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First Challenge

Building parameterizations that
encapsulate sub-scale
behaviours that are not explicitly
resolved.
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Post AR5
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Multiple, diverse single column case

Gsmutefo, studies: LES—> SCM —> GCM

Space Studies

dry convective boundary layer

dry stable boundary layer

marine stratocumulus

marine trade cumulus (shallow)

marine trade cumulus (deep, raining)
marine stratocumulus-to-cumulus transition
continental cumulus

Arctic mixed-phase stratus

mid-latitude synoptic cirrus

tropical deep convection

continental deep convection

idealized [Bretherton and Park 2009]

GABLS1 [Bretherton and Park 2009]
DYCOMS-II RFO2 [Ackerman et al. 2009]
BOMEX [Siebesma et al. 2003]

RICO [van Zanten et al. 2011]

SCT [Sandu and Stevens 2011]
RACORO [Vogelmann et al. 2015]
M-PACE [Klein et al. 2009]

SPARTICUS [Muhlbauer et al. 2014]
TWP-ICE [Fridlind et al. 2012]

EUROCS Il [Guichard et al. 2004]
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LES
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Second Challenge

Evaluation of the emergent
properties of the simulations



Big improvements in representation of MJO
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Low cloud increases in marine stratus regions

Goddard Institute for
Space Studies

CALIPSO Observations
S = " i*;;@ .




The process-based diagnostic
challenge

ERA

Imagine....
Reanalysis: find mid-latitude storms
Satellites: Create composite

GEOPOTENTIAL HEIGHT (dm)

Models: Create composite
Models: Create pseudo-satellite views
Compare processes...

500 hPa

GEOPOTENTIAL HEIGHT (dm)

Estimated completion time using current
technology?

-25-20-15-10 -5 0 S5 10 15 20 25

201

Years.

154 e

Need multivariate/parallel time-space-
model-ensemble member filter combined °
with multi-variate compositing/analysis

GEOPOTENTIAL HEIGHT (dm)

-25-20-15-10 -5 0 S5 10 15 20 25 -25-20-15-10 -5 0 S5 10 15 20 25

Bauer and Del Genio, 2006



Third Challenge

Climate model tuning:

How do we calibrate the overall
model?



GCM Parameterization Tuning: incorporating
knowledge of observational uncertainty

Goddard Institute for

Space Studies
* Observational bias # retrieval product uncertainty estimates. .
Use smart sampler to adjust
parameters and find local maxima in
21 , 2 No Observational
Er=— % 2 Lo Wi (Fije — Rijo) ) goodness
Bias
Max T 0.76 Target PDF Gaussian Process  Simulated Annealing
: Approximate PDF Mode-Finding

0.66

E is “model goodness’ metric;
F is the model field;

R is the reference/truth; .
W is the weighting term. S ——

0.57

Pr

0.47

LWC Thresh. for Precip £

0.38

0.28

With Observational

Incorporate obs. bias into ‘W’ .
Bias

M 0.53

(i.e. key component of our 0.49

work: develop a regime- or
region-aware weighting;
penalize model less where Min
observational biases are larger)

0.45

Pr

0.41

LWC Thresh. for Precip £

0.37

0.33
Min RH Thresh. for Cloud Max

Elsaesser et al (in prep)



“If we had observations of the
future, we obviously would trust
them more than models, but
unfortunately...

... observations of the future are
not available at this time.”



Fourth Challenge

How do we evaluate predictive
skill?



h Century Surface Temperature changes

_4oc Q%D 4oc Years: 1882
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Fifth Challenge

How do we deal with the multi-
model ensemble?



o Structural Uncertainty across models
cacarsmsttetor — |@ACIS 1O @ range of predictions

Space Studies
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@ Model skill is improving
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“Better” "“Worse”

“Best” is almost always the multi-model mean!

Reichler and Kim (2008)



Relationship between different
measures of present-day model skill
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CCSM3
GFDL-CM2.0
GFDL-CM2.1
GISS-EH

GISS-ER
MIROC3.2(medres)

MIROCS3.2(hires)

MIUB-ECHO/G
MRI-CGCM2.3.2
PCM
UKMO-HadCM3
UKMO-HadGEM1
BCCR-BCM2.0
CGCM3.1(T47)
CGCM3.1(T63)
CNRM-CM3
CSIRO-Mk3.0
ECHAMS5/MPI-OM
FGOALS-g1.0
GISS-AOM
INM-CM3.0
IPSL-CM4

Santer et al, 2012



NAS: Need correlations of skill scores with future
Gddard Institute for p roj e Cti o n s EmE

Space Studies

i.e. does a good simulation/fit to a prior event give any
information about future events?

Future change
Future change

skill

skill

31

This needs to be demonstrated, not just assumed!



“... from what has actually been, we
have data for concluding with regard
to that which is to happen thereafter.”



Land-Ocean contrasts are robust in past and future

Future
warming
simulations

temperature difference over oceans
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... providing an out-of-
sample test for the same
models that predict ocean,
dust and CH4 changes in
the future.




How are old model predictions

Temperature Anomaly (ref. 1980-1999)

How are climate model projections doing?

Hansen et al (1988) projections compared to Observations

Scenario A: High forcings
—e— Scenario B: Business-as-usual

Scenario C: As B w/constant forcings from 2000
——e— GISTEMP Land-Ocean Index

—— Cowtan & Way
—e— Berkeley Earth

Temperature Anomaly (°C) (w.r.t. 1951-1980)
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21st Century projections

Years: 2006

Aggressive Mitigation
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a. Decadal Trends in Annual Flood Frequencies

Trend Characterization

Increasing Accelerating

Sweet et al (201
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Sixth Challenge

How do we communicate
effectively what we’ve
found?



\_l),

Current global scale policies
are not consistent with a stable
climate

But future balance between
mitigation, adaptation and
suffering is still TBD...




“What’s the use of -s= I[‘I_Q ,
developed a science well enough to
make predictions if, in the end, all
we’re willing to do is stand around

and wait for them to come true?”

Sherwood Rowland



