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Talk outline

Brief history of AMIP/CMIP, CMIP5 and the IPCC AR5

* WGCM planning for CMIP6

* High resolution experimentation in CMIP6 — WGNE involvement?
e Climate model metrics and the WGNE/WGCM metrics panel

* Discussion: High resolution and metrics



SLIDE 3

AMIP began with WGNE

~1990: The Atmospheric Model Intercomparison Project (AMIP) was initiated by PCMDI
with WGNE oversight

+ 30 AGCMs performed a common experiment (prescribed SST & sea-ice 1979-1988)
« “Standard model output” and “diagnostic subprojects”

1995 - 2000 AMIP2 — tighter experimental protocol, more extensive diagnostics

2000 - 2003 CMIP2 gigabytes
2003 — 2009 CMIP3# terabytes
2009 — Present CMIP5 petabytes

# AMIP subsumed to be a part of CMIP (with links between WGNE and WGCM)

@CMDI



AR5 WGI CHO09 Table 9.2

CMIP5

AMIP

AOGCM ESM
Land Atmos Land  Ocean
Model name Atmos Surface Ocean Sea-Ice | FC| Aerosol Chem Carbon BGC

ACCESS1.0, ACCESS1.3 Australia v
BCC-CSM1.1, BCC-CSM1.1(m) China =--
BNU-ESM China | | ]
CanCM4 [

Canada —
CanESM2 |
cesma I
CESM1 (BGC) 1
CESM1 (WACCM) USA HT | ] 1
CESM1 (FASTCHEM) 1 1
CESM1 (CAMS) 1
CESM1 (CAMS.1-FV2) usa | ]
CMCC-CM, CMCC-CMS [ | I

Italy

CMCC-CESM ) |
CNRM-CM5 France I 1
CSIRO-Mk3.6.0 Australia
EC-EARTH Europe |
FGOALS-g2
FGOALS-s2 ik I
FIO-ESM v1.0 China |
GFDL-ESM2M, GFDL-ESM2G I
GFDL-CM2.1 USA I
GFDL-CM3 I —
GISS-E2-R, GISS-E2-H - |
G1SS-E2-R-CC, GISS-E2-H-CC .
HadGEM2-ES I
HadGEM2-CC UK ]
HadCM3 : |
HadGEM2-A0 Korea I
INM-CM4 Russia
IPSL-CMSA-LR / -CM5A-MR / -CM5B-LR France ]
MIROCah, MIROCS
MIROC-ESM Japan .
MIROC-ESM-CHEM | —1
MPI-ESM-LR / -ESM-MR / -ESM-P Germany
MRI-ESM1 fopen | —
MRI-CGCM3
NCEP-CFSv2 USA
NorESM1-M Notwey 1
NorESM1-ME
GFDL-HIRAM €180 / -HIRAM C360 USA
MRI-AGCM3.25 / -AGCM3.2H Japan

Increasing resolution Atmosphere / Ocean
(total number of horizonal grid points)

Increasing complexi

8000 30000 52000

12000 50000 110000
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Models Contributed to CMIP5

Depending on how you count
them, ~ 50 models
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Multi-Model Projections from CMIPS5 for different forcing scenarios

Global average surface temperature change
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All models treated equally
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Multi-Model Projections from CMIPS5 for different forcing scenarios

b) Northern Hemisphere September sea ice extent
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A subset of 5 models averaged together, selected by how
well they simulate the present day annual cycle and
observed trends (sea ice loss)
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High Resolution in CMIP5

Some groups performed “high resolution” AMIP simulations, notably:
GFDL-HIRAM ~25km and MRI-AGCM3.25 ~20-km

A variety of studies compare these simulations to their coarser resolution
counterparts (e.g., TC, blocking).

High resolution “time slices” also performed
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planning underway

Eos, Vol. 95, No. 9, 4 March 2014

EOS, TRANSACTIONS, AMERICAN GEOPHYSICAL UNION

VOLUMES5  NUMBER 3
4 March 2014
PAGES 77-84

Climate Model Intercomparisons
Preparing for the Next Phase

PAGES 77-78

Since 1995, the Coupled Model Intercom-
parison Project (CMIP) has coordinated cli-
mate model experiments involving multiple
international modeling teams. Through CMIP,
climate modelers and scientists from around
the world have analyzed and compared
state-of-the-art climate model simulations to
gain insights into the processes, mechanisms,
and consequences of climate variability and
climate change. This has led to a better
understanding of past, present, and future
climate, and CMIP model experiments have
routinely been the basis for future climate
change assessments made by the Intergov-
ernmental Panel on Climate Change (IPCC)
[e.g., IPCC, 2013, and references therein].

CMIP has developed in phases, with the
simulations of the fifth phase, CMIP5, now
mostly completed. Though analyses of the
CMIP5 data will continue for at least several
more years, science gaps and outstanding

i ions have i

for the sixth phase of the project (CMIP6).
This brief overview of the initial proposed
design of CMIP6 is meant to inform interested
research communities and to encourage dis-
cussion and feedback for consideration in
the evolving experiment design (see Figure 1).
A more complete description and further
information are available at http/iwww.werp
-climate. org/index.php/wgcm-cmip/wgem
-cmip6 and in the additional supporting infor-
mation in the online version of this article.

Scientific Focus and Structure

The proposed scientific backdrop for
CMIP6 consists of the six grand challenges

and The specific il de-

climate vanablllly, climate predictability, and
uncertainties in scenarios?

Within this scientific framework, a more dis-
tributed organization for CMIP6 than in pre-
vious phases of CMIP is proposed. This would
fall under the oversight of the CMIP Panel (see
Fgure n, v-herem an ongoing acuvny, CMIP,

d froma it phase of

sign would focus on three broad questions:
How does the Earth system respond to
forcing? What are the origins and conse-
quences of systematic model biases? How
can we assess future climate changes given

(.M]P now CMIP6. This structure involves two
basic components.

First, CMIP (inner part of Figure 1) would be
composed of two elements: in one, research-
ers would run a small set of standardized

aerosols

Characterizing
forcing

Paleo-
climate

Land use

Carbon

Clouds /
Chemistry/  circulation Ocean/

engineering

sea ice
Short-term

hindcasts

Scenarios

Decadal

prediction

Ilegional dimate/
extremes

of the World Climate Research F

A new paradigm in CMIPG6:

Ongoing CMIP Diagnosis,
Evaluation and Characterization
of Klima (DECK experiments)

Related MIPs, closely coordinated
with CMIPG6 (e.g., CFMIP,
PMIP, ...)

As was done with CMIP5, all related
MIPs to use the CMIP infrastructure

(WCRP)—encapsulating questions related to  Fig. 1. Schematic of the proposed experiment design for phase 6 of the Coupled Model Inter-
clouds, circulation, and climate sensitivity; comparison Project (CMIP6). The inner ring and surrounding black text involve standardized
changes in cryosphere; climate extremes; re- functions of all CMIP, mcludmg ongoing b
gional climate information; regional sea level (DECK) experiments (klima is German for “climate "). The middle ring shows science topics

rise; and water availability—with an addi- related specifically to CMIP6 to be addressed by the MIPs, with illustrative (and likely not com-

(e.g., metadata/data conventions)

tional theme involving biospheric forcings plete) MIP topics shown in the outer ring. This framework is superimposed on the scientific
N backdrop for CMIP6—the six grand challenges of the World Climate Research Programme
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A HighresMIP for CMIP6?

Early stages of planning, but there seems to be a greater interest in an
organized high resolution experiment for CMIP6

A focus likely to continue on AMIP simulations, and future time slices

Given WGNE experience with the grey zone and other efforts, it is hoped
there could be some WGNE involvement this time

At a minimum, WGNE could provide feedback on the experimental design

|[deally, some NWP centers would contribute simulations

@CMDI
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Climate Model Performance Metrics
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Model metrics: some examples

Model Metrics: Objective measures of model skill, usually based on model agreement with
observations as a scalar value

* Global measures of the mean state

* Response to external forcings (e.g., diurnal and annual cycles, volcanic eruptions, response
increasing GHGs)

* Intrinsic variability (e.g., shorter and longer term modes of variability (ENSO, NAO, MJO, etc).
* Process-oriented measures and co-variability relationships

* Conservation constraints

* Regional model performance

* Relationships between present day observations and projection responses (climate sensitivity)

@CMDI



Performance metrics in IPCC AR5 SLIDE 12
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Assessing model strengths and weaknesses
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Robust evaluation of the mean climate?

Ranking CMIP3 performance

Using multiple multivariate methods Significant 1-to-N ranking differences
30
25 iglF;ISter Some consistency across methods
po = NME (e.g., top 5/ bottom 5)

- MCPI
: mIE A At some level robust evaluation of the
5 mean climate appears possible
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Nishii et al., 2012, JAMS
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The WGNE/WGCM Climate Model Metrics Panel

http://www-metrics-panel.llnl.gov/wiki

Members selected by relevant and diverse experience, and potential to liaison with
key WCRP activities:

Beth Ebert (BMRC) — JWGV/WWRP, WMO forecast metrics

Veronika Eyring (DLR Germany) — WGCM/SPARC/CMIPG6, stratosphere
Pierre Friedlingstein (U. Exeter) — IGBP, carbon cycle

Peter Gleckler (PCMDI), chair — WGNE, atmosphere

Simon Marsland (CSIRO) - WGOMD, ocean

Robert Pincus (NOAA) — GEWEX/GCSS, clouds/radiation

Karl Taylor (PCMDI) — WGCM, CMIP5

Helene Hewitt (U.K. Met Office) — ocean and sea-ice

@CMDI
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Brief review of the metrics panel effort

The metrics panel is not doing science

Quantifying model agreement with observations, with a broad
perspective, not necessarily identifying the causes of model errors

Assessing different aspects of model skill, but not combining them into
an overall measure of model performance

Providing a useful complement to in-depth diagnosis, not a last word
on model performance

Focusing on performance metrics (comparison with observations), not
projection reliability metrics

@CMDI



From standardized experiments (DECK) *-"="

to routine performance benchmarking

In a few cases, we have well-established and fairly robust
measures of model performance (notably the climatological
mean state)

The metrics panel is attempting to establish a diverse set of
routine benchmarks, and to facilitate further research of
increasingly targeted metrics (e.g., ENSO, monsoon, MJO)

@CMDI
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PCMDI metrics package

(In support of the metrics panel)

* Includes software, observational data, and a database of results
from all CMIP models

* For a variety of observables, computes routine seasonal metrics
(RMS, bias, correlation, MSE)

* Currently in alpha testing at 3 CMIP modeling groups, with a
target of reaching all groups this year.

* Built on python. Some installation required, but modeling groups
can incorporate into their own analysis stream

* May be of interest to some NWP centers?

@CMDI
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Discussion

* High resolution AMIP historical and time slice experiments

* Climate model metrics — performance benchmarking in CMIP6




