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Abstract End of 21st‐century hydroclimate projections suggest an expansion of subtropical dry zones, with
Mediterranean and Sahel regions becoming much drier. However, paleobotanical assemblage evidence from the
middle Miocene (17‐12 Ma), suggests both regions were instead humid environments. Here we show that by
modifying regional sea surface temperatures (SST) in an Earth System Model (CESM1.2) simulation of the
middle Miocene, the increased ocean evaporation and integrated water vapor flux overrides any drying effects
associated with warming‐induced land‐surface evaporation driven by atmospheric CO2 concentrations. These
modifications markedly reduce the bias in the model‐data comparison for this period. A vegetation model
(BIOME4) forced with simulated climatologies predicts both regions were dominated by mixed forest, which is
largely consistent with the paleobotanical record. This study unveils the potential for wetter subtropical
Mediterranean climates associated with warming, presenting an alternative scenario from future drying
projections with localized SST warming governing regional climate change.

Plain Language Summary Climate models project drier conditions over Europe and Northern
Africa due to global warming. However, evidence from a past warm climate period, the middle Miocene (⇠15
million years ago), finds wetter rather than drier environments. We refine climate model boundary conditions by
reconstructing warmer ocean waters in the North Atlantic based on proxy evidence. The warmer ocean produces
wetter environments by enhancing North Atlantic precipitation events and the North African monsoon. The
increased rainfall and surface temperature cause a vegetation model to predict more forest coverage over Europe
and Northern Africa, which is consistent with fossil evidence from⇠15 million years ago. This study unveils the
potential for wetter climates associated with warming, presenting an alternative scenario from future drying
projections, with localized sea surface warming governing regional climate.

1. Introduction
The Miocene Climatic Optimum (MCO), 16.75–14.5 million years ago was a period of peak global warmth
during the Miocene (23.1–5.3 Ma) (Foster et al., 2012; Sosdian et al., 2020; Westerhold et al., 2020) with peak
atmospheric paleoCO2 as high as 600–1,100 ppmv (Sosdian et al., 2020; Rae et al., 2021). The MCO represents
the lower global mean surface temperature (GMST) range of the projected end of the 23rd‐century climate under
Shared Socio‐economic Pathways (SSPs) 5–8.5, with GMST of 5–10°C above modern‐day (Gulev &
Thorne, 2021). The MCO is potentially a relevant analog of the Earth system as we consider its future climate.
Drying trends are projected to increase in the Mediterranean and Sahel regions under warmer climate conditions
(Ukkola et al., 2020; Douville et al., 2021). However, recent analysis shows stabilization of regional warm sea
surface temperature (SST) patterns can potentially reverse such drying trends (Dittus et al., 2024).

Looking back at the MCO, herpetological records from southern Europe identified similar dry environments with
mean annual precipitation (MAP) 300–5,000 mm lower than preindustrial (Böhme et al., 2011; Botsyun
et al., 2022). However, middle Miocene palaeobotanical records found across the Mediterranean region, describe
warm yet humid (MAP; 800–2,500 mm) rather than dry environments (Bruch et al., 2007; Pound et al., 2012;
Botsyun et al., 2022). A number of middle Miocene simulations (Botsyun et al., 2022; Acosta et al., 2023) support
drying patterns, especially at much higher CO2 concentrations (560–850 ppm). Substantial model disagreement is
found within Deep‐MIP Miocene model intercomparison project Phase 1 (MioMIP1), where recent paleoclimate
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modeling efforts have identified the Mediterranean region as the source of the largest uncertainty stemming from
low model‐data and inter‐model agreement (Acosta et al., 2023). Climate signals from North African proxy
records during the MCO are rare, but prior vegetation studies have also identified paleoclimate conditions that are
conducive to tropical rainforest or at least a much more humid environment than the modern‐day (Morley, 2011;
Zhang et al., 2014). New data from the region could help dispute the discrepancies between palaeobotanical and
herpetological records and the low paleoclimate model agreement.

The intensity of the European rainfall (Jackson et al., 2015; Lavers & Villarini, 2015; Payne et al., 2020; Wang
et al., 2023) and the North African monsoon (Acosta & Huber, 2020; Geen et al., 2020; Acosta et al., 2022) events
are directly linked to the amount of atmospheric column‐integrated water‐vapor transport (IVTs) and are strongly
influenced by changes to the North Atlantic and Mediterranean SST patterns. Biomarker proxies based on the
membrane lipids of marine archaea (TEX86) and the energy reserves of specific haptophyte algae (UK’

37) are
commonly used for ocean temperature reconstructions. TEX86 and UK’

37 evidence from North Atlantic (Ocean
Drilling Program Sites 608 and 982) shows SST estimates ranged from 22°C to 32°C or 10–15°C warmer than
modern estimates during the MCO (Super et al., 2018, 2020). Middle Miocene (⇠12 Ma) SST reconstructions
based on UK’

37 at high‐latitudes (⇠70°N; site 907) were ⇠17°C, and reconstructions from the Mediterranean Sea
were ⇠28°C (Herbert et al., 2016). Previous model‐data analysis from MioMIP1study (Burls et al., 2021) are
unable to reconcile North Atlantic and the Mediterranean‐Tethys Sea SSTs even at much higher CO2 concen-
trations (560 ppm or higher). The inability for paleoclimate simulations to capture such SST patterns could lead to
biases in simulated hydroclimate conditions. Thus, utilizing changes in regional SST patterns and understanding
its link to IVT strength can give us insight into European and North African hydroclimate during the middle
Miocene.

A previous Miocene modeling study demonstrated that model‐data precipitation differences are reduced when
simulated SSTs are informed by available proxy data, where using an idealized zonally uniform SST pattern with
more similar equator‐to‐pole temperature gradient as proxies improves mid‐to‐high latitude precipitation (Herold
et al., 2010). However, the impact of implementing North Atlantic SST patterns on Europe and North Africa has
largely been unexplored. In this paper, we incorporate the latest published SST reconstructions for Northern
Atlantic warmth during the middle Miocene, force an atmospheric general circulation model (AGCM) with these
SST reconstructions, and present a middle Miocene model‐data comparison focusing on precipitation over central
Europe and North Africa. We seek to reconcile hydroclimate signals from paleobotanical and herpetological
proxy records and climate model output. We do this by applying idealized, zonal mean, global, and North Atlantic
SST distributions in climate model experiments (Figure 1) and provide a systematic assessment of Miocene
European and North African rainfall distribution by analyzing changes in land‐ocean surface fluxes and IVTs.

2. Methods
2.1. Terrestrial Data
Paleobotanical and herpetological evidence are often preserved in sedimentary archives and carry assemblage or
species‐specific information about climate, here we focus on extracting information about precipitation and
temperature. A wide variety of fossils (including seeds, pollen, spores, flower, leaves, and wood) and paleosol
formation were compiled as evidence of MAP. Classical method of extraction of climate signals from botanical
fossils was estimated using the coexistence approach for pollen (Utescher et al., 2014) and Climate Leaf Analysis
Multivariate Program for plant leaves (Spicer et al., 2021; Gibson et al., 2022). Proxy estimates of MAT and MAP
were compiled from previously published paleobotanical studies (Pound et al., 2012; Bradshaw et al., 2015; Burls
et al., 2021; Acosta et al., 2023) (Figure 2 diamond symbol). Herpetological records are also used to derive past
MAP (Böhme et al., 2006, 2011; Botsyun et al., 2022) by utilizing functional morphology and the nearest living
relative approach (Figure 2 triangle symbol). In addition to the previously published records, we incorporate new
paleobotanical data sets derived from new Climate Reconstruction SofTware (CREST) and Climate Recon-
struction Analysis using Coexistence Likelihood Estimation (CRACLE) methods (Gibson et al., 2022) (Figure 2
circle symbol). The proxy location was reconstructed to ⇠15 Ma using GPlates (Müller et al., 2018) with plate
reconstructions based on Matthews et al. (2016).
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2.2. Climate Simulations and Experimental Designs
We conduct a suit of AGCM simulations (Table S1 in Supporting Information S1) with prescribed SST and sea
ice using the National Center for Atmospheric Research, Community Earth System Model version 1.2
(CESM1.2) with Community Atmospheric Model version 5 and Community Land Model 4.5 (Meehl et al., 2013).
All simulations were carried out for 24 years with the last 10 years used as the climatology. The simulations used a
finite volume dynamical core version of the atmosphere model with a grid spacing of 1.9° ⇥ 2.5°. All “Mio”

Figure 1. Zonal mean sea surface temperature distribution between MioMIP1, middle Miocene (current study) simulations and proxies (a). The Gaussian curve (black
line) derived from proxies was used as the idealized SST distribution in the “NAZM” and “GLZM” experiments (Table S1, Figure S1 in Supporting Information S1).
Spatial distribution of North Atlantic SST between the Mio400, Mio840 and Mio400.NAZM simulations, overlain with proxy compilation in circle.

Figure 2. Mean annual precipitation (mm, (a–c)) and mean annual temperature (°C); (d–f) analysis overlain with proxy reconstructions. The MAP RMSB analysis (lower
right‐hand) shows MioMIP1 paleobotanical, herpetological, and new paleobotanical records. The MAT RMSB analysis (lower right‐hand) shows MioMIP1
paleobotanical, and new paleobotanical records.
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experiments (Table S1 in Supporting Information S1) use middle Miocene paleogeography, land‐ice, and
vegetation boundary conditions found in Burls et al. (2021) and Acosta et al. (2022). We provide simulations with
a moderate 400 ppm (referred to as “Mio400”) and a high 840 ppm (referred to as “Mio840”) CO2 concentration.
Prescribed SSTs and sea ice for the middle Miocene Atmosphere General Circulation Model simulations were
obtained from previously published (Acosta et al., 2022, 2023; Gaskell et al., 2022) fully coupled (active at-
mosphere, land, river, ocean, and sea‐ice components) CESM1.2 GCM simulations. The fully coupled simulation
was previously used for regional monsoon analysis (Acosta et al., 2022), analysis of the global equator‐to‐pole
SST gradient (Gaskell et al., 2022), and incorporated into the MioMIP1 hydrological cycle (Acosta
et al., 2023). The global annual mean surface temperature of the 400 and 840 ppm simulations are ⇠19°C and
⇠22°C, respectively. The global annual mean precipitation of ⇠1,280 mm and ⇠1,366 mm.

To emulate higher North Atlantic SST patterns described by the proxies, we first perform idealized global zonally
uniform SST fields (referred to as “Mio400.GLZM”; Figure S1b in Supporting Information S1) with the annual‐
mean values derived using a Gaussian curve fitted to the middle Miocene SST estimates found in MioMIP1 (Burls
et al., 2021; Figure 1a black curve). We use preindustrial seasonal distribution to construct the zonal monthly
mean climatology. For the main body of our analysis, we performed a North Atlantic‐focused simulation (referred
to as “Mio400.NAZM”) where we applied the idealized global zonal SST patterns only over the North Atlantic
(0–80°N) while maintaining SST values derived from the Mio400 simulation elsewhere (Figure 1d and Figure
S1c in Supporting Information S1).

2.3. Diagnostics (Model‐Data Comparison, Moisture Flux, and Vegetation Modeling)
To assess model‐data MAP and mean annual temperature (MAT) discrepancy, we use a root‐mean‐squared error
of the bias (referred to here as RMSB) methodology (Bradshaw et al., 2015; Burls et al., 2021; Acosta
et al., 2023). The method uses uncertainty overlap to define where model‐data values match. The bias is defined as
non‐overlapping values between the reconstructed and modeled uncertainty ranges, respectively. To provide a
conservative error estimate we use the minimum‐maximum proxy values as the range of uncertainty. For the
models, we use the collocated model grid cell value as the mean and utilize the neighboring grid points as the
range of uncertainty. By using the adjacent grid cells we aim to incorporate location uncertainty as it is unrea-
sonable to reconstruct the exact paleoclimate signal at a given paleolocation. Lastly, we then take the regional
root‐mean‐square error of the bias representing the overall discrepancy between the proxies and models.

To provide a framework to measure changes in the European and North African storm tracks, we calculate IVT
strength. Although the amount of moisture in the atmosphere does not linearly correlate with the amount of
precipitation, IVTs can be used to investigate the thermodynamic (increase in specific humidity q) and dynamic
(changes in meridional v and zonal u) response of the atmosphere under differing climate conditions.

IVT à 1
g

ÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅ✓Zp

ps

uqδp◆2
á ✓Zp

ps

vqδp◆2
vut Ö1Ü

Equation 1 shows the magnitude of IVT is the sum of zonal moisture transport (uq) and meridional moisture
transport (vq) integrated between the upper atmosphere (p) and the surface (ps). Where g is Earth's gravity, and
the p is capped at 300 mb (Lavers & Villarini, 2013, 2015).

To understand changes in paleo‐environments under different middle Miocene conditions, we used the vegetation
model BIOME4 (Kaplan et al., 2003). BIOME4 is an equilibrium global vegetation model that utilizes a coupled
carbon and water flux model to define potential natural biomes according to the bioclimatic ranges and photo-
synthetic pathways of constituent plant functional types (PFTs). Predictions of the steady‐state vegetation dis-
tributions are driven by monthly mean precipitation, solar influx (cloud cover), temperature which were derived
from the simulations, and prescribed with atmospheric CO2 concentration and soil properties (Pound et al., 2014;
Retallack, 2022) for water holding capacity and percolation rates. BIOME4 has been used in many paleoclimate
studies for both past cold and warm climates (e.g., Harrison & Prentice, 2003; Ni & Herzschuh, 2011; Salzmann
et al., 2008; Zhao et al., 2011) as well as for the present (Ni & Herzschuh, 2011) and future (Zhao et al., 2011). See
Supplementary Text Section 1 in Supporting Information S1 for further details on BIOME4 modeling parameters.
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3. Results
3.1. SST Comparison
We compare proxy SST reconstructions with a fitted Gaussian curve to the multi‐model mean 400 and 840 ppm
middle Miocene MioMIP1 simulations published in Burls et al. (2021), and the fully coupled versions of the
Mio400, Mio840, and Preindustrial (PI) simulations published in Acosta et al. (2022) and Gaskell et al. (2022)
(Figure 1a). We find the reconstructed mean tropical SSTs (10°S to 10°N) and the 400 ppm simulations are 1–5°C
warmer than the PI simulation, while the 840 ppm simulations being 8–10°C warmer than the PI simulation
(Figure 1a). In the Southern Hemisphere, much of the reconstructed SSTs reside within the range of the Mio400
and Mio840 simulations and are warmer than PI. In the Northern Hemisphere, models tend to underestimate the
mid‐and high latitudes temperatures and thereby the equator‐to‐pole temperature gradient (Figures 1a and 1c).

3.2. European and Northern Africa Climate During the MCO
In both Mio400 and Mio840, the wettest region of Europe is over northern Europe (900–1,500 mm), while the
driest regions are found over southern Europe and the Mediterranean (300–700 mm). The Mio840 has a higher
MAP (Figures 2a and 2b) and seasonal precipitation (Figures S4 and S5 in Supporting Information S1) over
northern Europe than the Mio400, but overall has the same precipitation patterns. Regardless, both simulations
underestimate the high MAP derived from paleobotanical proxies, but overestimate rainfall compared to her-
petological evidence (Figures 2a and 2b). Over Northern Africa, both Mio400 and Mio840 show dry conditions
with MAP ranging between 0 and 200 mm. The regional bias analysis shows the Mio400 and Mio840 cases have a
RMSB of⇠350 and⇠352 mm against the paleobotanical records from MioMIP1,⇠153 and⇠141 mm against the
herpetological records, and ⇠221 and ⇠238 mm against the newly added paleobotanical data set. The RMSB
analysis suggests both Mio400 and Mio840 cases compare better with the herpetological than the paleobotanical
evidence. Pointwise bias comparison is provided in the Supplementary Figure S2 in Supporting Information S1.

The Mio400.NAZM simulation maintains wet conditions in northern Europe, and increase rainfall over the
Mediterranean regions which better match the paleobotanical evidence (Figure 2c). In this simulation, parts of
southwestern Europe maintain the low precipitation corridor where a majority of the herpetological evidence
resides and are potentially impacted by topography and rain shadow effects. Northern Africa is substantially
wetter in the Mio400.NAZM than the Mio400 and Mio840 cases. The regional bias analysis shows the Mio400.
NAZM case compares well with the MioMIP1 paleobotanical evidence with the RMSB of⇠90 mm. However, the
Mio400.NAZM case does poorly against the herpetological records with an RMSB of ⇠242 mm. Comparison
against the newly added paleobotanical data set the Mio400.NAZM simulation has a low RMSB of ⇠117 mm.

When considering temperature reconstructions, increasing CO2 between the Mio400 to the Mio840 and adding
warmer North Atlantic SSTs increases MAT over land (Figures 2d and 2f). The regional bias analysis against the
MioMIP1 paleobotanical records shows Mio400, Mio840, and Mio400.NAZM have an RMSB of ⇠2°C.
Compared to the new paleobotanical data set, the Mio400 (⇠5°C) has a lower RMSB than the Mio840 and the
Mio400.NAZM (⇠7°C). For seasonal temperature comparison between simulations see Figures S6 and S7 in
Supporting Information S1. The difference in RMSBs between the simulations is due to the increased number of
sites near the Mediterranean coast much warmer than the new paleobotanical data set (Figure S2 in Supporting
Information S1).

3.3. Role of IVTs and Surface Evaporation on MAP
The warmer North Atlantic and Mediterranean‐Tethys SSTs enhance moisture transport toward Europe
(Figure 3a vs. Figures 3b and 3c). During boreal winter, IVTs are weaker over northern and central Europe in the
Mio400.NAZM simulation, but are compensated by enhanced evaporation and transport of moisture from the
Mediterranean‐Tethys (Figure 3d, Figures S3, S8, and S10 in Supporting Information S1). Stronger IVTs occur
during the boreal summer in Mio400.NAZM due to the enhancement of surface evaporation over the warmer
North Atlantic and Mediterranean Sea (Figure 3e and Figure S3 in Supporting Information S1).

Increase IVT over Northern Africa under Mio400.NAZM occurs during boreal summer months, with IVTs
originating from the Mediterranean‐Tethys Sea (Figure 3e, Figures S3, S9, and S10 in Supporting Informa-
tion S1). The increase onshore transport toward the region supplies moisture for the North African monsoon
(Figure S10 in Supporting Information S1). Small differences in IVTs and evaporation rates occur over Northern
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Africa during winter (Figure 3d), suggesting most of the annual mean signal occurs during the boreal summer
months when the North African monsoon is active (Figure 3e and Figure S3 in Supporting Information S1).

3.4. Vegetation Type
BIOME4 driven by our simulated atmospheric fields predicts the presence of temperate forests across central
Europe in all cases (Figure 4). However, the paleobotanical data reconstructs warm‐temperature mixed forests
between 40 and 50°N, which is only modeled when BIOME4 is driven by the Mio840 and Mio400.NAZM
simulations. Shrubland biomes along southwestern Europe is only simulated when BIOME4 is driven by the
Mio400 climate simulation which indicate dry coastal regions. Increased CO2 or SSTs, enable tropical deciduous
forests to emerge along the northern Mediterranean Sea coastline, depicting a warmer temperate mixed forest
biome (McCoy et al., 2022). New paleobotanical data from Northern Africa suggests the presence of a tropical
deciduous forest biome at ⇠30°N and ⇠30°E as well as more warm temperate mixed forest biomes. Northern
Africa in the Mio400 and Mio840 simulations composed of shrubland, savanna, and patches of tropical forest
biomes potentially indicate some heavy seasonal rainfall but with distinct dry seasons. The presence of an
expanded tropical deciduous forest is only simulated when BIOME4 is driven by the Mio400.NAZM climate
simulations indicate substantially more seasonal rainfall but with persistent year‐round rainfall (Figure S4 in
Supporting Information S1).

4. Discussion
There are conflicting MCO climate signals between herpetological and paleobotanical records, which represents
an important hydroclimate conundrum. Analysis from a recent Europe‐specific study (Botsyun et al., 2022) shows
paleoclimate simulations reproduce a drier European climate during the MCO. Drying of the subtropics and
Mediterranean regions is aligned with the theory of poleward expansion of subtropical dry zones under warming
conditions (Langenbrunner et al., 2015; Doblas‐Reyes et al., 2021; Douville et al., 2021). However, changes in
SST patterns (Burls & Fedorov, 2017; Dittus et al., 2024) have been shown to influence regional climate. Here, we
demonstrated that the inability of MioMIP1 simulations to capture the North Atlantic SST reconstructions is a key
contributor to the low MioMIP1 MAP model‐data agreement with paleobotanical data.

Our findings are in contrast with linearly increasing CO2 concentrations resulting in continuous drying of the
Mediterranean and North African region during the MCO (e.g., Mio400 to Mio840 simulations). Under an
alternative equilibrium state, where a warmer North Atlantic SST distribution is maintained (Dittus et al., 2024),
the enhancement of local evaporation and strengthening of IVTs increases MAP over Europe (Figures S10 and
S11 in Supporting Information S1). Additionally, capturing warmer North Atlantic, Mediterranean and Paratethys
Seas also results in the enhancement of the North African Monsoon. We note that aside from changes in SST, a

Figure 3. Column integrated total water vapor transport (1,000–1,300 mb) analysis overlain with mean surface evaporation (purple contours). Annual, boreal summer,
and boreal winter comparison between Mio400 (control) and Mio400.NAZM is shown.
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key feature of our simulations, is the Tethyan‐Indian Ocean gateway, which has been found to reduce in size and
close during the Neogene (Harzhauser & Piller, 2007; Hamon et al., 2013; Straume et al., 2024). Albeit its timing
is still debated, its closure has been shown to change SST patterns (Hamon et al., 2013) and lead to regional drying
patterns (Zhang et al., 2014).

The opposing regional signals between herpetological and paleobotanical evidence are difficult to reconcile, and
the increased regional MAP under Mio400.NAZM simulation also increases model‐data bias with the herpeto-
logical records. We find further confining our regional analysis should yield reduced model‐data bias compared to
herpetological records. For example, a limited number of herpetological records from central eastern Europe
show MAP above 1,000 mm, which are comparable to both the paleobotanical evidence and the Mio400.NAZM
simulation (MAP 1,000–1,500 mm; Figure S12 in Supporting Information S1). Meanwhile, evidence from
sediments and mammal assemblages (van Dam, 2006; Retallack, 2022) supports a dry southwest Europe, which
has the lowest modeled rainfall in the region. Additionally, we found majority of the herpetological evidence
resides in regions of variable topography (Krsnik et al., 2021; Boateng et al., 2022), which impacts model‐data
comparison (Acosta et al., 2023; Figure S12 in Supporting Information S1). Here, we demonstrate that our
Mio400.NAZM simulation maintains a relatively dry corridor along the mountain range, but is potentially unable
to further resolve critical dry zones due to orographic effects requiring higher spatial modeling resolution (Acosta
& Huber, 2017; Botsyun et al., 2022).

The simulated mixed forest and tropical rainforest landscape over Europe and Northern Africa under the Mio400.
NAZM simulation is supported by previous studies (Morley, 2011; Polissar et al., 2019; Gibson et al., 2022;
McCoy et al., 2022) and paleobotanical records presented in our study. We note that although Europe was
initialized with boreal forest and shrubland biome, while Northern Africa with a temperate forest in our simu-
lations, increased CO2 can override the required MAP and MAT for such vegetation change and continue to
produce much drier biomes. Here we emphasize changes in ocean circulation and in particular SST patterns (Burls

Figure 4. Results from BIOME4 analysis. Scenarios were forced with temperature, precipitation, and solar insolation from
Mio400, Mio840, and Mio400.NAZM simulations.
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& Fedorov, 2017; Dittus et al., 2024) as a mechanism that maintains a humid biome over Europe and Northern
Africa during the MCO.

We acknowledge the uncertainties associated with our idealized SST simulations. The lack of samples found near
Northern Hemisphere polar regions >80° N, and especially over the Pacific Ocean, could be potentially skewing
our global Gaussian curve toward warmer SSTs or weaker Northern Hemisphere meridional temperature
gradient. However, we argue that the extensive terrestrial records presented in our study can be used as an in-
dependent constrain on the regional SST records. Nonetheless, the key mechanism driving such warm SSTs over
the North Atlantic remains unknown. Changes in the Atlantic Meridional Overturning Circulation through its
response to CO2 change (Orihuela‐Pinto et al., 2022; Dittus et al., 2024), opening of Arctic gateways (Stärz
et al., 2017; Hossain et al., 2021; Weiffenbach et al., 2023; Liu et al., 2024), or regional cloud radiative feedbacks
(Yuan et al., 2016; Menary et al., 2020) are potential culpable forcings. Despite poor constraints on mechanisms,
modification of North Atlantic and Mediterranean SST distribution that is in accordance with current best SST
proxy‐based estimates are much warmer than modern‐day, suggesting that typical paleoclimate models are unable
to capture such a key process over the North Atlantic during the MCO.

5. Conclusion
This study presented a suite of CESM1.2 middle Miocene simulations with multiple European and Northern
African climate scenarios. We demonstrate that the implementation of proxy‐based North Atlantic and Medi-
terranean SST patterns that capture the extreme mid‐latitude warmth seen in the proxy reconstructions enable
middle Miocene simulations to produce paleobotanical MAP reconstructions over Europe and Northern Africa. A
strengthening of IVTs in response to enhanced North Atlantic evaporation produces a wetter European climate,
while the strengthening of the North African Monsoon produces a wetter North Africa. Vegetation model analysis
supports much wetter European and Northern African environments that are conducive to a forested paleo‐
environment. Findings from this work highlight the potential deviation of Mediterranean hydroclimate from
theoretical drying should the adjacent ocean experience amplified warming.

Data Availability Statement
Proxy synthesis and output for MCO simulations used for Miocene model‐data comparison can be found in
Zenodo repository (Acosta et al., 2024) for peer review.
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