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Abstract. Reduced-Complexity Models (RCMs) are a critical tool for synthesising climate science knowledge and provid-

ing climate projections for a wide range of emissions scenarios. The Reduced-Complexity Model Intercomparison Project

(RCMIP) provides a framework for the coordinated evaluation and application of these models. Here, we introduce the ex-

perimental protocol for RCMIP Phase 3 (RCMIP3), which is timed to inform the upcoming seventh assessment cycle of the

Intergovernmental Panel on Climate Change (IPCC AR7). Taking stock of lessons from previous phases, RCMIP3 builds on5

community climate assessment products to support a common framework to compare RCM output against historical climate

benchmarks. The experimental design aims to support a comprehensive assessment of RCMs across multiple climate-relevant

domains, with a particular focus on carbon cycle dynamics and climate reversibility. The protocol is designed in tandem with

the Coupled Model Intercomparison Project Phase 7 (CMIP7), replicating its “Assessment Fast Track” together with comple-

mentary experiments which explore wider state dependencies, sampling multiple scenario generations, long timescale response10

and diverse emissions-driven process representation.
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1 Introduction

Reduced-complexity Models (RCMs), also known as Simple Climate Models (SCMs), play an indispensable role in the climate

science and policy landscape. By capturing the fundamental dynamics of the global climate system and carbon cycle with

vastly greater computational speed than Earth System Models (ESMs), they enable systematic exploration of parametric and15

structural uncertainties across large numbers of climate simulations and the probabilistic quantification of uncertainty, tasks

which are infeasible for ESMs alone. Further, the transparency and modularity of many RCMs allows for direct assessments of

key physical and biogeochemical processes, thereby providing insights into the drivers of uncertainty. As such, RCMs enable

the rapid integration of emerging scientific understanding, supporting real-time assessment of climate mitigation pathways,

temperature goals and feedback sensitivities. These capabilities make them a vital accompaniment for process-resolving models20

for the assessment reports of the Intergovernmental Panel on Climate Change (IPCC).

RCMs have a long history of important scientific applications, such as assessing climate outcomes from Integrated Assess-

ment Model (IAM)-derived emissions scenarios (Nicholls et al., 2022), direct coupling with IAMs (Baumstark et al., 2021;

Stehfest et al., 2014; Hartin et al., 2021), providing non-CO2 adjustments to the remaining carbon budget (Lamboll et al.,

2023), producing rapid answers in response to climate policy announcements (Bertram et al., 2020), and assessing uncertain-25

ties induced by volcanic forcing on climate projections (Chim et al., 2025), to name a few.

The trustworthiness of RCMs relies on their capacity to adequately emulate the behaviour of more complex climate models

(Smith et al., 2024), to appropriately reproduce large-scale indicators of observed climate (Forster et al., 2025), and produce

plausible projections of past and future climate change (Smith et al., 2021; Verkerk et al., 2025).

The Reduced-Complexity Model Intercomparison Project (RCMIP) was established to bring a coordinated and systematic30

approach to the use of these models. The first two phases of RCMIP (Nicholls et al., 2020, 2021) focused on global responses

to emissions scenarios. RCMIP Phase 1 (Nicholls et al., 2020) provided a standardized protocol for generating the global-mean

temperature projections for the IPCC’s Sixth Assessment Report (AR6), demonstrating that the ensemble of RCMs was fit-for-

purpose in reproducing historical warming and emulating the behaviour of the more complex models from CMIP5, where the

protocol requested a single best-estimate ensemble member from each model provided, with the stipulation that this member35

should have an equilibrium climate sensitivity of 3°C. RCMIP Phase 2 (Nicholls et al., 2021) shifted focus from projection

to evaluation, performing a deep diagnostic “stress test” of the probabilistic setups of various RCMs against a wide range of

observational and ESM-derived benchmarks. A key finding was that no single model perfectly captured all assessed metrics,

highlighting the importance of model diversity and the need to understand model-specific strengths and weaknesses.

These previous phases have provided critical lessons that motivate the design of RCMIP Phase 3 for the IPCC-AR7 cycle.40

Firstly, the model-specific calibration approaches used in Phase 1 made it difficult to disentangle the influence of model struc-

tural differences from calibration choices, limiting the robustness of structural uncertainty assessments. Further, an expanded

evaluation beyond some key climate metrics such as global-mean temperature or effective radiative forcings was largely miss-

ing, limiting the ability to diagnose compensating errors and process-level biases. Moreover, with the scientific and policy
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focus demanding greater fidelity in understanding of net-zero emissions targets, a more rigorous evaluation of carbon cycle45

dynamics is required.

RCMIP Phase 3 (RCMIP3 hereafter) is therefore designed with two central goals: (1) to introduce a common, coordinated

constraining protocol for model ensembles to enable a consistent assessment of inter-model structural differences, and (2) to

focus the experimental design on key carbon cycle processes and climate indicators. This new phase is designed for maximum

synergy with the upcoming Coupled Model Intercomparison Project Phase 7 (CMIP7) (Dunne et al., 2025). The increasing fo-50

cus of CMIP7 on emissions-driven simulations (Sanderson et al., 2024), including new idealized experiments such as flat10MIP

(Sanderson et al., 2025), provides a direct bridge to the native way of operating RCMs. RCMIP3 will leverage these synergies

to provide rapid, probabilistic projections for CMIP7’s “Assessment Fast Track” (AFT) experiments and to robustly assess

key climate indicators like the Transient Climate Response to cumulative CO2 Emissions (TCRE) and the Zero Emissions

Commitment (ZEC), which are central to the latest assessments of the state of the climate system (Forster et al., 2021).55

Notwithstanding this focus on carbon cycle evaluation, the protocol has been designed alongside the community to transcend

these objectives and support a wider evaluation of climate simulation by RCMs. The data request includes a comprehensive

list of variables covering the different aspects of RCM climate simulation, as well as thematic experiments focusing on specific

climate factors such as methane emissions. As a result, we expect this protocol to enable multiple evaluation studies associated

with this data request.60

This paper outlines the full experimental protocol for RCMIP3, as illustrated in Fig. 1. The protocol is structured to system-

atically evaluate model behaviour and provide projections relevant to the IPCC AR7. In the following, we describe the experi-

mental design including the new suite of idealised and non-idealised scenarios (Sect. 2), the common constraining benchmarks

(Sect. 3), and the required output variables (Sect. 4). Our goal is to enable a wide range of analyses based on this data request:

carbon and methane cycle assessments, evaluations of key climate metrics such the TCRE and ZEC, and attributable warming65

studies.

2 Experimental design

The RCMIP3 experimental protocol has been compiled with broad community collaboration, following an open call for feed-

back on the draft protocol from RCM groups between August and October 2025, allowing co-design from the wider RCM

modelling community. The experiments are divided into two primary categories: idealised experiments designed to diagnose70

fundamental model properties, and non-idealised experiments that use comprehensive scenarios for historical simulation and

future projection. The protocol is extensive, with 97 experiments in total, owing to the efficient nature of RCMs that enables

this wider assessment. Notwithstanding, we have tiered our request, so that modelling teams can prioritise scenarios based on

resource availability. The design and naming conventions of these experiments are consistent with those used in earlier MIPs

where most of them were first formulated, thereby maintaining continuity across intercomparison projects and promoting con-75

sistency in interpretation. A spreadsheet with the full list of experiments, descriptions, durations and references is provided in

the supplement materials (“scenario_info” sheet).
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Figure 1. General strategy of RCMIP3, with linkages to wider assessment efforts which feed into, and benefit from RCMIP activities.

Input emissions, concentrations and forcing data (primarily natural forcing from solar cycles and volcanic eruptions) are

provided for all experiments except those that need to be derived from model states (e.g., esm-1pct-brch-1000PgC).

This input data includes an additional "spin-up" period of 1750–1850, which for idealised experiments is equal to piControl80
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inputs, and for historical and scenario experiments are equal to historical inputs. Scenario durations are defined here as starting

at the end of this spin-up period (see tables 1 and 2). All inputs include data for the full 1750–2500 period, but for experiments

of a shorter duration, the period post experiment is denoted by missing values. For experiments where we recommend a longer

run length (typically 1000 years) it is up to the discretion of the modellers how long they wish to extend the experiment. For

all these, the last part is a continuation of values prior in the timeseries, recommended to look at slow-timescale dynamics,85

and extending the emissions or concentrations beyond what is provided should be trivial. If running the full 1000 years is

prohibitive, we prefer that you run more experiments for a shorter time period, and for the most part, running the provided

751 years (including spin-up) will be sufficient. Reporting the output for the spin-up period is also not mandatory, and it is not

necessary for models to run the spin-up period if it is not required for one or more experiments.

The emissions and concentrations data for experiments included in RCMIP phases I (Nicholls et al., 2020) and II (Nicholls90

et al., 2021) were taken from the datasets provided for those rounds (Nicholls and Gieseke, 2019). New data have either been

generated according to stated protocols in the case of idealised datasets, or in the case of CMIP7, the inputs are from official

CMIP7 sources including the CMIP7 Greenhouse Gas Concentrations (Nicholls et al., 2025), emissions datasets based on

(Hoesly et al., 2025; van Marle and van der Werf, 2025; Friedlingstein et al., 2025; Velders et al., 2022; Adam et al., 2024;

, WMO; CRIPPA et al., 2024) and solar (Funke, 2025) and volcanic forcing (Aubry et al., 2025). An extensive overview of95

the CMIP7 forcing and data providers is found in (O’Rourke et al., 2023). MethaneMIP data were generated according to the

MethaneMIP protocol (England et al., 2025).

2.1 Idealised scenario experiments

Idealised experiments are designed to quantify fundamental characteristics of the climate and carbon cycle response in a con-

trolled setting. The stylised nature of the forcings allows for a clean diagnosis of key metrics, which can be obscured in more100

complex scenarios. The results from these experiments will inform our understanding of baseline model behaviour, allow for

the decomposition of feedbacks, and facilitate assessments of response linearity. This suite of experiments is designed to be di-

rectly comparable with key CMIP7 DECK (e.g., 1pctCO2, abrupt-4xCO2) and AFT experiments. The magnitude of these

experiments was chosen deliberately to coincide across experiments in order to enable path-/state-dependence and reversibil-

ity analysis via inter-experiment evaluation. For example, the total cumulative CO2 emissions is the same in esm-bell-*,105

esm-flat* and esm-1pct-brch-* experiments. An illustration of the experimental setup for these experiments is pre-

sented in Fig. 2 while Table 1 lists their priority (Tier) and duration.

2.1.1 Concentration-driven CO2 response experiments

This group of experiments follows established CMIP protocols (Dunne et al., 2025) to diagnose the primary climate response

to changes in atmospheric CO2. They are the principal means for calculating metrics such as the Transient Climate Response110

(TCR) and Equilibrium Climate Sensitivity (ECS), and for assessing the state-dependence of climate feedbacks.
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Figure 2. Annual carbon concentrations and emissions as a function of time for the idealized experiments included in RCMIP3. For clarity,

flux magnitudes are shown in petagrams of carbon (PgC), although the accompanying dataset provides emissions time series in megatons of

CO2 (MtCO2), consistent with the requested CO2 emissions variable. Similarly, years in the x-axis are indicative, with the actual requested

experiment durations being detailed in Table 1. Line style indicates the experiment tier or running priority (solid for Tier 1 and dashed for

Tier 2), while colour (except black) represents the shared cumulative carbon emissions across emissions experiments.
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– 1pctCO2: A concentration-driven simulation where atmospheric CO2 increases by 1% per year from the pre-industrial

value until quadrupling. This is the standard experiment for diagnosing TCR.

– 1pctCO2-4xext: An extension of 1pctCO2, where concentrations are held constant at 4xCO2 for at least 150 years

(ideally, up to a total experiment duration of 1000 years) to assess adjustment from transient to equilibrium response to115

CO2 forcing. Running of this experiment can be combined with 1pctCO2 into a single experiment.

– abrupt-4xCO2, abrupt-2xCO2, abrupt-0p5xCO2: Concentration-driven simulations where pre-industrial CO2

is instantaneously quadrupled, doubled, or halved, respectively, and then held constant for 1000 years to allow the system

to reach equilibrium. The climate system’s relaxation from this abrupt forcing is used to evaluate climate feedbacks and

their potential linearity or state-dependence. abrupt-4xCO2 provides a standard method for calculating ECS through120

regression analysis (Gregory et al., 2004; Zehrung et al., 2025).

– 1pctCO2-bgc and 1pctCO2-rad: A pair of feedback-decoupling experiments following the C4MIP (Jones et al.,

2016) protocol. In 1pctCO2-bgc, only the biogeochemical components are forced by the increasing CO2, while the

radiative components see pre-industrial levels. Conversely, in 1pctCO2-rad, only the radiative components are forced.

These allow for the formal decomposition of the carbon-concentration (β) and carbon-climate (γ) feedback parameters125

(Jones et al., 2016) when compared to the fully coupled 1pctCO2 simulation. The input for this experiment is the same

as for 1pctCO2, and it is left to modelling teams to arrange how the set-up described above is achieved.

2.1.2 Carbon cycle impulse and path-dependence experiments

This suite of emissions-driven experiments is designed to probe the carbon cycle’s response to different emission pathways

including CO2 pulses and carbon dioxide removal (CDR). This should allow an assessment of linearity and path-dependence,130

mirroring the CDRMIP (Keller et al., 2018) and ZECMIP (Jones et al., 2019) protocols.

– esm-pi-CO2pulse and esm-pi-cdr-pulse: Idealised positive and negative CO2 emission pulses of 100 GtC

are applied to a pre-industrial control state. ESM output from these experiments has been used to derive the impulse-

response function of the carbon cycle to emissions and removals in simplified models such as RCMs. Thus, RCM output

from these experiments provide an opportunity to compare responses between RCMs and ESMs.135

– esm-bell-750PgC, esm-bell-1000PgC, esm-bell-2000PgC: A set of experiments where total emissions

follow a symmetric bell-shaped curve, allowing for the assessment of carbon cycle responses to different total cumulative

emission amounts according to the ZECMIP “B” protocol (Jones et al., 2019).

– esm-1pct-brch-750PgC, esm-1pct-brch-1000PgC, esm-1pct-brch-2000PgC: These experiments branch

from a model-specific esm-1pctCO2 simulation back-calculated from the 1pctCO2 experiment where zero emissions140

are prescribed after the corresponding cumulative emissions (750, 1000 and 2000 PgC) are reached. The branching hap-

pens at the first timepoint where the cumulative emissions level is exceeded, with an experiment duration after that of
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ideally 500 years (minimum 100 years). Due to the model-specific nature of these experiments, the CO2 emissions time-

series needs to be sourced by the modelling groups themselves. These experiments enable the assessment of the Zero

Emissions Commitment (ZEC) at various cumulative emissions levels according to the ZECMIP ’A’ protocol (Jones145

et al., 2019).

– 1pctCO2-cdr: A concentration-driven experiment where, after reaching four times the pre-industrial CO2 concentra-

tion in the 1pctCO2 run, concentrations are returned to pre-industrial levels following the same path in reverse, testing

the reversibility of the climate system following the CDRMIP protocol (Keller et al., 2018).

2.1.3 Constant and Zero Emissions Commitment (ZEC) experiments150

This family of emissions-driven experiments, aligned with the “flat10MIP” protocol (Sanderson et al., 2025), is designed

to cleanly diagnose key policy-relevant carbon cycle metrics like TCRE, the Zero Emissions Commitment (ZEC), and the

response to net-negative emissions. The experiments are performed with three different constant emission rates (7.5, 10, and

20 GtC/yr) to test the linearity of these responses.

– esm-flat7.5, esm-flat10, esm-flat20: A constant CO2 emission rate is maintained for 300 years.155

– esm-flat7.5-zec, esm-flat10-zec, esm-flat20-zec: Following an initial 100-year constant emission pe-

riod, emissions are abruptly set to zero to diagnose the Zero Emission Commitment.

– esm-flat7.5-cdr, esm-flat10-cdr, esm-flat20-cdr: Following an initial 100-year period, emissions are

linearly reduced over a 100 year period to the negative of the original flat rate (e.g., from +10 GtC/yr to -10 GtC/yr

in esm-flat10-cdr) to assess the system’s response to large-scale CDR. Then, after 300 years when cumulative160

emissions reach zero, emissions are abruptly set to zero.

– esm-flat7.5-nz, esm-flat10-nz, esm-flat20-nz: Following an initial 100-year period, emissions are lin-

early reduced to net-zero value over a 50 year period, and held at net-zero from year 150 onwards.

– esm-flat7.5-rev, esm-flat10-rev, esm-flat20-rev: Following an initial 100-year period, emissions are

held constant at zero for another 100-year period, then reversed to the negative of the original period for another 100165

years, and finally abruptly set to 0 until the end of the experiment. This is a new addition with respect to the original

flat10MIP protocol with the objective to allow an assessment of the transient response to cumulative negative emissions.

2.2 Non-idealised scenario experiments

Non-idealised experiments use comprehensive, time-evolving forcing datasets to simulate past and future climate change.

These experiments are essential for model evaluation against observations, attribution of past changes, and providing projec-170

tions for use in the IPCC AR7 and other assessments. A key reason for adding these experiments is to be able to directly

compare and analyse RCM projections with ESMs for the same set of scenarios. Note that for historical and scenario runs,

8

https://doi.org/10.5194/egusphere-2025-5775
Preprint. Discussion started: 21 November 2025
c© Author(s) 2025. CC BY 4.0 License.



Table 1. Master list of idealised experiments requested as part of RCMIP3. (CD: Concentration-Driven; CE: Cumulative Emissions, ED:

Emissions-Driven; FD: Feedback-Decoupling, PI: Pre-Industrial)

Experiment ID Description Tier Duration (yr)

1.1. Standard CO2 Forcing

1pctCO2 CD: 1%/yr CO2 increase to 4x fr/ PI 1 141

1pctCO2-4xext CD: Extension of 1pctCO2 w/ stable 4xCO2 2 1000

1pctCO2-cdr CD: Reverse of 1pctCO2 fr/ 4x to 1xCO2 2 1000

1pctCO2-bgc FD: BGC-only feedback 1pctCO2 run 1 141

1pctCO2-rad FD: RAD-only feedback 1pctCO2 run 1 141

abrupt-4xCO2 CD: Instantaneous 4xCO2 fr/ PI 1 1000

abrupt-2xCO2 CD: Instantaneous 2xCO2 fr/ PI 2 1000

abrupt-0p5xCO2 CD: Instantaneous 0.5xCO2 fr/ PI 2 1000

1.2. Carbon Cycle Impulse & Pathway Dependence

esm-pi-CO2pulse ED: 100 GtC CO2 pulse into PI state 2 1000

esm-pi-cdr-pulse ED: 100 GtC CO2 removal from PI 2 1000

esm-bell-750PgC ED: 750 PgC total bell-shaped emissions from PI 2 200

esm-bell-1000PgC ED: 1000 PgC total bell-shaped emissions from PI 1 200

esm-bell-2000PgC ED: 2000 PgC total bell-shaped emissions from PI 2 200

esm-1pct-brch-750PgC Branch fr/ esm-1pctCO2 after 750 PgC CE 2 Var.

esm-1pct-brch-1000PgC Branch fr/ esm-1pctCO2 after 1000 PgC CE 1 Var.

esm-1pct-brch-2000PgC Branch fr/ esm-1pctCO2 after 2000 PgC CE 2 Var.

1.3. Constant & Zero Emissions Commitment (ZEC) for *=[7.5,10,20]

esm-flat* ED: Constant * GtC/yr CO2 emissions 1,2 300

esm-flat*-zec Follows esm-flat* w/ zero emissions from year

100

1,2 1000

esm-flat*-cdr Follows esm-flat* w/ linear ramp down to -*

GtC/yr emissions in yr 200. Maintained at -*GtC/yr

until year 300, with zero emissions thereafter.

1,2 1000

esm-flat*-nz Follows esm-flat*w/ linear decrease to net-zero

in yr 150. Maintain at net-zero emissions thereafter.

1,2 1000

esm-flat*-rev Follows esm-flat* w/ flat net-zero from years

100 to year 200 and flat -*GtC/yr between years 200

and 300. Zero emissions thereafter.

1,2 1000

we provide natural forcing input for solar and volcanic forcing as part of the input dataset. For CMIP6, these are split by
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experiment, but for CMIP7 the data are provided as a single timeseries for the experiment called historical in the forcing input

file.175

2.2.1 Control and historical simulations

This group of experiments provides the necessary baseline control simulations and simulates the historical period (1850–2023)

to enable model evaluation against observations.

– piControl, esm-piControl and esm-allGHG-piControl: Pre-industrial control simulations with constant

forcings, providing a baseline for calculating anomalies and assessing model drift. The first experiment is concentrations-180

driven, the second is CO2-only emissions-driven, and the third includes all GHGs in emissions-driven mode.

– historical and historical-cmip6: Standard concentration-driven historical simulations. The latter uses CMIP6-

era forcing agents and runs 1750–2014.

– esm-hist, esm-hist-cmip6, esm-allGHG-hist, esm-allGHG-hist-cmip6: Emissions-driven historical

simulations, differing in the forcing agents included (CO2-only vs. all GHGs) and the vintage of the forcing data (CMIP7185

vs. CMIP6).

– hist-aer, hist-GHG, and hist-CO2: Single-forcing historical simulations driven by emissions of aerosols-only,

concentrations of all GHGs and concentrations of CO2-only, respectively. These are crucial for attribution studies.

2.2.2 Standard future projections (CMIP6 SSP scenarios)

This core set of experiments provides future projections from 2015–2500 based on the ScenarioMIP CMIP6 protocol (O’Neill190

et al., 2016) and extensions. Both concentration- and emissions-driven versions are included for direct comparison. Again, by

following the same standard scenarios as CMIP6 we expect that the RCM output can be compared with CMIP6 ESM output,

and assess to what extent RCMs are able to emulate ESMs (in whatever variable is analysed in a given study). In addition, this

allows direct comparison of ScenarioMIP output across generations.

– Concentration-driven SSPs: ssp119, ssp126, ssp245, ssp370, ssp434, ssp460, ssp534-over, ssp585.195

– Emissions-driven (CO2 only) SSPs: esm-ssp119, esm-ssp126, esm-ssp245, esm-ssp370, esm-ssp434,

esm-ssp460, esm-ssp534-over, esm-ssp585.

– Emissions-driven (all GHG) SSPs: esm-allGHG-ssp119, esm-allGHG-ssp126, esm-allGHG-ssp245,

esm-allGHG-ssp370, esm-allGHG-ssp434, esm-allGHG-ssp460, esm-allGHG-ssp534-over,

esm-allGHG-ssp585.200
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2.2.3 Standard future projections (CMIP7 "Scen7" scenarios)

These are the ScenarioMIP experiments developed specifically for the CMIP7 cycle (van Vuuren et al., 2025). Similarly to

the CMIP6 suite, this includes both emissions-driven (CO2-only and all GHG variants) and concentrations-driven experiments

to ensure consistent analysis across forcing methodologies. Although it is unlikely that there will be significant ESM output

to compare with on the RCMIP3 timescale, CMIP7 scenarios will give advanced insight to ESM modellers on what these205

scenarios might look like for different variables and potentially serve a line of evidence for the IPCC AR7. RCMIP3 inputs for

these experiments may not be ready by the time of protocol publication, as at the time of preparation some emissions scenarios

are still being finalised. These experiments are, however, a key component of the experimental protocol and inputs will be

published as soon as they are made available by the CMIP7 ScenarioMIP community.

– Concentration-driven: scen7-HC, scen7-HLC, scen7-MC, scen7-MLC, scen7-LC, scen7-VLC, scen7-LNC.210

– Emissions-driven (CO2 only): esm-scen7-H, esm-scen7-HL, esm-scen7-M, esm-scen7-ML, esm-scen7-L,

esm-scen7-VL, esm-scen7-LN.

– Emissions-driven (all GHG): esm-allGHG-scen7-H, esm-allGHG-scen7-HL, esm-allGHG-scen7-M,

esm-allGHG-scen7-ML, esm-allGHG-scen7-L, esm-allGHG-scen7-VL, esm-allGHG-scen7-LN.

2.2.4 Non-CO2 variants of standard future projections215

A key development in this phase of RCMIP is a dedicated set of experiments designed to explore the climate system response

to a range of non-CO2 forcing pathways. In particular, several experiments seek to explore futures with different methane

concentrations as a key policy area. Experiments were based on those form MethaneMIP (England et al., 2025) and a series of

sensitivity experiments from core ScenarioMIP CMIP6 and CMIP7 scenarios, exploring CH4 pathway uncertainty.

– methanemip-TM-allGHG: An all-GHG emissions-driven run from MethaneMIP branching off from ssp245 to220

assess the impact of additional technical methane (TM) mitigation measures.

– methanemip-TM+BC-allGHG: A variant of the previous MethaneMIP experiment that also includes emission re-

ductions from widespread behavioural change (BC) such as dietary shift.

– esm-allGHG-ssp370-lowCH4: A sensitivity run based on the esm-allGHG-ssp370 scenario, but following a

low methane emissions pathway to explore decoupling of CH4 from other drivers.225

– esm-allGHG-ssp370-lowNTFC: A similar sensitivity analysis based on the esm-allGHG-ssp370 scenario that

follows a low emissions pathway of Near-Term Climate Forcers (NTCFs) to explore the impact of decoupling these

forcers from other drivers.

– esm-allGHG-ssp370-lowNTCF-HighCH4: A variant of the previous NTCF scenario, but with high methane

emissions. This is designed to isolate the specific impact of a high methane pathway against an otherwise low-forcing230

background.
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– esm-allGHG-ssp534-over-highCH4: A sensitivity run based on the esm-allGHG-ssp534-over overshoot

scenario, but with a high methane pathway to assess its impact on the nature and magnitude of the temperature overshoot.

– esm-allGHG-ssp585-lowCH4: A variant of the fossil-fuel intensive esm-allGHG-ssp585 scenario, but with a

low methane pathway, again designed to explore the consequences of decoupling CH4 emissions from CO2.235

– esm-allGHG-scen7-H-CH4L and esm-allGHG-scen7-L-CH4H: A pair of scenario-swapping experiments.

The first combines the high CO2 emissions from Scen7-H with the low methane emissions from Scen7-L, while the

second combines the low CO2 of Scen7-L with the high methane of Scen7-H. These experiments should help diagnose

the independent impact of different methane pathways.

3 Calibration strategy and targets240

A central innovation of RCMIP3 is the introduction of a coordinated set of benchmarks for ensemble constraining and model

evaluation. A key lesson from previous RCMIP phases was that model-specific calibration choices made it difficult to distin-

guish differences in projections arising from fundamental model structure versus those arising from the tuning process (Nicholls

et al., 2021). To mitigate this problem, RCMIP3 includes a harmonised set of benchmarks all modelling teams are encouraged

to use to constrain their ensemble output prior to submission, thereby fostering greater comparability and coordination across245

the RCM community. Additionally, these benchmarks will be used to evaluate model output once it is received from modelling

teams, enabling a cleaner assessment of inter-model structural uncertainty, a key objective for the AR7 assessment cycle.

While providing this collection of climatic benchmarks, RCMIP3 does not prescribe to what extent the benchmarks are em-

ployed. This strategy allows participating groups to calibrate their models using their own preferred methods, while providing

a common standardised experimental dataset that can be used where relevant. Ideally, all modelling groups incorporate these250

benchmarks in their tuning phases, but it is acknowledged that this may not be possible in all cases due to technical reasons or

resource availability. Consequently, the use of these benchmarks is optional, but encouraged. Notwithstanding this flexibility,

all benchmarks should be compared to simulation output for the CMIP7 esm-allGHG-historical scenario, including volcanic

and solar forcing timeseries for CMIP7 as provided in the input datasets. Output from this scenario will also be used for model

evaluation when comparing model submissions with the benchmarks.255

These benchmarks are drawn from the latest observational datasets and community assessments, particularly the annual

Indicators of Global Climate Change effort (Forster et al., 2025) and the Global Carbon Budget (Friedlingstein et al., 2025).

This ensures that the RCMIP3 process is anchored to the most up-to-date understanding of the Earth system. The number and

nature of these targets have been carefully selected to encompass fundamental climate properties while minimising the burden

on modelling groups.260
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Table 2. Master list of non-idealised (Scenario) experiments requested as part of RCMIP3. (CD: Concentration-Driven; ED: Emissions-

Driven; PI: Pre-Industrial). Asterisks (*) denote sets of scenarios. The ssp* set includes: ssp119, ssp126, ssp245, ssp370, ssp434,

ssp460, ssp534-over, and ssp585. The esm-ssp*-low... set includes variants for ssp370 and ssp585 with different non-CO2

pathways. The scen7-* set includes scenarios: H, HL, M, ML, L, VL and LN. The esm-scen7-*-CH4* set includes CH4 variants for

scen7-H and scen7-L.

Experiment ID Description Tier Duration

2.1. Controls & Historical Simulations

piControl CD PI control 1 500+

esm-piControl ED PI control (CO2-only) 1 500+

esm-allGHG-piControl ED PI control (all GHGs) 3 500+

historical CD Historical 1 1850-2023

historical-cmip6 CD Historical w/ CMIP6 forcings 2 1850-2014

esm-hist ED Historical (CO2-only) 1 1850-2023

esm-hist-cmip6 ED Historical (CO2-only, CMIP6) 2 1850-2014

esm-allGHG-hist ED Historical (all GHGs) 3 1850-2023

esm-allGHG-hist-cmip6 ED Historical (all GHGs, CMIP6) 3 1850-2014

hist-aer Historical w/ aerosol-only forcing 2 1850-2023

hist-CO2 Historical w/ CO2-only forcing 2 1850-2023

hist-GHG Historical w/ all GHG forcing 2 1850-2023

2.2. Future Projections (SSPs)

ssp* SSP scenarios (CD) 2,3 2015-2500

esm-ssp* SSP scenarios (ED, CO2-only) 2,3 2015-2500

esm-allGHG-ssp* SSP scenarios (ED, all GHGs) 2,3 2015-2500

esm-ssp*-low... SSP variants w/ different non-CO2 pathways 2 2015-2500

2.3. Future Projections (AR7 Scen7)

scen7-* AR7 scenarios (CD) 1 2024-2500

esm-scen7-* AR7 scenarios (ED, CO2-only) 1 2024-2500

esm-allGHG-scen7-* AR7 scenarios (ED, all GHGs) 1 2024-2500

esm-scen7-*-CH4* AR7 scenario variants w/ different CH4 pathways 2 2024-2500

2.4. Methane Cycle Experiments (MethaneMIP)

methanemip-TM-allGHG Methane technological mitigation scenario (all

GHGs)

3 2015-2130

methanemip-TM+BC-allGHG Methane technological mitigation + behavioural

change (all GHGs)

3 2015-2130
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3.1 Constraining targets

The constraining targets are divided into two main categories: those constraining the broader global climate system response

and those constraining the carbon cycle. Figure 4 shows the constraining timeseries offered by the protocol and the related

evaluation targets.

3.1.1 Climate system targets265

These targets ensure that the models’ fundamental climate responses are consistent with historical observations and the broader

climate science assessment.

– Historical Global Mean Surface Temperature (GMST): Models should be able to reproduce the observed GMST evo-

lution from the pre-industrial period (1850–1900) to the present. We provide the best-fit historical temperature timeseries

as reported by Forster et al. (2024) as the temperature target. Direct evaluation will involve the temperature anomaly be-270

tween the 1850–1900 and 2014–2023 periods.

– Aerosol Effective Radiative Forcing (ERF): As a key component of the climate system with substantial uncertainty, we

will also provide an estimate to constrain the aerosol effective radiative forcing with respect to 1750 for the 2005–2014

mean (Forster et al., 2024), comprising aerosol-radiation and aerosol-cloud interactions (Forster et al., 2021). Evaluation

will involve the average aerosol ERF for the same period.275

– Global Heat Content: The simulated increase in global heat content over the historical period should be consistent with

observational estimates, particularly for the well-observed period from 1971 to 2020. We provide the historical timeseries

for both the total and ocean heat contents, as synthesised in Forster et al. (2024), since those are the quantities most likely

to be represented in RCMs. The constraint target evaluation (see Table 3) will be based on the 1971 to 2020 change in

Ocean Heat Content only, as available estimates for global heat content did not have any associated uncertainty.280

With regards to the global heat content, care should be taken to identify what the RCM is reporting. The total Earth’s energy

uptake includes heat stored in the atmosphere, cryosphere and land, as well as by the ocean (Fig. 3 and Von Schuckmann et al.

(2023)). For example, an RCM that is based on the common linear energy balance relationship ∆N = F + λ∆T (Romero-

Prieto et al., 2025) is likely modelling the change in total Earth energy uptake (∆N ) rather than the ocean component in

isolation, and only RCMs that explicitly model the energy uptake into ocean and non-ocean reservoirs separately can identify285

the difference. In Fig. 3, the time integral of ∆N is represented by the sum of each component, and the light yellow bar on the

right for 1971–2020.

3.1.2 Carbon cycle targets

Given the explicit focus of RCMIP3 on the carbon cycle, a robust set of biogeochemical constraints is included following

the Global Carbon Budget (Friedlingstein et al., 2025). These targets aim to ensure that emissions-driven models partition290

anthropogenic carbon between the atmosphere, ocean, and land reservoirs in a manner consistent with observations.
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Figure 3. Comparison of the total Earth energy uptake 1971–2020 with the ocean component. RCMs may report the total (light yellow bar,

right) and not be able to separate into land, cryosphere, atmosphere and ocean. In RCMs where this is the case, the ocean heat content can

be reported by multiplying the total energy uptake by 0.91. Data from Von Schuckmann et al. (2023).

– Historical atmospheric CO2 concentration: For emissions-driven historical runs, the simulated atmospheric CO2 con-

centration must closely match the observational record derived from ice cores and direct atmospheric measurements,

as supplied by the latest Global Carbon Budget (Friedlingstein et al., 2025). Evaluation will involve the mean CO2

concentration anomaly from pre-industrial for the 2014–2023 period.295

– Global Carbon Budget components: For models able to partition carbon into ocean and land reservoirs as well as the

atmospheric concentration increase, model carbon fluxes should be consistent with the central estimates and uncertainties

from the 2024 Global Carbon Budget (Friedlingstein et al., 2025). Specifically, models will be evaluated against the

(2014–2023) assessed budgets for:

– The net ocean carbon sink: defined as the net flux of anthropogenic carbon from the atmosphere to the ocean.300

– The net land carbon sink: defined as the residual sink from global budget.

It is recognised that RCMs represent these carbon cycle processes with varying levels of complexity. Models with explicit,

separate representations of the land and ocean carbon cycles are expected to evaluate their performance against the individual

land and ocean sink targets above. In contrast, models with a more aggregated carbon cycle representation where land and

ocean sinks are not explicitly resolved (e.g., impulse-response models like FaIR (Leach et al., 2021)) should evaluate their305

simulated total sink against the sum of the observationally-based land and ocean sinks. This ensures a fair and appropriate

evaluation across different model structures.
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Figure 4. Observational constraint timeseries (blue lines) and constraint targets (black lines/dots) with uncertainties (shaded rectangles).

Quantity names follow the naming scheme from this protocol. In plot d) We show both Total and Ocean Heat Content timeseries, but the

constraint target is for Ocean Heat Content change between 1971 and 2020 only.
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Table 3. RCMIP recommended constraints. The target is mean value over the constraint period, possibly calculated as change from base

period. Sources are IGCC2024 = Forster et al. (2024), GCB2024 = Friedlingstein et al. (2025) and AR6 = Forster et al. (2021). Lower and

upper bounds of estimates denote the 5th and 95th percentile estimates respectively. Where the original sources gave uncertainties not for

periods but single years, quadrature has been used to derive combined uncertainty bounds. Where the sources gave uncertainty in terms of

one standard deviation, an underlaying normal distribution has been used to make the conversion.

Variable (Unit) Source Base period Constraint period Central Lower Upper

GMST anomaly (K) IGCC2024 1850–1900 2014–2023 1.19 1.0 1.4

Ocean Heat Content (ZJ) IGCC2024 1971 2020 435.1 315.8 560.5

CO2 Concentration (ppm) NOAA GML - 2014–2023 408.65 407.05 410.25

Carbon Flux to Oceans (PgC/yr) GCB2024 - 2014–2023 2.9 2.24 3.56

Carbon Flux to Land (PgC/yr) GCB2024 - 2014–2023 3.2 1.72 4.68

Aerosol ERF (W/m2) AR6 1850–1900 2005–2014 -1.3 -2.0 -0.6

While not direct calibration targets, emergent metrics such as the Transient Climate Response to cumulative CO2 Emissions

(TCRE) and the Zero Emissions Commitment (ZEC), diagnosed from the idealised experiments, will be evaluated against

the assessed ranges in the literature to further assess model performance. This decision to produce climate metrics as an310

output, rather than input of the protocol, was taken due to the lack of a post-AR6 assessment for ECS, TCRE together with

the unresolved issue of several exceptionally warm years (Esper et al., 2024; Blanchard-Wrigglesworth et al., 2025) with large

energetic imbalances (Hakuba et al., 2024). Given these factors, it was decided that our protocol could more usefully provide an

assessment of the degree to which the observed record constrain and update estimates of climate metrics, rather than assuming

that past assessments remain static.315

4 Output variables and data submission

To facilitate a consistent and efficient analysis of model results, a standardized data submission protocol is required. The format

for RCMIP3 will broadly follow the structure used in previous phases with some modifications. Users should use the latest

version of the pyrcmip tooling (available at https://gitlab.com/rcmip/pyrcmip) to validate and submit their model output,

which has been modified to work with RCMIP3 and accepts both comma-separated value (CSV) as in previous phases and320

netCDF formats. A template for CSV formats for submitted time series data is provided in the supplementary material. The

template also includes sheets for detailed model metadata and any regional definitions used, together with the possibility to

add comments regarding the submitted model output. Jupyter notebooks providing an example on how to produce, validate

and submit model output can be found in the notebooks folder in the pyrcmip tool linked aboved. A complete list of all

requested output variables, along with more detailed descriptions, tiers (see below), and units is provided in the supplementary325

material as well.
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Our data request is divided into 3 main tiers [1–3], where tier 1 is the highest priority requested output which all groups are

strongly encouraged to return to the extent they are capable. Subsequent lower tiers (2 and 3) cover domains less central to this

RCMIP phase, supporting a more in-depth analysis. Additionally, there are also carbon (1-carbon) and methane (2-methane,

3-methane) specific tiers that are optionally requested from models that include the relevant processes. In this section, we330

describe the highest-priority variables, or tier 1, while categories entirely beyond tier 1 are listed in tables 12 (sea-level rise),

13 (emissions of minor species), 14 (methane cycle), and 15 (nitrogen cycle).

4.1 Tier 1 output variables

Tier 1 variables represent the ideal minimum output for participation in the core analysis of RCMIP3. However, it is acknowl-

edged that some models may not possess the technical capabilities to report all of them while still interested in participating335

in the exercise to the extent of their capabilities, and it is therefore acceptable to not submit some of these variables for this

reason. Modelling groups should still aim to submit as much of this output as possible.

4.1.1 Atmospheric composition and forcing

This group of variables is essential for diagnosing the link between emissions and climate response.

– Atmospheric Concentrations: Global mean concentrations for greenhouse gases (GHG), including CO2, CH4,340

and N2O, as well as a variety of minor GHGs. These concentrations should only be reported for scenarios run in

emissions-driven mode for the relevant species or for instances where the model sees a different concentration to that

supplied by this protocol as input.

– Effective Radiative Forcing (ERF): The total global mean ERF from all anthropogenic and natural forc-

ings, as well as the ERF decomposed by forcing agent (e.g., CO2, CH4, total aerosol ERF).345

Notice that for idealised CO2-only experiments, only CO2 concentration and forcing data should be reported. A complete

list of requested variables in this category can be found in Tables 4, 5, 6, and 7.

4.1.2 Climate system response (temperature and energy)

These variables characterise the top-level climate response of the model.

– Surface air temperature change: Global mean surface air temperature anomaly relative to the pre-industrial350

baseline period.

– Surface ocean temperature change: Global mean surface air temperature anomaly relative to the pre-industrial

baseline period.

– Heat uptake: The total yearly change in global heat content, representing the net energy imbalance of the planet.

– Ocean heat uptake: The yearly change in global ocean heat content.355
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– Ocean heat content: the total heat content of the ocean with respect to pre-industrial.

The full list of climate and energy budget variables is provided in Table 8.

4.1.3 Carbon cycle

Given the importance of the carbon cycle both for Earth system modelling in general and for this RCMIP phase in particular,

the list of requested variables is quite extensive. These variables are critical for evaluating the performance of a model’s carbon360

cycle in emissions-driven experiments, and will allow a more in-depth analysis than previous RCMIP phases. Broadly speaking,

these variables cover:

– Carbon pools: The amount of CO2 contained in different parts of the Earth system.

– Carbon Fluxes: The amount of CO2 moving between Earth system components due to predominantly natural pro-

cesses in varying degrees of detail.365

– Net Flux to Atmosphere|CO2: The net amount of CO2 moving from the Earth’s surface to the Atmosphere due

to any processes, natural or anthropogenic.

– Natural Fluxes: The net amount of CO2 moving from the Earth’s surface to the atmosphere due to natural pro-

cesses.

– Emissions|CO2: The net amount of CO2 moving from the Earth’s surface to the atmosphere due to anthropogenic370

processes.

Notice that, while the addition of Natural Fluxes and Emissions|CO2 should be equal to the variable Net Flux

to Atmosphere|CO2, we make no prescription on how the Carbon Flux quantities should map to the other carbon cycle

aggregated variables. This is primarily due to the complex interactions between natural fluxes and land-use land-cover change

(LULCC) disturbances, and the representation diversity of these interactions within the reduced-complexity community. As a375

result, Carbon Flux variables should be used to provide a process-based understanding of carbon cycle dynamics, while

the Net Flux to Atmosphere|CO2, Natural Fluxes, and Emissions|CO2 should provide a high-level view of

a model’s carbon sources and sinks.

All requested carbon cycle and ocean chemistry variables are detailed in Tables 9, 10, and 11.

4.2 Data format and submission380

All time series data should be reported as annual means. Participants are required to submit their data using the official

RCMIP data submission template and Python tooling libraries. This template includes a sheet for reporting time series output

(“your_data”), a sheet for documenting the model version and key parameters (“meta_model”), and a sheet for documenting

different region definitions for models that report non-global variables (“region_definitions”). Submissions will be uploaded to

a central repository with details to be provided at the start of the submission period.385
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Table 4. Requested Variables: Atmospheric Composition.

Variable Name Description Tier

Atmospheric Concentrations|CH4 Atm. concentration of CH4 1

Atmospheric Concentrations|CO2 Atm. concentration of CO2 1

Atmospheric Concentrations|N2O Atm. concentration of N2O 1

Table 5. Requested Variables: Atmospheric Composition. Only requested for non-idealised scenarios. Refer to template sheet

in the supplement materials for full protocol names (e.g., the full name for |HFC|HFC125 should be Atmospheric

Concentrations|F-Gases|HFC|HFC125).

Variable Tier Variable Tier

HFCs

|HFC|HFC125 3 |HFC|HFC236fa 3

|HFC|HFC134a 3 |HFC|HFC245fa 3

|HFC|HFC143a 3 |HFC|HFC32 3

|HFC|HFC152a 3 |HFC|HFC365mfc 3

|HFC|HFC227ea 3 |HFC|HFC4310mee 3

|HFC|HFC23 3

CFCs, HCFCs, Halons & others

|CFC|CFC11 3 |CH3Cl 3

|CFC|CFC113 3 |CH3CCl3 3

|CFC|CFC114 3 |Halon1202 3

|CFC|CFC115 3 |Halon1211 3

|CFC|CFC12 3 |Halon1301 3

|HCFC|HCFC141b 3 |Halon2402 3

|HCFC|HCFC142b 3 |NF3 3

|HCFC|HCFC22 3 |SF6 3

|CH3Br 3 |SO2F2 3

PFCs & Other Halocarbons

|PFC|C2F6 3 |C8F18 3

|PFC|C3F8 3 |cC4F8 3

|PFC|C4F10 3 |CF4 3

|PFC|C5F12 3 |CCl4 3

|PFC|C6F14 3 |CH2Cl2 3

|PFC|C7F16 3 |CHCl3 3
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Table 6. Requested Variables: Effective Radiative Forcing from different agents. An other category is added to account for any other forcing

agents not covered by the existing variables. Notice that in addition to these forcings, the effective radiative forcing for every single forcer in

Table 5 is requested. A full list can be found in the supplementary material, along with tier information.

Variable Name Tier

Effective Radiative Forcing 1

Effective Radiative Forcing|Anthropogenic 1

Effective Radiative Forcing|Anthropogenic|Aerosol 1

Effective Radiative Forcing|Anthropogenic|Albedo Change 1

Effective Radiative Forcing|Anthropogenic|CH4 1

Effective Radiative Forcing|Anthropogenic|CO2 1

Effective Radiative Forcing|Anthropogenic|F-Gases 1

Effective Radiative Forcing|Anthropogenic|F-Gases|HFC 2

Effective Radiative Forcing|Anthropogenic|F-Gases|PFC 2

Effective Radiative Forcing|Anthropogenic|Montreal Gases 1

Effective Radiative Forcing|Anthropogenic|Montreal Gases|CFC 3

Effective Radiative Forcing|Anthropogenic|N20 1

Effective Radiative Forcing|Anthropogenic|Stratospheric Ozone 1

Effective Radiative Forcing|Anthropogenic|Tropospheric Ozone 1

Effective Radiative Forcing|Anthropogenic|Other 1

Effective Radiative Forcing|Anthropogenic|Other|BC on Snow 2

Effective Radiative Forcing|Anthropogenic|Other|Contrails and Contrail-induced Cirrus 2

Effective Radiative Forcing|Anthropogenic|Other|Other WMGHGs 2

Effective Radiative Forcing|Anthropogenic|Other|Stratospheric H2O 2

Effective Radiative Forcing|Natural 1

Effective Radiative Forcing|Natural|Solar 1

Effective Radiative Forcing|Natural|Volcanic 1
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Table 7. Requested Variables: disaggregation of Effective Radiative Forcing from aerosol effects. An other category is added to cover any

other forcing agents not covered by the existing variables.

Variable Name Tier

Effective Radiative Forcing|Anthropogenic|Aerosol|...

...|Aerosol-cloud Interactions 1

...|Aerosol-radiation Interactions 1

...|Aerosol-radiation Interactions|BC 2

...|Aerosol-radiation Interactions|Biomass Burning 2

...|Aerosol-radiation Interactions|Biomass Burning|BC 3

...|Aerosol-radiation Interactions|Biomass Burning|NH3 3

...|Aerosol-radiation Interactions|Biomass Burning|Nitrate 3

...|Aerosol-radiation Interactions|Biomass Burning|OC 3

...|Aerosol-radiation Interactions|Biomass Burning|Sulfate 3

...|Aerosol-radiation Interactions|Fossil and Industrial 2

...|Aerosol-radiation Interactions|Fossil and Industrial|BC 3

...|Aerosol-radiation Interactions|Fossil and Industrial|NH3 3

...|Aerosol-radiation Interactions|Fossil and Industrial|Nitrate 3

...|Aerosol-radiation Interactions|Fossil and Industrial|OC 3

...|Aerosol-radiation Interactions|Fossil and Industrial|Sulfate 3

...|Aerosol-radiation Interactions|Mineral Dust 2

...|Aerosol-radiation Interactions|NH3 2

...|Aerosol-radiation Interactions|NH3|Biomass Burning 3

...|Aerosol-radiation Interactions|NH3|Fossil and Industrial 3

...|Aerosol-radiation Interactions|Nitrate 2

...|Aerosol-radiation Interactions|Nitrate|Biomass Burning 3

...|Aerosol-radiation Interactions|Nitrate|Fossil and Industrial 3

...|Aerosol-radiation Interactions|OC 2

...|Aerosol-radiation Interactions|Other 2

...|Aerosol-radiation Interactions|Sulfate 2

...|Aerosol-radiation Interactions|Sulfate|Biomass Burning 3

...|Aerosol-radiation Interactions|Sulfate|Fossil and Industrial 3
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Table 8. Requested Variables: Climate System & Energy Budget.

Variable Name Description Tier

Surface Air Temperature Change Global mean surface air temp. change 1

Surface Ocean Temperature Change Ocean global mean surface temp. change 1

Heat Uptake Total Earth system heat uptake (TOA imbalance) 1

Heat Uptake|Ocean Ocean heat uptake 1

Heat Content|Ocean Total ocean heat content change from pre-industrial 1

Surface Air Ocean Blended Temperature Change Blended surface air/ocean temp. change 2

Heat Uptake|Atmosphere Heat uptake from atmosphere 2

Heat Uptake|Land Land heat uptake 2

Heat Uptake|Ice Heat uptake from ice melt 2

Heat Uptake|Other Heat uptake from any other Earth component 2

Heat Content|Ocean|0-700m Ocean heat content change (0-700m) 2

Heat Content|Ocean|700-2000m Ocean heat content change (700-2000m) 2

Heat Content|Ocean|below-2000m Ocean heat content change (>2000m) 2

Table 9. Requested Variables: Carbon Pools. Total amount of CO2 contained in the different component of the Earth’s system.

Variable Name Tier

Carbon Pool|Atmosphere 1

Carbon Pool|Land 1

Carbon Pool|Land|Litter 1

Carbon Pool|Land|Soil 1

Carbon Pool|Land|Vegetation 1

Carbon Pool|Land|Wood Products 1

Carbon Pool|Ocean 1

Carbon Pool|Ocean|Deep 2

Carbon Pool|Ocean|Deep|Inorganic 3

Carbon Pool|Ocean|Deep|Organic 3

Carbon Pool|Ocean|Surface 2

Carbon Pool|Ocean|Surface|Inorganic 3

Carbon Pool|Ocean|Surface|Organic 3
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Table 10. Requested Variables: Net carbon fluxes

Variable Name Description Tier

Net Flux to Atmosphere|CO2 Net flux of CO2 from surface to atmosphere due to any processes 1

Emissions|CO2 Net flux of CO2 from surface to atmosphere due to anthropogenic disturbances 2

Emissions|CO2|Fossil and Industry Net flux of CO2 due to fossil fuel and industry use 3

Emissions|CO2|Land Use Change Net flux of CO2 due to changes in land use and cover change 3

Emissions|CO2|Other Net flux of CO2 due to any other anthropognic activity not covered elsewhere 2

Natural Fluxes|CO2 Net flux of CO2 from surface to atmosphere due to natural processes 1

Natural Fluxes|CO2|Land Net flux of CO2 from land to the atmosphere due to land natural processes 2

Natural Fluxes|CO2|Land|Permafrost Net flux of CO2 from land to the atmosphere due to permafrost thawing 3

Natural Fluxes|CO2|Ocean Net flux of CO2 from ocean to the atmosphere due to natural processes 2

Natural Fluxes|CO2|Other Net flux of CO2 due to any other natural processes not covered elsewhere 2

Alternatively, data can be submitted in the native netCDF format that RCMIP3 results will be stored in. In this case, each

data file should include three dimensions: ensemble member index, year, and variable. The file should also include the relevant

global and variable-specific metadata (units). Global metadata includes: model name, model version number, brief model de-

scription, model literature reference, configuration label, authorship, and contact details. An example netCDF file that conforms

to this structure can be found in the supplementary material, in the Python tooling (at https://gitlab.com/rcmip/pyrcmip/-/blob/390

master/tests/data/rcmip3_model_output_test.nc), and in the RCMIP3 protocol zenodo archive (Romero Prieto et al., 2025).

Participating modelling groups agree to have their submitted data made available under CC BY-SA 4.0 Licence so it can be

freely available after the open call for submissions closes. Additionally, every modelling team should publish a file with the

specific parameters used to generate the ensembles submitted to this intercomparison, along with a corresponding ensemble

member index. This index should then be included in the submitted data, ensuring the reproducibility of the results.395

5 Conclusions and outlook

In this paper, we have presented the experimental design, constraining strategy, and data requirements for Phase 3 of the

Reduced-Complexity Model Intercomparison Project (RCMIP3). This new phase is a significant evolution from its predeces-

sors, designed to address key lessons learned and to provide a robust framework for the application of Reduced-Complexity

Models in the IPCC AR7 assessment cycle and beyond.400

The design philosophy of RCMIP3 is centred on two pillars: a coordinated and transparent approach to model evaluation

and a special focus on carbon cycle dynamics. A major advancement from previous phases is the introduction of a common

constraining strategy, encouraging all participating models to be benchmarked against a consistent set of observational and

assessment-based targets, including the latest climate indicators (Forster et al., 2024) and the Global Carbon Budget (Friedling-
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Table 11. Requested Variables: Process-based carbon fluxes. Some fluxes are disaggregated further depending on the target pool they are

transporting carbon to.

Variable Name Description Tier

Carbon Flux|Land|...

Autotrophic respiration CO2 flux due to vegetation respiration 2

Decomposition CO2 flux due to litter decomposition 2

Gross Primary Production CO2 flux due to Gross Primary Production (GPP) 2

Gross Primary Production|Litter CO2 flux due to GPP exclusively going to litter 3

Gross Primary Production|Soil CO2 flux due to GPP exclusively going to soil 3

Gross Primary Production|Vegetation CO2 flux due to GPP exclusively going to vegetation 3

Heterotrophic Respiration|Litter CO2 flux due to heterotrophic respiration from litter 2

Heterotrophic Respiration|Soil CO2 flux due to heterotrophic respiration from soil 2

Litterfall CO2 flux due to litterfall 2

Litterfall|Litter CO2 flux due to literfall exclusively going to litter 3

Litterfall|Soil CO2 flux due to litterfall exclusively going to soil 3

Loss to Ocean CO2 flux due to riverine export to the ocean 2

Net Primary Production CO2 flux due to Net primary production (NPP) 2

Net Primary Production|Litter CO2 flux due to NPP exclusively going to litter 3

Net Primary Production|Vegetation CO2 flux due to NPP exclusively going to vegetation 3

Net Primary Production|Soil CO2 flux due to NPP exclusively going to soil 3

Other CO2 export from vegetation to atmosphere due to any other process 2

Product Decomposition CO2 flux due to decomposition of the Wood Products pool 2

Product Production CO2 flux due to export from the vegetation to the Wood Products pool 2

Carbon Flux|Ocean|...

Net surface to deep Net export of CO2 from the ocean mixed layer (OML) to the deep ocean 2

Net surface to deep|Inorganic Net export of inorganic CO2 from the OML to the deep ocean 3

Net surface to deep|Organic Net export of organic CO2 from the OML to the deep ocean 3

Carbon sequestration Total CO2 flux being captured and stored 2
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stein et al., 2025). This approach will allow for a much cleaner separation of uncertainty stemming from model structure versus405

calibration choices – a key ambiguity in past intercomparisons.

In thematic terms, this experimental design lays the foundation for the first comprehensive evaluation of RCM carbon cycle

representations, a key component of Earth’s climate system and a major limitation of past RCMIP phases. This focus on carbon

cycle dynamics and metrics such as TCRE and ZEC is particularly timely, aligning directly with the scientific priorities of the

AR7 cycle. Collectively, these design choices position RCMIP3 as a key tool to strengthen the integration across AR7 Working410

Groups I, II, and III, by providing a benchmarked and consistently calibrated ensemble of RCMs that supports a more robust

assessment of climate outcomes for the full suite of emissions scenarios.

Furthermore, RCMIP3 is designed to provide substantial co-benefits for the wider climate modelling community, particularly

in its synergy with CMIP7 (Dunne et al., 2025), by enabling a much broader set of results than would be available with an ESM

ensemble of opportunity. The RCMIP3 protocol aids in the exploration of different classes of model simulations, including415

all-GHG emissions-driven runs which are not yet a standard part of the CMIP protocol and methane-specific experiments. By

running a broad suite of scenarios from current and previous CMIP phases, RCMIP3 provides a valuable link across assessment

cycles. The experimental design also significantly expands on CMIP7 idealised experiments like “flat10MIP” (Sanderson et al.,

2025), using the computational efficiency of RCMs to explore sensitivities and overshoot dynamics in far greater detail than is

feasible with comprehensive ESMs.420

By establishing this common framework, RCMIP3 will not only provide critical data for the AR7 assessment but also deliver

a lasting resource for the scientific community to better understand the behaviour of RCMs and their role in synthesising our

knowledge of the Earth system.
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Table 12. Requested Variables: Sea level rise and ocean pH

Variable Name Description Tier

Ocean pH Ocean surface layer pH 3

Sea Level Change Total global mean sea level rise (SLR) 3

Sea Level Change|Thermal Expansion SLR from thermal expansion 3

Sea Level Change|Glaciers SLR from glaciers melting 3

Sea Level Change|Greenland SLR from Greenland Ice Sheet melting 3

Sea Level Change|Antarctica SLR from Antarctic Ice Sheet melting 3

Sea Level Change|Land Water Storage SLR from Land Water Storage 3

Table 13. Requested Variables: Emissions (as diagnosed by the model in concentration-driven runs. Do not report for emissions-driven runs

unless different from supplied model input). Notice that some emissions have already been listed as part of the carbon cycle (table 10),

methane cycle (table 14), and the nitrogen cycle (table 15). Additionally, we also request emissions from all the species in table 5.

Variable Name Description Tier

Emissions|BC Total black carbon emissions 2

Emissions|CO Total CO emissions 2

Emissions|NH3 Total ammonia emissions 2

Emissions|NOx Total NOx emissions 2

Emissions|OC Total organic carbon emissions 2

Emissions|Sulfur Total sulfur emissions 2

Emissions|VOC Total VOC emissions 2
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Table 14. Requested Variables: methane cycle variables.

Variable Name Description Tier

Net Flux to Atmosphere|CH4 Net CH4 flux from surface to atmosphere due to any process 1

Atmospheric Lifetime|CH4 CH4 atmospheric lifetime 2

Emissions|CH4 Net CH4 flux due to any anthropogenic activity 2

Emissions|CH4|Biomass Burning Net CH4 flux due to biomass burning 3

Emissions|CH4|Fossil, Industry and AFOLU Net CH4 flux due to fossil fuel use, industry and AFOLU 3

Emissions|CH4|Other Net CH4 flux due to any other anthropogenic activity 3

Natural Fluxes|CH4 Net CH4 flux due to any natural processes 2

Natural Fluxes|CH4|Emissions Total CH4 emissions due to any natural processes 2

Natural Fluxes|CH4|Emissions|Other CH4 emissions due to any other natural processes 3

Natural Fluxes|CH4|Emissions|Permafrost Total CH4 emissions due to permafrost thawing 3

Natural Fluxes|CH4|Emissions|Wetland Total CH4 emissions due to wetlands 3

Natural Fluxes|CH4|Other Net CH4 flux due to any other processes not covered elsewhere 2

Natural Fluxes|CH4|Sink Total CH4 atmospheric loss due to natural sinks 2

Natural Fluxes|CH4|Sink|Other Total CH4 atmospheric loss due to any other natural processes 3

Natural Fluxes|CH4|Sink|Soil Total CH4 atmospheric loss due to soil uptake 3

Natural Fluxes|CH4|Sink|Stratosphere Total CH4 atmospheric loss due to stratospheric oxidation 3

Natural Fluxes|CH4|Sink|Troposphere Total CH4 atmospheric loss due to tropospheric oxidation 3

Table 15. Requested Variables: nitrogene cycle variables.

Variable Name Description Tier

Net Flux to Atmosphere|N20 Net N2O flux from surface to atmosphere due to any process 1

Atmospheric Lifetime|N20 N2O atmospheric lifetime 2

Emissions|N20 Net N2O flux due to any anthropogenic activity 2

Natural Fluxes|N20 Net N2O flux due to any natural processes 2
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Code and data availability. The latest versions of the protocol – including requested variables and experiments – as well as the input dataset

and the code to generate that dataset can be found at https://gitlab.com/rcmip/rcmip-phase-3. A copy of those files at the time of publication425

can be found at https://doi.org/10.5281/zenodo.17660566 (Romero Prieto et al., 2025). The code and installation instructions for pyrcmip,

the tool developed to support the data submission for RCMIP3, live at https://gitlab.com/rcmip/pyrcmip.
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