'><3%8'9&*!9J)#!82)!FZ!*29K!82)!*8#9&$!%**91'%8'9&!A)8K))&!#%'&:%33!%&N!82)!/91B?!>9<&8%'&*!82%8!
'*!&98!*))&!9A*)#J%8'9&*G!

79#)! $)&)#%33?! 82)! M#)*)&1)! 9:! M#)1'M'8%8'9&! &)%#! 9#9$#%M2?! )*8%A3'*2)*! 82)! 391%8'9&! 9:!
13'>%8)Q!:39#%!%&N!:%<&%!(9&)*Q!82)!8#%&*'8'9&!A)8K))&!K2'12!1%&!A)!#%M'NG!!.NN'8'9&%33?Q!82)!
)&2%&1)>)&8!9:!M#)1'M'8%8'9&!M#9J'N)*!%!1#'8'1%3!K%8)#!#)*9<#1)!:9#!2<>%&'8?Q!A<8!82'*!*%>)!
)&2%&1)>)&8Q! 19>A'&)N! K'82! *8))M! 89M9$#%M2?! 1%&! #)*<38! '&! 1%8%*8#9M2'1! :399N*G! @2)!
'>M%18! 9:! 13'>%8)! 12%&$)! 9&! 82)*)! *?*8)>*! 19<3N! M#9J)! 89! A)! M#9:9<&NG! "#9$#%M2'1!

Courtesy of Rich Neale

Summer Rainfall
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modeling and that the limitations of this and equivalent
DGVM approaches to vegetation mortality currently in
use need to be kept in mind when interpreting the po-
tential future vegetation changes shown in this study.

c. Projected vegetation changes over western NA

The simulated future response of vegetation coverage
of four dominant plant functional types (PFTs) in
western NA to future climate change is shown in Fig. 5.
There is a broad consensus across the different climate

trajectories simulated in our ensemble for a decrease
(from an average of 25% in 2005 to an average of 11% in
2100) in needleleaf evergreen tree coverage and an in-
crease (from average of 11% in 2005 to an average of
25% in 2100) in shrubs and grasses beginning around the
year 2030 (Fig. 5a). An analysis of changes in spatial
coverage (Fig. 5b) indicates that the area covered by the
needleleaf evergreen tree PFT shrinks and is partly re-
placed by shrubs or grasses over northwestern NA be-
tween 408 and 598N. A decrease in tree coverage over

FIG. 5. (a) Time series for 2005–99 of spatially averaged fractional coverage of four dominant types of PFTs over
western NA. Shaded area represents the ensemble range of eight CESM runs, and lines are the eight-model means.
(b) Spatial distribution of changes in needleleaf evergreen tree coverage between 2070–99 and 1961–90. Stippling
represents the area where the ensemble mean change is larger than the intermodel standard deviation. The ratio of
mean to standard deviation can be related to formal tests of statistical significance and confidence intervals, if the
individual model results were to be considered a sample. (c) Time series of the number of grid cells that experience
heat stress mortality in northwestern and southwestern NA. (d) The percentage of vegetated grid cells (with at least
1% coverage of needleleaf evergreen tree) that experiences more than 20% reduction in needleleaf evergreen tree
coverage in northwestern and southwestern NA, relative to 2005. Heat stress mortality is defined in section 3d.

3678 JOURNAL OF CL IMATE VOLUME 26A need for new model capabilities

Models like CESM with CLM-DGVM suggest widespread conifer die-off by 2100

•! However, tree response to soil moisture deficits not well represented 
•! Forest loss is a complex problem that requires combined consideration of 

climate, hydrology, ecology, and plant physiology and diversity

Jiang et al. 2013

Example: Forest Vulnerability

(Courtesy of Dave Lawrence)
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•! Current soil moisture stress 
parameterization has limited physical 
meaning.

•! Measurements exist that would inform 
new plant hydrodynamics 
parameterizations 
•! Sap flow
•! Physical properties of plant water use 

(wood density, conductance, water 
potential)

•! Satellite information on properties 
related to canopy/leaf water content. 

Plant hydrodynamics
A need for new model capabilities

(Courtesy of Dave Lawrence)
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Summary
•! Biases exist across all components of CESM
•! There is also a need for new capabilities that will 

enhance process representation
•! Improvements in both of these areas will increase 

the reliability of the simulated climate system 
response

•! In many cases, process knowledge and 
observational information exist that could and 
should inform model developments in these areas
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Figure courtesy of Steve Ghan

Questions?
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Extra Slides
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Model Bias – Rainfall Spatial Distribution
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Courtesy of Rich Neale

Summer Rainfall
Poor representation of orographic 
effects
•! Resolution of complex topography
•! Boundary layer processes over  

orography
•! Cloud microphysics
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Model Bias: Rainfall frequency

Courtesy of Rich Neale

•! Common bias for 
many regions: Too 
much light rainfall, 
not enough heavy 
rainfall

•! True even with 
25km atmospheric 
model resolution

•! Likely related to 
convection

(0.25o)
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Blue Shading: 
CESM Ice clouds

Gray Shading: 
CESM Liquid Clouds

GV Altitude
Pressure

+ HIPPO Ice (Ni>0)
+ HIPPO Liq (Nc >0)
+ HIPPO Liq T<0C

Latitude

Green Shading: 
CESM Liquid <0°C

Model Missing Supercooled Liquid

Consistent with comparisons to In-Situ Data
•! Simulation of individual events with CESM using 

specified dynamics 
•! NSF G-V Aircraft flights over the Southern Ocean
Example: Research Flight: June 2011 Specified Dynamics version of CESM to simulate a 
particular day. Force winds and Temps. What do the clouds do? 

Courtesy of Andrew Gettelman
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Bias Example: Southern Ocean Ventilation

Comparisons of simulated 
and observed ocean CFCs

Indicate too little Southern 
Ocean uptake

Has implications for 
simulated ocean heat and 
carbon uptake

CESM1-CAM5 20th Century 
Simulation

Courtesy of Matt Long
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How vulnerable are Western US forests to climate change?

Models with simple representation of plant 
water use and mortality, like CLM-DGVM, 
suggest widespread conifer die-off by 2100

But … these results are likely unreliable; tree 
response to soil moisture deficits is represented in 
ad hoc way in land models. Forest loss is complex 
problem that requires combined consideration of 
climate, hydrology, ecology, and plant physiology 
and diversity

Jiang et al. 2013
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Process-Evaluations: In-Situ Data
•! Can simulate individual events with CESM
•! Example: NSF G-V Aircraft flights over the 

Southern Ocean looking at Cloud Microphysics

Example: Research Flight: June 2011 
Specified Dynamics version of 
CESM to simulate a particular day. 
Force winds and Temps. What do the 
clouds do? 
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Section along H4RF05 (Jun) Flight Track

Blue Shading: 
CESM Ice clouds

Gray Shading: 
CESM Liquid Clouds

GV Altitude
Pressure

+ HIPPO Ice (Ni>0)
+ HIPPO Liq (Nc >0)
+ HIPPO Liq T<0C

Latitude

!
+ 
!
+ 
+
!

Green Shading: 
CESM Liquid <0°C

Model Missing Supercooled Liquid
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Example: SST Bias

CESM-CAM5 Late 20th Century Relative to HadISST

Coastal Upwelling Regions – Anomalously Warm
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CESM Timeline?
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Development goals for CLM5
•! Ecosystem Demography model – future biogeochemical core of  CLM 

Goal: Globally functional CLM5(ED)for CESM2; CESM2 coupled runs within CMIP6 

timeframe; will not be CESM2 default configuration 

•! Land cover and land use change 

Goal: Global / transient crop simulation with irrigation, fertilization, and cultivation of  

crops (land management) as default for historical runs 

More realistic land cover change impact on water and energy fluxes 

•! Carbon cycle 

Goal: Improved 20th century land carbon storage trend, response to N-additions 

Thoroughly revised Nitrogen cycle processes, improved wood harvest  

•! Hydrology 

Goal: Hydrology model that is closer to state-of-art understanding in hydrology 

New river model, updated groundwater, snow,  

•! Land-atmosphere chemistry coupling 

Goal: enhanced interactions, fire emissions, ozone damage to plants 

•! Water and carbon isotopes 
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Community Earth System Model
Forcings:
•! Greenhouse gases
•! Manmade aerosols
•! Volcanic eruptions
•! Solar variability
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High-res 
timeslice
High-res CSLAM

Ice + mixed phase
Convection microphys.
TMS, Dust emissions

Code speed-
up

Bug fixes
Energy 
changes

Code speed-

Energy MAM4

High-res 
tunings

CAM5.4

CAM5.3 CLUBB+MG2MG2

Coupled 
Simulations

Coupled 
Simulations

Coupled 
Simulations

Coupled Coupled Coupled 

CAM5.5CAM5.5

Coupled 
Simulations
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