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1. Introduction

The IGAC and SPARC communi-
ties are jointly defining new refer-
ence and sensitivity simulations
to address emerging science ques-
tions, improve process understand-
ing and support upcoming ozone
and climate assessments. These
simulations were discussed as part
of the IGAC/SPARC Global Chem-
istry-Climate Modelling and Evalu-
ation Workshop (Davos, May 2012)
and are described in this document.

1.1 Background

The workshop participants rec-
ommended the creation of a joint
IGAC/SPARC Chemistry-Climate
Model Initiative (CCMI) to co-
ordinate future (and to some ex-
tent existing) IGAC and SPARC

chemistry-climate model evalua-
tion and associated modelling ac-
tivities. The CCMI has now been
approved by both the IGAC and
SPARC scientific steering com-
mittees at their respective steering
committee meetings. The IGAC/
SPARC CCMI is superseding the
SPARC Chemistry-Climate Model
Validation (CCMVal) activity, ex-
panding the goals and deliverables
of CCMVal to include tropospheric
chemistry-climate questions. Simi-
larly, the IGAC hindcast activity is
now embedded into the CCMI rath-
er than being a separate activity, so
as to benefit from overlapping in-
terests and approaches of the tropo-
spheric and stratospheric chemistry
modelling communities. Also, new
phases of the Atmospheric Chemis-
try-Climate Model Intercomparison
Project (ACCMIP, see http://www.

giss.nasa.gov/projects/accmip/)
may merge with the CCMI activi-
ties. A white paper summarizing the
goals of the CCMI will be published
in the IGAC and SPARC news-
letters in 2013. A website for the
CCMI has been created at http://
www.pa.op.dlr.de/CCMI/, where
further information can be found
and ongoing efforts are reported.

1.2 Purpose and scope of the
proposed CCMI community
simulations

In this document, the CCMI refer-
ence (REF) and sensitivity (SEN)
simulations for Chemistry-Climate
Models (CCMs), Earth-System
Models (ESMs) with interactive
chemistry, and Chemistry-Trans-
port Models (CTMs) are proposed.
The over-arching principle behind
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the choice of the CCMI simulations is
to produce the best possible science.

There are two overall goals for the
choice of REF simulations:

1. Quantify how well the mod-
els can reproduce the past be-
haviour (climatology, trends
and interannual variability) of
tropospheric and stratospher-
ic ozone, other oxidants, and
more generally chemistry-cli-
mate interactions, as well as to
understand processes that gov-
ern these interactions. This is
the rationale behind the “past”
transient hindcast reference
simulations in either free-run-
ning (REF-C1) or specified
dynamics (REF-C1SD) mode.
These simulations are forced by
boundary conditions specifie
from observations or empiri-
cal data (e.g., sea surface tem-
peratures (SSTs), sea ice con-
centrations (SICs), emissions,
greenhouse gas (GHG) con-
centrations) and meteorology
in the case of REF-C1SD. One
of the goals for the new REF-
C1SD simulation is to provide
an improved evaluation against
observations, in particular new
satellite, ground-based, and in
situ measurements.

2. Analyse projections of the fu-
ture evolution of tropospheric
and stratospheric ozone. This
is the rationale behind the
“future” transient reference
simulation (REF-C2), which
is forced by trace gas projec-
tions and either prescribed
modelled SSTs and SICs, or
an interactively coupled ocean.
Experience gained from the
evaluations performed for the
SPARC-CCMVal (2010) re-
port shows that it is important
to have a continuous time se-
ries from the models, covering
both past and future, in order
to avoid inhomogeneity in the

data sets (in terms of both abso-
lute values and variability), and
also that the simulations extend
to 2100 in order to fully capture
the process of ozone recovery
from the effects of ozone-de-
pleting substances (ODSs). Ac-
cordingly, REF-C2 simulations
should cover the period 1960-
2100, with a 10-year spin-up
starting in 1950.

It is recommended that groups per-
form a small ensemble of simulations
covering the ‘past’ 1960-2010 (REF-
C1) and ‘future’ 1960-2100 (REF-
C2) periods, so as to establish an un-
certainty range in the simulations.

The proposed SEN simulations are
designed to augment the science
that can be obtained from the refer-
ence simulations. These simulations
include investigating the sensitivity
to various GHG scenarios, ODSs,
and emissions. Further sensitivity
simulations that might be proposed
to answer specific science questions
will be made available on the CCMI
website.

All simulations are open to a broad
range of participating CCMs, as
well as to ESMs with interactive
stratospheric and/or tropospheric
chemistry. The specific dynamics
simulation REF-C1SD is designed
for CTMs, CCMs or ESMs with the
capability of nudging using mete-
orological input.

All participating models should
use the standard set of specifie
forcings that is specified in this
document. The forcings to drive the
models can be downloaded from the
CCMI website or through the links
given throughout this document.

1.3 Scientific question
and timelines

While the Coupled Model In-

tercomparison Project Phase 5
(CMIPS5) simulations are now be-
ing studied in great detail in support
of the IPCC Fifth Assessment Re-
port (ARS), along with analysis of
simulations performed under ACC-
MIP, Geoengineering Model Inter-
comparison Project (GeoMIP) and
Aerosol Comparisons (AeroCom)
activities, the next WMO/UNEP
Scientific Assessment of Ozone De-
pletion should be supported by up-
dated simulations of stratospheric
ozone. It is envisaged that the new
simulations broadly follow the rec-
ommendations of the SPARC-CC-
MVal (2010) report, in particular:

* CCM simulations of ozone
depletion/recovery should be
performed seamlessly over the
entire 1950-2100 period with
consistent forcings, and with
data produced in a standard for-
mat to allow for multi-model
intercomparison.

* A range of different scenarios
should be simulated, e.g., using
fixed GHG and different GHG
projections. To be consistent
with CMIP5, these scenarios
should generally follow the
four Representative Concen-
tration Pathways (RCPs; Moss
et al., 2010; van Vuuren et al.,
2011a), but with ODS values
replaced with those from WMO
(2011). These simulations will
allow correct attribution of the
projected changes and an un-
derstanding of the sensitivity to
the GHG scenario employed.

* Development should continue
towards comprehensive trop-
osphere-stratosphere CCMs,
which include an interactive
ocean, tropospheric chemistry, a
naturally occurring QBO, spec-
trally resolved solar irradiance,
and a fully resolved stratosphere.

* The next generation of CCMs
should also include a better
representation of tropospher-
ic chemical processes (e.g.,
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non-methane  hydrocarbons,
lightning NO_ production, de-
tailed inclusion of dry and wet
deposition processes). This
is certainly important for sci-
ence studies in the troposphere
and Upper Troposphere Lower
Stratosphere (UTLS) region,
but may also be important for
better representation of the
overall climate system.

* The coupling of CCMs to inter-
active oceans is recommended
in the future, in order to make
the representation of climate
change in the models more
physically self-consistent.

e The community should address
the issue of how to include very
short-lived (VSL) organic bro-
mine species into the boundary
conditions and chemical mech-
anisms of CCMs.

* An accurate knowledge of the
atmospheric lifetime of gases
is essential for predicting ozone
depletion and the climatic effects
of emissions. A re-evaluation of
the lifetimes of important halo-
gen source gases (e.g., CFC-11,
CCl,, halons, HFCs, HCFCs,
and related species) is currently
underway as part of the SPARC
activity on ‘Lifetime of halogen
source gases’ (see http://www.
sparc-climate.org/activities/
lifetime-halogen-gases/), since
evidence has emerged that in
many cases the actual lifetimes
may be considerably longer
than those currently assumed in
the 2010 WMO/UNEP Ozone
Assessment (WMO, 2011) and
in the scenarios used to drive
the CCMs. This represents a
major uncertainty in reconciling
top-down and bottom-up emis-
sion estimates, and in model
projections.

Some of the above-mentioned
points are already considered in
existing simulations. For example,

a subset of models participating in
CMIPS has interactive chemistry
and a coupled ocean. These runs
can be included in studies that ana-
lyse the ozone evolution under dif-
ferent GHG scenarios. On the other
hand, some of the model groups
that did not participate in any of the
above mentioned model intercom-
parison projects (MIPs) might want
to additionally run simulations that
extend the science beyond what was
possible for WMO (2011).

In addition, the scientific questions
that can be addressed through a new
hindcast simulation with models
including interactive chemistry are
diverse. A non-exhaustive list of
questions includes:

i. How well does the current
generation of global chemistry
models capture the interannual
variability in tropospheric and
stratospheric constituents?

ii. How well do we understand the
tropospheric OH budget? Can
we capture the estimated inter-
annual variability and trends?

iii. How have changes in atmos-
pheric  forcings  impacted
chemical composition and
chemistry over the last 30 to 50
years? These forcings include:
a) changes in climate forc-
ing with resulting impacts on
temperature, water vapour and
meteorology, possibly extend-
ing to stratosphere-troposphere
exchange, b) changes in ozone
and aerosol precursor emis-
sions, c¢) changes in land cover,
and d) changes in ODSs.

iv. How have changes in aerosol
loading impacted oxidative ca-
pacity of the troposphere over
the last 30 to 50 years?

v. To what extent do the increased
satellite retrievals of tropo-
spheric and stratospheric con-
stituents constrain constituent
variability over the last 10-15

years?
vi. To what extent can CCMs
forced with observed SSTs and
solar particles capture the ob-
served interannual variability
of the hindcast simulations?

What is the role of very
short-lived halogen species
(VSLS)?

vil.

The proposed hindcast simulations
will address these questions through
observationally-based simulations
and sensitivity tests. Additionally,
a re-assessment of temperatures,
trace species and ozone in the simu-
lations will allow documenting the
progress of individual models and
overall progress on the represen-
tation of key processes compared
to the last CCM assessments. The
comparison of CCM results with
observations will also allow some
groups to identify and correct pre-
viously unrecognised model errors
and will help to indicate a range of
model uncertainties. The hindcast
simulations are also incorporated in
the work plan of the UNECE/EMEP
Task Force Hemispheric Transport
(http://iek8wikis.iek.fz-juelich.
de/HTAPWiki/WP3.6), focusing
on aspects specifically relevant for
hemispheric transport of air pollu-
tion and its contribution to observed
pollution trends.

Overall, there are two competing
timescales for performing these
simulations: the shorter term ozone
assessment timescale, including the
need to perform new hindcast simu-
lations for improved understanding,
and the longer term timescale for
integrated climate and chemistry
assessment of both the troposphere
and stratosphere. These competing
timescales have been recognised,
and a key aspect of this document is
to detail a long-term strategic plan
for simulations that can meet the
complex needs of simulating chem-
istry-climate interactions, while also

SPARC newsletter n° 40 - January 2013



Table 2: Summary of Nameof  Period Greenhouse 0DSs SSTa/SICs :mlumnd Solar VELS QBO Czone and
proposed IGAC/SPARC Simulation Aerosol Precursors
CCMI reference simula- ~ REF-C1 Transient  OBS 0OBS OBS 0BS OBS YES OBSor 0BS
tions: simulation GHGused  (WMO,  HadiSST1 Suface Area  Spechally internally  Based on
1960-2010  for CMIPS 2011) Density data  rescived generated | amarque
Appropriate  simulations, (SAD) iradiance ol &l
spnup  updated untl data, (2010), but
. o priar b 2010, Prolan annual
seeking to prioritize 1960 : ionization, amissions
simulations for near Ap
term (~next 3 vears REF-C15D Transient OBS 0Bs 0Bs 0BS 0BS Bame Sameas OBS
( Y .) (nudged for  Simulation  Same as Sameas Consisten]  Same as Sameas a8  REFC1  Sameas
needs. The result 1S goms or  1980-2010  REF-CY REFC1 wihmel  REF-CI REF-c1  REF REF-C1
that these simula-  CT¥s) reanalyss ¢
tions are envisaged _ : - -
to oceur in two main ioreicifrotg Lot Bl o2 Specrally B =y
phases over the next 1960-2100 UHI scenario SAD resolvad ":,';?“
few years, see fur- m L) e, w dusibart
ther details Section priar o (2011) Preton the future
5 and Figure 28. 1 :':”“"'
1.4 Outline
€ 2012 2013 2014 2015 2016 2017 2018 2019 2020

The three, highest priority refer-
ence simulations that should be run
by the various modelling groups are
described in Section 2. It is recom-
mended that, in addition to the ref-
erence simulations, the sensitivity
simulations described in Section 3
are performed by as many groups as
possible. It is important that groups
simulate the full time period speci-
fied, to allow a reliable compari-
son between the different models
and observations, and to provide
projections until the end of the 21+
century. Section 4 describes model
output, dynamics and composi-
tion diagnostics, and comparison
to observations. Section 5 outlines
a timeline for the CCMI and Sec-
tion 6 closes with a summary and
outlook.

2. IGAC/SPARC CCMI
Reference Simulations

This section gives an overview of
the main characteristics of the new
IGAC/SPARC CCMI REF simula-
tions. In many instances, the forc-
ings follow the recommendations
of CMIP5 (http://cmip-pcmdi.llnl.
gov/cmip5S/forcing.html). The key

Figure 28: Timeline for the IGAC/SPARC CCMI community simulations.

characteristics are also summarized
in Table 2.

2.1 HINDCAST: Reference
Simulation 1 (REF-C1, 1960-2010;
REF-C1SD, 1980-2010)

REF-C1 (1960-2010) covers the
time period from 1960 to 2010 (with
a 10-year spin-up prior to 1960) to
examine model variability and to
replicate as closely as possible the
atmospheric state in the period dur-
ing which ozone and other atmos-
pheric constituents were measured.

It allows a detailed investigation of
the role of natural variability and
other atmospheric changes impor-
tant for ozone balance and trends.
All forcings in this simulation are
taken from observations or em-
pirical data, including anthropo-
genic and natural forcings based on
changes in trace gases, solar vari-
ability (spectral irradiance and par-
ticles), volcanic eruptions, quasi-
biennial oscillation (QBO), SSTs,
and SICs; see details below. In con-
trast to CCMVal-2 simulations, the
forcings are extended to 2010 based
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on observations as much as possi-
ble. Note, that many of these forc-
ings are not necessary for models
without explicit representation of
stratospheric chemistry or alterna-
tively, without explicit tropospheric
chemistry. The primary focus of the
proposed hindcast simulation is the
evolution and variability of tropo-
spheric and/or stratospheric ozone
over the last 40-50 years. The pro-
posed hindcasts will include a num-
ber of new aspects not previously
examined in multi-model chemical
hindcast simulations, including de-
tailed evaluations of tropospheric
oxidants and chemistry, in addition
to stratospheric chemistry, inter-
actions between stratospheric and
tropospheric chemistry, chemistry-
aerosol interactions, the inclusion
of very short-lived species, and
more generally, the impact of using
stratospheric-tropospheric ~ CCMs
versus primarily tropospheric or
stratospheric CCMs.

REF-C1SD (REF-C1 Specifie
Dynamics) is a transient simula-
tion from 1980 to 2010 (there is
a discontinuity in meteorological
reanalysis datasets near 1979 with
the incorporation of satellite data
into the reanalysis product, making
the use of reanalyses prior to 1980
problematic) that is either nudged
towards observed meteorology in
a CCM or simulated with a CTM,
where the meteorology is pre-
scribed. Otherwise, all forcings are
the same as in REF-C1. Compared
to REF-CI1, this simulation can be
more directly compared to obser-
vations since there is a more direct
correspondence between the simu-
lation period and the observations.
This is particularly beneficial since
some observational data often only
cover short time periods.

It should be noted that the proposed
REF-CI setup is similar to the his-
torical simulation of the CMIPS5
protocol (Taylor et al., 2009), but

covers a different time period (later
starting date but extended to 2010
instead of 2005). Therefore, some
of the multi-model analysis could
include the historical simulations
from the CMIPS5 archive that were
carried out with an ESM with inter-
active chemistry.

2.1.1 Chemical fields and emi -

sions in the hindcast simulations

 Greenhouse Gases (N,O, CH,,
and CO,) between 1950 and
2005 are taken from Mein-
shausen et al. (2011) and con-
tinued to 2010 from the RCP
8.5 scenario (Riahietal.,2011).
Values are available at http://
www.iiasa.ac.at/web-apps/
tnt/RcpDb/dsd? Action=html
page&page=download. Note
that these are the same values
that were used for CMIPS.

* Surface mixing ratios of
Ozone Depleting Substances
(CFC-11, CFC-12, CFC-113,
CFC-114, CFC-115, CCl,,
CH,CCl,, HCFC-22, HCFC-
141b, HCFC-142b, Halon1211,
Halon1202, Halonl1301, Ha-
lon2402, CH,CI, and CH,Br)
are taken from Table 5-A3
of WMO (2011). The WMO
mixing ratios provided in Ta-
ble 5A-3 represent January 1
values, and are closely tied to
observations in the years that
are shaded, and are based on
scenario calculations in future
years (additional information
on the scenarios can be found
in WMO, 2011). For models
that do not wish to represent all
the brominated and chlorinated
species, the halogen content
of species that are considered
should be adjusted such that
model inputs for total chlo-
rine and total bromine match
the time series of total chlo-
rine and bromine given in this
table at about the year 2000.

Missing species can be added
to existing model tracers with
similar lifetimes to preserve
total chlorine or bromine. Ta-
ble 5-A3 of WMO (2011) is
available at http://ozone.unep.
org/Assessment_Panels/SAP/
Scientific_Assessm nt_2010/
index.shtml. For convenience,
the corresponding excel spread
sheet with mixing ratios (ppt)
of the ODSs given for every
year from 1951 to 2100 is pro-
vided on the CCMI website,
courtesy of Guus Velders.
Very short lived species
(VSLS). In order for the mod-
els to have a realistic strato-
spheric bromine loading, and
thereby be able to reproduce
past ozone depletion, they will
need to account for the trans-
port of bromine to the strato-
sphere by VSLS. We recom-
mend that models explicitly
include the two major VSLS
species CHBr, and CH,Br,.
The tracers should decompose
directly to inorganic Br,. Based
on past experience we expect
that imposing a surface volume
mixing ratio of 1.2pptv of each
(6pptv bromine) should lead to
about the required 4.5-5.0pptv
Br, reaching the stratosphere.
For models who do not wish to
include these VSLS and model
tropospheric loss, the model
CH,Br tracer can be increased
by a constant Spptv.

Natural biogenic emissions
and lightning NO_ emissions.
These emissions are sensitive
to meteorological variability
and climate change. It is pref-
erable that models diagnose
these emissions online through
parameterisations sensitive to
changes in meteorology and
climate. However, we recog-
nise that not all groups may
have the capacity to specify in-
ternally interactive emissions.
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We recommend that those
groups obtain biogenic emis-
sions, preferably consistent
with their meteorology, from
a group with the capability of
diagnosing these emissions
online (the PEGASOS pro-
ject will provide biogenic
emissions from 1980 to
2010). Climatological emis-
sions may provide an ac-
ceptable solution for those
models with an upper tropo-
spheric emphasis. Lightning
emissions are more difficul
to specify in an externally
consistent manner, but are
important to upper tropo-
spheric variability and the
tropospheric oxidant bal-
ance.

Anthropogenic and biofuel
emissions. The MACCity
emission dataset (Granier
et al., 2011) is proposed for
anthropogenic and biofuel
emissions and covers the
full period 1960-2010. Since
no global database existed
which provided emissions
of the main tropospheric
gases for each year dur-
ing the 1960-2010 period,
a dataset was created, based
on the 1960 and 2000 AC-
CMIP emissions (Lamarque
et al., 2010), and the 2005
and 2010 emissions provided
by RCP 8.5. This scenario
was chosen since it includes
some information on recent
emissions at the regional
scale in Europe and North
America. The emissions for
each compound were lin-
early interpolated for each
sector and each year between
2000 and 2005, and for each
year between 2005 and 2010,
using the ACCMIP and RCP
8.5 emissions. For anthropo-
genic emissions, a seasonal
cycle was first applied sec-

tor by sector, species were then
lumped to MOZART-4 spe-
cies (21 species), and finall

emissions were interpolated
on a yearly basis between the
base years (every decade 1960-
2010 + 2005). Prior to 2005,
the emissions are interpolated
from decadal time slices. In
2005 and 2010 the emissions
are extrapolated using the RCP
8.5 emissions scenario. The
MACCity emission inventory
translates from the ACCMIP
VOC emissions to those appro-
priate for the MOZART mech-
anism. Stevenson et al. (2006)
recommend using the global
speciation given in Prather et
al. (2001), with species not
included either lumped into
others or ignored. Regionally,
there is likely to be more in-
formation for lumping VOCs,
but to gather and incorporate
this information would need
additional work. The simulated
VOC emissions, speciation and
chemistry (Stevenson et al.,
2006) likely lead to important
differences in the chemistry and
need to be clearly documented
in the output. In addition, sen-
sitivity studies will also likely
be needed to document the im-
pact of different emission in-
ventories. The MACCity emis-
sions can be downloaded from
the Emissions of atmospheric
Compounds & Compilation of
Ancillary Data (ECCAD) da-
tabase website at http://pole-
ether.fr/eccad, after registra-
tion as a user.

Biomass burning emissions.
Biomass burning emissions are
provided for the 1960-2010 pe-
riod from AEROCOM2, which
has been extended to most
chemical compounds used in
models. This dataset is based
on the ACCMIP historical
emissions dataset (Lamarque

et al., 2010), work done as
part of the CityZen European
project (www.cityzen-project.
eu), the GFEDvV2 inventory
(van der Werf et al., 2006) for
1997-2008, and the RETRO in-
ventory (Schultz et al., 2008)
for the 1960-1996 period. All
emissions are provided on a
monthly-basis at a 0.5°x0.5°
resolution. Another set of bio-
mass burning emissions for the
1960-2010 period will be made
available to the CCMI mod-
ellers for sensitivity studies
purposes. This dataset, called
PEGAERESS, is based on the
LPJ-GUESS surface emissions
(Knorr et al., 2012), which uses
the dynamical vegetation mod-
el LPJ (Smith et al., 2001).

Stratospheric boundary con-
ditions for models without in-
teractive stratospheric chem-
istry. As recommended for
CMIPS5 simulations without in-
teractive chemistry, ozone can
be prescribed from the AC&C/
SPARC ozone database (Cionni
et al., 2011). Other stratospher-
ic boundary conditions need
to be specified. Monthly-mean
zonal-mean fields for CH,O,
CH,, CO, H,, HO, HO,,
HNO,, HNO,, HO,, N,O, N, O,
NO, NO,, NOy, and O, cover-
ing 1960 to 2006 (as available
at  https://jshare.johnshop-
kins.edu/dwaughl/public_
html/ccmval/multi-model/)
have been formed by taking a
mean over the CCMVal-2 sim-
ulations. All are monthly-mean
zonal-means. The mean and
standard deviation of the en-
semble are both stored as func-
tions of time, pressure level
and latitude where time is from
1960.01 to 2006.12, the verti-
cal distribution is given on 31
pressure levels, and the latitu-
dinal grid ranges from -90° to
90° by increments of 2.5°,
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2.1.2 Meteorological fields in th

hindcast simulations

Sea surface temperatures
(SSTs) and sea ice concentra-
tions (SICs) are prescribed as
monthly mean boundary condi-
tions following the global sea
ice concentration and sea sur-
face temperature (HadISST1)
data set provided by the UK Met
Office Hadley Centre (Rayner
et al., 2003). This data set is
based on blended satellite and
in situ observations and can be
downloaded from http://www.
metoffice.go .uk/hadobs/had-
isst/data/download.html. To
prepare the data for use in forc-
ing a model, and in particular
to correct for the loss of vari-
ance due to time-interpolation
of monthly mean data, it is rec-
ommended that each group fol-
lows the procedures described
on the C20C project web site
(see http://grads.iges.org/
c20c/c20c_forcing/karling_
instruct.html). This describes
how to apply the AMIP II vari-
ance correction method (see
http://www-pcmdi.llnl.gov/
projects/amip/AMIP2EXP-
DSN/BCS/amip2bcs.php for
details) to the HadISST1 data.
Quasi-Biennial Oscillation.
The QBO is generally de-
scribed by zonal wind profile
measured at the equator. The
QBO is an internal mode of
variability of the atmosphere
that dominates the interannual
variability of wind in the tropi-
cal stratosphere and contributes
to variability in the extra-trop-
ical dynamics. It is recognised
that the QBO is important for
understanding interannual vari-
ability in ozone and other con-
stituents of the middle atmos-
phere, in the tropics and the
extra-tropics. Currently, only a
few atmospheric General Cir-

culation Models (GCMs) or
CCMs simulate a realistic QBO
and hence QBO-related infl -
Simulated QBOs are
generally independent of ob-
served time series because their
phase evolutions are not bound
by external boundary condi-
tions. A realistic simulation of
the QBO, however, would have
similar periods, amplitudes
and composite structures as
the observations. Assimilation
of the QBO, for example, by
a relaxation of zonal winds in
the QBO domain (“nudging”),
may hence be useful for two
reasons: first to obtain a QBO
in GCMs that do not simulate
the QBO internally, so that,
for example, QBO effects on
the general circulation are pre-
sent, and second to synchronize
the QBO simulated in a CCM
with a given QBO time series,
so that simulated QBO effects,
for example, on ozone, can be
compared to observed signals.
As for CCMVal-2, a dataset
is provided for this purpose,
which is based on updated ra-
diosonde measurements fol-
lowing the method of Naujokat
(1986) and extended to the up-
per stratosphere as discussed
on the CCMI website.

Reanalysis. The meteorologi-
cal fields for nudged CCMs
and CTMs must come from a
continuous reanalysis system
(e.g., ERA-Interim (Dee ef al.,
2011), MERRA (Rienecker et
al., 2011), or NCEP (Kanamit-
su et al., 2002)). ERA-Interim
data are available from http://
badc.nerc.ac.uk/view/badc.
nerc.ac.uk__ATOM__data-
ent_12458543158227759. The
complete MERRA dataset,
as processed and re-gridded
to 1.9°x2.5° for CESM/MO-
ZART are available on the
Earth System Grid (http://

€nces.

www.earthsystemgrid.org/;
search for MERRA). The
atmospheric and surface flu
fields from the NCEP/NCAR
reanalysis are available from
http://rda.ucar.edu/datasets/
ds090.0/#description. The Re-
analysis Intercomparison wiki
at http://reanalyses.org/ pro-
vides an overview of current
reanalyses.

2.1.3 Solar forcing in the
hindcast simulations

Solar variability. The solar
radiative forcing data are pro-
vided at http://sparcsolaris.
gfz-potsdam.de/input_data.
php. Daily, spectrally-resolved
solar irradiance data from the
NRLSSI model (Lean et al.,
2005), which have been used in
previous CCMVal and CMIP5
experiments, are recommend-
ed. In addition, the inclusion
of  atmospheric  ionization
by solar protons (and related
HO, and NO, production) are
strongly encouraged by using
the GOES-based ionization
rate data set and a methodology
to derive HO_ and NO_ pro-
duction rates from Jackman et
al. (2009). Models capable of
considering indirect particle ef-
fects by the inclusion of an Ap-
parameterised auroral source or
upper boundary condition are
encouraged to do so.

2.1.4 Aerosols and heating rates

in the hindcast simulations

Aerosol concentrations. Mod-
els that do not simulate tropo-
spheric aerosols interactively
might need to specify a time
varying aerosol climatology. In
particular, a subset of models
for CMIP5 have used decadal
averages from Lamarque et al.
(2010), which are available at
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http://www.iiasa.ac.at/web-
apps/tnt/RcpDb/dsd? Action
=htmlpage&page=download.
Surface Area Densities (SADs).
Monthly, zonal mean time series
for SADs (units: um?*/cm?®) and
(if required) mean radii (r__,
units: um?) in conjunction with
the radiative parameters of the
stratospheric aerosol (extinction
coefficient, asymmetry factor,
and single scattering albedo, see
next bullet point) have been cre-
ated, covering the full REF-C1
period 1960-2010. These data
sets are internally consistent
with each other (which was not
the case for CCMVal-2), based
on a single lognormal particle
size distribution (Arfeuille et
al., 2012). The cornerstone for
this approach is the four-wave-
length SAGE II extinction data,
retrieval version V6, which
span the period 1985-2005. The
525nm and 1024nm data from
SAGE II V6 already featured
in the SPARC Assessment of
Stratospheric Aerosol Properties
(ASAP) report (SPARC, 2006).
Uncertainties of the SAGE 11
dataset are described in detail by
Thomason et al. (2008). From
1979 to 1985 the data were re-
trieved from single wavelength
extinctions measured by the
SAM II and SAGE 1 satellite
instruments (SPARC, 2006),
relying on correlations between
aerosol properties (SAD, r__ )
and the extinctions derived from
the SAGE II period. The 1960-
1979 pre-satellite period has
been constructed from SAGE-
II background measurements in
the late 1990s, superimposing
the volcanic eruptions of Agung
and Fuego. These eruptions were
calculated by means of the AER
2-D aerosol model (Weisenstein
et al., 1997), and the results
were scaled by means of stellar
and solar extinction data (Stoth-

ers, 2001). The 2006-2011 pe-
riod is derived from CALIPSO
532nm backscatter data, again
using  correlations
aerosol properties (SAD, r__ )
and the CALIPSO backscatter,
which were obtained during the
SAGE 1II period. The altitude
and latitude range of all derived
data (SAD, r__ and radiative
parameters) for the entire 1960-
2010 period is 5.0-39.5km and
80°S—80°N, respectively. It
should be noted that the SAGE
IT data and hence the ASAP
SAD (SPARC, 2006) have data
gaps, in particular when the at-
mosphere became opaque di-
rectly after volcanic eruptions,
which occurred mainly in lower
tropical altitudes (below 16km).
Above 26km there are also large
data gaps in the mid-to-high
latitude regions. Furthermore,
there are missing data at all al-
titudes in the high latitude polar
regions. After the eruptions of
El Chichén and Pinatubo, the
resulting data gaps were fille
by means of lidar ground sta-
tion data and interpolation, as
described in SPARC (2006). As
for CCMVal-2, for CCMI the
remaining data gaps were fille
using a linear interpolation ap-
proach in altitude and latitude.
Large gaps of data above 26km
were filled with background
values obtained from SAGE II
during years without gaps. See
next bullet point for a recom-
mendation on how to pass from
tropospheric to stratospheric
aerosols. SADs and mean radii
can be found through a link on
the CCMI website.
Stratospheric heating rates,
aerosol albedo and tropo-
spheric-surface cooling due
to volcanic eruptions. Data
sets for the radiative param-
eters of the stratospheric aero-
sol (extinction coefficient

between

(km™), asymmetry factors (-)
and single scattering albedos
(-) have been created based on
a single lognormal particle size
distribution in a similar way to
the SAD data (Arfeuille et al.,
2012). These data cover the full
REF-C1 period 1960-2010.
By means of a simple lookup
procedure the radiative param-
eters can be derived for any
wavelength band in each of the
models participating in CCMI,
whose radiation transport mod-
ules subsequently calculate
stratospheric heating rates and
tropospheric cooling. The pro-
gress with respect to CCM-
Val-2 is the internal consistency
between the SAD and radiative
datasets, and the use of the
new SAGE II V6 retrieval. The
V6 data are superior to the V5
data used in CCMVal-2, which
should no longer be used. The
V5 series had major difficu -
ties handling dense volcanic
aerosol layers and tended to
spread the enhanced extinction
several kilometres away from
the layer, forcing low values to
occur at other altitudes in com-
pensation. During the densest
parts of the Pinatubo period, it
could significantly affect data
as high as 30km. Also, the ex-
trapolation down to the tropo-
pause was done by filling the
missing data simply by extend-
ing the last reported measure-
ment down to the tropopause,
leading regularly to too-high
extinctions at the tropopause.
The V6 filling is far more ro-
bust than that used in the earlier
dataset. According to the stand-
ard SAGE grid, zonally aver-
aged data will be provided on a
grid with 5° latitude (averaged
0-5°, 5-10°, etc.). Altitude res-
olution will be 0.5km between
5.0-39.5km altitude. Every
modeller needs to provide their
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own tropospheric aerosols (see
aerosol concentrations above).
In order to avoid misrepresen-
tations of tropopause altitude,
which might lead to too strong
heating at the tropopause, mod-
els should use their own tropo-
spheric aerosol data set all the
way up to (and including) the
model’s local tropopause, and
use the stratospheric SAD and
optical parameters only in the
first grid cell above the model’s
local tropopause and higher up.
At this altitude models should
switch from the tropospheric
data set to the stratospheric data
set (i.e. not as addition). For
those models that do not calcu-
late this effect online, pre-calcu-
lated zonal mean aerosol heating
rates (K/day) and net surface ra-
diative forcing (W/m?) monthly
means from January 1960 to De-
cember 2010 for all-sky condi-
tion will be made available. The
data can be found through a link
on the CCMI website.

2.2 Future projections:
Reference simulation 2
(REF-C2, 1960 to 2100)

REF-C2 is an internally consistent
simulation from the past into the fu-
ture between 1960 and 2100. This
simulation is designed for CCMs.
The objective of REF-C2 is to pro-
duce best estimates of the future
ozone and climate changes up to
2100, under specific assumptions
about GHG as well as tropospheric
ozone and aerosol precursors that
follow RCP 6.0 and a specifie

ODS scenario that follows the halo-
gen scenario Al from WMO (2011).
REF-C2 includes solar variability,
but possible volcanic eruptions in
the future are not considered, as
they cannot be known in advance.
In contrast to the REF-C1 simula-
tion, where forcings are as much as
possible based on observations un-

til 2010, the emissions in REF-C2
follow those used in CMIP5, i.e.
Lamarque et al. (2010) until 2000
and RCPs from there on (this has to
be done in 2000 because that was
the reference period for the harmo-
nization of the RCPs with the his-
torical emissions).

2.2.1 Chemical fields and emi -
sions in the future projections

* Greenhouse gas concentra-
tions (N,O, CH,, and CO,))
are taken from Meinshausen
et al. (2011), but extended so
that they cover annual concen-
trations and the period from
1950 to 2100 from the RCP
6.0 scenario. Values are avail-
able at http://www.iiasa.ac.at/
web-apps/tnt/RcpDb/dsd?A
ction=htmlpage&page=dow
nload. Note that these are the
same values that were used for
CMIP5.

* Surface mixing ratios of
Ozone Depleting Substances
are based on the halogen sce-
nario Al from WMO (2011).
The new lifetimes from the
SPARC Lifetime Assessment
will be released in early 2013.
The report will include new
lifetime estimates along with
uncertainties for those life-
times. After the release of these
new lifetimes, the production of
a new scenario Al will start. In
addition to a new Al, a “high”
ODS scenario and a “low” ODS
scenario based upon the uncer-
tainties of the lifetimes will be
produced. Additional sensitiv-
ity simulations with the new
ODS scenarios might be de-
fined on the CCMI website

* Very short lived species
(VSLS). The same methodol-
ogy as for REF-C1 is recom-
mended, namely that models
that explicitly include the two
major VSLS species CHBr,

and CH,Br, should impose a
surface volume mixing ratio
of 1.2pptv for each, through to
2100. For models who do not
wish to include these VSLS
and model tropospheric loss,
the model CH,Br tracer can be
increased by a constant Spptv
through to 2100.
Anthropogenic and biofuel
emissions in REF-C2 are
the same as in REF-C1 until
2000. After 2000 they follow
RCP 6.0, as was done for the
CMIPS5 and ACCMIP simula-
tions. These emissions can be
found at http://www.iiasa.
ac.at/web-apps/tnt/RcpDb/ds
d?Action=htmlpage&page=d
ownload.

Biomass burning emissions in
REF-C2 are as in CMIPS5, i.e.
using Lamarque et al. (2010)
for the 1960-2000 period and
RCP 6.0 for 2000-2100. These
emissions can be found at
http://www.iiasa.ac.at/web-
apps/tnt/RcpDb/dsd? Actio
n=htmlpage&page=downlo
ad. Note that the REF-C1 bio-
mass burning emissions cannot
be used because of the poten-
tial discontinuity between the
AEROCOM?2 emissions and
RCP 6.0.

Stratospheric boundary con-
ditions for models without in-
teractive stratospheric chem-
istry. As recommended for
CMIPS5 simulations without in-
teractive chemistry, ozone can
be prescribed from the AC&C/
SPARC ozone database (Cion-
ni et al., 2011). Monthly-mean
zonal-mean fields for CH,O,
CH,, CO, H,, HO, HO,,
HNO,, HNO,, HO,, N,O, N, O,
NO, NO,, NOy, and O, for the
period 2006-2100 have been
formed by taking a mean over
the CCMVal-2 simulations (see
https://jshare.johnshopkins.
edu/dwaughl/public_html/
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ccmval/multi-model/ for de-
tails and data).

2.2.2 Meteorological fields in th

future projections

Sea surface temperatures
and sea ice concentrations.
Because of potential disconti-
nuities between the observed
and modelled data record, the
REF-C2 simulations use sim-
ulated SSTs and SICs for the
entire period. There are three
alternate approaches, depend-
ing on the resources of each
modelling group.

. First, groups that have fully

coupled atmosphere-ocean
models with coupled chemis-
try and a middle atmosphere
should perform a fully coupled
run that calculates the SSTs/
SICs internally. Due to the in-
ertia of the coupled atmosphere
ocean system, such integrations
should be started from equili-
brated control simulations for
preindustrial conditions, as is
standard for the 20" century
integrations in CMIP5 (ie.,
from 1850-2100). Solar forcing
according to the CCMI recom-
mendation (see 2.2.3) should
be used.

Second, groups that have a cou-
pled atmosphere-ocean model
that does not include chemistry
should use their own modelled
SSTs/SICs to prescribe those in
the CCM integration for the pe-
riod 1960-2100. Solar forcing
according to the CCMI recom-
mendation (see 2.2.3) should
be used.

. Third, groups that do not have

their own coupled ocean-atmos-
phere model should use SSTs/
SICs from an RCP 6.0 CMIP5
simulation. Please make sure
that you use the same solar
forcing that was used for the
CMIPS5 simulations so that the

SSTs/SICs and the atmosphere
use the same solar forcing.
Quasi-Biennial Oscillation.
To take the QBO variability
into account in future simu-
lations, the data set provided
for the REF-C1 simulation
has been extended to 2100.
The REF-C2 QBO data set in-
cludes observations from 1953
to 2011 and repeats past cycles
in the future. Alternative time
series for extensions of the ob-
servational dataset after 2011
can be composed individually
following the procedure on the
CCMI webpage.

2.2.3 Solar forcing in the
future projections

Solar variability. For the fu-
ture solar forcing data, we rec-
ommend, as for CCMVal-2, to
repeat the last four solar cycles
(20-23)  http://sparcsolaris.
gfz-potsdam.de/input_data.
php. Since data from 1960-
2010 will be used for the REF-
C1 simulations and this passes
the last solar cycle minimum in
2008 we will provide a point
where the future solar cycles
should be used. Note that the
repetition of the last four solar
cycles is not compliant with the
recommendation for CMIPS,
where a repetition of solar
cycle 23 was recommended
but was used only by a small
number of modelling groups.
Proton forcing and Ap data as
described for REF-C1 should
be repeated over the last solar
cycles in consonance with the
solar irradiance data.

2.2.4 Aerosols and heating rates

in the future projections

Aerosol concentrations. Mod-
els that do not simulate tropo-
spheric aerosols interactively

might need to specify a time
varying aerosol climatology.
In particular, a subset of mod-
els for CMIP5 used decadal
averages from Lamarque ef al.
(2011) which are available at
http://www.iiasa.ac.at/web-
apps/tnt/RcpDb/dsd? Action
=htmlpage&page=download.

* Background aerosol. Surface
area densities (and, if required,
mean radii) and radiative pa-
rameters (extinction coeffi-
cients, single scattering albe-
dos and asymmetry factors for
each wavelength band of each
model participating in CCMI)
will be prescribed by a perpet-
ual average of the years 1998-
1999 from the REF-C1 data
set, which is characteristic for a
volcanically quiescent period.
Data will be offered through a
link on the CCMI website.

* Stratospheric warming and
tropospheric-surface  cool-
ing due to volcanic eruptions
are not specified for the future
REF-C2 simulation.

3. IGAC/SPARC CCMI
Sensitivity Simulations

The following IGAC/SPARC CCMI
sensitivity simulations are currently
proposed and their specification
summarized in Table 3 (past) and
Table 4 (future). Additional sensi-
tivity simulations that might be sug-
gested to answer specific scientifi
questions will be defined and docu-
mented on the CCMI website. No
priority ranking is implied by the
following list.

SEN-C1-Emis / SEN-C1SD-Emis
is a sensitivity study that involves
individual groups specifying their
own emission inventory, different
to that in REF-C1 and REF-C1SD.
Otherwise the specification of forc-
ing is as in REF-C1 or REF-C1SD.
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Table 3: Summary of proposed IGAC/SPARC CCMI past sensitivity simulations:

Mame of Period GHGs 0DSs
Sensitivity
Simulation
SEN-C1- 1960- Same  Same
Emis 2010 asin asin
REF- REF-
¢ 1
SEN- 1980 Same  Same
C15D- 2010 asin asin
Emis REF- REF-
c1sD C1sD
SEN-C1- 1960- Same  Same
fEmis 2010 asin asin
REF- REF-
1 Cc1
SEN- 1980- Same  Same
C15D- 2010 asin asin
fEmis REF- REF-
C1sD C1sD
SEN-C1- 1960- Same  Same
S5l 2010 asin asin
REF- REF-
C1 C1

This simulation will assess the im-
portance of using different emission
inventories in tropospheric chemi-
cal variability.

SEN-C1-fEmis / SEN-C1SD-
fEmis is a sensitivity study that
involves using constant anthropo-
genic, biofuel, biogenic and bio-
mass burning emissions. Otherwise
the specification of forcings is as in
REF-C1 or REF-C1SD. This simu-
lation will assess the importance of
meteorology in tropospheric chemi-
cal variability.

SEN-C1-SSI (1960-2010, REF-C1
with a different SSI forcing data
set, i.e. SATIRE (Krivova et al.,
2006) is designed to address the sen-
sitivity of the atmospheric response
to a higher UV forcing than in the
standard NRLSSI data set (Lean et
al., 2005) used so far for all model
experiments within CCMVal and
CMIPS. The larger UV forcing has
consequences not only for atmos-

S8Ts/SICs  Background  Solar
& Volcanic Variability
Aerosol
Sameasin  Same as in Same as in
REF-C1 REF-C1 REF-C1
Sameasin  Sameasin Same as in
REF-C1SD REF-C1SD REF-C15D
Sameasin  Sameasin Same as in
REF-C1 REF-C1 REF-C1
Sameasin  Sameasin Same as in
REF-C1SD REF-C1SD REF-C15D
Sameasin Sameasin Different 51
REF-C1 REF-C1 data set
(SATIRE)
Protons and
Ap same as
in REF-C1

pheric heating but also for ozone
chemistry. It is therefore important
to understand the atmospheric im-
pacts of using different SSI datasets
in a consistent and coordinated way
in a number of CCMs, as recently
highlighted by Ermolli ez al. (2012).

SEN-C2-RCP (2000-2100, REF-
C2 with GHG scenario other than
RCP 6.0) is a transient simulation
similar to REF-C2, but with the
GHG and ozone precursor scenario
changed from RCP 6.0 to RCP 2.6
(van Vuuren et al., 2011b), RCP 4.5
(Thomson et al., 2011), and/or RCP
8.5 (Riahi et al., 2011). Accord-
ingly, if the model does not include
an interactive ocean, SSTs and SICs
are prescribed from an AOGCM
simulation that is consistent with
the GHG scenario. The ODS sce-
nario in all these simulations re-
mains as in REF-C2. The sensitiv-
ity of stratospheric ozone has been
studied in Eyring et al. (2010b), but
with a limited number of scenarios

VLS QBO Ozone and
Aerosol
Precursors

Same  Sameasin  Different

asin REF-C1 from REF-C1

REF-

c1

Same Sameasin  Different

asin REF-C15D  from REF-

REF- C15D

C18D

Same  Sameasin  Fixed at

asin REF-C1 1960 levels

REF-

c1

Same  Sameasin  Fixed at

asin REF-C1SD 1980 levels

REF-

C18D

Same  OBSor Same asin

asin internally REF-C1

REF- generated

c1

performed by only a small number
of models. These sensitivity simu-
lations will allow the assessment of
the future evolution of ozone and
climate change under GHG scenar-
ios other than the RCP 6.0 scenario
used in REF-C2.

SEN-C2-fODS (1960-2100, REF-
C2 with halogens fixed at 1960 lev-
els) is a transient simulation similar
to REF-C2, but with halogens fixe

at 1960 levels throughout the simu-
lation, whereas GHGs and SSTs/
SICs are the same as in REF-C2. It
is designed to address the science
question of what are the effects of
halogens on stratospheric ozone
and climate, in the presence of cli-
mate change (Eyring et al., 2010a).
By comparing SEN-C2-fODS with
REF-C2, the impact of halogens can
be identified and it can be assessed at
what point in the future the halogen
impact is undetectable, i.e., within
climate variability. This was the defi-
nition of full recovery of stratospher-
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Table 4: Summary of proposed IGAC/SPARC CCMI future sensitivity simulations:

Name of Period GHGs 0ODSs SSTs/SICs Background  Solar VELS QBO  Ozoneand
Sensitivity & Volcanie Variability Aerosol
Simulation Aerosal Precursors
SEN-C2- 2000- OBS+ Sameas  S5Ts/SICs Same as in Sameasin  Same Same Sameas
RCPZ.6 2100 RCP 2.6 IinREF-CZ consistent REF-C2 REF-C2 asin  asin  REF-C1 until
with RCP 2.6 REF- REF- 2000+ RCP
GHG c2 c2 2.6 beyond
scenario
SEN.C2- 2000- OBS+ Sameas  SSTs/SICs Same as in Sameasin Same Same Sameas
RCP4.5 2100 RCP45 inREF-C2 consistent REF-C2 REF-C2 asin  asin  REF-C1 until
with RCP 4.5 REF- REF- 2000 + RCP
GHG c2 c2 4.5 beyond
scenario
SEN-C2- 2000- 0OBs+ Sameas  SSTe/SICs Same as in Sameasin  Same Same Sameas
RCPE.5 2100 RCP85 inREF-C2 consistent REF-C2 REF-C2 asin  asin  REF-C1 until
with RCP 8.5 REF- REF- 2000+ RCP
GHG c2 c2 8.5 beyond
scenario
SEN-C2- 1960- Sameas  Fixed Sameas in Same as in Sameasin  Same Same Sameasin
foDSs 2100 inREF-  halogens REF-C2 REF-C2 REF-C2 asin  asin REFC2
Cc2 at 1960 REF- REF-
level c2 c2
SEN.C2- 2000. Sameas Fixed Sameasin Same as in Sameasin Same Same Sameasin
foDS2000 2100 inREF-  halogens REF-C2 REF-C2 REF-C2 asin  asin  REF-C2
c2 at 2000 REF- REF-
level c2 c2
SEN-C2- 1960- Fixed Same as 1955-1964 Same as in Sameasin  Same Same Sameasin
fGHG 2100 GHGat inREF-C2 average of REF-C2 REF-C2 asin  asin  REF-C2
1960 values used in REF-  REF-
levels REF-C2, c2 c2
repeating
each year
SEN-C2- 1960- Sameas Same as Same as in Same as in Same asin Same Same Fixed at 1960
fEmis 2100 inREF- inREF-C2 REF-C2 REF-C2 REF-C2 asin  asin  levels
c2 REF- REF-
c2 c2
SEN-C2- 2020- 4xC0O;, Sameas  Modeledor Specifiedby Sameasin @ Same Same Sameasin
GeoMIP various 1%/year inREF-C2 specified GeoMIP REF-C2 asin asin REF-C2
COs or S55Ts axperiment REF- REF-
RCP 4.5 c2 c2
SEN-C2- 1960- Sameas Same as Same as in Same as in Trendin S8l Same Same Sameasin
SolarTrend 2010 inREF- inREF-C2 REF-C2 REF-C2 and Ap, asin  asin  REF.C2
c2 Protons REF- REF-
same as in c2 c2
REF-C2

ic ozone from the effects of ODSs
that was applied in WMO (2011).

SEN-C2-fODS2000 (2000-2100,
REF-C2 with halogens fixed at
2000 levels) is a transient simu-
lation similar to REF-C2, but
with halogens fixed at 2000 levels
throughout the simulation, whereas

GHGs and SSTs/SICs are the same
as in REF-C2. This simulation is
designed to address the climate and
composition change due to the im-
plementation of the Montreal Pro-
tocol, which caused chlorine and
bromine to go into reverse at around
the year 2000. This simulation cov-

ers 2000 to 2100, and is initialized
from REF-C2.

SEN-C2-fGHG (1960-2100, REF-
C2 with GHGs fixed at 1960 lev-
els) is a transient simulation similar
to REF-C2, but with GHGs fixed at
1960 levels throughout the simula-
tion and the adjusted scenario Al
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halogens the same as in REF-C2.
It is designed to address the sci-
ence question of how non-linear
are the atmospheric responses to
ozone depletion/recovery and cli-
mate change (Eyring et al., 2010a).
To that end, GHGs are fixed at 1960
levels throughout the simulation.
SSTs/SICs will be a 1955-1964 av-
erage of the values used in REF-C2.
By comparing the sum of SEN-C2-
fODS and SEN-C2-fGHG (each
relative to the 1960 baseline) with
REF-C2, the non-linearity of the re-
sponses can be assessed. SEN-C2-
fGHG also addresses the policy-
relevant (if academic) question of
what the impact of halogens on the
atmosphere would be in the absence
of climate change.

SEN-C2-fEmis (1960-2100, REF-
C2 with emissions fixed at 1960
levels) is designed to address the

impact of climate change (Steven-
son et al., 20006).

SEN-C2-GeoMIP is a set of tran-
sient simulations to test the climate
system response to solar radiation
management with stratospheric
aerosols, as part of GeoMIP. Krav-
itz et al. (2011) describe four sets
of standardized experiments using
solar constant reduction or strato-
spheric aerosol clouds to either bal-
ance anthropogenic radiative forc-
ing or reduce it quickly. Many of
these runs have been completed and
are now being analysed, but there
are still many interesting questions
that can be addressed by CCMs.
The G1 and G2 experiments in-
volve reducing the total solar irradi-
ance to balance either an instanta-
neous quadrupling of CO, or a 1%/
year increase of CO,, and would be
most appropriate for models with
interactive oceans. G3 and G4 in-
volve balancing an RCP 4.5 forcing
with sulphate aerosols in the strato-
sphere or a continuous 5Tg/year
stratospheric sulphate injection, and

all CCMs could simulate the strato-
spheric chemical and dynamical re-
sponses, in addition to other climate
changes. Models without oceans
will need to have SSTs provided
from other GCM runs. SADs and
net radiative flux changes will be
needed for models that do not cre-
ate their own stratospheric aerosols
and the radiative response from SO,
or sulphate injections. See http://
climate.envsci.rutgers.edu/Ge-
oMIP/ for more details on GeoMIP.

SEN-C2-SolarTrend (1960-2100,
REF-C2 but with a trend in fu-
ture solar cycle) aims at looking at
the effects of a possible new grand
minimum in solar activity. Predic-
tions of the solar cycle are extreme-
ly difficult and uncertain, but it is
known that the sun will move out of
its grand maximum, which peaked
in the mid-20™ century. There is a
lot of ongoing research looking into
whether or not the sun will move
into a new Maunder Minimum-like
period, and whether and how this
might counteract the recent global
warming. To avoid speculation and
put research on firm ground, a simu-
lation with a future trend in the solar
cycle amplitude will be prescribed
and the atmospheric response will
be investigated. This future trend
will be based on past cycles that
will be repeated in reversed order
(cycles 20, 18, 17, 16, 15, 14, 13,
12). A detailed description and the
data set will be provided on the SO-
LARIS website at http://sparcsolaris.
gfz-potsdam.de/input_data.php.

4 Model output, online
diagnostics, and comparison
with observations

4.1 Requested output and format

Output from this new set of CCMI
simulations will be collected in
Climate and Forecast (CF) stand-
ard compliant netCDF format from

all models, and held in the central
CCMI database at the British At-
mospheric Data Centre (BADC).
The use of CMOR is strongly en-
couraged. We will provide CMOR
tables for all requested output and
will make them available on the
CCMI website. CMOR-compliant
data will be published through
the Earth System Grid Federation
(ESGF) system.

Output requests will broadly follow
the requests made by the ACCMIP
and CCMVal activities, with some
additional output for new sugges-
tions for process-oriented model
evaluation and improved compari-
son with observations. These ad-
ditional specific diagnostics are
discussed in Section 4.2. It is recom-
mended that model groups provide
these data to the extent possible.
CMOR tables for these additional
diagnostics will also be provided on
the CCMI website.

4.2 Additional transport and
composition diagnostics

Diagnostics not yet available from
the previous ACCMIP and CC-
MVal activities include synthetic
tracers (Section 4.2.1), diagnostics
for tropospheric ozone and HO,
budgets (Section 4.2.2 and 4.2.3,
respectively), and output of some
high-frequency model data for trop-
ospheric OH (Section 4.2.4).

4.2.1 Synthetic tracers

Following discussions at the Davos

workshop, modellers are encour-

aged to include the following syn-
thetic tracers:

1. NH 5: Fixed surface layer
mixing ratio over 30°-50°N
(100ppbv), uniform fixed 5-day
exponential decay (e-folding
time 1=4.32x10%s).

2. NH 50: Fixed surface layer
mixing ratio over 30°-50°N
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(100ppbv), uniform fixed 50-
day exponential decay.

3. NH_50W: Fixed surface layer
mixing ratio over 30°-50°N
(100ppbv), uniform fixed 50-
day exponential decay, wet re-
moval as HNO,.

4. AOA NH: Fixed surface layer
mixing ratio over 30°-50°N
(Oppbv), uniform fixed source
(at all levels) everywhere else
(source is unspecified but must
be constant in space and time
and documented). Note that the
source could be lyr/yr, so the
tracer concentration provides
mean age in years.

5. ST80_25: Fixed mixing ratio
above 80hPa (200ppbv), uni-
form fixed 25-day exponential
decay in the troposphere only.

6. CO 25: emitted as anthro-
pogenic CO (emission file
available from HTAP, ftp:/
ftp.retro.enes.org/pub/
emissions/aggregated/
anthro/0.5x0.5/2000/ RET-
RO_ANTHRO_V2 2000_
CO_aggregated.nc but only
use annual mean), uniform
fixed 25-day exponential de-
cay.

7. CO_50: emitted as anthropo-
genic CO (emission files avail-
able from HTAP), 50-day ex-
ponential decay.

8. SO2t: emitted as anthropogenic
year 2000 SO, (as specified in
REF-C1), wet removal as SO,,.

9. O3S: stratospheric ozone tracer
set to ozone in the stratosphere,
then destroyed in the tropo-
sphere using the ozone chemi-
cal loss rate.

10.SF6: specified using emis-
sions from http://edgar.jrc.
ec.europa.eu/datasets_grid_
list.php#d. Note that these
emissions are available only as
annual averages (1970-2008;
emissions before 1970 should
be set to 0 while emissions af-
ter 2008 should be kept at their

2008 level). Monthly emissions
should be built using the avail-
able annual file and assigning
the value as representative of
July 15. Special care should
be made that the annual global
integral at the model resolution
matches the EDGAR generated
total (available as argument
from the netCDF v42 files)

11.AOA: Stratospheric mean age-
of-air. Use existing implemen-
tation or implement the same
as AOA_NH (item #4) except
fixed surface layer mixing ratio
is set to Oppbv over the surface
of the whole globe.

The “NH” tracers (NH_5, NH_50,
NH_50W, and AOA_NH) are used
for defining the transport times
and time since air has encountered
the surface layer over the latitude
band 30°-50°N. From AOA NH,
NH_5 and NH_50 we will be able
to estimate the transit time distri-
bution. The NH_50W tracer will,
in comparison to NH_50, provide
information on the relative role of
wet deposition in transport from
the northern mid-latitudes. By ref-
erencing the age at the tropical
tropopause, AOA_NH can also be
used for stratospheric age-of-air
diagnostics. The tracer ST80 25 is
used for diagnosing stratosphere-
troposphere exchange. The tracers
CO_25, CO_50, and SO2t can be
used as surrogates for surface pol-
lution and PM, , therefore allowing
for the diagnosis of the importance
of changes in circulation on surface
pollutant concentration. In addition,
the inclusion of the stratospheric
ozone tracer (O3S), SF6 (specifie

from observations as a concentra-
tion in the surface layer) and mean
age-of-air (AOA) tracers are recom-
mended. The SF6 and AOA tracers
can be compared with observations.
For the analysis, only monthly out-
put for each tracer is requested.
Specific models with the capacity

for daily output for surface layer
mixing ratio CO_25, CO_50, and
SO2t are encouraged to generate
them to the extent possible.

4.2.2 Tropospheric ozone budget

In order to accurately document
the tropospheric ozone budget, we
recommend saving the monthly av-
erage output of the following fiv
fields (see CMOR Tables for addi-
tional information):

1. Net chemical tendency dO,/dt
(production minus loss, exclud-
ing deposition)

2. Production: **only** provide the
sum of all the HO,/RO, + NO re-
actions (as k*[HO,]*[NO])

3. Loss: **only** provide the sum
of the following reactions
(i) O(D)+H,0
(i) O, +HO,

(i) O,+OH
(iv) O, + alkenes (isoprene,
ethene,...)

4. Dry deposition flux: **only** of
O

3
5. Tropopause pressure

At the minimum the net chemical
tendency, tropopause pressure and
deposition fields should be provided.

4.2.3 Tropospheric HO budget

Similarly, specific output for the
study of tropospheric OH is recom-
mended as monthly averaged file
for the following fields

.J(NO,)

.J(O'D)

. 3D lightning NO production

.Rate  of (O'D)+H,0 (three-
dimensional distribution  of
k*[O'D]*[H,0])

5. Total loss of OH (rate of OH loss

from all reactions)

6. Rate of CO+OH and CH,+OH

7. Production rate of H,O,

8. Production rate of HNO,

A W N —
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9. Production rate of all hydrogen

peroxides (e.g., CH,OOH)

10. Aerosol reactions rates as sepa-
rate diagnostics (as an exam-
ple, the MOZART reactions are
listed)

* N,O, ->2 * HNO,
* NO, -> HNO,
* NO, -> 0.5*OH + 0.5*NO +
0.5*HNO,
* HO, -> 0.5*H,0,
11. Reaction rate of SO, + OH

In addition, it would be very useful
if modellers could provide the ad-
ditional rates (to further diagnose
the fate of hydrogen peroxides) as
monthly averages:

. RONO
2. ROANO,
3. RO,+HO,
4. ROARO,
5. RC(0)0,+NO,

where R refers to the organic per-
oxy radical pool.

4.2.4 High-frequency output
for tropospheric OH

The following targeted, high-fre-
quency output for evaluating trop-
ospheric OH and related species
should be generated if possible:

REF-C1SD: hourly (instantaneous)
output for July 1% 2004 (to “coin-
cide” with INTEX-A)

REF-C2: hourly (instantaneous)
output for July 1% every decade
(1960-2100)

These are therefore 24 time samples
of 3D instantaneous fields for one
model day for REF-C1SD and for
every 10 years for REF-C2.
* Requested fields: Temperature
and either pressure or density
* Chemical species (if applica-
ble):
- OH, HO,, NO, NO,, HNO,,
PAN, HO, CH, CO, O,

O(CP), O('D), CH,, CH,O,,
CH,0O0H, CH,0, CH,O, CHO,
H, (CH,),CO, CH,00H, H,0,
& full suite of biogenic & an-
thropogenic VOCs
— or- all chemical species (if
more convenient)

» Photolysis rates:
- J(O0,) >> O('D), I(O,) >
O(CP), J(NO,), cloud and aero-
sol optical depth, surface albe-
do
— or- all J values (if more
convenient).

4.3 Model output for comparison
with satellite observations

There is now a wealth of satellite
data with which to evaluate process-
es and trace gas distributions within
models. Each of these datasets has
its own strengths and limitations,
and often provides complementary
information to other datasets.

A proper comparison between sat-
ellite observations and models re-
quires sampling the model output
at the times and locations of the
measurements and interpolating the
model data to the observed verti-
cal levels. Comparisons to satellite
data should, in addition, consider a
priori profiles and averaging ker-
nels from the retrievals when sam-
pling model output, for example, to
calculate tropospheric columns for
trace gas species. During the last
few years, several satellite simula-
tors have been developed, which
either involve online calculations or
post-processing to provide model
output more directly comparable to
remote sensing observations from
satellites. Some models now have
the capability to sample model out-
put along sun-synchronous satellite
orbits (see for example the SORBIT
routine in Jockel et al., 2010). To
facilitate and encourage a proper
comparison with satellite data, we
therefore provide local times and

measured species for some remote
sensing products that could poten-
tially be used for evaluating trace
gases, see Tables S1, S2, and S3°.

Evaluation of the CCMI simulations
will benefit from the Obs4MIPs effort
(http://obs4mips.llnl.gov:8080/
wiki), a pilot activity to make ob-
servational products more accessi-
ble for climate model intercompari-
sons, such as CMIP5. Obs4MIPs
was initiated by NASA and the
Program for Climate Model Diag-
nosis and Intercomparison (PCM-
DI; http://www-pemdi.llnl.gov/).
Participants of the IGAC/SPARC
CCMI are encouraged to use and
contribute satellite datasets to the
Obs4MIPs database, adhering to
the prescribed requirements (http://
obs4mips.linl.gov:8080/wiki/re-
quirements). Interested parties
should contact the Obs4MIPs team
at obs4mips@lists.linl.gov.

The focus of the initial data sets
listed in Table S1 is to constrain the
magnitude and distribution of those
species that are radiatively impor-
tant in the troposphere or important
for controlling tropospheric ozone
and OH. Table S1 lists some poten-
tial data sets. Methane, ozone, aero-
sols and water vapour are directly
radiatively important. The other fac-
tors in Table S1 control the distribu-
tions of ozone and OH, such as me-
teorological variables (e.g., cloud
albedo), solar irradiance variables
(e.g., ozone column) and chemical
variables (e.g., CO, methane, NOx,
ozone, water vapour). For example,
ESMs typically have high biases for
water vapour in the mid- and upper
troposphere as compared to AIRS
data, which can translate into high

’Find Tables S1, S2 and S3 in the Supple-
mentary Material uploaded to http://www.

sparc-climate.org/publications/newsletter/.

SPARC newsletter n° 40 - January 2013



biases of model OH. In addition to
evaluating the distributions of trace
gases, these data sets can be used to
assess the response of model pro-
cesses to perturbations (e.g., the re-
sponse of ozone to ENSO).

In addition, we ask for output of
cloud properties (cloud fraction
and cloud liquid water content),
temperature, H,O, NO,, CH,0,
SO,, CO, NH, and O, at two local
times (10:00am and 2:00pm). From
these local time values, a monthly-
average composite can be generated
to limit output requirements while
still being useful (Aghedo et al.,
2011). In the case of REF-C1SD,
daily output for 2006 is, however,
requested to fully document the im-
portance of sub-sampling.

The SPARC Data Initiative offers
an archive (soon accessible via the
SPARC Data Center website) with
vertically-resolved, monthly, zonal
mean time series of stratospheric
trace gas climatologies obtained
from current and past limb-viewing
satellite instruments (Table S3).
The climatologies are provided on
a latitude-pressure grid using the
CCM Val pressure levels (300, 250,
200, 170, 150, 130, 115, 100, 90,
80, 70, 50, 30, 20, 15, 10, 7, 5, 3,
2, 1.5, 1, 0.7, 0.5, 0.3, 0.2, 0.15,
0.1hPa) and a horizontal binning
of 5°, with latitude bins centred at
-87.5°, -82.5°, -77.5°,...,87.5°. For
longer-lived species (e.g., O,, N,O,
H,O, CH,, CFCs, CO, HF, SF)), the
climatologies can be directly com-
pared to zonal mean model output.
For the shorter-lived species, how-
ever, model output should be sam-
pled in the same way as the satellite
data (e.g., with the help of a satellite
simulator) in order to avoid zonal
mean differences due to inhomo-
geneous sampling or diurnal vari-
ations. Alternatively, if sampling
the model output along the exact
sampling pattern cannot be carried

out, the zonal mean model output
should be based on data sampled at
the specific local solar time (LST)
of the satellite measurement of each
latitude bin. In addition, model
profiles output at the observational
tangent points (see Table S2) are
very important, in particular for
the profile-by-profil evaluation of
species with large diurnal variation.
Detailed sampling patterns and
simplified sampling instructions
based on LST-latitude relations will
be provided by the SPARC Data
Center. We specifically ask for the
following targeted output from the
REF-C1SD simulations using the
detailed or simplified sampling pat-
terns in order to evaluate the rep-
resentation of the diurnal cycles of
different species and polar strato-
spheric chemistry (see e.g., Santee
et al., 2008):

+ O,, NO,, NO, HNO,, N,O,,
CIONO,, and HCI according to
the ACE-FTS sampling pattern
between 1 July 2004 and 31
June 2006.

« 0O,, HNO,, ClO, HOCI, ClO-
NO,, NO,, N,O, according to
the MIPAS sampling pattern
between 1 February 2005 and
31 June 2006.

+ O,, N,O, HNO,, HCI, CIO,
HOCI according to the Aura-
MLS sampling pattern between
1 July 2004 and 31 June 2006.

« O,, HNO,, HCl, CIO, HOCI,
BrO according to the SMILES
sampling pattern between 1
October 2009 and 31 March
2010.

¢ BrO, NO, according to the
OSIRIS sampling pattern be-
tween 1 July 2004 and 31 June
2006.

4.4 Model output for comparison
with aircraft observations

In addition to observations that
monitor climate on a global scale,
process study observations are

made, which are usually more lo-
calised and cover limited time pe-
riods. Regional field experiments
provide the basis for much under-
standing about key processes in
the atmosphere. Examples include
field projects such as the SCOUT-
03 Darwin Aircraft Campaign; the
African Monsoon Multidisciplinary
Analyses (AMMA) experiment;
the Tropical Convection, Cirrus
and Nitrogen Oxides Experiment
(TROCCINOX) aircraft campaign;
the HIAPER Pole-to-Pole Obser-
vations (HIPPO) of the carbon cy-
cle and greenhouse gases; and the
Transport and composition in the
UTLS (TACTS) / Earth System
Model Validation (ESMVal) cam-
paign carried out with the High
Altitude and Long-Range Research
Aircraft (HALO).

Comparisons to more local meas-
urements made, for example, dur-
ing in situ aircraft campaigns ex-
hibit the problem of a mismatch of
spatial and temporal scales between
observations and models. CCMs
and ESMs usually run at horizontal
resolutions of a few hundred kilo-
metres, whereas field experiments
sample local air masses. Similar to
sampling model output along sun-
synchronous satellite orbits, some
models now have the capability to
interpolate the model data to the
flight path during the model simula-
tion (see for example the S4D rou-
tine in Jockel et al., (2010)). This
comparison is very useful, in par-
ticular for the REF-C1SD simula-
tion, which has specified dynamics
matching the meteorological situ-
ation of particular years and thus
allows a more direct comparison.
To facilitate this comparison, we pro-
vide the flight paths of several aircraft
campaigns on the CCMI website in
NASA AMES or ICARTT format.
We refer to the CCMI website for
updates on this list (follow the link
‘Observations for model evaluation”).
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For the free-running REF-C1 sim-
ulations where the meteorological
situation and atmospheric dynam-
ics do not match those observed in a
particular year, a comparison to ob-
servations is thus only meaningful
if longer time records are consid-
ered. A possibility to compare with
in situ data is to combine different
campaigns into one database with
a horizontal grid comparable to
that used in ESMs (Emmons ef al.,
2000). However, it has to be kept in
mind that since aircraft campaigns
are often targeted at specific events
they do not necessarily provide a
good representation of the mean
climate or composition.

A CCMI expert team, which was
established as part of the Davos
workshop, will further work on this
topic and will particularly address
the following tasks:

o Identify a methodology to
meaningfully evaluate CCM
simulations against in situ ob-
servations via analyses that
bridge the disparate temporal
and spatial scales.

* Following the successful CCM-
Val exercise, carry out observa-
tion-model comparisons by im-
proving access to vetted in situ
data sets to facilitate the evalua-
tion of models.

* Identify diagnostics suitable
for a climatology and provide
this climatology (update of
Emmons et al., 2000).

Updates from the expert group will
be reported on the CCMI Website.

4.5 Model output for comparison
with ground measurements

A document describing the avail-
ability of ground-based measure-
ments and suggestions for com-
parisons to ground-based data is
available from the CCMI website
(follow the link ‘Observations for
model evaluation’). These compari-

sons are, in general, possible with
the standard monthly output gener-
ated using CMOR tables (see Sec-
tion 4.1).

5. Timeline IGAC / SPARC
Chemistry-Climate Model
Initiative

A key aspect of this document is to
detail a long-term strategic plan for
simulations that can meet the com-
plex needs of simulating chemis-
try-climate interactions, while also
seeking to prioritize simulations for
near-term (next 3 year) needs. The
result is that the CCMI simulations
are envisaged to occur in two main
phases over the next few years. The
timeline is summarized in Figure 28.

Near-term efforts in CCMI Phase 1
(CCMI-1) focus on hindcast simula-
tions and on simulations in support
of the 2014 WMO/UNEP Scientifi

Assessment of Ozone Depletion with
currently existing models. A compre-
hensive set of hindcasts and future
projections will be repeated in CCMI
Phase 2 (CCMI-2), with improved
models that are also likely to be more
complex and run at higher resolutions
than at present. The long-term target
of the IGAC/SPARC CCMI initia-
tive is 2017/2018, when chemistry-
climate could be addressed in a much
more comprehensive way than now,
e.g. with interactive stratospheric
chemistry, aerosols, tropospheric
chemistry, biosphere and an ocean. It
could be envisaged that the simula-
tions of Phase 2 be part of the sixth
phase of CMIP (CMIP6), thus bridg-
ing the gap with the climate com-
munity at that stage. CCMI Phase 2
simulations are to be delivered only
in several years time and are there-
fore not defined in this document

CCMI PHASE 1 (CCMI-1, near-
term, ~next 3 years):
The focus of CCMI PHASE 1 is on

hindcast simulations and simulations
in support of the 2014 WMO/UNEP
Scientific Assessment of Ozone De-
pletion. The new community-wide
hindcast simulations are REF-C1
and REF-C1SD, which are also used
in several projects currently under-
way and thus fulfil multiple purpos-
es. It also includes REF-C2, which
will be run in support of the 2014
WMO/UNEP Scientific Assessment
of Ozone Depletion, and possibly ad-
ditional sensitivity simulations, with
results that can also be taken from ex-
isting similar simulations performed
for CMIP5 and the SPARC lifetimes
assessment.

The timeline for the 2014 Ozone
Assessment is predicated on several
specific milestones: The co-chairs
will start working on a draft outline
in fall 2012, and an author team will
be assembled in spring 2013. The 1*
draft will have to be complete around
November 2013, the 2™ draft around
February 2014, and the 3% draft in
May 2014. The chapters would be fi-
nalized by July-August 2014. There-
fore, results from the simulations
would be required by around mid- or
early autumn 2013.

CCMI PHASE 2 (CCMI-2, long-
term, until ~2017/2018):

One of the overall recommendations
ofthe SPARC-CCMVal (2010) report
was that the CCM Val assessment and
projection process should be syn-
chronized with that of CMIP to make
the most of human and computer re-
sources, and to allow time for model
improvements. Assuming that there
will be another IPCC and WMO/
UNEP assessment, they would be
much better in phase than today and
would present an opportunity to de-
fine chemistry-climate simulations as
part of the CMIP6 protocol. Hence,
as a community, 2017/2018 could be
considered as a major target where
things could come together in a much
more comprehensive way: strato-
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spheric change, aerosols, tropospher-
ic chemistry, biosphere, and ocean.
There is thus a long-term vision for
the IGAC/SPARC CCMI that will
need to be more thoroughly define
in future.

6. Summary and Outlook

CCM groups are encouraged to run
the proposed CCMI-1 reference sim-
ulations with the specified forcings.
In order to facilitate the set-up of
the reference simulations, the forc-
ings and other data sets have been
made available on the CCMI website
(http://www.pa.op.dlr.de/CCMI/)
and through the specific links given
in this document. The CCMI website
has been created to report on ongo-
ing CCMI activities and to serve the
needs of the CCM and CTM com-
munity. The forcings are made avail-
able to encourage consistency of an-
thropogenic and natural forcings in
future model/model and model/ob-
servation intercomparisons. Any up-
dates as well as detailed explanation
and further discussion will be placed
on the CCMI website. In addition
to the reference runs, the groups are
encouraged to run as many CCMI-1
sensitivity simulations as possible.
The hope is that these additional runs
will be available in time to provide
useful input for the anticipated 2014
WMO/UNEP Ozone Assessment,
so that the ozone projections from
the CCMs can be assessed for dif-
ferent GHG scenarios and the fixe
ODS simulation. A community-wide
workshop will be held from 13-17
May 2013 in Boulder (USA), where
initial results from the CCMI-1 simu-
lations will be discussed.

The data will be collected in CF
compliant netCDF format at BADC.
For the collection of the data, a data
policy similar to those used in pre-
vious CCMVal and ACCMIP inter-
comparisons will apply. It is expect-

ed that the groups submitting model
output to BADC, as well as the wider
community who will be working
with these data, will disseminate the
results of this effort through a series
of publications.
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