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Abstract. Warm, high-CO; climates of Earth’s past provide an opportunity to evaluate climate models under extreme forcing,
and to explore mechanisms that lead to such warmth. One such time period is the early Eocene (~ 56-41 million years ago),

when global mean surface temperatures were ~15 °C higher than preindustrial, and CO4 concentrations were ~ 1500 ppmv.
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In this paper we present the experimental design for Phase 2 of the Eocene component of the Deep-time Model Intercompar-
ison project (DeepMIP-Eocene-p2). The aim is to provide a framework for modelling groups to carry out a common set of
simulations, thereby facilitating exploration of inter-model dependencies. The focus is on the early Eocene Climatic Optimum
(EECO, ~53.3-49.1 million years ago). Relative to Phase 1 of DeepMIP-Eocene, we provide a new paleogeography (topogra-
phy, bathymetry) derived from several recent independent reconstructions that focused on different regions, a new vegetation
distribution derived by merging paleobotanical data with vegetation model simulations, and a new COs specification derived
from recent re-evaluations of proxy data. The core set of simulations consists of a preindustrial control, an abrupt increase to
4x preindustrial CO5 concentration from this preindustrial control, a standard control EECO simulation at 5x preindustrial
CO, concentration, and an EECO simulation with preindustrial CO, concentration. In addition to these core simulations, we
suggest a suite of optional sensitivity studies, which allow the impact of various factors to be explored, such as topography/-
bathymetry, greenhouse gases, land-surface parameters, astronomical and solar forcings, and internal model parameters. The
updated boundary conditions and guidance on initialisation and spinup in Phase 2 will allow more robust model-data compar-
isons, more accurate insights into mechanisms influencing early Eocene climate, and increased relevance for informing future

climate change projections.

1 Introduction

The study of paleoclimates, and in particular the study of paleoclimates using climate models, generally has two main moti-
vations. First, to study the past climate of our Earth from a purely ‘blue-skies’ curiosity-driven desire to better understand the
planet that we live on, in particular the forcings and mechanisms/feedbacks that determine past climate change — because, as
George Mallory reportedly said in regard to climbing Mount Everest, “it is there” (Rak, 2021). Second, to leverage information
from Earth’s past climates in order to better understand and predict future climates, so to inform political decisions regarding
climate-related policy and to enable society to better adapt to future climate change. The Deep-time Modelling Intercomparison
Project (DeepMIP) is driven by these two motivations, and is dedicated to conceiving, designing, carrying out, analysing, and
disseminating, an international effort to improve our understanding of deep-time climates. ‘Deep-time’ is here defined as any

time period older than the Pliocene period, i.e. older than 5.3 million years ago. The objectives of DeepMIP are:

to foster closer links between the palacoclimate modelling and data communities,

to design experiments for the MIP, through discussion with both model and data communities,

— to carry out such simulations with a wide range of models,

to create, collate, and synthesise datasets where appropriate to enable meaningful model-data comparisons,

to analyse the results with the aims of evaluating the models, understanding the reasons behind the model-model and

model-data differences, and, where possible, providing suggestions for model improvements; and
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— to carry out the above in such a way as to facilitate contribution to the Intergovernmental Panel on Climate Change
(IPCC).

DeepMIP is a part of the Paleoclimate Modelling Intercomparison Project (PMIP), which itself is a part of the Coupled
Model Intercomparison Project (CMIP), which is a project of the World Climate Research Program (WCRP). Together with
the Pliocene Model Intercomparision Project (PlioMIP) effort (Haywood et al., 2024), DeepMIP-Eocene (Lunt et al., 2021)
and DeepMIP-Miocene (Burls et al., 2021) extend PMIP efforts back beyond the Quaternary, to sample the full range of
paleoclimate states that are comparable, at least in terms of COy concentration, with the projected Shared Socioeconomic
Pathways (SSPs; Meinshausen et al., 2020).

Here, in preparation for CMIP7/PMIP7 (Dunne et al., 2025), we focus on the Eocene component of DeepMIP: DeepMIP-
Eocene. The Eocene (56.0 to 33.9 million years ago), is a geological epoch that is characterised by a substantially warmer
climate than modern (Figure 1). Within the Eocene, much previous focus in DeepMIP has been on the early Eocene Climatic
Optimum (EECO); ~53.3-49.1 million years ago (Hollis et al., 2019). Proxies indicate global mean near-surface tempera-
tures about 10-17 °C higher than preindustrial (Inglis et al., 2020a; Evans et al., 2024), CO, concentrations of ~1500 ppmv
(Anagnostou et al., 2020, see also Section 2.2.1), and no ice sheets. Proxies also indicate wetter high latitudes than modern
(Cramwinckel et al., 2023; West et al., 2020), and a vegetation consistent with a generally warmer and wetter climate than
modern, including a poleward expansion of temperate and warm-temperate forests in regions today covered by tundra shrub
and boreal forests (Thompson et al., 2025). In the context of the Phanerozoic (last 540 million years), the paleogeography at
this time was relatively similar to today, with distinct Atlantic, Indian, and Pacific oceans, and with the modern continents
recognisable in terms of their relative positioning (see Figure 3). However, the paleogeography differed from the modern in
several respects, including an open Panama Seaway, constricted Tasman seaway and Drake passage, an open Tethys seaway,
India disconnected from southeast Asia, and changes to the heights and configurations of multiple mountain ranges (Herold
et al., 2014, and references therein). Despite these differences in paleogeography, the climate of the early Eocene has been
compared to possible future climates under very high emissions scenarios (Burke et al., 2018; Arias et al., 2021), and has been
used to constrain Equilibrium Climate Sensitivity (ECS, e.g. Forster et al., 2021; Inglis et al., 2020a). As such, the EECO
provides a window to a substantially warmer world than today. It provides an opportunity to evaluate models, to use models to
inform the interpretation of proxy records, and to provide mechanistic understanding of climate feedbacks in a warm world.

The first phase of DeepMIP-Eocene was based around a model experimental design in which paleogeography, CO,, and
vegetation boundary conditions were prescribed (Lunt et al., 2017), informed to a large extent by the work of Herold et al.
(2014). Eight modelling groups submitted simulations to the first phase, the results from which are available in the DeepMIP
model dataset (Steinig et al., 2024) and have been discussed in multiple studies, which are summarised very briefly here. Lunt
et al. (2021) presented an overview of the large-scale temperatures, partitioning the modelled global mean surface temperature
(GMST) and temperature gradients to different mechanisms through an energy-balance analysis, finding that a subset of the
models showed results that were consistent with the proxies in terms of GMST, temperature gradient, and COs, and finding
that non-CO, boundary conditions contributed between 3-5 °C to Eocene warmth. Kelemen et al. (2023) found that these

non-CO; boundary conditions also played a key role in the meridional heat transport, leading to more heat transported to the






