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WP3: Process Evaluation & Analysis




EUCLIPSE WP2
Climate Model Evaluation and Analysis

Objectives

To evaluate the simulation of clouds, precipitation and radiation by climate and weather
prediction models, point out systematic and compensating errors, and develop cloud
metrics.

To investigate whether and how the simulation of cloud and moist processes influences the
simulation of the current climate, in particular the mean tropical precipitation and large-scale
circulation, the tropical variability at intra-seasonal and inter-annual timescales, and the
simulation of temperature extremes over Europe.

To quantify and to interpret the inter-model spread of climate sensitivity estimates and of the
cloud and precipitation responses to climate change predicted by ESMs, to identify the
regions, the cloud regimes and the meteorological conditions primarily responsible for this
spread, and to explore the mechanisms that control this response in the different models.

Key words :

— model evaluation
- better understanding the role of cloud processes in current climate

- interpretation of climate change uncertainties




Task 2.1: Apply observational and process-oriented diagnostics defined in WP1 and define
metrics to evaluate the representation of clouds, precipitation and radiation by ESMs

Task 2.1.1: Evaluate the tri-dimensional distribution of clouds simulated by climate models by
comparing COSP outputs with satellite observations from passive (ISCCP, PARASOL, MODIS,
AVHRR) and active (CALIPSO, CloudSat) instruments. Point out systematic errors in the simulation
of clouds and radiation (from the Tropics to the Arctic), and unravel compensating errors (e.g.
between the predicted cloud fraction and cloud optical thickness) in the simulation of top-of-
atmosphere radiative fluxes.

Romain Roerig: cloud vertical structure and cloud radiative effects
Richard Forbes: using CloudSat to evaluate ECWMF model
Alejandro Bodas-Salcedo: evaluating models using COSP
Christine Nam: evaluation of trade-wind clouds using COSP

+ Gunilla Svensson, Michael Tjernstrom and Johannes Karlsson: polar clouds

Task 2.1.2: Use compositing and clustering techniques to evaluate the ability of GCMs to simulate
the precipitation and the radiative impact associated with specific cloud types and dynamical
regimes. Relate the GCM's errors in the simulation of specific cloud types to the deficiencies
pointed out at the process-level.

George Tselioudis: midlatitude storm composites
Helene Chepfer: compositing using COSP outputs

Task 2.1.3: Evaluate cloud-aerosol-radiation interactions by using COSP and MODIS satellite data,
and by comparing observed and simulated statistical relationships between aerosol concentration,

cloud properties, and top-of-the-atmosphere radiation for individual regions, cloud types and
dynamical regimes.

+ Johannes Quaas & Ulrike Lohmann



Task 2.1: Apply observational and process-oriented diagnostics defined in WP1 and define
metrics to evaluate the representation of clouds, precipitation and radiation by ESMs

Task 2.1.4: Develop a set of metrics that synthesise the ability of climate and weather prediction
models to simulation of clouds, precipitation and radiation. First apply existing state-of-the-art

metrics to CMIP5 simulations. Then develop new metrics based on the diagnostics developed in
Tasks 2.1.1 and 2.1.2.

Yoko Tsushima : metrics using ISCCP data
+ Gunilla Svensson et al.: metrics focused on polar clouds

Task 2.1.5: Integration of data analysis workflows with respect to cloud processes into the WDCC
infrastructure. In addition to exiting CMIP-5 data metrics data diagnostics which will be developed

within EUCLIPSE will be inferred with respect to integration into the standard data processing
workflows of WDCC.



Task 2.2: Examine the influence of the representation of cloud and moist processes in the
simulation of a few prominent features of the current climate

Task 2.2.1: Role of cloud and moist processes in the simulation of the ITCZ and in tropical intra-
seasonal variability (MJO): Use the set of metrics recently developed by CLIVAR to assess the
ability of GCMs to simulate the observed characteristics of the MJO in different CMIP5 simulations
(coupled, atmospheric, aquaplanet); Relate the ability of GCMs to simulate a single or double ITCZ
and intra-seasonal variability to their ability to simulate convection-humidity feedbacks, cloud-
radiation feedbacks, the transition between dry and moist precipitating regimes and the stratiform or
convective types of precipitation.

Boutheina Oueslati : structure of the ITCZ

+ Gilles Bellon: role of clouds in the MJO

+ Sandrine Bony: role of cloud radiative effects on large-scale dynamics
Task 2.2.2: Role of cloud and moist processes in the simulation of tropical inter-annual variability
(ENSO): Use the set of metrics recently developed by CLIVAR to assess the ability of GCMs to
simulate the observed characteristics of ENSO in CMIPS simulations; Apply process-based
diagnostics of the dynamical and heat flux feedbacks involved in ENSO to understand the diversity

of ENSO behaviour among models, and relate the heat-flux feedbacks simulated by models to the
simulation of clouds, convection and radiation and their interaction with SST.

Hugo Bellenger : atmospheric/cloud feedbacks in ENSO
+ Romain Roehrig: role of cloud radiative effects on surface winds during ENSO

Task 2.2.3: Role of cloud processes in the simulation of temperature extremes over Europe:
Assess the ability of GCMs to simulate heat waves and cold spells over Europe, analyse the
occurrence of temperature extremes as a function of weather regimes, and use the ISCCP
simulator to diagnose the cloud variability associated with these regimes; Compare the
performance of GCMs in AMIP simulations where the large-scale circulation is predicted by the
model or nudged by ERA-interim analyses; Infer the relative roles of large-scale dynamics, cloud
variations and regional processes such as land surface hydrology in the simulation of temperature
extremes over Europe.

Julien Cattiaux: intraseasonal weather regimes over Europe and temperature extremes



Task 2.3: Quantify, analyse and interpret the diversity of cloud-radiative feedbacks and
precipitation responses produced by climate models in climate change simulation

Task 2.3.1: Diagnose the different climate feedbacks associated with clouds, water vapour,
temperature lapse rate, surface albedo and the carbon cycle and quantify the contribution of each
feedback to the inter-model spread of climate sensitivity estimates; Compare this spread of current
(CMIP5) models with that of the previous generation of climate models (CMIP3). Quantify the
spread of temperature, precipitation and cloud responses to climate change at the regional scale.

Mark Ringer: timescales and reversibility of cloud feedbacks

Tim Andrews: diagnostic of forcing, feedback and climate sensitivity

Mark Webb: analysis of the spread of rapid cloud adjustments

Hugo Lambert: analysis of the impact of cloud radiative effects on precip

Sandrine Bony: analysis of precip changes and the role of cld-radiative-dynamical feedbacks
Florent Brient: interpretation of low-cloud feedback in IPSL model

Mark Webb: interpretation of cloud feedback in HadGEM2 model

Suvarchal Kumar: low-cloud feedbacks in ECHAM6

Task 2.3.2: Identify the processes, the cloud types or environmental situations that are primary
responsible for the spread of the global cloud and precipitation responses. Determine whether the
response of low-level clouds is still an important contributor to the spread of climate sensitivity
estimates in CMIP5 models.



Deliverables (brief description and month of delivery)

Associated with Task 1:
D2.1. Report on evaluations of clouds, radiation and precipitation simulated by climate models
using COSP, clustering and compositing techniques developed in WP1 and satellite observations

(Month 30).  July 2012 (MetOffice)

D2.2: Report on the evaluation of cloud-aerosols-radiation interactions in ESMs (Month 30). July 2012
(MPI)

D2.3: Design and application of a set of metrics that synthesises the ability of climate and weather

prediction models to simulate clouds, precipitation and radiation (Month 36). Jan 2013 (MetOffice)

Associated with Task 2:
D2 4. Report on the ability of models to simulate the ITCZ, the intra-seasonal and inter-annual
variability of the tropical atmosphere, and temperature extremes over Europe using a new set of

diagnostics (Month 24).  Jan 2012 (CNRM)

D2.5: Report on the influence of the representation of cloud and moist processes in models (based
on D1.4, D2.3 and WP3) on the simulation of the ITCZ, MJO and ENSO, and temperature extremes
over Europe (Month 48). Jan 2014 (CNRM)

Associated with Task 3:

D2.6: Report on the diagnostic of the climate feedbacks produced by the different models in some
CMIPS simulations; Report on the global and regional spreads of feedbacks and of cloud and
precipitation responses to climate change; and their comparnson with estimates from the CMIP3
models (Month 24).  Jan 2012 (IPSL)

D2.7. Report on the identification of the processes or cloud types most responsible for the spread in
climate change cloud feedbacks and precipitation responses (Month 36). Jan 2013 (IPSL)

D2.8. Report on the interpretation of the spread of cloud and precipitation responses among
models, in interaction with WP3 and WP4 (Month 48). Jan 2014 (MetOffice)




WP2:

- Evaluation using COSP: specific questions we would like to address collectively?
(eg mid-level clouds, origin of error compensations between f/tau)

- Metrics: would someone be willing to be the point of contact for the
collection/selection of metrics

- Role of clouds in the simulation of prominent features of the current climate :
— report any experience/observation of this nature (tuning, sensi expts..)
- Basic evaluation of MJO, ENSO and heat waves in models
Report to CNRM by November 2011 ? (Deliverable: Jan 2012)
- Spread of cloud feedbacks: different methods/approaches to diagnose forcing/feedbacks
— comparison/synthesis of the consistency among results?

(Gregory, AMIP/Aqua, ISkernels, PRP)

Report to IPSL by November 2011 ? (Deliverable : Jan 2012)



Interaction with WP3 :
— process-evaluation for specific cloud types and specific locations

— CGILS (comparison of the response of PBL clouds in LES and in SCMs)

Make sure :
+ to submit CGILS and Transition cases results with “official” CMIP5 version

+ that CMIP5 outputs are analyzed along GPCI (link to transition cases)

Interaction with WP4 :
- test ideas about cloud feedback mechanisms

— use observational constraints to revise uncertainty bounds of climate sensitivity

Suggestion :
+ impact of tuning parameters on cloud feedback (e.g. using CGILS or aguaplanet runs)
+ intercomparison of “beta” GCM simulations (ie no cloud rad effects within the troposphere)
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