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Abstract. This paper presents a comprehensive overview
of the Coupled Model Intercomparison Project Phase 7
(CMIP7) request for data unlocking key research avenues
in atmospheric science and provides justification for the
resources needed to produce this data. Topics within the
CMIP7 Atmosphere Theme centre around processes and
feedbacks in atmospheric science such as clouds, aerosols
and atmospheric chemistry, atmospheric circulation, temper-
ature variability and extremes, radiative forcings, and Earth
system model evaluation. These topics are summarised in
this paper as scientific “opportunities” which will be re-
alised through CMIP7 experiments and Earth system model
outputs. These opportunities were submitted by a thematic
group of atmospheric science community representatives
combined with an extended consultation process. The pro-

duction of these variables will close key gaps and uncer-
tainties identified during previous rounds of CMIP, and will
be broadly used by scientific, policy, governmental, industry,
and other communities that rely on climate model projec-
tions for research and decision making, including supporting
the 7th Intergovernmental Panel on Climate Change Assess-
ment Report (AR7). As an author group, we also reflect on
the process used to collate this data request and make recom-
mendations to future CMIP governance on implementing a
consultation on this scale in the future.
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1 Introduction

Atmospheric processes play fundamental and wide-ranging
roles in the climate system. Global-mean surface tempera-
ture is primarily determined by radiative fluxes through the
atmosphere, governed by the distribution of radiatively active
trace gases, aerosols, and clouds. Dynamical processes redis-
tribute energy, momentum and moisture from the tropics to
higher latitudes and vertically across layers, and cause vari-
ability ranging from localised thunderstorms to large-scale
meanders of the jet streams (e.g. Peixóto and Oort, 1984).
Chemical, radiative, and dynamical processes interact to de-
termine the distribution of ozone and other important trace
constituents that impact climate.

The origin of Atmospheric General Circulation Mod-
els (AGCMs) dates from the 1950s, when the Numerical
Weather Prediction (NWP) approach was adapted to longer
timescales by solving simplified equations on a limited do-
main in the presence of heating and friction (Phillips, 1956).
With model developments over time, AGCMs expanded their
domain to the whole atmosphere, simulating the global cir-
culation of air, moisture, and trace constituents such as car-
bon dioxide, ozone, and aerosols (Edwards, 2000; Weart,
2010; Durack et al., 2025). With increasing understanding
of a wider range of physical processes, combined with the
advancement in high performance computing power, cli-
mate models have evolved to couple AGCMs with ocean,
cryosphere, and land surface models in order to simulate the
whole Earth System with increasing realism (Randall et al.,
2019). Over time, these Earth System models have incor-
porated an increasingly wide range of physical and biogeo-
chemical processes spanning a multitude of spatial and tem-
poral scales. Concomitantly with their increase in complex-
ity and spatial resolution, the scope of atmospheric output
requested from them has grown. The scientific community
analysing these outputs has also broadened (e.g. Ruane et
al., 2016) beyond practitioners researching the fundamental
principles of atmospheric science (e.g., the role of clouds in
climate change) as well as those investigating regional-scale
human impacts of climate change (e.g., heat waves or other
extreme events).

Since the 1990s, the Coupled Model Intercomparison
Project (CMIP) has been coordinating climate simulations
to enhance understanding of past, present, and future cli-
mate change (Meehl, 1995; Durack et al., 2025). The anal-
ysis and studies based on the model output from CMIP
have laid foundations for the Intergovernmental Panel on
Climate Change (IPCC) working group assessments (e.g.
IPCC, 2023), as well as other national and international
climate change assessment efforts. Atmospheric variables
have formed a core component of CMIP output since
the project’s beginning. According to statistics from the
Earth System Grid Federation (ESGF) Dashboard (Fiore
et al., 2021), the top 3 most downloaded variables from
Phase 6 of CMIP (CMIP6; Eyring et al., 2016) at the

time of this publication are the atmospheric variables east-
ward wind (ua), near-surface air temperature (tas), and pre-
cipitation (pr) (ESGF Data Statistics: https://esgf-ui.cmcc.
it/esgf-dashboard-ui/cmip6.html, last access: 6 December
2025).

In the current phase of CMIP, CMIP7 (Dunne et al., 2025),
the Data Request Task Team has structured the data request
into groups of scientific objectives, termed “Opportunities”.
The version 1.2 of the Data Request contains a set of 48 “Op-
portunities”, each of which is associated with one or more of
five data request “themes”: Atmosphere, Ocean and Sea-Ice,
Land and Land-Ice, Earth System, and Impacts and Adap-
tation (Mackallah et al., 2026). Each Opportunity can be
thought of as a coherent data request, containing a concise
but informative description of its scientific goals and a list of
the specific variables (organised into Variable Groups) that
are required from CMIP coordinated experiments to achieve
these goals. A core set of highest priority variables, many
of which have been consistently provided in past phases of
CMIP (e.g., the aforementioned ua, tas, and pr) are collected
in the data request within the “Baseline Climate Variables
for Earth System Modelling” Opportunity. These variables,
known as the “BCVs”, are requested from all experiments,
are expected to be of interest to a wide range of users, and
most are practical to provide because of their modest data
volume and history of being commonly produced by mod-
elling centres (Juckes et al., 2025). Other Opportunities en-
capsulate more specialised scientific goals, and correspond-
ingly may request higher resolution data, variables that may
be more complex to produce, and different priority levels
and/or applications for different Variable Groups. Structur-
ing the data request into Opportunities is intended to help
modelling centres align their data production with their own
scientific goals (by choosing which Opportunities to support)
while maintaining a coordinated approach to ensure an Earth
System Grid Federation (ESGF) data archive that provides
as consistent a set of output variables across as many climate
models as possible. In this paper, we document the 11 Op-
portunities that are primarily associated with the Atmosphere
theme of the data request.

2 Approach and methodology

The Atmosphere author team was recruited via an open call
between 13 February and 8 March 2024 (CMIP7 Data Re-
quest: Call for Atmosphere theme paper co-authors: https:
//wcrp-cmip.org/cmip7-atmosphere-call/, last access: 6 De-
cember 2025; WCRP-CMIP, 2025). Members were sought
across the atmospheric science, clouds, and atmospheric
chemistry and aerosol communities to gather variable re-
quirements for the CMIP7 Data Request, organised in the
online cloud-based database platform Airtable (Airtable:
https://www.airtable.com/platform, last access: 6 Decem-
ber 2025; Mackallah et al., 2026). Applications were re-
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viewed by invited members of the Detection and Attribution
Model Intercomparison Project (DAMIP), Radiative Forcing
Model Intercomparison Project (RFMIP), and Cloud Feed-
backs Model Intercomparison Project (CFMIP), alongside
two members of the Data Request Task Team. A diverse
final group of 19 authors were chosen, including represen-
tatives from the three MIPs above as well as Phase 2 of
the Aerosol and Chemistry Model Intercomparison Project
(AerChemMIP2), the Regional Aerosol Model Intercompar-
ison Project (RAMIP), the Geoengineering Model Intercom-
parison Project (GeoMIP), and the Dynamics and Variability
Model Intercomparison Project (DynVarMIP) with authors
spanning a range of geographical regions, career stages, and
CMIP experiences. In addition, the Atmosphere team was
assigned to liaise with the proposers of the cross-thematic
Rapid Evaluation Framework Opportunity (REF; Hoffman
et al., 2025) due to professional links between existing At-
mosphere team members and those leading the development
of the Rapid Evaluation Framework. Figure 1 outlines the
processes within the scope of the Atmospheric Theme Data
Request.

The team first convened on 16 July 2024, with commu-
nity engagement activities beginning subsequently alongside
the first data request open public consultation (Turner et al.,
2024). Author team members used their networks as commu-
nity representatives to gather scientific requirements for the
atmospheric data to be requested from modelling centres per-
forming CMIP7 simulations. Through this engagement pro-
cess, a number of Opportunities were submitted to gather
the necessary variables and their technical definitions. In the
CMIP Data Request, variables are constructed by combining
a “physical parameter” (with an attached CF standard name
(Hassell et al., 2017)) with additional metadata to describe its
spatial and temporal sampling (Mackallah et al., 2026). For
example, the aforementioned tas (near-surface air tempera-
ture) is a physical parameter, which may be sampled in dif-
ferent ways (e.g., monthly means on a global grid) to define a
data request variable (sometimes referred to as a CMOR vari-
able). A number of atmospheric MIP representatives defined
new physical parameters to take advantage of the increased
model complexities expected in CMIP7, particularly in at-
mospheric chemistry and aerosol model components (Fiedler
et al., 2025). The author team met biweekly through to the
v1.0 release in November 2024 to share progress and address
questions and comments raised during the consultation. Prior
to the v1.0 release, team members decided to gather the early
drafts of the Atmosphere Opportunities rapidly, so the team
could ensure sufficient coverage of relevant atmospheric sci-
entific questions were addressed by the request.

Following the v1.0 release, work shifted into a harmonisa-
tion phase to ensure Opportunities requested were sufficient
and consistent across the request. Where Opportunities were
found to have an unreasonably high data volume, Opportu-
nity proposers were requested to rework their request. Com-
mon approaches for reducing data volume were to select time

subsets (i.e., an output period less than the whole duration of
an experiment) or by separating out “basic” and “extension”
science of the Opportunity. Refinement of the Opportunities
continued through to the v1.2 release in March 2025.

A number of wider discussions were also held during
meetings to improve the Data Request, such as the harmon-
isation of pressure levels (see Sect. 5.1.1). A collaborative
spreadsheet was used to track progress across the request,
with the IPO support and Data Request Task Team liaison
members updating the Airtable records as needed. Author
team members also contributed to cross-thematic meetings
as required and fed back key actions and considerations to
the author team.

The final list of Atmospheric Opportunities can be found
in Table 1.

2.1 Prioritisation

Following the prioritisation definitions outlined by the Data
Request Task Team in Mackallah et al. (2026), the Atmo-
sphere team decided the scientific community proposing Op-
portunities and Variable Groups were best placed to deter-
mine the relative priority levels of their Variable Groups.
Only for Opportunities requesting higher data volumes did
we, as an author team, recommend that the proposers lower
the priority of one or more variable groups. This will aid
modelling centres to ensure the most essential variables are
produced and published for the Opportunities they elect to
support.

2.2 Harmonisation of pressure levels in the request

Due to the “bottom-up” nature of the CMIP6 Data Request,
in which data users requested data based on their require-
ments with minimal restriction, vertically resolved variables
were provided on a variety of different pressure level sets.
An area of possible harmonisation in the CMIP7 request was
to consolidate the different pressure levels requested to make
data production easier for modelling centres.

Following an early v1.0beta release (Data Request Task
Team, 2024a), we analysed which pressure level sets had
been requested in the earliest stages of the CMIP7 Data Re-
quest and explored avenues for consolidation. Options ex-
plored included (a) moving all data on plev7h, plev8, and
plev19 onto a new pressure level set with 14 levels, (b) mov-
ing variables requested on plev7h and plev8 onto the existing
plev19 set, or (c) leaving all pressure levels as they were.
Given that data in the upper-troposphere lower-stratosphere
(UTLS) region is relevant for many scientific questions, we
decided not to adopt the proposed plev14 set, which would
have removed multiple pressure levels in this region. We per-
formed a brief volume impact assessment on the Data Re-
quest of the different options, after which we provided a rec-
ommendation to the cross-thematic steering group that all
data on plev7h and plev8 should be moved to plev19. Fol-
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Figure 1. Processes covered by the Atmospheric theme opportunities. The “Model evaluation” label and box implies that model evaluation
encompasses all atmospheric processes. The numbers beneath each process indicate which Opportunity IDs in the Atmosphere theme address
that process. Figure originally published at Dingley et al. (2025) (see https://doi.org/10.5281/zenodo.15681839).

lowing a cross-thematic discussion, it was decided that all
daily and monthly data on plev7h and plev8 should be moved
to plev19, but the high volume sub-daily data should be re-
quested on a lower number of pressure levels, due to the
potential data volume bloat that a move to 19 levels could
cause. This was implemented in the Data Request from v1.0
onwards (Data Request Task Team, 2024b). The CMIP6 and
CMIP7 pressure levels are outlined in below, with the CMIP7
pressure levels visually represented in Fig. 2. Variables re-

quested in CMIP6 on the plev3 and plev7c sets remain un-
changed.

In addition, due to new requirements identified by the
Land Theme in land-atmosphere coupling, a new pressure
level set plev6 was created for the lower troposphere, and
due to requirements from the Impacts and Adaptation Theme
surrounding the impacts of climate change on aviation (see
Ruane et al., 2025), the new pressure level set plev5u was
created that contains pressures in the UTLS region.

Geosci. Model Dev., 19, 2945–2984, 2026 https://doi.org/10.5194/gmd-19-2945-2026
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Table 1. Data Request Opportunities primarily accounted within the Atmospheric theme scientific objectives, including the total numbers
of Variable Groups, variables, Experiment Groups, experiments requested, and an estimate of the data volume for each Opportunity. Note,
52 experiments requested corresponds to requesting all DECK, Assessment Fast Track, and scenario experiments (excluding scenario ex-
tensions). The data volume estimate is a crude estimation of the volume which would be produced by one ensemble member producing all
experiments and variables for that Opportunity, given in Terabytes per model per ensemble member, and assuming 2 bytes per floating point
after compression. The volume estimate cannot be added to calculate an overall estimation of the Atmosphere Data Request, as variables and
experiments are not exclusive to Opportunities. Opportunities are listed alphabetically. The Opportunity IDs were assigned to all Opportuni-
ties across the five themes of the CMIP7 Data Request to help the ease the consolation process and as a method for Data Request users to
refer to Opportunities quickly.

ID Opportunity Title Variable Total number Experiment Total number Data volume estimate
Groups of variables Groups of experiments (Tb per model per ensemble member)

9 Atmospheric Dynamics
and Variability

2 82 1 25 28.775

78 Clouds, Circulation and
Climate Sensitivity:
Baseline

5 268 3 17 43.812

79 Clouds, Circulation and
Climate Sensitivity:
Extension for
Process-Level Studies

9 400 2 5 17.205

71 Clouds, Radiation &
Precipitation

3 86 2 14 463.414

26 Detection and
Attribution

4 109 1 18 20.595

72 Diagnosing Radiative
Forcing

1 56 4 52 14.498

64 Diagnosing Temperature
Variability and Extremes

2 33 3 36 24.623

55 Rapid Evaluation
Framework

5 99 2 52 7.414

61 Southern Ocean
Biogeochemistry to
Clouds

5 165 5 52 34.666

63 Synoptic Systems 2 32 2 24 30.291

5 Understanding the Role
of Atmospheric
Composition for Air
Quality and Climate
Change

10 439 5 52 245.234

2.3 New Physical Parameters in CMIP7

Many of the proposed Opportunities, described in Sect. 4,
were accompanied by requests for the inclusion of new phys-
ical parameters (physical quantities that were not previously
requested in CMIP6), as well as new variables (combina-
tion of physical parameters with additional information about
spatial and temporal resolution). In Appendix B, we provide
a list of the newly proposed physical parameters, includ-
ing brief descriptions of their meaning and dimensionality.

Note that this table includes only new physical parameters,
and does not cover newly requested variables. The full list
of requested variables can be found in the v1.2 release of
the CMIP7 Data Request (Data Request Task Team, 2025b).
Please note, v1.2 is the latest major release at the time of
this publication. Please ensure you are using the latest minor
release when using the Data Request.

https://doi.org/10.5194/gmd-19-2945-2026 Geosci. Model Dev., 19, 2945–2984, 2026
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Table 2. Definitions of the pressure levels requested in CMIP6 and CMIP7 in hPa, as well as the number of variables requesting each set
(Column 4). Pressure level sets with the same name in both CMIP phases contain the same levels.

CMIP Phase Pressure level set name Levels (hPa) Number of variables requesting pressure level set

CMIP6 plev3 850, 500, 250 7

plev4 925, 850, 500, 250 2

plev7c 900, 740, 620, 500, 375, 245, 90 3

plev7h 925, 850, 700, 600, 500, 250, 50 14

plev8 1000, 850, 700, 500, 250, 100,
50, 10

7

plev19 1000, 925, 850, 700, 600, 500,
400, 300, 250, 200, 150, 100,
70, 50, 30, 20, 10, 5, 1

30

plev27 1000, 975, 950, 925, 900, 875,
850, 825, 800, 775, 750, 700,
650, 600, 550, 500, 450, 400,
350, 300, 250, 225, 200, 175,
150, 125, 100

29

plev39 1000, 925, 850, 700, 600, 500,
400, 300, 250, 200, 170, 150,
130, 115, 100, 90, 80, 70, 50,
30, 20, 15, 10, 7, 5, 3, 2, 1, 1,
0.7, 0.5, 0.4, 0.3, 0.2, 0.15, 0.1,
0.07, 0.05, 0.03

51

CMIP7 plev3 (global fields) 850, 500, 250 4 (all sub-daily variables)

plev5u (global fields) 250, 225, 200, 175, 150 3 (all sub-daily variables)

plev6 (global fields) 950, 900, 850, 800, 750, 700 5 (all sub-daily variables)

plev7c (global fields) 900, 740, 620, 500, 375, 245, 90 5

plev7h (global fields) 925, 850, 700, 600, 500, 250, 50 5 (all sub-daily variables)

plev19 (global fields) 1000, 925, 850, 700, 600, 500,
400, 300, 250, 200, 150, 100,
70, 50, 30, 20, 10, 5, 1

43

plev39 (zonal mean fields) 1000, 925, 850, 700, 600, 500,
400, 300, 250, 200, 170, 150,
130, 115, 100, 90, 80, 70, 50,
30, 20, 15, 10, 7, 5, 3, 2, 1, 1,
0.7, 0.5, 0.4, 0.3, 0.2, 0.15, 0.1,
0.07, 0.05, 0.03

53

3 Atmosphere Opportunities included in the CMIP7
Data Request

3.1 Atmospheric dynamics and variability (ID 9)

Atmospheric circulation has been flagged as a major source
of uncertainty of model projections both on global and re-
gional scales (Shepherd, 2014; Shaw et al., 2024a), ham-
pering our ability to predict the evolution of important fea-
tures such as storm tracks, blocking and monsoons (Shaw et

al., 2024b). This uncertainty is linked to dynamical interac-
tions across scales, including unresolved processes, and to
the complex coupling between atmospheric layers. In partic-
ular, the stratospheric circulation is increasingly being recog-
nized to play a key role in both the long-term forced surface
climate response and year-to-year variability, including ex-
tremes (Domeisen and Butler, 2020). Notable examples in-
clude the Quasi-Biennial Oscillation, internally generated in
a growing number of climate models (Anstey et al., 2022),
which influences organized convection in the tropics (Haynes
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Figure 2. Pressure level sets utilised in the CMIP7 Data Request.
Pressure level set names shown on the x-axis are ordered from
fewest to most pressure levels. For comparison the standard pres-
sure levels from the ERA5 reanalysis are also shown as the right-
most line (light grey). The y-axis shows (a) pressure altitude in hec-
topascals, and (b) the log-pressure altitude in kilometres, in order
to clearly show levels above the troposphere. The log-pressure alti-
tude is −H log(p/p0), where p is the pressure, p0 = 1000 hPa, and
H = 7 km. Pressure levels that occur in only one set are indicated
by circles.

et al., 2021; Martin et al., 2021), the pronounced role of
stratospheric ozone depletion on Southern Hemisphere tro-
pospheric circulation trends (WMO, 2022, Ch5) and the im-
pacts of Sudden Stratospheric Warmings and other strato-
spheric polar vortex extremes on surface weather (Baldwin
et al., 2021). The representation of stratospheric circulation
is notably improving in CMIP models and the DynVar oppor-
tunity provides the means to leverage these capabilities and
foster this expanding area of research.

Building upon the CMIP6-endorsed DynVarMIP, this op-
portunity includes the most relevant variables and experi-
ments to address the main goals of the Dynamical Variability
(DynVar) activity of the Atmospheric Processes And their
Role in Climate (APARC) project (DynVar, 2026) that fo-
cuses on the dynamics and variability of the stratosphere-
troposphere system. The requested variables permit the anal-
ysis of dynamical processes key to advance understanding
of atmospheric natural variability, including the occurrence
of extreme events and its response to anthropogenic forcing.
The dynamical diagnostics can help identify the sources of
circulation biases in climate models that cause large uncer-
tainties in regional circulation and precipitation variability
and trends.

The overarching open questions to be addressed with the
CMIP7 requested experiments are:

1. In what ways do dynamical processes lead to persistent
atmospheric circulation biases in climate models, such

as in blocking events, storm tracks, and the stratospheric
polar vortex?

2. How does stratosphere-troposphere coupling influence
climate variability, including extreme weather and cli-
mate events?

3. How do atmospheric dynamics shape the climate’s
response to human-induced changes, such as global
warming and ozone depletion, and what is their contri-
bution to the uncertainty in future climate projections?

The variables included in this Opportunity mainly follow the
CMIP6 DynVarMIP data request (Gerber and Manzini, 2016;
a summary of the data availability in the CMIP6 archive
is given in Karpechko et al., 2022), which has already al-
lowed the assessment of the stratosphere-troposphere circu-
lation variability and change, being particularly helpful for
detecting inter-model differences and identifying the under-
lying physical processes causing this spread. As evidenced
by the previous CMIP phase, the studies that can benefit
from this data request cover a wide range of topics, such as
stratospheric polar vortex biases (Rao et al., 2022; Zhao et
al., 2022; Hall et al., 2021) and their highly uncertain future
trends (Rao and Garfinkel, 2021a; Karpechko et al., 2022,
2024), Sudden Stratospheric Warmings (Ayarzagüena et al.,
2020; Wu and Reichler, 2020; Rao and Garfinkel, 2021b),
large-scale atmospheric circulation (Simpson et al., 2020;
De et al., 2022; Castanheira and Marques, 2022), Brewer-
Dobson circulation and wave driving, both resolved and pa-
rameterized (Abalos et al., 2021; Hájková and Šácha, 2024),
or stratosphere-troposphere coupling (Ding et al., 2023),
among others.

Two groups of variables are included: dynvar_basic with
high priority, and dynvar_advanced with medium priority.
The dynvar_basic group largely follows the DynVarMIP
variables defined in Gerber and Manzini (2016). It includes
the variables necessary to quantify the dynamics of the tropo-
sphere and stratosphere using standard diagnostics, including
Transformed Eulerian Mean (TEM) diagnostics such as the
residual mean circulation and the Eliassen-Palm flux, as well
as the mean age of air, and zonal mean parametrised tenden-
cies from unresolved processes to close the momentum and
energy budgets. The group includes mainly zonal mean fields
and thus implies a reduced storage burden. The zonal mean
fields are requested on an extended set of 39 levels and the 3D
fields on 19 pressure levels (see Table 2 and Fig. 2). Several
of the variables are already requested in other more general
variable groups on a coarser set of vertical levels. Here, fine
vertical spacing is crucial for the stratosphere-troposphere
coupling studies. The dynvar_advanced group extends the
set of dynvar_basic variables with more detailed information
on the parametrised forcings. The group follows the priority
two variable group defined in Gerber and Manzini (2016) in-
cluding a combination of zonal mean fields with 3D fields
on fewer vertical levels, and thus implies a reduced stor-

https://doi.org/10.5194/gmd-19-2945-2026 Geosci. Model Dev., 19, 2945–2984, 2026
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age burden. This group includes a set of new parameters
(tauunoegw, tauunowgw, tauuogw, tauvnogw, and tauvogw;
see Appendix B) that were included based on a consultation
with the gravity wave research community with the goal of
enabling observational validation of directional momentum
fluxes within gravity wave parametrisations against satellite-
derived estimates. Although medium priority, we highly rec-
ommend this group of variables for the attention of the mod-
elling centres, because at a low storage burden this variable
group has a potential to significantly contribute to the eluci-
dation of the role of unresolved processes in model circula-
tion biases in the free atmosphere.

Including data from this opportunity in a sufficiently
large set of models is needed to advance understanding of
large-scale stratospheric and tropospheric circulation fea-
tures, their variability, their connections to surface climate
extremes, and the underlying dynamical processes in future
climate projections.

3.2 Clouds, circulation and climate sensitivity: baseline
(ID 78)

A key objective of climate science is to characterise and re-
duce uncertainty in future climate. Much of this uncertainty
has its roots in our imperfect understanding of how clouds
will respond to perturbations. In particular, cloud feedbacks
are primarily responsible for the large inter-model spread in
how effectively Earth sheds radiation to space per degree
of warming, which drives the substantial spread in equilib-
rium climate sensitivity that has persisted over many decades
(Cess et al., 1989; Bony and Dufresne, 2005; Vial et al.,
2013; Zelinka et al., 2020), Rapid cloud adjustments are an
important but highly uncertain modulator of the effective
radiative forcing (Gregory and Webb, 2008; Zelinka et al.,
2013; Kamae et al., 2015; Smith et al., 2020). Cross-model
correlations between cloud feedbacks and rapid cloud adjust-
ments to CO2 forcing affect the range of climate sensitivities
across models, but the physical processes linking these re-
main unknown (Lutsko et al., 2022). Recent work has also
demonstrated that cloud feedbacks are not invariant; rather,
they exhibit substantial dependence on climate base state and
on the nature of the forcing (e.g., doubling versus quadru-
pling CO2, surface warming versus surface cooling) (Bjordal
et al., 2020; Bloch-Johnson et al., 2021; Poletti et al., 2024).
Relatedly, cloud feedbacks depend sensitively on the spatial
pattern of the surface temperature anomaly; understanding
such “pattern effects” is a major research area with impli-
cations across a broad range of topics (Armour et al., 2013;
Andrews et al., 2022; Rugenstein et al., 2023). Beyond impli-
cations of clouds for climate sensitivity, interactions between
clouds and atmospheric circulation, regional precipitation,
and oceanic processes are increasingly being explored, yet
many uncertainties remain (Grise and Polvani, 2014; Bony
et al., 2015; Ceppi and Hartmann, 2016; Myers et al., 2018;
Kim et al., 2022; Breul et al., 2025).

This motivates the creation of two opportunities related to
clouds, circulation, and climate sensitivity. Both of these are
intended to address the three primary objectives of the Cloud
Feedback Model Intercomparison Project (CFMIP), which
are to advance diagnosis and understanding of cloud feed-
backs and rapid cloud adjustments in past, present and future
climates; to assess representations of clouds, their radiative
properties, and their feedback mechanisms in climate models
to inform model development; and to understand and eval-
uate other aspects of climate change that depend on cloud
processes, such as climate sensitivity, circulation and pre-
cipitation, regional patterns and extremes, and nonlinear be-
haviour.

These two opportunities will facilitate the community’s
ability to answer the key science questions of CFMIP:

1. What are the physical mechanisms underlying cloud
feedbacks and rapid adjustments in nature, and how
credibly do models represent these?

2. How and why do cloud feedbacks and adjustments de-
pend on climate base state and on the nature of the cli-
mate forcing?

3. What coupled processes underlie the SST pattern effect,
and how does this affect cloud feedback?

4. What are the mechanisms underlying cloud-circulation
coupling and regional precipitation change, and how
credibly do models represent these?

This first “baseline” flavour of the Clouds, circulation and
climate sensitivity opportunity is intended to capture the
base set of variables that is essential for performing analy-
ses that can answer the key CFMIP questions. Despite in-
cluding a large number of variables, we do not envision this
being overly burdensome because (1) many variables are al-
ready included in the Baseline Climate Variables (BCVs),
and (2) only monthly 2D and 3D fields, daily 2D fields, and
fixed fields are requested. No sub-monthly 3D fields are re-
quested. Data is requested only from the 10 DECK experi-
ments and the CFMIP subset of the CMIP7 AFT (four experi-
ments: abrupt-0p5CO2, abrupt-2xCO2, amip-p4k, and amip-
piForcing). For modelling centres participating in CFMIP,
these data are also requested from other non-AFT experi-
ments (collected in the cfmip-additional-nonfasttrack exper-
iment group).

Producing data from this opportunity across a large collec-
tion of climate models will allow major progress across the
topics of interest to the CFMIP community, including rigor-
ous evaluation of modelled clouds against observations, de-
tailed and careful diagnosis of cloud-radiative feedbacks, im-
proved understanding of physical processes governing feed-
backs and adjustments, and identification of sources of model
bias.
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3.3 Clouds, circulation and climate sensitivity:
extension for process-level studies (ID 79)

This second of the two Clouds, circulation and climate sensi-
tivity opportunities is intended to capture variables crucial
for advanced diagnosis and evaluation of cloud, radiation,
and precipitation processes in the present-day and warmed
climate. In addition to requesting the same variable groups
as the baseline opportunity (ID 78), this opportunity requests
daily 3D fields; sub-hourly fields at specified “cfSites” loca-
tions (Webb et al., 2024); additional output from the CFMIP
Observation Simulator Package (COSP; Bodas-Salcedo et
al., 2011; Swales et al., 2018); and monthly climatologies
of hourly-resolved top-of-atmosphere (TOA) fluxes (Russell
et al., 2024). These fields augment our ability to investigate
clouds and cloud feedbacks at the process level, to rigor-
ously compare modelled cloud properties to a suite of satel-
lite observations, and to characterise the diurnal cycle of
clouds and related fields. For example, new liquid-only and
ice-only cloud fraction histograms produced by the MODIS
simulator are now requested (Wall et al., 2025). These are
highly valuable for diagnosing cloud phase feedbacks, build-
ing upon an established methodology to detail cloud prop-
erty feedbacks from satellite simulator output (Zelinka et al.,
2012a, b). Despite the large number of requested variables,
some of which are at sub-monthly and 3D resolution, these
data are requested for only 2 experiments (amip and amip-
p4K). Modelling centres participating in CFMIP are encour-
aged to output these data from additional non-AFT experi-
ments (collected in the cfmip-additional-nonfasttrack exper-
iment group). Note that this opportunity is intended to sup-
plement the baseline opportunity. A modelling centre inter-
ested in a deeper understanding of clouds, circulation, and
climate sensitivity should choose this opportunity in addi-
tion to the baseline opportunity. Producing data from this
opportunity across a large collection of climate models will
facilitate advanced diagnosis and understanding of cloud pro-
cesses, feedbacks, adjustments, and biases beyond what is
possible with the baseline variables.

3.4 Clouds, radiation & precipitation (ID 71)

As key components of the hydrological cycle and the climate
system, an evaluation of clouds from models used for cli-
mate projections is an important prerequisite for assessing
the confidence in the results from these models. However,
simulating clouds with global climate models is challenging
as the relevant physics involves many non-linear processes
covering a wide range of spatial and temporal scales. So far,
a quantitative evaluation of the representation of clouds in
CMIP models with satellite observations has been challeng-
ing as only a limited number of parameters from a limited
number of models have been available from satellite simula-
tors.

The goal of this opportunity is to address the following
science questions, given that a sufficient number of CMIP7
models provide the requested variables:

1. How well are clouds represented in the latest model gen-
eration on different spatial and temporal scales in the
coupled model configurations used for the projections?

2. How well can climate models reproduce the observed
daily cycle of cloud properties, radiation fields and pre-
cipitation, and how are biases connected to the dominat-
ing physical processes?

3. How do the sensitivity of cloud properties and the dom-
inating physical processes change under different sce-
narios of climate change?

This opportunity aims to quantitatively evaluate cloud pa-
rameters, radiation and precipitation with different obser-
vational and reanalysis datasets using output from satellite
simulators that have not been available in CMIP6. The fo-
cus will be on the coupled historical experiment to assess
how well clouds are represented in the model configurations
used for the projections comparable with the study of Lauer
et al. (2023) on CMIP5 and CMIP6. This is crucial to un-
derstand their potential biases and uncertainties. Combining
the daily cycle of cloud properties with precipitation and ra-
diation fields will allow for a more process-based analysis
and improved understanding of biases in and sensitivities of
clouds in the coupled models. Instantaneous data are used
to reveal correlations between clouds, radiation and precipi-
tation, shedding new light on these complex processes. Data
from the scenario experiments are used to investigate the sen-
sitivity of cloud properties to climate change. Here, we build
on the study by Bock and Lauer (2024), in which they inves-
tigated cloud properties and their projected changes in CMIP
models with low to high climate sensitivity.

Contributing to this opportunity will ensure a comprehen-
sive evaluation of the representation of clouds, radiation and
precipitation in comparison to observations and other climate
models. Additionally, it enables a valid analysis of the sen-
sitivities of cloud properties and the dominant physical pro-
cesses to climate change.

3.5 Detection and Attribution (ID 26)

The detection and attribution of climate change is the pro-
cess of determining if observed climate changes can be at-
tributed to human influences on the climate or to natural vari-
ability. A key question to be addressed by CMIP simulations
is which signals in the historical record can be attributable to
external forcings and which external forcings are responsi-
ble? Such attribution studies are critical to determining which
observed signals can be attributed to anthropogenic green-
house gas emissions and are expected to continue, which
are attributable to anthropogenic aerosol emissions which
are evolving considerably in space, and which are due to
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other forcings or natural variability. Gaining this understand-
ing improve confidence in modelled future projections. It is
particularly important to update attribution efforts and bring
them into near real-time with updated forcings, given that
we are in a time of rapid growth of forced signals but also
rapid changes in the forcings themselves (e.g., Schmidt et al.,
2023) The Detection and Attribution Model Intercomparison
Project (DAMIP) coordinates single forcing simulations as
part of CMIP. These simulations can be used to attribute his-
torical and future changes in the climate system to individual
forcings. The DAMIP experiments proposed for CMIP7 are
fully described in Gillett et al. (2025) and three of these ex-
periments are prioritised for the CMIP7 AFT (Dunne et al.,
2025). The Detection and Attribution Opportunity consists
of a suite of basic variables that can be used to quantify how
the mean climate and its variability are changing over time
and to understand the mechanisms involved.

On the monthly timescale, this Opportunity includes fields
that are necessary to assess global mean temperature, hydro-
logical cycle, sea level, and both atmospheric and oceanic cir-
culation changes. To aid in understanding of these changes,
the top of atmosphere and surface fluxes are requested to di-
agnose energy balances, and fields are also requested for un-
derstanding the role of clouds in the climate system. This op-
portunity also requests zonal mean atmospheric temperature
at high vertical resolution to aid in the comparison with ob-
served temperatures derived using satellite weighting func-
tions. While concentration-driven simulations are the highest
priority for DAMIP, emissions-driven simulations will also
have value to diagnose how individual forcings are modi-
fying the carbon cycle, and hence some variables are re-
quested in diagnosing the origins of changes in atmospheric
CO2 concentrations for emissions-driven simulations. Many
of the variables requested at monthly frequency overlap with
the baseline variables for climate simulations.

This opportunity also requests a series of daily fields that
can be used to quantify and understand the time evolution of
compound extremes and variability in general. Fields such
as surface fluxes and other fields that are useful for tracking
synoptic features are requested to allow researchers to under-
stand the dynamical origins and physical mechanisms behind
such variability. A recent example of the utility of such high
frequency data in single forcing simulations is the analysis of
Chemke and Coumou (2024) who demonstrated an improved
representation of the observed weakening of the summertime
storm track in CMIP6 models compared to CMIP5, which
they then argued had an important contribution from aerosol
forcing.

Since the variables requested through this variable group
are of broad use for diagnosing changes in the climate sys-
tem, we suggest that they be produced for a wide range of ex-
periments. A focus is obviously on the historical simulations
within the CMIP7 AFT and the accompanying Fast Track
DAMIP simulations (hist-aer, hist-GHG, hist-nat) but it is
also recommended that they be output for the pre-industrial

control (piControl and/or esm-piControl) to allow the natu-
ral variability to be diagnosed and quantified. We also rec-
ommend that they be outputted for the more idealised sim-
ulations to diagnose the effects of rising CO2 (1pctCO2,
1pctCO2-bgc, 1pctCO2-rad, abrupt-4xCO2) for assessments
of changes under different transient CO2 evolution and the
equilibrium response to a large CO2 perturbation. We also
recommend they be output for the amip experiments that
can allow for assessing the role of the observed evolution of
SSTs in producing historical changes, the amip-p4k experi-
ments to compare the coupled simulations with a more ide-
alised uniform warming, and the amip-piForcing and piClim-
anthro experiments which can be used to diagnose the di-
rect influences of radiative forcings. Experiments hist-piAer
and hist-piSLCF are complementary to the DAMIP exper-
iments and can be used to explore the sensitivity of con-
clusions to the methodology (i.e., only impose a forcing or
impose everything but the forcing). Finally, the initialised-
prediction-2025-2035 experiments can be compared with the
uninitialised historical simulations to explore the impacts of
initialisation on near term change.

There is a substantial overlap between the fields requested
by this opportunity and those proposed as the CMIP7 base-
line variables and ensuring that they are provided for the ex-
periments that can be used to understand the role of forcings
in the climate system will maximize the utility of these sim-
ulations for understanding the historical evolution of the cli-
mate system and the role of external forcings in that evolution
as well as the representation of forced responses within mod-
els and how that may have evolved in this model generation
compared to previous generations.

3.6 Diagnosing Radiative Forcing (ID 72)

Radiative forcing is the perturbation in Earth’s radiative en-
ergy budget directly due to a change in atmospheric com-
position, such as rising greenhouse gas concentrations or
aerosol emissions. Fundamentally, all anthropogenically-
induced climate change is a response to the energy imbal-
ance caused by the radiative forcing. Therefore, the sys-
tematic diagnosis of radiative forcing in climate models is
crucial for interpreting projections of climate change and
attributing past changes, evaluating the climate impacts of
proposed emission reduction strategies, and for understand-
ing and ultimately reducing climate model uncertainty. This
opportunity is dedicated to quantifying the total or “effec-
tive” radiative forcing in CMIP simulations, along with its
components: the instantaneous radiative forcing and radia-
tive adjustments. The contents of the opportunity will en-
able users to employ common, well-established methods for
diagnosing radiative forcing and is particularly relevant for
participation in the Radiative Forcing Model Intercompar-
ison Project (RFMIP) and associated CMIP7 AFT experi-
ments. The CMIP7 Diagnostic, Evaluation and Character-
ization of Klima (DECK) will also include a set of fixed-SST
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experiments, adopted from the previous iteration of RFMIP,
designed for diagnosing a model’s effective radiative forcing
and its components.

The variable groups in this opportunity consist of common
radiation, atmospheric and surface state variables at monthly-
mean temporal resolution. Since radiative forcing is usually
diagnosed from multi-year and multi-decade climatologies,
monthly-mean data will typically suffice. The variables in-
cluded allow one to diagnose radiative forcing terms using
popular methods such as the radiative kernel technique (So-
den et al., 2008; Smith et al., 2020). The variable groups ad-
ditionally include more specialised radiation variables from
so-called “double-call” radiative transfer calculations used
to diagnose the instantaneous radiative forcing. In this ap-
proach, the model makes its traditional, online call to the
radiation code to compute fluxes, but then makes a sec-
ond, offline call with all climate state input variables left the
same except for a perturbation to a single forcing agent such
as CO2 or aerosol concentration. The request also includes
some specialized, but increasingly used cloud variables from
COSP satellite simulators, allowing one to diagnose the con-
tribution of cloud type changes and aerosol-cloud interac-
tions to the total cloud radiative adjustment. Since radiative
forcing is a ubiquitous calculation across climate modelling
activities, this opportunity is being requested for all DECK,
CMIP7 AFT, AerChemMIP2 and scenario experiments.

3.7 Diagnosing temperature variability and extremes
(ID 64)

Changing temperature variability is one of the important
ways in which climate change will impact society so it is
important that the representation of temperature variability
and the processes involved be validated in models. Accurate
representation of near surface temperature variability and
its changes requires both accurate representation of atmo-
spheric processes that generate temperature variability and
accurate representation of the land-atmosphere coupling pro-
cesses that modulate it. This opportunity contains a suite
of daily variables that are useful for diagnosing temperature
variability and the processes involved. These variables can be
used to diagnose and understand how temperature variability
is evolving under external forcing and also to validate the
representation of temperature variability and the processes
involved in models. The variables proposed in this opportu-
nity can be used to both quantify present day and projected
changes in near surface temperature variability in models and
to intercompare the representation of temperature variability
across models as well as compare them with observations.
They also allow for research that can go beyond quantifica-
tion of temperature variability to additionally understand the
processes involved. For example, the surface energy balance
fields and circulation related fields can be used to diagnose
the different factors that contributed to temperature variabil-
ity and the proposed land-surface variables can be used to

understand how changing water limitations might impact on
temperature variability, including assessment of the relative
roles of changes in evaporation from soil versus changes in
transpiration.

The variables requested include daily average, minimum,
and maximum surface temperature to quantify temperature
variability and identify extremes, daily circulation-related
variables to diagnose the synoptic conditions associated with
heat extremes (note the connection with the synoptic sys-
tems opportunity above), quantities to diagnose the mid-
tropospheric moist static energy which has been used in re-
cent theories that describe temperature variability and change
(Byrne, 2021; Zhang and Boos, 2023), variables that can be
used to examine how water limitations are impacting heat
extremes, variables that can be used to diagnose the surface
energy balance to aid in the interpretation of the underlying
causes of temperature variability change, as well as quantities
that can be useful for diagnosing the behaviour of the atmo-
spheric boundary layer and clouds during heat extremes.

This opportunity will maximize the utility of the CMIP7
simulations for diagnosing changing temperature extremes
and the processes involved and for assessing their repre-
sentation in Earth System Models. It is recommended that
these variables be output for the DECK experiments and the
following components of the CMIP7 AFT: DCPP, Scenar-
ioMIP, GeoMIP, DAMIP, LMIP, and the 1pctCO2-bgc and
1pctCO2-rad experiments of C4MIP.

3.8 Rapid Evaluation Framework (ID 55)

The CMIP Model Benchmarking Task Team (Climate
Model Benchmarking Task Team: https://wcrp-cmip.org/
cmip7-task-teams/model-benchmarking/, last access: 6 De-
cember 2025) initiated, with the agreement of the CMIP
Panel, the Rapid Evaluation Framework (REF; Hoffman et
al., 2025) after the CMIP6 Community Survey (O’Rourke,
2024) had revealed that such a framework would be very in-
teresting to the community. The main idea of this first REF
version is to evaluate and benchmark the newly available
CMIP7 AFT simulations as soon as they are uploaded to
ESGF with metrics and diagnostics that are available through
different open-source evaluation and benchmarking tools.
Due to the fixed timeline for the CMIP7 AFT simulations,
there is only a short time period for the technical implemen-
tation of the REF and therefore the available metrics and di-
agnostics in this first version of the REF will be limited to
a temporal resolution of monthly mean data and about five
metrics/diagnostics per realm based on a community selec-
tion. The realms were chosen specifically to be consistent
with the themes used for the data request: atmosphere, ocean
and sea ice, land and land ice, Earth system, and impacts and
adaptation. Note that the REF Opportunity covers all themes,
even though it is described here in the Atmosphere theme pa-
per. Observations needed for the evaluation are obtained ei-
ther via obs4MIPs (obs4MIPs – Observations for Model In-
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tercomparison Projects: https://pcmdi.github.io/obs4MIPs/,
last access: 6 December 2025) that are provided on ESGF,
or are stored separately, available only for the REF diagnos-
tics and metrics. Results produced by the REF will then be
publicly displayed for the community to browse through. A
second option for using the REF is by running it using con-
tainerised software (including the observational data). This
option is mainly targeted for use by modelling groups in their
simulation production pipeline.

This Opportunity contains the set of variables that would
be needed for the planned diagnostics and metrics for the
Rapid Evaluation Framework (CMIP Model Benchmarking
Task Team, 2024). The suggested metrics/diagnostics for the
REF to be available for all CMIP7 AFT experiments are in
the first instance very basic evaluations and are not expected
to require very specific variables. The exact selection of vari-
ables was also made consistent with the model evaluation
diagnostics in Chapter 3 of the latest IPCC report (Eyring et
al., 2021).

The impact of the publicly available evaluation and bench-
marking results and therefore the interest in participating in
this opportunity by the modelling groups is expected to be
substantial since the community will be able to get a quick
overview of available simulations and their characteristics
that might be interesting for many different applications and
analyses. This could be in particular interest for studies feed-
ing into the next IPCC assessment report.

3.9 Southern Ocean Biogeochemistry to Clouds (ID 61)

The Southern Ocean and Antarctic represent the best re-
gion on the planet to study near “pre-industrial” conditions
in terms of aerosol-cloud-climate interactions due to its dis-
tance from human sources of atmospheric pollutants, pro-
viding near-pristine conditions. It is also one of the most
poorly modelled regions on the planet in terms of aerosol and
cloud interactions, has been identified as a region of great un-
certainty with respect to cloud feedbacks and aerosol-cloud
radiative forcing that contribute to uncertainties in climate
equilibrium, and is a difficult region in which to evaluate
models due to sparse observations (Regayre et al., 2020;
Zelinka et al., 2020). The goal of this Opportunity is to bet-
ter coordinate modelling efforts to understand how natural
aerosol in this region impact clouds and radiation. This op-
portunity will cross disciplines and experiments, taking ad-
vantage of existing MIPs and centralising information for
efficient use by end users. This opportunity aligns with ini-
tiatives to consolidate observational efforts in the Southern
Ocean to understand these same issues (Mallet et al., 2023).

CMIP models have had a long-standing radiative bias over
the Southern Ocean, which has been attributed in part to chal-
lenges in simulating the commonly occurring and radiatively
important low-level clouds that contain both ice and liquid
phases (e.g. Bodas-Salcedo et al., 2016; Hyder et al., 2018;
Schuddeboom and McDonald, 2021). One reason for this is

the lack of Southern Ocean/Antarctic-informed parametrisa-
tions relating clouds to aerosol and aerosol to biogeochem-
istry (Mallet et al., 2023). Furthermore, increasing observa-
tional evidence indicates complex interaction between clouds
and in-situ biogeochemical and sea spray aerosol as well as
long rang transport of aerosol over the Antarctic continent
(Mace et al., 2023, 2024). Models routinely show a strong
lack of cloud-relevant particles over the region, indicating
missing sources or processes (Niu et al., 2025; Fiddes et al.,
2025). As models become more aerosol-aware, the interac-
tion of biogeochemistry, aerosol and cloud becomes more
important to understand and evaluate.

This combination of biogeochemical, aerosol (including
their precursors) and cloud data will allow us to evaluate this
system in a holistic way. By taking advantage of the pro-
posed Experiment Groups, we can understand how this sys-
tem might respond to different forcings.

The Southern Ocean biogeochemistry to clouds opportu-
nity aims to address the following key questions:

1. How well are aerosol-cloud interaction processes mod-
elled over the Southern Ocean in this new generation of
models, and how does this impact the energy balance?

2. How do natural marine aerosol influence cloud prop-
erties in the Southern Ocean in current and future cli-
mates?

3. How can observations guide us in understanding what
biogeochemical, chemical, physical and microphysical
processes are missing in our models?

Having a concentrated effort on understanding this system
will be of great benefit to both understanding the past, present
and future of our planet, as well as for future model devel-
opment. Historically, the Southern Ocean radiative bias has
been tackled with a disciplinary approach. With the complex-
ity of models increasing, the need to understand this problem
from an interdisciplinary perspective is essential. To aid this
endeavour, this opportunity will reduce barriers to end users
who are investigating this system, who often work in inter-
disciplinary teams and are not necessarily modellers them-
selves.

We have aimed to reduce the burden on data resources by
requesting new variable groups only for the Southern Ocean
and Antarctic, limiting the number of fields that use full
model height, and only requesting monthly means.

3.10 Synoptic systems (ID 63)

Given their role in temperature and precipitation extremes,
it is important to assess how weather systems and their im-
pacts are expected to evolve in the future and to understand
how they have changed in the past. It is also important to
ensure accurate representation of these weather systems in
Earth System Model’s, including how they influence other
atmospheric processes such as cloud radiative effects. The
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synoptic systems opportunity represents variables that can
be used to identify synoptic systems through a variety of
standard feature tracking approaches as well as quantify the
characteristics of storm tracks using Eulerian metrics. It also
contains variables that can be used to quantify the surface
impacts of synoptic systems as well as quantify the cloud ra-
diative effects associated with synoptic systems, which can
be a useful way of validating model representation of cloud
processes (e.g., Kelleher and Grise, 2019).

The opportunity consists of two variable groups: a higher
priority group that contains all the basic fields that are needed
to diagnose and understand the representation of synoptic
systems in models, and then a lower priority group that con-
tains additional variables that can be used to further sub-
classify synoptic systems.

The high priority variable group contains variables that are
necessary for basic storm tracking algorithms, or for meth-
ods to identify blocking and the MJO, as well as variables
that are used for Eulerian storm track metrics and for quanti-
fying cloud radiative effects. The high priority list also con-
tains vertically-integrated water vapour transports for track-
ing atmospheric rivers as well as high frequency precipi-
tation and temperature to quantify the impacts of synoptic
systems. The medium priority variable group contains other
high frequency variables that can be useful for classifying
different synoptic systems, such as distinguishing tropical
from extra-tropical cyclones, identifying monsoon low pres-
sure systems, and computing upper-level shear.

It is recommended that these variables be output for the
pre-industrial controls (piControl and esm-piControl) to al-
low for characterisation of internal variability in synoptic
systems, the historical simulations (historical and esm-hist)
to compare with observed change, the DAMIP CMIP7 AFT
experiments (hist-aer, hist-GHG, hist-nat) to diagnose the
relative contributions of these individual forcings to histor-
ical change, and the future scenarios to explore future pro-
jected storm track and synoptic systems change. It is also
recommended that these variables be output within the ide-
alised experiments that can be used to look at responses un-
der varying magnitudes of CO2 forcing and degrees of equi-
libration (1pctCO2, abrupt-4xCO2), simulations with pre-
scribed SSTs (amip, amip-p4k) for comparison with the ob-
servational record and for identifying storm track changes in
the absence of SST pattern change. These variables will also
be useful for exploring the storm track response to strato-
spheric aerosol injection in g7-15k-sai.

3.11 Understanding the role of atmospheric
composition for air quality and climate change
(ID 5)

Short-lived climate forcers (SLCFs) are atmospheric con-
stituents whose effects on climate are felt predominantly
in the 1–2 decades after emission/production. They include
aerosols (e.g., ammonium, nitrate, sea salt) and chemically

reactive trace gases (e.g., ozone, halogenated compounds).
Some SLCFs warm (e.g., methane, black carbon aerosol) or
cool (e.g., sulphate aerosol) the climate directly, while oth-
ers influence climate indirectly via their effect on radiatively
active constituents (e.g., nitrogen oxides). With some excep-
tions (e.g., methane), the atmospheric lifetimes of SLCFs
are relatively short compared to long-lived greenhouse gases,
leading to atmospheric distributions and climate responses
that are highly variable both spatially and temporally. Some
SLCFs also contribute to poor air quality. For example,
surface ozone and aerosols with a diameter of less than
2.5 µm (also known as fine particulate matter or PM2.5) are
damaging to human health. Strategies to improve air qual-
ity by reducing SLCF emissions (e.g., aerosols) may yield
global- and regional-scale climate responses due to their
short atmospheric lifetimes. It means that there is an inter-
connectedness between air quality and climate change poli-
cies. However, the impact of SLCFs on radiative forcing, cli-
mate responses, and their role in climate feedbacks remains
insufficiently understood (e.g., Bellouin et al., 2020; Schaef-
fer et al., 2025). For example, aerosols remain a key uncer-
tainty in past and future climate (e.g., Forster et al., 2021;
Watson-Parris and Smith, 2022). This opportunity aims to
advance our scientific understanding of the interactions be-
tween changing natural and anthropogenic SLCF emissions
and atmospheric composition, air quality, climate forcing,
and climate responses from the past to the future.

This opportunity builds on the CMIP6-endorsed
AerChemMIP (Collins et al., 2017) that was designed
to quantify the impacts of aerosols and reactive gases on
climate and air quality. AerChemMIP contributed to the
IPCC’s 6th Assessment Report (AR6) by providing present-
day effective radiative forcings for speciated aerosols and
trace gases, by estimating multi-model feedback parameters
for a range of biogeochemical feedbacks, and by assessing
the impact of diverse climate mitigation and air quality
improvement measures on climate and air quality (Griffiths
et al., 2025). AerChemMIP also benefitted from being part of
a wider community involving other model intercomparison
projects (Fiedler et al., 2024). Here, the aim is to build on
those successes by addressing new scientific questions and
exploiting new modelling capability.

Also known as Phase 2 of AerChemMIP (AerChemMIP2),
this Opportunity will address the following scientific ques-
tions:

1. How do advances in process representation and under-
standing of SLCFs affect assessments of changes in
global and regional atmospheric composition, radiative
forcing estimates, and climate responses?

2. How important are climate feedbacks on natural emis-
sions of SLCFs in atmospheric composition, air quality,
and radiative effects?
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3. Over the historical and future periods, what are the rela-
tive roles of climate change and emissions of SLCFs in
determining atmospheric composition and air quality?

4. What are the co-benefits and trade-offs associated with
emission changes arising from future policies?

The experiments align well with the overall CMIP7 goals
(Dunne et al., 2025) and consist of atmosphere-only and
atmosphere-ocean coupled simulations across 5 experi-
ment groups (fast-track, DECK, historical, scenarios, and
AerChemMIP), with modelling centres encouraged to in-
clude as much process representation of atmospheric chem-
istry and aerosols as possible (Fiedler et al., 2025).

Alongside the proposed experiments for AerChemMIP2
sits a comprehensive data request, which builds on that used
in CMIP6 and RAMIP. In compiling the data request, every
effort was made to minimise the burden on modelling centres
with some entries in the original CMIP6 request removed.
Nevertheless, new entries were added to reflect AerChem-
MIP2’s aims and to fully exploit new model capability
(Appendix B). The majority of variables required to support
this opportunity are in v1.2 (Data Request Task Team,
2025b), thus ensuring that relevant diagnostics are requested
from the CMIP7 Assessment Fast Track (CMIP7 AFT)
simulations (Dunne et al., 2025), including ScenarioMIP
(van Vuuren et al., 2026). However, a minority of variables
will be added to later versions than v1.2 – these are lower in
priority (Priority 3/low), will be requested from a very small
subset of simulations from 1 or 2 models to drive simulations
with offline chemical transport models (e.g., GEOS-Chem).
The requested variables sit in v1.2 across 10 variable
groups based on their spatial and/or temporal sampling
and will be used in model evaluation (e.g., aerchem-
mip_CFsites) and in analyses on atmospheric dynamics
(e.g., aerchemmip_3d_daily, aerchemmip_2dZ_monthly),
concentrations of atmospheric trace gases and aerosols
including budget terms (e.g., aerchemmip_2d_monthly,
aerchemmip_3d_monthly), air quality (e.g., aerchem-
mip_2d_daily, aerchemmip_2d_subdaily), radiative fluxes
for climate forcings (e.g., aerchemmip_fixed, aerchem-
mip_2d_monthly), and climate responses (e.g., aerchem-
mip_ocean_salt_and_heat_transport_variables_monthly,
aerchemmip_3d_monthly). These variables will be comple-
mented by the most commonly used variables in CMIP6
(in the baseline_monthly variable group) and will aid
AerChemMIP2 analysis.

This opportunity will enhance the utility of the CMIP7
simulations for diagnosing present-day effective radiative
forcing from changes in anthropogenic speciated emissions,
for quantifying the role of SLCFs in atmospheric compo-
sition, air quality, and climate, and for advancing our un-
derstanding of the interactions between natural and anthro-
pogenic emission changes with climate and air quality re-
sponses.

4 Discussion and Conclusions

4.1 Outstanding gaps in Earth system processes

While the data request was constructed using expert input
from across the atmospheric sciences, and care was taken
to ensure major Earth system processes were represented in
the request, we are still left with gaps. In some cases, an
Earth system process may not be well represented in current
Earth system models and thus no relevant data request can be
made. More common, however, is the process may be repre-
sented in models, but the nature of the process makes data
requests unfeasible for a large intercomparison project like
CMIP. This falls in line with the prioritisation process noted
above (see Sect. 2.1). For instance, a given Earth system pro-
cess may rely on high vertical resolution information that was
deemed too heavy a computational burden to be included.
This is true for some variables related to atmospheric dynam-
ical processes through the DynVar project, which were only
requested on a reduced vertical grid (plev19) to reduce bur-
den. On the other hand, the zonally-averaged dynamical vari-
ables have been requested on the higher resolution (plev39),
as they imply a much lower storage burden. It is worth men-
tioning the case of variables related to the transformed Eu-
lerian mean (TEM) framework, which need to be calculated
by the modelling centres from daily or sub-daily output of
three-dimensional fields on a high vertical resolution grid as
they involve horizontal and vertical derivatives on pressure
levels (Gerber and Manzini, 2016). However, the resulting
TEM variables are zonal means by definition and thus were
requested on the high vertical resolution grid (plev39). In ad-
dition, 3D variables related to the tendencies from gravity
wave effects have been moved from priority 1 to priority 2
and reduced the requested vertical resolution, while the tem-
poral resolution was enhanced from monthly to daily, which
better reflects the timescale of their impacts.

In some cases, the process may be represented in mod-
els, but models cannot diagnose the relevant variables due to
technical limitations. For instance, all models represent the
instantaneous radiative forcing for changes in a variety of
greenhouse gases, but for historical reasons often a model
can only provide the necessary double-call radiative trans-
fer output for the radiative forcing of CO2. Therefore, re-
quests relevant to most other gases have been omitted, or
dropped down in priority. Likewise, most models generate
subgrid cloud properties as part of their cloud scheme com-
putations but are not designed to output this information by
default. And while satellite simulators are often used to out-
put cloud properties analogous to those retrieved from space,
not all variables are represented in these simulators yet, and
many models do not yet implement satellite simulators. Con-
sequently, the current request of subgrid cloud statistics is
quite limited.

While some gaps in the data request will be present by de-
fault if the process is not represented in models, some gaps
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exist because the process requires a burdensome amount of
output to be properly analysed, or the model setup and avail-
ability of tools to create the relevant variables are not yet
widely adopted. With improvements in computational effi-
ciency, increased storage capacity, or concerted efforts by the
community to create the technical capabilities to output rel-
evant variables, many of these gaps could be addressed in
future CMIP phases.

4.2 Key reflections from data request process

While decentralisation avoids a rigid top-down control of the
data request process, it raises the importance of getting in-
put from broad communities working on atmospheric prob-
lems. This is necessary to ensure that certain scientific areas
do not get neglected and that every field needed to practica-
bly address the scientific questions of the various Opportu-
nities is included. In addition to including diverse commu-
nity representation among Opportunity proposers, the pro-
cess was further enhanced through coordination with other
thematic areas as well as through public consultations. These
provided something of a sanity check on the Opportunities
and to identify potential gaps, redundancies, inconsistencies,
etc. A potential consequence of this decentralised approach,
however, is communities that are more engaged or more vo-
cal within the CMIP context, or those with additional time
resources may get outsized representation in the data request
compared to other communities with equal scientific impor-
tance. If a similar process is utilised in the future, an increas-
ingly broad range of communities will gain familiarity with
the process, and thus the Data Request engagement could be
progressively diversified.

Additionally, throughout the process of developing this
Data Request, it was noted that gathering variable requests
which included the BCVs incurred more work, than if Op-
portunity proposers were only required to request variables
they needed in addition to the BCVs. Given that it has been
requested that the BCVs are produced for all CMIP experi-
ments, it seems extraneous to also include them individually
in each Opportunity request. While we appreciate that in-
cluding the BCVs in individual Opportunity requests empha-
sises the need for variables to be produced, and to help users
understand which scientific questions are being addressed by
each BCV, it may simplify future data request processes to
ask Opportunity and Variable Group proposers to only out-
line the variables they need in addition to the BCVs.

In light of discussions of making CMIP more operational
(Jakob et al., 2023; Stevens, 2024), it remains an open ques-
tion as to whether future prioritisation activities should be
more top-down based on CMIP strategic priorities, particu-
larly for routine analysis of recurring experiments that sup-
port international and national climate change assessments.
In this case, the more bottom-up grass-roots approach em-
ployed here could be reserved for non-operational activi-
ties that serve to advance hypothesis-based science and ex-

ploration, which rely on the scientific community routinely
defining and refining opportunities.

4.3 Conclusions

The Atmosphere theme of the CMIP7 Data Request for the
CMIP7 AFT comprises 906 variables, including 152 that are
new since CMIP6. The CMIP7 Data Request is organised
into Opportunities, each of which specifies a set of scientific
goals and the CMIP7 model output needed to achieve them
(Mackallah et al., 2026). We have documented the commu-
nity consultation and harmonisation process that resulted in
the 11 Opportunities, described in this paper, that are primar-
ily associated with atmospheric science topics. One overar-
ching Opportunities that cut across all themes have also been
described: the Rapid Evaluation Framework (REF) Opportu-
nity requests variables that are needed for foundational and
early evaluation of model output by the REF community soft-
ware package, with results made publicly available so as to
inform further analyses and applications of the data (Hassler
et al., 2026). A concise overview of the scientific scope of
each of the 11 Opportunities has been given here, and further
details for each Opportunity are included in the Data Request
database (currently hosted on the Airtable cloud platform). It
is hoped that this overview will help guide modelling centres
in deciding which Opportunities they can support, based on
their scientific priorities and available resources.

Appendix A: Opportunity processing

Opportunities proposed in the open call of August 2024 were
evaluated by thematic author teams and subsequently re-
viewed in a September 2024 cross-thematic meeting. Each
proposed Opportunity was either accepted, or merged into
an accepted Opportunity, or rejected. Subsequent discussions
between thematic author teams and Opportunity proposers
led to further refinement, improving the Opportunity descrip-
tions and harmonising their data requirements where feasi-
ble. In the Atmosphere team, following these discussions, it
was decided to keep all Opportunities distinct and not per-
form any merging of Atmosphere led Opportunities although
one Opportunity led by Earth System was merged into ID 55
Rapid Evaluation Framework.

The following table summarises the key processing ac-
tions and decisions with specific reference to a working copy
Airtable database available at the following URL https://bit.
ly/CMIP-DR-Opportunities (last access: 14 April 2026).
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Table A1. Key processing actions and decisions, outcomes, and the dates actions were taken for Atmosphere Theme Opportunities.

Opportunity IDs (final) Opportunity title Meeting decision made Notes from
consultation

Notes from Author
team

Accepted

ID 5 Understanding the role
of atmospheric
composition for air
quality and climate
change

Author team meeting
11 November 2024

Checked with the
Impacts and
Adaptation theme if
health impacts should
be included here, or in
a dedicated
Opportunity. Decided
to proceed with a
dedicated health
impacts Opportunity
(ID 37, see Ruane et
al., 2025).
Discussion needed to
ensure consistent
pressure levels across
Data Request.

Concern that all
variable groups are
listed as “High
priority”. In response,
proposers highlighted
that priorities were
determined by the
AerChemMIP
community. Title was
also shortened
following review.

ID 9 Atmospheric dynamics
and variability

Author team meeting
11 November 2024

Discussion needed to
ensure consistent
pressure levels across
Data Request.

Minor variable edits
required, and
esm-hist/esm-piControl
to be added.

ID 26 Detection and
Attribution

Author team meeting
11 November 2024

Opportunity name
revised to be more
specific. Suggestion to
add more
biogeochemical
variables and ocean
grid variables.

Discussion needed to
ensure consistent
pressure levels across
Data Request.

ID 55 Rapid Evaluation
Framework

Author team meeting
11 November 2024

Required variables
confirmed across all
themes following
discussion.
Opportunity ID 23
merged into this.

Added DECK
experiment group, and
coordinated with
Model Benchmarking
TT on confirmed
diagnostics for
inclusion.

ID 61 Southern Ocean
Biogeochemistry to
Clouds

Author team meeting
11 November 2024

Title revision to
remove acronym. Good
synergy with
Aerosol-Chemistry
Opportunity (ID5).

Scientifically
reasonable description
and own variable
groups.

ID 63 Synoptic systems Author team meeting
11 November 2024

Title change to remove
“impacts” to avoid
confusion with I&A
theme work.

Variables gathered
through community
consultation.

ID 64 Diagnosing
temperature variability
and extremes

Author team meeting
11 November 2024

Suggestions to merge
with other “extremes”
relevant Opportunities.

Decided not to merge,
but title and description
updated to make
distinction clear.
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Table A1. Continued.

Opportunity IDs (final) Opportunity title Meeting decision made Notes from
consultation

Notes from Author
team

ID 71 Clouds, radiation &
precipitation

Author team meeting
11 November 2024

Some discussion
around merging
elements of this
Opportunity with ID78.
Decided merge was not
suitable eventually as
goals are distinct.

Added surface radiative
fluxes and MODIS
variables.

ID 72 Diagnosing Radiative
Forcing

Author team meeting
11 November 2024

Well defined and
justified.

Some refinement of the
variable groups after
originally being
submitted to only
include monthly
variables.

ID 78 Clouds, circulation and
climate sensitivity:
baseline

Author team meeting
11 November 2024

Base set of variables
for CFMIP scientific
goals. Submitted
following removal of
ID 70 to address
concerns.

ID 79 Clouds, circulation and
climate sensitivity:
extension for
process-level studies

Author team meeting
11 November 2024

Extension set of
variables for CFMIP
scientific goals.
Submitted following
removal of ID 70 to
address concerns.

Merged

ID 23 Coupled climate
variability

Earth System Author
team meeting
24 November 2024
Merge in ID 55

Coordination of
Opportunity was
managed by Earth
System theme.
Opportunity proposer
agreed to merge into
the REF Opportunity
(ID 55).

Rapid Evaluation
Framework
Opportunity leads
agreed to add
additional variables
from this Opportunity
to cover additional
scientific opportunities.

Rejected

ID 70 Cloud feedbacks,
adjustments, climate
sensitivity, and pattern
effects

Author team meeting
25 September 2024

High number of high
volume (e.g. 3-hourly
variables) requested for
a large number of
experiments, making
the request
unreasonably large.

Following review
comments,
Opportunity was
rejected and proposer
submitted two new
Opportunities (IDs 78
and 79). This increased
the granularity,
reducing the overall
volume request.

https://doi.org/10.5194/gmd-19-2945-2026 Geosci. Model Dev., 19, 2945–2984, 2026



2962 B. Dingley et al.: CMIP7 Data Request

Appendix B: Variable description

The variables that are newly introduced in CMIP7 are tab-
ulated below. The Coordinate Specifications column is lists
special aspects of the temporal and spatial requirements for
each variable. The full grid specifications can be found in
v1.2 of the CMIP7 Data Request (Data Request Task Team,
2025b).

Table B1. New physical parameters introduced to CMIP in this data request.

New physical
parameter

CF standard name Title Description and
Further detail to aid
computations

Coordinate
specifications

abs550bc atmosphere_absorption_optical_
thickness_due_to_black_carbon_
ambient_aerosol

ambient black carbon
aerosol absorption
optical depth at 550 nm

This is a global single
level field representing
the aerosol optical
depth at 550 nm due to
absorption by ambient
black carbon aerosol
particles

longitude latitude time
at fixed wavelength
lambda550 nm

abs550dust atmosphere_absorption_optical_
thickness_due_to_dust_ambient_
aerosol_particles

dust absorption aerosol
optical depth @550 nm

This is a global single
level field representing
the aerosol optical
depth at 550 nm due to
absorption by ambient
dust aerosol particles

longitude latitude time
at fixed wavelength
lambda550 nm

abs550no3 atmosphere_absorption_optical_
thickness_due_to_nitrate_ambient_
aerosol_particles

Ambient nitrate aerosol
absorption optical
thickness at 550 nm

This is a global single
level field representing
the aerosol optical
depth at 550 nm due to
absorption by ambient
nitrate aerosol particles

longitude latitude time
at fixed wavelength
lambda550 nm

abs550oa atmosphere_absorption_optical_
thickness_due_to_particulate_
organic_matter_ambient_
aerosol_particles

Ambient Particulate
Organic Matter
Aerosol Absorption
Optical Thickness at
550 nm

This is a global single
level field representing
the aerosol optical
depth at 550 nm due to
absorption by ambient
particulate organic
matter aerosol particles

longitude latitude time
at fixed wavelength
lambda550 nm

abs550so4 atmosphere_absorption_optical_
thickness_due_to_sulfate_ambient_
aerosol_particles

Ambient Sulfate
Aerosol Absorption
Optical Thickness at
550 nm

This is a global single
level field representing
the aerosol optical
depth at 550 nm due to
absorption by ambient
sulfate aerosol particles

longitude latitude time
at fixed wavelength
lambda550 nm

abs550ss atmosphere_absorption_optical_
thickness_due_to_sea_salt_ambient_
aerosol_particles

Ambient Seasalt
Aerosol Absorption
Optical Thickness at
550 nm

This is a global single
level field representing
the aerosol optical
depth at 550 nm due to
absorption by ambient
sea salt aerosol
particles

longitude latitude time
at fixed wavelength
lambda550 nm
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Table B1. Continued.

New physical
parameter

CF standard name Title Description and
Further detail to aid
computations

Coordinate
specifications

c2h4 mole_fraction_of_ethene_in_air C2H4 volume mixing
ratio

This is a global field on
model atmosphere
levels representing the
mole fraction of ethene
(C2H4) in the
atmosphere

longitude latitude
alevel time

c2h5oh mole_fraction_of_ethanol_in_air Ethanol volume mixing
ratio

This is a global field on
model atmosphere
levels representing the
mole fraction of
ethanol (C2H5OH) in
the atmosphere

longitude latitude
alevel time

c4h10 mole_fraction_of_butane_in_air Butane volume mixing
ratio

This is a global field on
model atmosphere
levels representing the
mole fraction of butane
(C4H10) in the
atmosphere

longitude latitude
alevel time

ccn1 number_concentration_of_cloud_
condensation_nuclei_assuming_
reference_relative_humidity

CCN concentration at
1.0 % supersaturation,
based on aerosol
chemical composition
and size

This is a global field on
model atmosphere
levels representing the
concentration of cloud
condensation nuclei
(CCN) at 1.0 %
supersaturation, based
on aerosol chemical
composition and size

longitude latitude
alevel time at a fixed
supersaturation of
1.0 %

ccn02 number_concentration_of_cloud_
condensation_nuclei_assuming_
reference_relative_humidity

CCN concentration at
0.2 % supersaturation,
based on aerosol
chemical composition
and size

This is a global field on
model atmosphere
levels representing the
concentration of cloud
condensation nuclei
(CCN) at 0.2 %
supersaturation, based
on aerosol chemical
composition and size

longitude latitude
alevel time at a fixed
supersaturation of
0.2 %

cfc114 mole_fraction_of_cfc114_in_air Mole Fraction of
cfc114

This is a global field on
model atmosphere
levels representing the
mole fraction of
CFC114 in the
atmosphere

longitude latitude
alevel time

ch3oh mole_fraction_of_methanol_in_air Methanol volume
mixing ratio

This is a global field on
model atmosphere
levels representing the
mole fraction of
methanol (CH3OH) in
the atmosphere

longitude latitude
alevel time
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Table B1. Continued.

New physical
parameter

CF standard name Title Description and Further detail
to aid computations

Coordinate
specifications

ch4losssoil surface_downward_mass_flux_
of_methane_due_to_soil_
biological_consumption

Loss of CH4 due to
biological consumption
in the soil

This is a global single level
field representing the loss of
methane (CH4) from the
atmosphere at the surface as a
result of biological
consumption by bacteria in the
soil. This loss term may be
modelled within the land
surface scheme or may be
included as part of the
atmosphere’s dry deposition
scheme.

longitude latitude time

ch4ref reference_mole_fraction_
of_methane_in_air

Reference CH4 volume
mixing ratio

This is a global field on model
atmosphere levels representing
the methane (CH4) mole
fraction that is used in a
diagnostic call to the model’s
radiation scheme. It is only
applicable when a methane
double call is active in the
model.

longitude latitude
alevel

chegph2oo1d tendency_of_atmosphere_mole_
concentration_of_hydroxyl_
radical_due_to_chemical_
production_from_atomic_ sin-
glet_oxygen_and_water_vapor

Chemical production of
OH by reaction of
O1D+H2O

This is a global field on model
atmosphere levels representing
the primary production rate of
the hydroxy (OH) radical via
the reaction of atomic singlet
oxygen (O1D) with water
vapour (H2O) in the gas phase.

longitude latitude
alevel time

chepnh4 tendency_of_atmosphere_
mass_content_of_ammonium_
dry_aerosol_particles_
due_to_net_chemical_production

Net chemical
production of
ammonium aerosol

This is a global field on model
atmosphere levels representing
the net chemical production
rate of ammonium aerosol in
the atmosphere.

longitude latitude
alevel time

chepno3 tendency_of_atmosphere_mass_
content_of_nitrate_dry_
aerosol_particles_
due_to_net_chemical_production

Net chemical
production of nitrate
aerosol

This is a global field on model
atmosphere levels representing
the net chemical production
rate of nitrate aerosol in the
atmosphere.

longitude latitude
alevel time

clivimodis atmosphere_mass_content_
of_cloud_ice

MODIS Ice Water Path This is a global single level
field representing the ice water
path divided by the area of the
column (not just the area of the
cloudy portion of the column)
as seen by the MODIS
instrument simulator.

longitude latitude time
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Table B1. Continued.

New physical
parameter

CF standard name Title Description and
Further detail to aid
computations

Coordinate
specifications

clmodis modis_cloud_area_fraction Modis Cloud Area
Fraction

This is a global field of
seven different cloud
categories (defined by
their optical depth, tau)
on on 7 predefined
pressure levels,
representing the
percentage of total
cloud cover as seen by
the MODIS instrument
simulator. Dimensions
of tau and cloud-top
pressure are the same
used by the ISCCP
instrument simulator.
This is the equivalent
MODIS version of the
ISCCP clisccp variable.

longitude latitude
alevel optical-
thickness-category
time

clmodisice modis_ice_topped_cloud_area_
fraction

MODIS Ice-Topped
Cloud Area Fraction

This is a global field of
seven different cloud
categories (defined by
their optical depth,
tau), on 7 predefined
pressure levels,
representing the
percentage of ice-cloud
cover as seen by the
MODIS instrument
simulator. Dimensions
of tau and cloud-top
pressure are the same
used by the ISCCP
instrument simulator.
This is the equivalent
MODIS version of the
ISCCP clisccp variable.

longitude latitude
alevel optical thickness
category time

clmodisiceReff modis_ice_topped_cloud_area_
fraction

MODIS Ice-Topped
Cloud Area Fraction

This is a global field of
42 different cloud
categories (defined by
7 ice water path bins
and 6 effective particle
radii bins), representing
the percentage of
ice-cloud cover as seen
by the MODIS
instrument simulator.

longitude, latitude,
effective particle radius
of ice clouds, ice water
path category, time
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Table B1. Continued.

New physical
parameter

CF standard name Title Description and
Further detail to aid
computations

Coordinate
specifications

clmodisliquid modis_liquid_topped_cloud_
area_fraction

MODIS Liquid-Topped
Cloud Area Fraction

This is a global field of
seven different cloud
categories (defined by
their optical depth, tau)
on 7 predefined
pressure levels,
representing the
percentage of
liquid-cloud cover as
seen by the MODIS
instrument simulator.
Dimensions of tau and
cloud-top pressure are
the same used by the
ISCCP instrument
simulator. This is the
equivalent MODIS
version of the ISCCP
clisccp variable.

longitude latitude
alevel optical thickness
category time

clmodisliqReff modis_liquid_topped_cloud_
area_fraction

MODIS Liquid Topped
Cloud Area Fraction

This is a global field of
42 different cloud
categories (defined by
7 liquid water path bins
and 6 effective particle
radii bins), representing
the percentage of
liquid-cloud cover as
seen by the MODIS
instrument simulator.

longitude, latitude,
effective particle radius
of liquid clouds, liquid
water path category,
time

clwvimodis atmosphere_mass_content_of_
cloud_condensed_water

MODIS Condensed
Water Path

This is a global single
level field representing
the mass of total
condensed (liquid and
ice) water in the
column divided by the
area of the column (not
just the area of the
cloudy portion of the
column) as seen by the
MODIS instrument
simulator.

longitude latitude time

do3chm tendency_of_atmosphere_mole_
concentration_of_ozone_due_
to_net_chemical_production

Net chemical
production of O3

This is a global field on
model atmosphere
levels representing the
net chemical
production rate of
ozone in the
atmosphere

longitude latitude
alevel time
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Table B1. Continued.

New physical
parameter

CF standard name Title Description and
Further detail to aid
computations

Coordinate
specifications

dryh2 tendency_of_atmosphere_mass_
content_of_molecular_hydrogen_
due_to_dry_deposition

dry deposition rate of
H2

This is a global single
level field representing
the total loss rate of
molecular hydrogen
(H2) from the
atmosphere via its soil
sink due to bacterial
consumption. This loss
term may be modelled
within the land surface
scheme or may be
included as part of the
atmosphere’s dry
deposition scheme.

longitude latitude time

dryhno3 tendency_of_atmosphere_mass_
content_of_nitric_acid_
due_to_dry_deposition

Dry deposition of
HNO3

This is a global single
level field representing
the total loss rate of
nitric acid (HNO3)
from the atmosphere
due to dry deposition

longitude latitude time

dryno3 tendency_of_atmosphere_mass_
content_of_nitrate_dry_
aerosol_due_to_dry_deposition

Dry deposition of
nitrate aerosol

This is a global single
level field representing
the loss rate of ambient
nitrate (NO3) aerosol
from the atmosphere
due to dry deposition

longitude latitude time

e90inst mole_fraction_of_artificial_
tracer_with_fixed_lifetime_in_air

Volume mixing ratio of
Artificial tracer with
90 d lifetime

This is a global field on
model atmosphere
levels representing the
mole fraction of an
artificial tracer which
has a 90 d lifetime
(e90). In the case of
this variable, it is
sampled as an
instantaneous field on
the first day of every
month.

longitude latitude
alevel time

emiach4 tendency_of_atmosphere_mass_
content_of_methane_due_to_emission

Anthropogenic
emission rate of CH4

This is a global single
level field representing
the emission rate of
methane (CH4) into the
atmosphere from
anthropogenic sources.

longitude latitude time

emiavnox tendency_of_atmosphere_mass_
content_of_nox_expressed_
as_nitrogen_due_to_emission

emission rate of nox
from aviation

This is a global field on
model atmosphere
levels representing the
emission rate of
nitrogen oxides (NOx )
from aircraft

longitude latitude time
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Table B1. Continued.

New physical
parameter

CF standard name Title Description and
Further detail to aid
computations

Coordinate
specifications

emibbbc tendency_of_atmosphere_mass_content_
of_elemental_carbon_dry_aerosol_
particles_due_to_emission_ from_fires

total emission rate of
black carbon aerosol
mass from all biomass
burning

This is a global single
level field representing
the total emission rate
of black carbon aerosol
into the atmosphere
from all biomass
burning (natural and
anthropogenic)

longitude latitude time

emibbch4 tendency_of_atmosphere_mass_
content_of_methane_due_
to_emission_from_fires

total emission of CH4
from all biomass
burning

This is a global single
level field representing
the total emission rate
of methane (CH4) into
the atmosphere from
all biomass burning
(natural and
anthropogenic)

longitude latitude time

emibbco tendency_of_atmosphere_mass_
content_of_carbon_ monoxide_
due_to_emission_from_fires

total emission rate of
CO from all biomass
burning

This is a global single
level field representing
the total emission rate
of carbon monoxide
(CO) into the
atmosphere from all
biomass burning
(natural and
anthropogenic)

longitude latitude time

emibbdms tendency_of_atmosphere_mass_
content_of_dimethyl_ sulfide_
due_to_emission_from_fires

total emission of DMS
from all biomass
burning

This is a global single
level field representing
the total emission rate
of dimethyl sulfide
(DMS) into the
atmosphere from all
biomass burning
(natural and
anthropogenic)

longitude latitude time

emibbnh3 tendency_of_atmosphere_mass_
content_of_ammonia_due_to_
emission_from_fires

total emission rate of
NH3 from all biomass
burning

This is a global single
level field representing
the total emission rate
of ammonia (NH3) into
the atmosphere from
all biomass burning
(natural and
anthropogenic)

longitude latitude time

emibbnox tendency_of_atmosphere_mass_
content_of_nox_expressed_as_
nitrogen_due_to_emission_ from_fires

total emission rate of
NOx from all biomass
burning

This is a global single
level field representing
the total emission rate
of nitrogen oxides
(NOx ) into the
atmosphere from all
biomass burning
(natural and
anthropogenic)

longitude latitude time
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Table B1. Continued.

New physical
parameter

CF standard name Title Description and
Further detail to aid
computations

Coordinate
specifications

emibboa tendency_of_atmosphere_mass_content_
of_particulate_organic_matter_dry_
aerosol_particles_due_to_emission_
from_fires

total emission of
organic aerosol from
all biomass burning

This is a global single
level field representing
the total emission rate
of particulate organic
matter aerosol into the
atmosphere from all
biomass burning
(natural and
anthropogenic)

longitude latitude time

emibbso2 tendency_of_atmosphere_mass_
content_of_sulfur_dioxide_
due_to_emission_from_fires

total emission rate of
SO2 from all biomass
burning

This is a global single
level field representing
the total emission rate
of sulfur dioxide (SO2)
into the atmosphere
from all biomass
burning (natural and
anthropogenic)

longitude latitude time

emibbvoc tendency_of_atmosphere_mass_
content_of_nmvoc_due_to_
emission_from_fires

total emission rate of
NMVOC from all
biomass burning

This is a global single
level field representing
the total emission rate
of biogenic volatile
organic compounds
(BVOCs) into the
atmosphere from all
biomass burning
(natural and
anthropogenic)

longitude latitude time

emic2h4 tendency_of_atmosphere_mass_
content_of_ethene_due_to_ emission

Total emission rate of
ethene

This is a global single
level field representing
the total emission rate
of ethene (C2H4) into
the atmosphere from
all sources

longitude latitude time

emic2h5oh tendency_of_atmosphere_mass_
content_of_ethanol_due_to_ emission

Total emission rate of
ethanol

This is a global single
level field representing
the total emission rate
of ethanol (C2H5OH)
into the atmosphere
from all sources

longitude latitude time

emic2h6 tendency_of_atmosphere_mass_
content_of_ethane_due_to_ emission

Total emission rate of
ethane

This is a global single
level field representing
the total emission rate
of ethane (C2H6) into
the atmosphere from
all sources

longitude latitude time

https://doi.org/10.5194/gmd-19-2945-2026 Geosci. Model Dev., 19, 2945–2984, 2026



2970 B. Dingley et al.: CMIP7 Data Request

Table B1. Continued.

New physical
parameter

CF standard name Title Description and
Further detail to aid
computations

Coordinate
specifications

emic3h6 tendency_of_atmosphere_mass_
content_of_propene_due_to_ emission

Total emission rate of
propene

This is a global single
level field representing
the total emission rate
of propene (C3H6) into
the atmosphere from
all sources

longitude latitude time

emic3h8 tendency_of_atmosphere_mass_
content_of_propane_due_to_ emission

Total emission rate of
propane

This is a global single
level field representing
the total emission rate
of propane (C3H8) into
the atmosphere from
all sources

longitude latitude time

emic4h10 tendency_of_atmosphere_mass_
content_of_butane_due_to_ emission

Total emission rate of
butane

This is a global single
level field representing
the total emission rate
of butane (C4H10) into
the atmosphere from
all sources

longitude latitude time

emich3oh tendency_of_atmosphere_mass_
content_of_methanol_due_to_
emission

Total emission rate of
methanol

This is a global single
level field representing
the total emission rate
of methanol (CH3OH)
into the atmosphere
from all sources

longitude latitude time

emich4 tendency_of_atmosphere_mass_
content_of_methane_due_to_ emission

Total emission rate of
CH4

This is a global single
level field representing
the total emission rate
of methane (CH4) into
the atmosphere from
all sources

longitude latitude time

emih2 tendency_of_atmosphere_mass_
content_of_molecular_
hydrogen_due_to_emission

Total emission rate of
H2

This is a global single
level field representing
the total emission rate
of molecular hydrogen
(H2) into the
atmosphere from all
sources

longitude latitude time

emilkch4 surface_net_upward_mass_flux_
of_methane_due_to_emission_
from_freshwater_lakes

Freshwater lake
emissions of CH4

This is a global single
level field representing
the total emission rate
of methane (CH4) into
the atmosphere from
freshwater lakes

longitude latitude time
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Table B1. Continued.

New physical
parameter

CF standard name Title Description and
Further detail to aid
computations

Coordinate
specifications

h2 mole_fraction_of_molecular_
hydrogen_in_air

H2 volume mixing
ratio

This is a global field on
model atmosphere
levels representing the
mole fraction of
molecular hydrogen
(H2) in the atmosphere

longitude latitude
alevel time

h2loss tendency_of_atmosphere_mole_
concentration_of_molecular_ hydro-
gen_due_to_chemical_destruction

Loss of H2 due to
chemical destruction

This is a global field on
model atmosphere
levels representing the
loss rate of molecular
hydrogen (H2) from
the atmosphere due to
chemical destruction

longitude latitude
alevel time

h2prod tendency_of_atmosphere_mole_
concentration_of_molecular_ hydro-
gen_due_to_chemical_production

chemical production of
atmospheric H2

This is a global field on
model atmosphere
levels representing the
production rate of
molecular hydrogen
(H2) from the
atmosphere due to
chemical production

longitude latitude
alevel time

hcfc22 mole_fraction_of_hcfc22_in_air Mole Fraction of
HCFC22

This is a global field on
model atmosphere
levels representing the
mole fraction of
HCFC22 in the
atmosphere

longitude latitude
alevel time

hfc125 mole_fraction_of_hfc125_in_air Mole Fraction of
HFC125

This is a global field on
model atmosphere
levels representing the
mole fraction of
HFC125 in the
atmosphere

longitude latitude
alevel time

hfc134a mole_fraction_of_hfc134a_in_air Mole Fraction of
HFC134a

This is a global field on
model atmosphere
levels representing the
mole fraction of
HFC134a in the
atmosphere

longitude latitude
alevel time
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Table B1. Continued.

New physical
parameter

CF standard name Title Description and Further detail to aid
computations

Coordinate
specifications

noaahi2m heat_index_of_
air_temperature

mean 2 m daily NOAA
heat index

This is a global single field
representing the mean daily NOAA
heat index at two metres calculated as
follows (NOAA heat index
=−42.379 + 2.04901523T +

10.14333127R − 0.22475541T R −

6.8378310−3 T 2
−

5.48171710−2 R2
+

1.2287410−3 T 2 R +

8.528210−4 R2
− 1.9910−6 T 2 R2,

where T is 2 m temperature (degrees
F), R is relative humidity (%))

longitude latitude time

noaahi2mmax heat_index_of_
air_temperature

max 2 m daily NOAA
heat index

This is a global single field
representing the daily maximum of the
NOAA heat index at two metres
calculated as follows: NOAA heat
index =−42.379 + 2.04901523T +

10.14333127R − 0.22475541T R −

6.8378310−3 T 2
−

5.48171710−2 R2
+

1.2287410−3 T 2 R +

8.528210−4 R2
− 1.9910−6 T 2 R2,

where T is 2 m temperature (°F), R is
relative humidity (%))

longitude latitude time

o3inst mole_fraction_of_
ozone_in_air

Instantaneous O3
volume mixing ratio

This is a global field on model
atmosphere levels representing the
mole fraction of ozone (O3). In the
case of this variable, it is sampled as an
instantaneous field on the first day of
every month.

longitude latitude
alevel time

o3ref reference_mole_ frac-
tion_of_ozone_in_air

Reference ozone mole
fraction used in
diagnostic call to
radiation scheme

This is a global time-invariant field on
model atmosphere levels representing
the ozone (O3) mole fraction that is
used in a diagnostic call to the model’s
radiation scheme. It is only applicable
when an ozone double call is active in
the model and the reference ozone field
is time-invariant.

longitude latitude
alevel

o3refClim reference_mole_ frac-
tion_of_ozone_in_air

Reference ozone mole
fraction used in
diagnostic call to
radiation scheme

This is a global climatology (a single
year of monthly means) on model
atmosphere levels representing the
ozone (O3) mole fraction that is used
in a diagnostic call to the model’s
radiation scheme. It is only applicable
when an ozone double call is active in
the model and the reference ozone field
is a climatology of monthly mean data.

longitude latitude
alevel time
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Table B1. Continued.

New physical
parameter

CF standard name Title Description and Further detail to aid
computations

Coordinate
specifications

reffccwctop effective_radius_of_
cloud_condensed_water_
particles_at_cloud_top

Cloud-Top Effective
Radius of Liquid or Ice
Cloud at Liquid or Ice
Cloud Top

This is a global single level field at the
top of the atmosphere representing the
monthly mean cloud-top effective
radius of liquid or ice cloud at liquid or
ice cloud top. There may be different
treatments between models on whether
this variable is applicable over the
whole grid box or only over the cloudy
part of the grid box and how the
absence of cloud is treated when time
averaging. As a result, where possible,
the data variable should be
accompanied by a complete description
of how the diagnostic was averaged
over the gridbox and over time, for
example, by using a comment attribute.

longitude latitude time

rluscs surface_upwelling_
long-
wave_flux_assuming_
clear_sky

Surface Upwelling
Longwave Radiation
Clear Sky

Many modern earth system models
assume surface emissivities smaller
than 1. Thus, upwelling surface
longwave radiation fluxes differ
between all-sky and clear-sky
conditions since parts of the
downwelling longwave raditation is
reflected and not completely absorbed
at the surface. This is a global single
level field representing that surface
upwelling longwave radiative fluxes
under clear-sky conditions.

longitude latitude time

rluscsaf surface_upwelling_
longwave_flux_in_air_
assum-
ing_clear_sky_and_
no_aerosol

Surface Upwelling
Clean Clear-Sky
Longwave Radiation

Many modern earth system models
assume surface emissivities smaller
than 1. Thus, upwelling surface
longwave radiation fluxes differ
between all-sky and clear-sky
conditions since parts of the
downwelling longwave raditation is
reflected and not completely absorbed
at the surface. This is a global single
level field representing the surface
upwelling longwave radiative fluxes
under clear-sky and aerosol-free
conditions.

longitude latitude time

rlutch4ref toa_outgoing_ long-
wave_flux_assuming_
reference_mole_
fraction_
of_methane_in_air

Top of atmosphere
outgoing longwave
radiative fluxes from
diagnostic radiation
call with reference
methane

This is a global single level field
representing the outgoing longwave
radiative fluxes at the
top-of-atmosphere for all-sky
conditions from a diagnostic call to the
radiation scheme using a reference
methane field (ch4ref). It is only
applicable when a methane double call
is active in the model.

longitude latitude time
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Table B1. Continued.

New physical
parameter

CF standard name Title Description and Further detail to
aid computations

Coordinate
specifications

rlutcsch4ref toa_outgoing_longwave_
flux_assuming_clear_sky_
and_reference_mole_fraction_
of_methane_in_air

Top of atmosphere
outgoing longwave
radiative fluxes under
clear sky conditions
from diagnostic
radiation call with
reference methane

This is a global single level field
representing the outgoing
longwave radiative fluxes at the
top-of-atmosphere for clear-sky
conditions from a diagnostic call
to the radiation scheme using a
reference methane field (ch4ref). It
is only applicable when a methane
double call is active in the model.

longitude latitude
time

rlutcso3ref toa_outgoing_longwave_
flux_assuming_clear_sky_
and_reference_mole_fraction_
of_ozone_in_air

Top of atmosphere
outgoing longwave
radiative flux under
clear-sky conditions
from diagnostic call to
radiation scheme with
a reference ozone field

This is a global single level field
representing the outgoing
longwave radiative fluxes at the
top-of-atmosphere for clear-sky
conditions from a diagnostic call
to the radiation scheme using a
reference ozone field (o3ref or
o3refClim). It is only applicable
when an ozone double call is
active in the model.

longitude latitude
time

rluto3ref toa_outgoing_longwave_
flux_assuming_reference_mole_
fraction_of_ozone_in_air

Top of atmosphere
longwave radiative flux
from a diagnostic call
to the radiation scheme
using a reference ozone
field

This is a global single level field
representing the outgoing
longwave radiative fluxes at the
top-of-atmosphere for all-sky
conditions from a diagnostic call
to the radiation scheme using a
reference ozone field (o3ref or
o3refClim). It is only applicable
when an ozone double call is
active in the model.

longitude latitude
time

rsutch4ref toa_outgoing_shortwave_
flux_assuming_reference_mole_
fraction_of_methane_in_air

Top of atmosphere
shortwave outgoing
radiation from a
diagnostic call with a
reference methane field

This is a global single level field
representing the outgoing
shortwave radiative fluxes at the
top-of-atmosphere for all-sky
conditions from a diagnostic call
to the radiation scheme using a
reference methane field (ch4ref). It
is only applicable when a methane
double call is active in the model.

longitude latitude
time

rsutcsch4ref toa_outgoing_shortwave_
flux_assuming_clear_sky_and_
reference_mole_fraction_of_
methane_in_air

Top of atmosphere
shortwave outgoing
radiative flux under
clear sky conditions
from diagnostic
radiation call with
reference methane

This is a global single level field
representing the outgoing
shortwave radiative fluxes at the
top-of-atmosphere for clear-sky
conditions from a diagnostic call
to the radiation scheme using a
reference methane field (ch4ref). It
is only applicable when a methane
double call is active in the model.

longitude latitude
time
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Table B1. Continued.

New physical
parameter

CF standard name Title Description and Further detail
to aid computations

Coordinate
specifications

rsutcso3ref toa_outgoing_shortwave_
flux_assuming_clear_sky_
and_reference_mole_
fraction_of_ozone_in_air

Top of atmosphere
shortwave radiative
flux under clear sky
conditions from a
diagnostic call to the
radiation scheme using
a reference ozone field

This is a global single level
field representing the outgoing
shortwave radiative fluxes at
the top-of-atmosphere for
clear-sky conditions from a
diagnostic call to the radiation
scheme using a reference ozone
field (o3ref or o3refClim). It is
only applicable when an ozone
double call is active in the
model.

longitude latitude time

rsuto3ref toa_outgoing_shortwave_
flux_assuming_reference_
mole_fraction_of_ozone_in_air

Top of atmosphere
shortwave flux from
diagnostic call to
radiation scheme using
a reference ozone field

This is a global single level
field representing the outgoing
shortwave radiative fluxes at
the top-of-atmosphere for
all-sky conditions from a
diagnostic call to the radiation
scheme using a reference ozone
field (o3ref or o3refClim). It is
only applicable when an ozone
double call is active in the
model.

longitude latitude time

sfpm1 mass_fraction_of_pm1_
ambient_aerosol_particles_
in_air

Daily mean PM1 mass
mixing ratio near
surface.

This is a global single level
field representing the mass
mixing ratio of PM1 ambient
aerosol near the surface.

longitude latitude time,
height2m

sfpm10 mass_fraction_of_pm10_ am-
bient_aerosol_particles_in_air

Near-surface PM10
Mixing Ratio

This is a global single level
field representing the mass
mixing ratio of PM10 ambient
aerosol near the surface.

longitude latitude time,
height2m

stratch4loss tendency_of_atmosphere_
mole_concentration_of_
methane_due_to_
chemical_destruction

Loss of CH4 due to
chemical destruction in
the stratosphere

This is a global field on model
atmosphere levels representing
the the loss rate of stratospheric
methane (CH4) by all chemical
destruction pathways. The
distinction between the
stratosphere and troposphere
should be consistent with the
tropopause as used in the
calculation of the tropopause
pressure (ptp). The variable
should have values of zero in
the troposphere.

longitude latitude
alevel time

tauunoegw upward_eastward_momentum_
flux_in_air_due_to_ nonoro-
graphic_eastward_gravity_waves

Eastward Reynolds
stress from
non-orographic
eastward gravity wave
parameterization

This is a global field on model
atmosphere levels
representing momentum flux
(stress) in the zonal direction
due to eastward gravity wave
modes from the nonorographic
gravity wave parameterisation.

longitude latitude
alevel time
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Table B1. Continued.

New physical
parameter

CF standard name Title Description and Further detail
to aid computations

Coordinate
specifications

tauunowgw upward_eastward_momentum_
flux_in_air_due_to_
nonorographic_westward_
gravity_waves

Eastward Reynolds
stress from
non-orographic
westward gravity wave
parameterization

This is a global field on model
atmosphere levels
representing momentum flux
(stress) in the zonal direction
due to westward gravity wave
modes from the nonorographic
gravity wave parameterisation.

longitude latitude
alevel time

tauuogw upward_eastward_momentum_
flux_in_air_due_to_
orographic_gravity_waves

Eastward Reynolds
stress from orographic
gravity wave
parameterization

This is a global field on model
atmosphere levels
representing momentum flux
(stress) in the zonal direction
from the orographic gravity
wave parameterisation.

longitude latitude
alevel time

tauvnogw upward_northward_momentum_
flux_in_air_due_to_
nonorographic_gravity_waves

Northward Reynolds
stress from
non-orographic gravity
wave parameterization

This is a global field on model
atmosphere levels
representing momentum flux
(stress) in the meridional
direction from the
nonorographic gravity wave
parameterisation.

longitude latitude
alevel time

tauvogw upward_northward_momentum_
flux_in_air_due_to_
orographic_gravity_waves

Northward Reynolds
stress from orographic
gravity wave
parameterization

This is a global field on model
atmosphere levels
representing momentum flux
(stress) in the meridional
direction from the orographic
gravity wave parameterisation.

longitude latitude
alevel time

tropch4loss tendency_of_atmosphere_
mole_concentration_of_
methane_ due_to_chemical_
destruction

Tropospheric loss of
CH4 from chemical
destruction

This is a global field on model
atmosphere levels representing
the the loss rate of tropospheric
methane (CH4) by all chemical
destruction pathways. The
distinction between the
stratosphere and troposphere
should be consistent with the
tropopause as used in the
calculation of the tropopause
pressure (ptp). The variable
should have values of zero in
the stratosphere.

longitude latitude
alevel time

tropch4lossoh tendency_of_atmosphere_
mole_concentration_of_methane_
due_to_chemical_destruction_
by_hydroxyl_radical

Loss of CH4 due to
tropospheric loss by
OH

This is a global field on model
atmosphere levels representing
the the loss rate of tropospheric
methane (CH4) by reaction
with the hydroxyl radical (OH)
only. The distinction between
the stratosphere and
troposphere should be
consistent with the tropopause
as used in the calculation of the
tropopause pressure (ptp). The
variable should have values of
zero in the stratosphere.

longitude latitude
alevel time
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Table B1. Continued.

New physical
parameter

CF standard name Title Description and Further detail to aid
computations

Coordinate
specifications

tropdo3chm tendency_of_
atmosphere_mole_
concentration_of_
ozone_due_to_net_
chemical_production

Net Chemistry
Tendency of O3 in
troposphere

This is a global field on model
atmosphere levels representing the net
chemical production rate of ozone in
the troposphere. The distinction
between the stratosphere and
troposphere should be consistent with
the tropopause as used in the
calculation of the tropopause pressure
(ptp). The variable should have values
of zero in the stratosphere.

longitude latitude
alevel time

tropo3ste mole_fraction_of_
ozone_in_air

Tropospheric ozone
volume mixing ratio
due to stratosphere-
troposphere exchange
(STE)

This is a global field on model
atmosphere levels representing the
ozone volume mixing ratio in the
troposphere that is considered to be
stratospheric in origin. It is equal to the
model’s main ozone tracer in the
stratosphere and is removed from the
troposphere due to chemical loss and
dry deposition. It should be consistent
with the definition of tropopause used
to calculate the pressure of the
tropopause (ptp).

longitude latitude
alevel time

wbgt2m wet_bulb_temperature mean 2 m daily wet
bulb globe temperature

This is a global single field
representing the mean daily wet bulb
temperature (WBGT) at 2 m. The
calculation should be done following
WBGT = 0.567T + 0.393 e

100 + 3.94,
where T is 2 m temperature in °C, and
e = q p

M(air)
M(H2O)

, where q is specific

humidity at 2 m in kg kg−1,
M(H2O)= 18.01528/1000 in
kg mol−1, M (air)= 28.964/1000 in
kg mol−1 for dry air, and p the surface
pressure in Pa

longitude latitude time

wbgt2mmax wet_bulb_temperature maximum 2 m daily
wet bulb globe
temperature

This is a global single field
representing the daily maximum of wet
bulb temperatures (WBGT) at 2 m. The
calculation should be done following
WBGT= 0.567T + 0.393 e

100 + 3.94,
where T is 2 m temperature in °C, and
e = q p

M(air)
M(H2O)

, where q is specific

humidity at 2 m in kg kg−1,
M(H2O)= 18.01528/1000 in
kg mol−1, M (air)= 28.964/1000 in
kg mol−1 for dry air, and p the surface
pressure in Pa

longitude latitude time
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Table B1. Continued.

New physical
parameter

CF standard name Title Description and Further detail
to aid computations

Coordinate
specifications

wethno3 tendency_of_atmosphere_mass_
content_of_nitric_acid_
due_to_wet_deposition

Wet deposition of
HNO3

This is a global field on model
atmosphere levels representing
the loss rate of nitric acid
(HNO3) from the atmosphere
due to wet deposition

longitude latitude
alevel time

wetno3 tendency_of_atmosphere_mass_
content_of_nitrate_dry_
aerosol_particles_due_to_
wet_deposition

Wet deposition of
nitrate aerosol

This is a global field on model
atmosphere levels representing
the loss rate of nitrate (NO3)
aerosol particles from the
atmosphere due to wet
deposition

longitude latitude
alevel time
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Kumarasinghe, N., Lapola, D., Lee, J.-Y., Levis, C., Lusambili,
A., Maasakkers, J. D., MacIntosh, C., Mahmood, J., Mankin, J.
S., Marchegiani, P., Martin, M., Mukherji, A., Muñoz-Erickson,
T. A., Niazi, Z., Nyangon, J., Pandipati, S., Perera, A. T. D., Per-
sad, G., Persson, Å., Redman, A., Riipinen, I., Rockström, J.,
Roffe, S., Roy, J., Sakschewski, B., Samset, B. H., Schlosser, P.,
Sharifi, A., Shih, W.-Y., Sioen, G. B., Sokona, Y., Stammer, D.,
Suk, S., Thiam, D., Thompson, V., Tullos, E., Van Westen, R.
M., Vargas Falla, A. M., Vecellio, D. J., Worden, J., Wu, H. C.,
Xu, C., Yang, Y., Zachariah, M., Zhang, Z., and Ziervogel, G.:
Ten new insights in climate science 2024, One Earth, 8, 101285,
https://doi.org/10.1016/j.oneear.2025.101285, 2025.

Schmidt, G. A., Andrews, T., Bauer, S. E., Durack, P. J., Loeb, N.
G., Ramaswamy, V., Arnold, N. P., Bosilovich, M. G., Cole, J.,
Horowitz, L. W., Johnson, G. C., Lyman, J. M., Medeiros, B.,
Michibata, T., Olonscheck, D., Paynter, D., Raghuraman, S. P.,
Schulz, M., Takasuka, D., Tallapragada, V., Taylor, P. C., and
Ziehn, T.: CERESMIP: a climate modeling protocol to investi-
gate recent trends in the Earth’s Energy Imbalance, Front. Clim.,
5, 1202161, https://doi.org/10.3389/fclim.2023.1202161, 2023.

Schuddeboom, A. J. and McDonald, A. J.: The Southern Ocean Ra-
diative Bias, Cloud Compensating Errors, and Equilibrium Cli-
mate Sensitivity in CMIP6 Models, J. Geophys. Res.-Atmos.,
126, e2021JD035310, https://doi.org/10.1029/2021JD035310,
2021.

Shaw, T. A., Arblaster, J. M., Birner, T., Butler, A. H.,
Domeisen, D. I. V., Garfinkel, C. I., Garny, H., Grise, K. M.,
and Karpechko, A. Yu.: Emerging Climate Change Signals
in Atmospheric Circulation, AGU Adv., 5, e2024AV001297,
https://doi.org/10.1029/2024AV001297, 2024a.

Shaw, T. A., Arias, P. A., Collins, M., Coumou, D., Died-
hiou, A., Garfinkel, C. I., Jain, S., Roxy, M. K., Kretschmer,
M., Leung, L. R., Narsey, S., Martius, O., Seager, R.,
Shepherd, T. G., Sörensson, A. A., Stephenson, T., Tay-
lor, M., and Wang, L.: Regional climate change: consensus,
discrepancies, and ways forward, Front. Clim., 6, 1391634,
https://doi.org/10.3389/fclim.2024.1391634, 2024b.

Shepherd, T. G.: Atmospheric circulation as a source of uncer-
tainty in climate change projections, Nat. Geosci., 7, 703–708,
https://doi.org/10.1038/ngeo2253, 2014.

Simpson, I. R., Bacmeister, J., Neale, R. B., Hannay, C., Gettel-
man, A., Garcia, R. R., Lauritzen, P. H., Marsh, D. R., Mills,
M. J., Medeiros, B., and Richter, J. H.: An Evaluation of
the Large-Scale Atmospheric Circulation and Its Variability in

CESM2 and Other CMIP Models, J. Geophys. Res.-Atmos., 125,
e2020JD032835, https://doi.org/10.1029/2020JD032835, 2020.

Smith, C. J., Kramer, R. J., Myhre, G., Alterskjær, K., Collins,
W., Sima, A., Boucher, O., Dufresne, J.-L., Nabat, P., Mi-
chou, M., Yukimoto, S., Cole, J., Paynter, D., Shiogama, H.,
O’Connor, F. M., Robertson, E., Wiltshire, A., Andrews, T.,
Hannay, C., Miller, R., Nazarenko, L., Kirkevåg, A., Olivié,
D., Fiedler, S., Lewinschal, A., Mackallah, C., Dix, M., Pin-
cus, R., and Forster, P. M.: Effective radiative forcing and adjust-
ments in CMIP6 models, Atmos. Chem. Phys., 20, 9591–9618,
https://doi.org/10.5194/acp-20-9591-2020, 2020.

Soden, B. J., Held, I. M., Colman, R., Shell, K. M., Kiehl,
J. T., and Shields, C. A.: Quantifying Climate Feed-
backs Using Radiative Kernels, J. Climate, 21, 3504–3520,
https://doi.org/10.1175/2007JCLI2110.1, 2008.

Stevens, B.: A Perspective on the Future of CMIP, AGU Adv., 5,
e2023AV001086, https://doi.org/10.1029/2023AV001086, 2024.

Swales, D. J., Pincus, R., and Bodas-Salcedo, A.: The Cloud
Feedback Model Intercomparison Project Observational Sim-
ulator Package: Version 2, Geosci. Model Dev., 11, 77–81,
https://doi.org/10.5194/gmd-11-77-2018, 2018.

Turner, B., Dingley, B., O’Rourke, E., Juckes, M., Mackallah,
C., and Anstey, J.: CMIP7 Data Request: Public Consul-
tation Guidance supporting information, Zenodo [data set],
https://doi.org/10.5281/ZENODO.13224743, 2024.

Van Vuuren, D. P., O’Neill, B. C., Tebaldi, C., Sanderson, B.
M., Chini, L. P., Friedlingstein, P., Hasegawa, T., Riahi, K.,
Govindasamy, B., Bauer, N., Eyring, V., Fall, C. M. N., Frieler,
K., Gidden, M. J., Gohar, L. K., Högner, A., Jones, A. D.,
Kikstra, J., King, A., Knutti, R., Kriegler, E., Lawrence, P.,
Lennard, C., Lowe, J., Mathison, C., Mehmood, S., Nicholls,
Z., Prado, L. F., Zhang, Q., Rose, S. K., Ruane, A. C., Sand-
stad, M., Schleussner, C.-F., Seferian, R., Sillmann, J., Smith,
C., Sörensson, A. A., Panickal, S., Tachiiri, K., Vaughan, N.,
Vishwanathan, S. S., Yokohata, T., Zecchetto, M., and Ziehn,
T.: The Scenario Model Intercomparison Project for CMIP7
(ScenarioMIP-CMIP7), Geosci. Model Dev., 19, 2627–2656,
https://doi.org/10.5194/gmd-19-2627-2026, 2026.

Vial, J., Dufresne, J.-L., and Bony, S.: On the interpretation of inter-
model spread in CMIP5 climate sensitivity estimates, Clim. Dy-
nam., 41, 3339–3362, https://doi.org/10.1007/s00382-013-1725-
9, 2013.

Wall, C. J., Paynter, D., Qin, Y., Debolskiy, M., Duffy, M. L.,
Michibata, T., Duran, B. M., Lutsko, N. J., Ma, P.-L., Medeiros,
B., Storelvmo, T., and Zhao, M.: Decomposing Cloud Radia-
tive Feedbacks by Cloud-Top Phase, J. Climate, 38, 4023–4043,
https://doi.org/10.1175/JCLI-D-24-0538.1, 2025.

Watson-Parris, D. and Smith, C. J.: Large uncertainty in future
warming due to aerosol forcing, Nat. Clim. Change, 12, 1111–
1113, https://doi.org/10.1038/s41558-022-01516-0, 2022.

Weart, S.: The development of general circulation mod-
els of climate, St. Hist. Phil. Sci., 41, 208–217,
https://doi.org/10.1016/j.shpsb.2010.06.002, 2010.

Webb, M. J., Lock, A. P., and Ogura, T.: What Are the Main
Causes of Positive Subtropical Low Cloud Feedbacks in Cli-
mate Models?, J. Adv. Model. Earth Sy., 16, e2023MS003716,
https://doi.org/10.1029/2023MS003716, 2024.

https://doi.org/10.5194/gmd-19-2945-2026 Geosci. Model Dev., 19, 2945–2984, 2026

https://doi.org/10.1029/2023EO230411
https://doi.org/10.5194/essd-16-4243-2024
https://doi.org/10.1016/j.oneear.2025.101285
https://doi.org/10.3389/fclim.2023.1202161
https://doi.org/10.1029/2021JD035310
https://doi.org/10.1029/2024AV001297
https://doi.org/10.3389/fclim.2024.1391634
https://doi.org/10.1038/ngeo2253
https://doi.org/10.1029/2020JD032835
https://doi.org/10.5194/acp-20-9591-2020
https://doi.org/10.1175/2007JCLI2110.1
https://doi.org/10.1029/2023AV001086
https://doi.org/10.5194/gmd-11-77-2018
https://doi.org/10.5281/ZENODO.13224743
https://doi.org/10.5194/gmd-19-2627-2026
https://doi.org/10.1007/s00382-013-1725-9
https://doi.org/10.1007/s00382-013-1725-9
https://doi.org/10.1175/JCLI-D-24-0538.1
https://doi.org/10.1038/s41558-022-01516-0
https://doi.org/10.1016/j.shpsb.2010.06.002
https://doi.org/10.1029/2023MS003716


2984 B. Dingley et al.: CMIP7 Data Request

WCRP-CMIP: CMIP7 Data Request: Call for Atmo-
sphere theme paper co-authors, https://wcrp-cmip.org/
cmip7-atmosphere-call/, last access: 6 December 2025.

WMO (World Meteorological Organization): Scientific Assessment
of Ozone Depletion: 2022, WMO, Geneva, ISBN 978-9914-733-
97-6, 2022.

Wu, Z. and Reichler, T.: Variations in the Frequency of
Stratospheric Sudden Warmings in CMIP5 and CMIP6
and Possible Causes, J. Climate, 33, 10305–10320,
https://doi.org/10.1175/JCLI-D-20-0104.1, 2020.

Zelinka, M. D., Klein, S. A., and Hartmann, D. L.: Computing
and Partitioning Cloud Feedbacks Using Cloud Property His-
tograms. Part I: Cloud Radiative Kernels, J. Climate, 25, 3715–
3735, https://doi.org/10.1175/JCLI-D-11-00248.1, 2012a.

Zelinka, M. D., Klein, S. A., and Hartmann, D. L.: Com-
puting and Partitioning Cloud Feedbacks Using Cloud Prop-
erty Histograms. Part II: Attribution to Changes in Cloud
Amount, Altitude, and Optical Depth, J. Climate, 25, 3736–3754,
https://doi.org/10.1175/JCLI-D-11-00249.1, 2012b.

Zelinka, M. D., Klein, S. A., Taylor, K. E., Andrews, T., Webb, M.
J., Gregory, J. M., and Forster, P. M.: Contributions of Different
Cloud Types to Feedbacks and Rapid Adjustments in CMIP5,
J. Climate, 26, 5007–5027, https://doi.org/10.1175/JCLI-D-12-
00555.1, 2013.

Zelinka, M. D., Myers, T. A., McCoy, D. T., Po-Chedley,
S., Caldwell, P. M., Ceppi, P., Klein, S. A., and Tay-
lor, K. E.: Causes of Higher Climate Sensitivity in
CMIP6 Models, Geophys. Res. Lett., 47, e2019GL085782,
https://doi.org/10.1029/2019GL085782, 2020.

Zhang, Y. and Boos, W. R.: An upper bound for extreme tem-
peratures over midlatitude land, P. Natl. Acad. Sci. USA, 120,
e2215278120, https://doi.org/10.1073/pnas.2215278120, 2023.

Zhao, S., Zhang, J., Zhang, C., Xu, M., Keeble, J., Wang, Z.,
and Xia, X.: Evaluating Long-Term Variability of the Arctic
Stratospheric Polar Vortex Simulated by CMIP6 Models, Remote
Sens., 14, 4701, https://doi.org/10.3390/rs14194701, 2022.

Geosci. Model Dev., 19, 2945–2984, 2026 https://doi.org/10.5194/gmd-19-2945-2026

https://wcrp-cmip.org/cmip7-atmosphere-call/
https://wcrp-cmip.org/cmip7-atmosphere-call/
https://doi.org/10.1175/JCLI-D-20-0104.1
https://doi.org/10.1175/JCLI-D-11-00248.1
https://doi.org/10.1175/JCLI-D-11-00249.1
https://doi.org/10.1175/JCLI-D-12-00555.1
https://doi.org/10.1175/JCLI-D-12-00555.1
https://doi.org/10.1029/2019GL085782
https://doi.org/10.1073/pnas.2215278120
https://doi.org/10.3390/rs14194701

	Abstract
	Introduction
	Approach and methodology
	Prioritisation
	Harmonisation of pressure levels in the request
	New Physical Parameters in CMIP7

	Atmosphere Opportunities included in the CMIP7 Data Request
	Atmospheric dynamics and variability (ID 9)
	Clouds, circulation and climate sensitivity: baseline (ID 78)
	Clouds, circulation and climate sensitivity: extension for process-level studies (ID 79)
	Clouds, radiation & precipitation (ID 71)
	Detection and Attribution (ID 26)
	Diagnosing Radiative Forcing (ID 72)
	Diagnosing temperature variability and extremes (ID 64)
	Rapid Evaluation Framework (ID 55)
	Southern Ocean Biogeochemistry to Clouds (ID 61)
	Synoptic systems (ID 63)
	Understanding the role of atmospheric composition for air quality and climate change (ID 5)

	Discussion and Conclusions
	Outstanding gaps in Earth system processes
	Key reflections from data request process
	Conclusions

	Appendix A: Opportunity processing
	Appendix B: Variable description
	Code and data availability
	Author contributions
	Competing interests
	Disclaimer
	Acknowledgements
	Financial support
	Review statement
	References

