Cloud Feedback Model Inter-comparison Project Phase-2
(www.cfmip.net)

Building bridges through cloud communities

Co-Chairs :
Sandrine Bony & Mark Webb

Coordination Committee:
Chris Bretherton, Steve Klein, George Tselioudis,
Pier Siebesma & Minghua Zhang



Cloud Feedback Model Inter-comparison Project Phase-2
CFMIP-2 (www.cfmip.net)

[GCM analysis through\
a hierarchy of models

4 Process studies h
(in-situ obs, LES/CRMSs)

(Satellite observations\
& simulators (COSP)

~\

5.0 — Year 2000 Constant
= Concentrations

T
1900 2000




CFMIP activities now closely coupled to CMIP5

WCRP Coupled Model Intercomparison Project - Phase 5
- CMIPS5 -
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Bony, Webb et al., 2011: CFMIP: Towards a better evaluation and understanding of clouds
and cloud feedbacks in CMIP5 models



CMIP5 “long-term” set of experiments

Evaluation Projections
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Nb of models: CORE: 15-27, Tierl,2: 7-15
Mean Resolution: 2.1 deg (atm) ; 0.9 deg (ocean)



What's new since last year ?

Joint CFMIP | GCSS | EUCLIPSE meeting, Exeter, June 2011
(more than 100 participants)

-> COSP simulator useful for model development and evaluation

-> CFMIP/CMIP5 experiments (done or on-going) useful to understand cloud feedbacks
(in individual models at least.. multi-model analyses are just starting)

-> CFMIP-GCSS collaboration works well
Plus :
- efforts to improve COSP management & development

- efforts to collect and facilitate the access to observations useful to evaluate
CMIP5 model outputs related to clouds (satellite data, ground-based data)

- first analyses of CFMIP/CMIP5 outputs and experiments !



CMIP5 “long-term” set of experiments
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COSP : CFMIP Observations Simulator Package
(Bodas-Salcedo et al., BAMS, 2011)

COSP

Satellite simulation software for model assessment

B

By A. Bobas-SaLcepo, M. . VWesg, S. Bony, H. CHEepFer, J.-L. DurresNE, S. A. KLeIN, Y. ZHANG,
R. MArcHAND, J. M. Havnes, R. Pincus, anp V. O. JoHN

COSP is a multi-instrument simulator that enables quantitative evaluation of clouds, humidity,
and precipitation processes in numerical models with observational satellite products by

making consistent assumptions.
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COSP
The CFMIP Observations Simulator Package

@ Bodas-Salcedo A, M J Webb, S Bony, H Chepfer, J-L Dufresne, S A Klein,
Y Zhang, R Marchand, J M Haynes, R Pincus, and V O John, BAMS, 2011 :
COSP: Satellite simulation software for model assessment

@ Used in many CMIP5 models + some NWP and CRM models

@ Recent changes to COSP governance :

- Formal governance (meritocratic) model,
with a Project Management Committee (PMC)
co-chaired by Alejandro Bodas-Salcedo and Steve Klein

- First activities undertaken by the COSP PMC.:
* Code moved to a SVN repository in Google code:
http://code.google.com/p/cfmip-obs-sim/
* User survey => discussion of future COSP developments:
- new capabilities (e.g. new modules, new diagnostics)
- software improvements (e.g. speed, docungentation)



CFMIP/GCSS/CMIP5 model outputs at selected locations
(120 locations, high-frequency (half-hourly), detailed cloud diagnostics)
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* ARM, CEOP, CloudNet instrumented sites

e GPCI / Tropical West & South East Pacific / AMMA transects

* Field experiments / GCSS case studies

e L ocations of large inter-model spread of cloud feedbacks (CMIP3)



CFMIP Observations for Model Evaluation
http://climserv.ipsl.polytechnique.fr/cfmip-obs.html
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for Model eval uation

ARM Ground
CALIPSO-GOCCP sat
The Cloud Feedback Model Intercomparison Program has designed a protocol to evaluate clouds in climate and weather prediction models bazed on -
. ¥ _ d } CERES Sat
satellite observations (http:/fcfmip.metoffice.com/CFMIP2 experiments March20th2009.pdf) - i
CLOUDMNET Ground

CLOUDSAT Sat
Satellite Observations SCCP Sat

MISR Sat

MODIS Sat
MULTI-SENSORS
Aralysis Sat
MULTI-SENSORS Sat
R 3t L & PARASOL Sat

; . ¥ e
CALIPSO/ CLOUDSATYCERES = References

I PARASOL ! MODIS

Thanks to all
contributors !

; AI IIUI 3 a 5 Slﬂ A Subset of CFMIP-obs data is meant

to be made available on the ESG as part
of the “Obs for MIPs” initiative

Ground-based Observations




CFMIF Cbservations for Model evaluation
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ARM Climate Modeling Best Estimate

Descripuon :

The atmosphenc Fadiation Maasurement (AEM) Climate Modeling Best Estmata (CMEBE] [Xle, McCay, Klein et al] productis an AREM dati
modelars far use (nevaluzton af global climate models. T coniaing a bestastimate of several salacied cloud, radiailon and amaspharic

The clata are gtored N wo diferent dataile sireams: CMBE-CLDRAD Tar claud and radiation relevant quartite s and CMBE-ATM Tar atmos
one haurimea interals. Juick ook plots and detals can be found 2t hitpirecisnce. arm.QowWole pmis cmibast astimats. himl. See also bt

The cata are avallable farthe 5 AFNM Climale Fesearch Facilify sires SCGP.ICL (Lamont, K], NSACT (Barrow, AK), TWP.CL (Manus [=1and
(Darnwin, ALN Tarthe period when these data are available

L. The CMBE-CLDORAD dalafile canizains a best estimate of several selected cloud and radiation relevant quantiies from ACRF cbhsemalic

Cloud fraction profiles
Tatal, high, middle, and low clouds
Ligquid waler path and pracipitable walervapor
Surface racliafive fluxes
DA radiafive fluxes

2. The CGMBE-ATM datafile contains @ best estimate of several selected aimoapheric quartties from ACREF observalions and MWP analy

= Scundings

s Surface senszihle and latart heat lukes

w Surface precipitation

® Surace temparature, relatve humidit, and honzonial winds
= RWF analysis data

Beference . Xie, 5, P.B McCoy 5S4 Klein, PT Cederwall, W1 Wiscombe, E E. Clothiawx, KL Gaustad 1€ Golaz, 5.0. Hall, MP.Jens
MeFarlane, G. Palanisamy, ¥. Shi, and D.D. Turnaer, 2000 E'.I‘_'IIJFJ[S AKD MORE AR Climate Modeling Besl Estimata Data Bul Amer. i

Ground-based data from
ARM stations
(Atmospheric Radiation
Measurement Programm)

- ARM Climate Modeling Best
Estimate data

- ARM data tailored to climate
modelers for evaluating global climate
models

- selection of cloud, radiation and
atmospheric quantities from ARM
observations

- hourly data
- 5 ARM Climate Research Facility

sites : SGP (OK), Barrow (AK), Manus
Island (PNG), Nauru, Darwin (AU)



CAMIP Observations for Model evaluation
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EUROPEAN Ground

CLIMATE TESTEED DATASETS FROM EUROPEAN RESEARCH OBSERVATORIES

Cabauw

+Chirboftcm

_SIRTA

The phservation of the simosphess based on passivefectve remobe-censing mnd i sy messummeris are matoe bo be eqioibed for the svsksbon of models. Sece many yess, the
Found-sased BtmMozphenc choery story Tuch BS the SIRTA (Site Instumenss de Recherchne par TeiAdetection Atmosprengue), Cabauw, and Chilsokon (a8 part of CLOUDMET) have besn collsctng
many colocalz=d ohoery stions which Can be used in order {0 sralyse the interannusl varab@sy of the stmosphenc column and bo = shishe the pammeberizstion Fchuded in models [objectves of
ihe Eormoesn project EUCLIPEEL
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required by CMIP.5, and ane more file for the SIRTA with additicnal variables and a longer tme-perfod (2002 to 2010, SCTD flie).

Contributors: IPSL (LMD, LATMOS], KNM. Universky of Reading

Project supported by- EUCLIPSE Ewopean project. Sroie Polytechnigue

Conesct:
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- Specific contact for Cabasw P. Sishesma | Siasesmagknminl) and H. Kien Satink [ battinsginmng
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Ground-based data from
European CloudNet stations
(Cabauw, Chilbolton, SIRTA)

- meteorological variables

- clouds and radiation

(using the same cloud retrieval algorithm for
all sites)

- hourly data

- CMIP5 variable names + CMOR format

- freely available on CFMIP-obs website
+ ESG in the future




Cloud-Aerosol-Water-Radiation Interactions|
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Get Satellite Observations

Site Selection

ICARE CFMIP Extract Tool

Selected site(s):
All CEMIP points

Clear Selection

® CFMIF pointe

L'ze the mouse to select a specific site
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MODIs
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Courtesy ICARE (french data center CNES/Univ Lille/INSU)

In preparation :

Extraction of multiple
satellite observations

+ 3-hrly ERA-interim data
over CFMIP stations

- Instantaneous, full resolution
over a domain of 1deg x 1deg
centered around each station

- to complete model
evaluations using data from
instrumented sites, field
campaigns and COSP outputs

- netcdf, CMIP5 format (as
much as possible)

- initial focus :

years 2008 & 2009
(coincident with T-AMIP

and 3-hourly CMIP5/CFMIP
outputs)



Preliminary comparison of COSP model outputs with CALIPSO observations
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Analysis of CMIP5 models : just starting... LMD/IPSL



Altitude (km)

Altitude (km)

Preliminary comparison of COSP model outputs with CloudSat observations
(height - radar reflectivity histograms over North Pacific)
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CMIP5 “long-term” set of experiments

Evaluation Projections
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Nb of models: CORE: 15-27, Tierl,2: 7-15
Mean Resolution: 2.1 deg (atm) ; 0.9 deg (ocean)



CMIPS

Sea Surface Temperature evolution in abrupt 4xCO2 expt Cloud Radiative Forcing evolution in abrupt 4xCO2 expt

tropical warming (K)

o |
Tropical oceans only W
vrwf\,\i\p\_’\{
/\ \,\ '\.,/N\,/J\ o —
v 1V
IPSL-CM5A-LR IPSL-CM5A-LR
HadGEM2-ES HadGEM2-ES
CNRM-CM5 o~ CNRM-CM5
miroc5 j\-s/\/\/v & o A A mirocs An\ L
CanESM2 = VVHY 27\! CanESM2 AN IAS
NorESM1-M W ; \/\f 4/ ! NorESM1-M
A, . =K
%m A VYA
m —
|
S
[ [ [ [ [ [ l | | [ [ [ [
20 40 60 80 100 120 20 40 60 80 100 120

years years



Radiative Forcing, Feedback and Climate Sensitivity
estimated from abrupt 4 x CO2 experiments
using a regression method

Intercept = Forcing (X2) ; depends on CO2 radiative forcing
+ fast cloud adjustment to 4xCO2
8 J ' ' ' | ' ' ' | ' ' ' | ' '

Slope = feedback

Climate sensitivity (x2)
1 (warming at N = 0)

. Change in net downward radiative flux (W mi?)

- =——= Top of atmosphere o >~
) [ = — —o Tropopause E
L L ! | L L ! | L ! L | L L
0 2 4 B 8
Change in surface air temperature (K) Gregory et al. (2004)

Possibility to quantify contributions to the inter-model spread in climate sensitivity :

* forcing (including fast cloud response to CO2 radiative forcing)
 feedbacks



HadGEM2-A 4xCO, Fixed SST IPSL-CM5A-LR 4xCO, Fixed SST

SW CRE Response SW CRE Response
Global 2xCO, Equivalent = +0.23 Wm-2 Global 2xCO, Equivalent = +1.07 Wm-2
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Early CFMIP-2 results
show substantial positive
shortwave cloud
adjustments in CO, quadrupling

experiments with fixed SSTs.
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HadGEM2-A 4xCO, Fixed SST IPSL-CM5A-LR 4xCO, Fixed SST

Net CRE Response Net CRE Response
Global 2xCO, Equivalent = -0.44 Wm-2 Global 2xCO, Equivalent = -0.42 Wm-2
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CNRM-CM5 4xCO, Fixed SST

Net CRE Response
Global 2xCO, Equivalent = +0.03 Wm-2

AMIP 4xCO2 - AMIP

Global mean Net CRE responses
to CO, quadrupling with fixed SSTs

are negative because
longwave effects dominate
(cloud changes and cloud masking)
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CMIP5 Agqua-Planet Experiments
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A new methodology using ISCCP simulator outputs
to diagnose cloud feedbacks
and quantify the contribution of different cloud types and different aspects of
cloud changes (altitude, optical thickness, amount)

Cloud Fraction Cloud Feedback
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Mark Zelinka, Steve Klein and Dennis Hartmann (J. Climate, in rev)



LW Cloud Feedback
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SW Cloud Feedback
0.46 W m2 K1

Amount Altitude
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Response of shallow cumulus clouds investigated
through a spectrum of models

In a CMIP5 General Circulation Model (IPSL-CM5A)

@ Positive low-cloud feedback

@ Robust across CMIP5
experiments and configurations
(1%C0O2, AMIP, aqua-planet, 1D)

@ Primary physical mechanism
identified through a process and
energetic analysis

2 Role of the Clausius-Clapeyron

relationship and of the deepening
of the boundary layer in
modifying the vertical gradients
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ASW CRFEF (W/m2/K)

Robustness of the shallow cumulus clouds response
to tuning parameters
In the IPSL-CM5 model

SCM experiments GCM experiments

Y :
N .
2 :
2 W -
< '\
if 0 \ +=
- 1 l 1 1 1 1 l 1 _2 l 1 1 1 1 ! 1 1
9 80 -70 -60 50 -40 -30 -20 -10 0 %0 80 -0 60 -0 40 -30 -2 -0 0
SW CRF (W/m2) SW CRE (W/m2)

(Brient & Bony, in prep)



Response of shallow cumulus clouds investigated
through a spectrum of models

In a Large-Eddy Simulation (LES) model

? |dealized experiment assuming a nearly unchanged relative humidity atmosphere

4 —
cfrac [-]
3 4
shallower, moister deeper, drier and
3 o and cloudier less cloudy
==,
N
1 - \%_
=
+Q1 T Q,>Q,
0 0.02 0.04 0.06
I T,>T,
In this LES model :

- deeper and drier planetary boundary layer
- decrease of the cloud fraction and water content
- positive low-cloud feedback

(Rieck, Nuijens and Stevens, submitted)



Response of low-level clouds investigated
through a spectrum of models

CGILS project : CFMIP-GCSS Intercomparison of
Large-eddy Simulation models (LES) and Single column models (SCM)

@ Focus on three types of low-level clouds

Low-level clouds (%), ISCCP, ANN

? Present-day and (idealized)
climate change conditions

@ Participation of 5 LES models and 16 SCMs
@ Current LES results :

- no consensus on radiative feedback 3 o
- consensus on PBL structure changes 180 200 220 240 260 280

e.g. Stratocumulus case :

inversion height
1.5_CTLS11 - P2K S11

—

lowest cloud base

Height, km

o
o

present-day climate

warmer climate

time 'time

o

in warmer climate : deepening of the PBL and enhanced decoupling
Courtesy Chris Bretherton, Peter Blossey, Minghua Zhang et al.



Improved Understanding of Cloud Feedback Mechanisms
Should Help to Design Relevant Observational Tests

High-frequency (half-hourly) detailed model outputs
will be extracted from CMIP5 climate models
over 120 sites where cloud feedbacks are particularly uncertain,
or for which observations facilities (ARM, CloudNet..), field experiments
and satellite observations are available

CFMIP sites with detailed CMIP5 outputs




A new generation of climate models is emerging ....

- Very high resolution climate models
- Super-parameterizations
- Global Cloud Resolving Models

- LES simulations over large domains ...

- Is the climate change response different from that predicted by GCMs ?

- Do GCMs miss (or mis-represent) processes critical for climate sensitivity ?

Issues of interest for CFMIP ...



Next CFMIP meeting :

Joint EUCLIPSE /| CFMIP meeting
Paris, May 28 - June 1t 2012

Presumably organized around the following topics (at least) :
(very preliminary)

1. Cloud bias characterization in CMIP5 GCMs (focus on compensating errors)
using satellite and ground-based observations.

2. Role of cloud processes in the current climate (ITCZ, MJO, ENSO, extremes)
and impact of the representation of moist processes on the simulated climate

(e.g. convection-dynamics interactions)

3. Climate change cloud feedbacks : understanding and assessment



European project EUCLIPSE (2010-2014)
EU Cloud Intercomparison, Process Study and Evaluation

* Focused on CFMIP / GCSS activities (satellite evaluations, process evaluations, cloud feedbacks)
+ WGCM / WGNE (CMIP5, Transpose-AMIP, Metrics..)

» PI: Pier Siebesma (KNMI)

» 13 european modeling groups involved,
both climate and NWP (MetOffice, IPSL, MPI,

KNMI, ECMWF, CNRM-MeteoFrance..) ...
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Prepare Satellite Simulators
Organize Simulations
Model Data Distribution
Infrastructure Development
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- Opportunity for collaborations :
e.g. FASTER in the US

(Fast Physics System Testbed and Research)
e.g. Observations for CMIP5 (JPL/PCMDI)

WP2: Climate Evaluation & Analysis

Top-down Process Evaluation

CMIP-5 & CFMIP-2 Analysis,
Satellite Derived Diagnostics
& Metrics, Cloud-Climate
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Cloud Resolving & Field Study
Derived Metrics and Diagnostics,
Process-Level Attribution &
Parameterization Evaluation

Bottom-up Process Evaluation
WP3: Process Evaluation & Analysis
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