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Abstract. The midPiacenzians known as a period of relative warmth when coragap the present day. A comprehensive
understanding of conditions during tRécenziarserves as both a conceptual model and a sourdmfordaryconditions
and means of verification oflobal climate model expienents.In this paper we presetihe PRISM4 reconstructiora
padaeoenvironmental reconstructiai the midPiacenzian(~3 Ma) containingdata for palaeogeography, land and-isea
seasulface temperaturejegetation, soils and lake®ur retrodicted palaeogeographgkes into accounglacial isostatic
adjustments and changesdynamic topographySoils and lakesoth significant as land surface featui@®, introduced to
the PRISM reconstrtion for the first time. Seaurface temperature and vegetation reconstruciomsinchanged buiow
have confidence assessmefitse PRISM4 reconstruction is being usedboundary condition datar the Pliocene Mdel

Intercomparison Project, Phase 2 (PlioMIP2) experiments.

1 Introduction

The Pliocene, specifically the mlgiacenzian (3.264 Ma to 3.025 Ma), has been a fotsgnoptic palaeoclimate research
for the past 25 years. The rilacenzian is the most reteime in EarthOs past to have exhibited climates not unlike those
projected for the end of the 21st century (Dowsett, 2007a; IPCC, 201).wWidiespread recognition by most experts that
anthropogenic driverisavebeen the dominant cause of observed viagraince the mie20th century (Verheggen et al., 2014),
and surface temperatures projected to rise duha@ist century under all emission scenarios (IPZDC3), understanding
the Pliocene climate has taken on new importanceléWibt a temporal anad) to future climate conditions, there is much to
learn about the magnitude and spatial distributbprocesses from this, in essence, natural clinedieratory (Crowley,
1990).
Borrowing heavily from methodology used by the CLIMABimate / LongRang Investigation, Mapping and Predictions)
for the reconstruction of the last glacial maximum (LGMg U.S. Geological Survey (USGS) and collaboratorgtei a
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largescale data collection and interpretation projetibd@ne Research, Interpretatiorda®ynoptic Mapping (PRISM) (see
Dowsett, 2007a; CLIMAP, 1976). The first PRISM oastructionsonsisted of data sets for sgarface temperature (SST),
vegetation, land ice distribution and volume, sea ice cover, landieleeatd sea level (Dowsedtal. 1994; 1999). Since its
inception in the late 1980s, PRISM has grown in Isitle and scope, evolving through 4 global scalensituctions, each
one adding a new component of fiacenziarpalaeoenvironment or improving upon methods to increasedemtfé in the
reconstructions (see Dowsett, 2007; Dowse#l, 1994; 1996; 1999; 2010; 2013). These reconstmsserve two purposes:
to assemble the best information possible to peaidonceptual model of tieacenziarpalaeoenvironmerandto provide
the data as quantitative, gridded arrays to the palaeoelimadieling community for global climate model simulations.
Early modeling efforts to simulate a warmer Plioedtarth used atmospheric general circulation mo@eBECMSs) initiated
with higher than prendustrial values of C@in the atmosphere (Chandler et al., 1994; Dowset{/R208aywood et al., 2000;
Sloan et al., 1996). These simulations used ptesdtboundary conditions in the form of PRISM syimoptconstructions of
SST, land coverand topography (Dowsett et al., 1996; Dowsett et al., 1999; DD\REO7a).

PRISM3 was the basis for the Pliocene Model Inteqgarison Project (PlioMIP), the first Pliocene nwttodel comparison
using fully coupled atmospheteean general circulation models (AOGCMs) (Haywood et al., 2010; 2@uth effort was
put into improving the land surface cover and ocean components for this penultimate megtasi{Dowseteet al, 2010).
PRISM3 introduced a multiproxy SST reconstructi@meep ocean temperature reconstruction, and édirgt time a biome
classification of the Plicene land surface.

The PRISM3 reconstruction also addressed uncertainipth terrestrial and marine palaeoclimate estim@@®wsett et al.,
2012, 2013a; Salzmann et al.,, 2013). Marine and terrestrial data/rooaglarisons (DMC) presented in IPCC AR5
documented robust large scale features oPiheenziarclimate but at the same time identified areas séalid between data
and models, highlighting the need for additionaleasments of confidence for both reconstructedmndlated environments
(Haywood et al., 2013; Salzmann et al., 2013; Dowdedt.2012; 2013a).

PRISM data have also been used to study diveraiyegological niche changes in planktic foramirgfanollusks and fish
in the face of profound global warming (e.g., Yasuhard €2@12; Saupe et al., 2014, Jacobs, 2015).

In this paper we document and summarize our most reeeonstruction, PRISM4. PRISM4 is a conceptual modehidf
Piacenzian conditions for which major efforts haween focused on improving the palaeogeogmapind cryospheric
components. New topography/bathymetry, Greenlaedskeet (GIS), soil, and lake distributions arewsed, including
those PRISM4 features being used as boundary ¢onslitor climate model simulations. Confidence itepaenvironmetal
reconstruction is receiving much interest in the paleate modeling community, and changes necessamgdtiress
uncertainty are discussed. We also discuss both terrestrial aime mighresolution data being developed as part of PRISM4

to betterunderstandPiacenziarpalaeoclimate variability.
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2 PRISM Chronology

Previous PRISM palaeoclimate reconstructions wase8 upon imeslabconcept developed early in the project to overcome
the then inability to make long distance higgsolution correltions (Dowsett and Poore, 1991). This was achieve& 8T
data and land surface cover reconstruction, by averaging the warm pldiseaté or selecting the vegetation representing
the wettest and warmest period within the defiredporal slab at eacbdality (Dowsett et al., 2009; 2013; Salzmann et al.,
2008; 2013). The PRISM reconstruction therefore approximates the aversgglaxialO condition at each site. The initial
slab was a ~300 Ky interval ranging from within tdammoth to just above th€aena reversed Polarity Subchrons of the
Gauss normal Polarity Chrdfigure 1) This and a number of biochronologic events allo@pgdroximate identification of
the slab position in both marine and terrestrial settings RDowsett, 2007a and referencisd:therein).

The PRISM3timeslab (Dowsettet al, 2010) was refined to the interval between 3.264alt 3.025 Ma, easily identified in
marine sequences by its position between oxygewpsoenrichments M2 and G20 (Figure 1) in the LRBAnology of
Lisiecki and Raymo (2005). The 3.264 Ma to 3.025 Maeais still appropriate for most components of BHRISM4
reconstruction (see discussion).

New PRISM4 timeseries data use nested chronology since various components gpalteeoenvironmental recdnsction
can achieve different maximum resolution. PRISM4rimea time series are generated from localities egsiag the
characteristics needed for precise orbital scateetadion. The challenges of terrestrial age dating stratigraphic cordl of
many terrestrial archives currently limit expansion of the teri@steconstruction of PRISM4 time series in all but a few
locations.

The PRISM time slab or PRISM OintervalO as defibette, occurs within the Piacenzian Agehe Piacenzian is roughly
equvalent to the Gauss normal polarity Chron (~3.6t12.6 Ma).Prior to 2010 the Pliocene Epoch included the Zzan|
Piacenzian and Gelasian Ages. Thus it was commactipe to refer to the PRISM interval as the 1Rlibcene. Changes
enacted by the Ietnational Commission on Stratigraphy revised tlaegment of the Plioceri2Pleistocene boundary from
the base of the Calabrian Stage (1.801 Ma) to tse b&athe Gelasian Stage (2.588 Ma) (Gibbard et @L.QR This change
makes it awkward to refer the midPiacenzian PRISM interval as rRliocene (see also Dowsett and Cabali@iih, 2010).
Previous publications referring to the PRISM intdyvPRISM time slab, mifPliocene warm period (mPWP) or mid
Piacenzian all refer to the same interval ofetiariginally defined by Dowsett an Poore (1991) asvsed by Dowsett et al.

(2010) as discussed above (Figure 1). We propose theriehRiacenzian be used hereafter.

3 PRISM4 PiacenzianPalaeoclimate Reconstruction

PRISM4 contains internally consistent and integta@ata sets representing our best synoptic undelisg of
palaeogeography, sea level, ocean temperature, terrestrial iGgetails, lakes and land and sea distribution (Table 1).
Some PRISM4 dat sets received only minor alterations from PRISM3le others represent fundamental changes in
methodology or add additional facets of the palagwenment not explicitly included in earlier vessis of our reconstructi.
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The single largest change aatpanying the PRISM4 reconstruction is the addition of our palaeogeography (topoaraghi
bathymetric data) (see Rowley et al., 2013). These data ageatee with Greenland and Antarctic ice sheets Gasion
3.1), which are in agreement with theiggates of midPiacenzian sea level (Miller et al., 2012). Ourdlaover analysis has
been enhanced with new data sets depicting the spatial distributiakesf &nd soitypes (Pound et al., 20143ST and
terrestrial vegetation cover are essentially ungbdnfrom PRISM3, but confidence schemes have besatert to assess
individual sites used for the reconstruction (Salmmet al., 2013, Dowsett et al., 2013). In additionHerfirst time,new
PRISM4 highresolution time series are being developesipecificallyaddress variability within the PRISM time interval.
The interrelationships and dependencies betweeRRI8M4 and PRISM3 reconstructions are illustrateligure 2. Major
components of he reconstruction are briefly discussed in the following sections, atal al® available here:

http://geology.er.usgs.gov/egpsc/prism/4 data.html

Readers are referred to the original daitatof each data set for more detailed backgroumtddescriptions of methodologies
(Table 1).

3.1 Ice Sheets

Direct evidence foPiacenziarice sheets (Greenland and Antarctica) is sparsaefdre, the size, placement and voluafe

ice in polarregionsmust be remotely assessed by a number of othenitpeds (e.g., proximal marine records of ice rafted
detritus, marine oxygen isotope records combined with bottom water tatungeestimates and indicators of sea ice). These
techniques constrain globaldpossibly regional ice volume but not its thdimensional expression. Ice sheet models can
be used to generate potentially realistic configurations based upaaitdbée evidence.

The PRISM4 GIS is based upon results from the Bhiedce Sheet Motlag Project (PLISMIP) presented in Koenig et al.
(2015)and Dolan et al. (2015aJhis GIS configuration (Figure 3) represents aghbstconfidence for the possibility of ice
sheet location during the warsteparts of the midPiacenzian and is constrath by available proxy datdhe PRISM3 GIS
was centrally located and covered approximately 50%e area of the present day ice sheet (Dowsatt, 2010). In condist,

the PRISM4 GIS is confined to high elevations ie Bastern Greenland Mountaic@eringan area approximately 25% of
the present day GIS.

The dynamic nature of the Antarctic cryospheremtuthe Pliocene has been debated in the literftuecades and, as Wit
the GIS, direct evidence for ice conditions is lewlitto the Dry Valleg and proximal marine records (e.g., Shackleton and
Kennet, 1975; Webb et al., 1984; Dowsett and Crat®90; Prentice et al., 1993; Shackleton et 8051 Kennett and Hodell
1995; Naish et al., 2009; McKay et al., 2012). McKay et al. (2012) datuagynamic ice sheet prior to 3.3 Ma followed by
expansion of the ice sheet and concomitant SSTirmphdRecent investigations of the Wilkes and Aursubglacial basins
(East Antarctica) indicate both may have experienodyghamic Pliocene ice history (Yog et al., 2011).

The PRISM3 Antarctic ice reconstruction was geregtaising the British Antarctic Survey Ice Sheet RIGBASISM), driven

by an AGCM experiment using prescribed PRISM2 boundary conditions (Hill 2007; Hill, 2009; Dowsett et al., 20).

In the PRISM2 reconstruction, the Wilkes and Aurora satigl basins had reduced areal extent of ice sheets/eeto the
4
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present day. PRISM3 however removedWaIS based upon available information that suggksitere was no ice present
during he warmest parts of the Pliocene (Naish et al., 2009; Pollar®@8dnto, 2009; Hill et al., 2010%ince theEAIS
configuration used in PRISM3 is still supportedrbgent work, we have retained the PRISM3 Antaiicgcconfiguration for
the PRISM4 recastruction(Figure 3.

3.2 Palaeogeography

Modeling the dynamic nature of the EarthOs sudaeetime is an area of increasing interest andpdexity. It has become
apparent that a physicallyased methodology for derivirigiacenziarglobal topography is necessary and that it needs to
account for first order effects of mantle convect{dynamic topography) and to a lesser extent,iglé@ostatic adjustmen
(GIA) (Rowley et al., 2013).

PRISM3/GISS topography was based upon the pgk@graphic maps of Markwick (2007) (Sohl et al., 2009). For PRISM4
we have developed a new procedure to retrodicpétt@eogeography of tHéiacenziartaking into account major processes
that affect surface topography and sea level asetibn of time. The main processes considered are (i) changesiancig
topography associated with mantle flow and (ii)ciphisostatic adjustment (GIA) due Riacenziarice loading. We also
calculate a global landea distribution (sea level) prediction basedt@nreconstructe®iacenziartopography. Essentially
the retrodicted PRISM®iacenziarpalaeogeography is the result of a number of steps detailed below (andszed in
Figure 4). The palaeogeography is constrainedjteeawith global integral propees of the Earth, such as the conservation

of the Earth®s mean radius and the preservation of the volume chtwhtesurface of the Earth.

3.2.1 Initial base topography

Our starting conditions are based on the ETOPQGit¢ininute) global relief modeif the EarthOs surface that integrates land
topography and ocean bathymetry (Amante and Ea®d88). Figure 4a shows the ObedrockO (base e #iektsyariation

of ETOPO1 sampbtat the working resolution of a quarter degree. nAgylacial isostiic adjustment (GIA) correction has
been applied to this version of ETOPOL, initially we apply a GlAemion to account for both the remaining disequilibrium
due to the ongoing relaxation of topography from Last Glacial Maximum (LiédMpads (Raymo etl., 2011; Figure 4b) as
well as all Present day ice and GIA associated migting of this ice. This results in a nominaligigprium topography tht
would pertain in ~200 kyr, assuming all ice andriekted loading have been accounted for. Therb@anever features that
are prominent Ofingerprints® of Pleistocene gtasiasuch as the Great Lakes and the Canadiarip&lelyo, that were not
features of the landscape during fhiacenziar(Figure 4c). Therefore, the rebounded topography recotismmushown in
Figure 4b was contoured at 50m intervals and therPteistocene landscape features were filledachoeve an approximdye
uniform average elevation in each region (Figure 4d). In realityettienents eroded from areas such as thetGuadaes, will
have been redeposited elsewhere, for example in the Gulf of Mexatio\{@y, 2008). A more consistent method of applying

a Pleistocene fill would be to take sediment framwn depositional environments and redistribuie the erosionasettings.



10

15

20

25

30

Clim. Past Discuss., doi:10.5194/cp-2016-33, 2016 Climate

Manuscript under review for journal Clim. Past of the Past
Published: 21 March 2016 . -
¢ Author(s) 2016. CC-BY 3.0 License. Discussions

However, we have chosen to implement a more sitipliepresentation as there are currently no detaisopachs of

preserved sediment thickness or reconstructions of denudation to inswerthaddel agrees with observations.

3.2.2 Dynamictopography

Dynamic topography is defined as the response efetirthOs surface to the radial component of etr@siginating from
buoyancy residing in the mantle and the lithosphere (Forte et al., 1983he component of topography that is ngtlained

by variations in crustal thickness and/or density and can be considdheddiference between preseatdy topography and
the crustal isostatic topography.

In order to compute an estimate of dynamic topograpby@é since thBiacenziarwe u® a calculated global mantle flow
field (Moucha et al., 20Q9Rowley et al., 2013 This calculation is based on the udejoint seismic tomography and
geodynamic inversions that map the spatial distribution of density indhéderthrough a simultaneous inversion of seismic
travektime data with various geophysical observablestéeral., 2010; Simmons et al., 2006; Sioms et al., 2009). These
features include global afree gravity anomalies, crusbrrected estimates of dynamic surface topograplaye divergence
and the dynamic ellipticity of the comantle boundary (Forte et al., 2010; Simmons e2806; Simmas et al., 2009). The
mantle flow calculations (e.g. Forte, 2007; Fo&@l11; Forte et al., 1993; Forte et al., 2010; Mauehal., 2008a, 2008b
Moucha et al., 2009) are formulated for a fully gessible, selfravitating mantle with a mean densfyofile given by
PREM (Dziewonski and Anderson, 1981) and geodynanfiérences of the depth variation of the mantkeosity based on
Mitrovica and Forte (2004).

For the dynamic topography correction shown in Fégle, we use the mantle viscosity mod2 (Moucha et al., 2008&nd
the seismic tomography model TX20(Borte et al., 2010that represent a sensible realization & ttynamic topography
change contributions ®iacenziariopography. Our choice of seismic tomograjaleyived density distribution and the mantle
viscosity model will affect both the amplitude and location of our dynampiegraphy estimate and the ratétechange over
time (Rowley et al., 2018 but not significantly on the scale of the quadegree resolution of the reconstruction. Application

of the dynamic topography correction results in the palaeogeography shown in4figure

3.2.3 Glacial Isostatic Adjustment

Glacial Isostatic Adjustment (GIA) refers to thefaenational, gravitational and rotational adjustmefi the Earth as a
consequence of changes in ice sheet loading (Fanm@IClark, 1976; Mitrovica and Milne, 2002 he present topography of
the Earth is still significantly impacted by theating and unloading of ice during the Late Pleistexglacial cycles. En
current grounded ice sheets of Greenland and Atitaralso affect the global surface topograpFynally, the potential ice
sheet loading based on our defined 4Ridcenzianice sheets (Figure 4g, see above) will also havemgract on the
reconstructed topography. Following methods emploge®laymo et al. (2011) and Rowley et al. (2013) anc:thas the
seminal paper of Farrell and Clark (1976), we ipcoate a full GIA correction into our PRISM4 palgeography (Figure
4h) thus takingnto account the largest factors that influence topograpey time.

6
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Figure 5 shows the final larska distributn of the PRISM4 palaeogeography. The major differences from theVBRIS
palaeogeography of Sohl et al. (2009), PRISM2 topography of Dowsett £088)( and the present day geography, are a
closed Bering Strait and closed Canadian Arctichipelago, efectively closing off the Atlantic connection to thectic
through the Labrador Sea and Baffin Bay. The PRISMd-Piacenzian Indonesian region is elevated comparguletsent.
Shoaling in this region would have created a mesgricted seaway betweeretPacific and Indian Oceans with potential
effects on circulation and heat exchange with theoaphere (Godfrey, 1996). See discussion fomapbete analysis of the

palaeogeographic differences between PRISM4 and previous PRISM topographies

3.3 Sea leel

Piacenziarsealevel estimates in the literature range from nongeato almost +50m above present day based upanetyw

of techniques (e.g., Dowsett and Cronin, 1990; Wardlaw and Quinn, 1991; Brigtette and Carter, 1992; Kennett and
Hodell, 1995 Miller et al., 2005, 2012; Sosdian and Rosenthal 920&ish and Wilson, 2009; Dwyer and Chandler, 2009;
Winnick and Caves, 2015). Early PRISM sea levetrestes were primarily glacioeustatic and dealt iétonic subsidence
and uplift in a relativel simplistic fashion (Dowsett and Cronin, 1990). Sea level changesatsostake into account a
dynamic topography, the result of glacial isostatic adjustments (GdA)bined with changes due to mantle convection
(Rowley et al., 2013). PRISM3 qualitatlyeeompared ranges of sea level estimates fronmabeu of sources and found a sea
level rise of +25m relative to present day fitalkilable data (Dowsett et al., 2010). In a more reged quantitativeréatment

of available data, Miller et al. (2012pmpared sea level changes derived from backstgpgtudies in Virginia, New Zealand
and Enewetak Atoll with those from benth{€O data and Mg/Ca estimates. They discussed th&ations of various methods
and used the data to derive an empiricaheste of uncertainty for individual sea level esabes. They concluded that a sea
level of +22m +5m wakkely (68% confidence interval) and +22m t1@xtremely likelf{95% confidence interval), relative
to present day sea level, to have been reached within the PIRI&VaL.

The Miller et al. (2012) estimate implies substaintduction irmid-Piacenzian global ice volume, equivalent to the loiowmd
volumes of the gesent day Greenland and West Antarctic Ice Sheets (@ISVAIS, respectively). They postulated it likely
that several meters could be attributed to the margf the East Antarctic Ice Sheet (EAIShe reconstructed PRISM4 ice
sheets have a total volenof 20.1 x 16km®. Relative to the modern observed volume of the Gesgh{Bamber et al., 2013)
and Antarctic ice sheets (Fretwell et al., 2013, wge the method described in de Boer et al. (2@l8}3timate a sea ldve
equivalent change for the mRiacenzian. Our ice sheet configurations equate $ea level increase of less th& m,
without taking into account changes to the size of the glodxedn in the Pliocene (as shown by changes in theskendhask
shown in Figures 3 and 5). The PRI&NEa level estimatdiffers slightly higher than the PRISM3 skavel estimaté€based
upon the PRISM3 ice sheetd)e to the reduction in the size of the Greedlae sheet relative to PRISMB¢wsett et al.,

2010), but remains consistent with other &alde sea level data.
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3.4 Ocean temperature and sea ice

Global fields of SST and Sea Ice (Figure 3) werecdbed in Dowsett et al. (2009, 2010) and remaichanged from the
PRISM3 reconstruction. These fields are based upoltiple proxy analyses deed using a warm peak averaging (WPA)
technique and time slab concept. While useful fgeeral synoptic view of miBiacenzian interglacial ocean conditions, the
increasing use of the PRISM reconstruction for fadalel comparison requires a more refitemiporal window. Decrease in
the need to drive atmospheric GCMs with monthlygerature fields has led to only small enhancemientis portion of
the PRISM data set (Figure 2). Instead, emphasibéas placed on new locality based, confideasgessd, highresolution

time series (Dowsett et al., 2012; 2013a; Haywood et al. 20&@iseussion section).

3.5 Terrestrial biomes

The PRISM4 Biome reconstruction (Figures 3 andh@a)been updated froBalzmann et al. (2008, 2013) and Dowsett et al.
(2010). Biomes are based upon data from 208 sites cednjpdm the literature (Salzmann et al., 2008). Surfacpdeature
and precipitation anomalies have been derived fiitarature using the Coexistenégproach (Mosbrugger and Utescher,
1997) and multproxy temperature reconstructions. The relative confidence one cangulaegtimates from a particular
locality was determined by Salzmann et al. (2013prtter to address climate variability, our biomap provides, for selected
palaeobotanical localities with sufficient data resolution, a biome recofistrdicr a colder/drier and warmer/wetter intalr
within the Piacenzian stage (Figure 6a). FutureSMRterrestrial analysis, like the marine workllwhift focus to localities
that allow for highresolution chronology required to address magnitudevaridbility of climate within a much (temporally)

reduced time slab.

3.6 Soils and Lakes

PRISM4 soil and lake distributions have been gdedritoma compilation of published literature (Pound et 2014). Nine

soil types were identified from 54 palaeosol ocences and recorded. Pound et al. (2014) relatésl atoihese 54 localés
(Figure 6b) to the PRISM3 biome reconstruction of Salznera (2008) and derived soil types for all land aré@gure 3).
Based upon color and texture each soil can be assigm albedo value (Pound et al., 2014; Haywoed €2016). Lake data
have been compiled from sedimentological evidence, dynamic eevatodels, topographic studies, fauna, flora, or a
combination of these (e.g., Adam et al., 1990; Elu#it al., 2001; Drake et al., 2008; Otero et2009). Piacenziarake
surface area was taken from published estimaté®or reconstructed lake extis. These surface areas were then translated
into a percentage of a PRISM4 grid cell (2; latéudy 2j longitude), and where megalakes occupiecerttan one grid cell,
the geographic distribution (See Figure 3 and 6a8% Wwased upon the published distalst latitudelongitude points and

reconstructed shape (for full methodology see Pound,&(dl4).
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4. Discussion
4.1 Areas of palaesogeographic change
4.1.1 Marine

The Isthmus of Panama is above sea level in th&MRIreconstruction, effectivelgliminating ocean circulation between
the Atlantic and Pacific via the Central Americaea®ay (CAS). While there is evidence for occasidwaf post mid
Piacenzian breaches of the Isthmus based uponi@arbsalinity records (e.g., Coates et al., 199®nin and Dowsett,
1996), the overall restriction of Caribbean and Pacific waters bistheus was fully established by ~4.2 Ma (Haug et al.,
2001; Montes et al., 2015). This CAS closure set up the prdagrdalinity contrast between the Atlantic &watific, shunting
warm salty water northward along the east coablitooth America as the Gulf Stream Current. The Gaifeam diverges from
North America and becomes the North Atlantic Cutrdirecting warm salty water toward the northeastéorth Atlantic.

De Schepper et al. (2009) related Marine Isotopg&{MIS) M2 to a brief reopening of the CAS thaakened the North
Atlantic Current and reduced northward ocean heaisport. Larger (compared to present day) icetstaaging MIS M2
(~3.3 Ma)are supported by a coupled ocesmosphere climate simulation targeted at this tmerval (Dolan et al., 201,
however this study did not test the hypothesis of an open CAS as a mechamise sheet initiatiorNew PRISM4 surface
air andSSTtime series covering the MIS M2 through MIS KM5 intenghiould provide further information on marine and
terrestrial conditions during and post MIS M2.

The Bering Straiinitially opened in the late Miocene, possibly earlbased upon the presence of thlamtic bivalveAstarte
occurring in sediments of the Alaskan Peninsula correlated to subzornledNeodenticula kamtchatidaiatomZone (5.5D
4.8 Ma) (Marincovich and Gladenkov, 1999; 2001). Faunal exchange of thermopétiticodes between the atic and
Pacific via the Arctic also supports an open Be@tigit during at least parts of the Pliocene aamtyePleistocene (Croniet

al. 1993; Matthiessen et al., 2009). This was #temnale for an open seaway in the PRISM3 recoattm. Our inépendent
PRISM4 palaeogeographic analysis (described abovejitedieclosedBering Strait. The open or closed state of the Bering
Strait, since the midPiacenzian, is dictated in large part by globaltaticsand regional tectonic processes. Our detigio
follow the palaeogeographic model is based upon tiaglcsv depth of the seaway and evidence for repeatisthdgs of
subaerial exposure in both the Early Pliocene amihd the Pleistocene (Hopkins, 1959; 1967; Neksbal., 1974).

The effect of alosed Bering Strait has been shown to increassnfid Meridional Overturning Circulation (AMOC), vidin
provides for an increase in ocean heat transport to the Arctict(dly 2010; 2015). Climate model simulations to dateehav
been unable to achietiee high latitude warming estimated for both tetmiakand marine environments of the aiRéhcenzian
(Salzmann et al., 2013; Dowsett et al., 2012; 20184).et al. (2015) show that regardless of climate statdosed Berig
Strait produces a warmerkth Atlantic. Thus, a closed Bering Strait may improve the fivben existing?iacenziamarine
and terrestrial data and model simulations.

Matthiessen et al. (2009) suggest the possibilftya @losed Canadian Arctic Archipelago with ArctictNorth Atlantic

communication restricted to the Fram Strait. Evidefor this configuration was presented by Harristral. (1999) who
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postulated establishment of an Early Pleistocene drainage system olyingdeliocene deposits that drape the Canadian
Arctic (Harrison et al., 1999) and the presence of fidédttaic sedimentation around the margins of the Arctic continental
shelf (Yorath et al., 1975; Jones et al., 1992)s Tits well with the PRISM4 palaeogeographic matihelt shows most of the
Canadian Artic Archipelago to be subaerially exposed (Figures 3, 5).

The depths of the present day Gulf of Carpenténiafura Sea, Java Sea, as well as sills in themegire shallow (Smitand
Sandwell, 1997). Our palaeogeographic model suggegtonal tectows produced even shallower conditions during thak mi
Piacenzian, relative to presady, from Southeast Asia to the Gulf of Carpenteria (Figures 3 aAdsRpllower than present
Indonesian Throughflow{ITF) would alter regional sesurface topography ancestrict circulation, thus reducing heat
transport from the Pacific to the Indian Ocean. Mamulations have shown that the result is angase inSST and
precipitation in the western Pacific with an accompanying deciedmssh SST and rainfall in the eastern Indian Ocean. Such
changes in a dynamically sensitive region of tbeits can lead to altered atmospheric pressurevartistresses (Schneige
1998; Lee et al., 2002; Sprintall et al., 2015) with complex telecoionsatapable of distributing the effects globally (slau
etal., 2011).

4.1.2 Terrestrial

In addition to changes to important ocean gatewaygioreed above, general differences exist between tivdPird SM4mid-
Piacenziarand presentlay palaeogeographiesufOreconstruction shows most continental areas at slightly highetieteva
during thePiacenziarthan they are today (Figure 7). In our aéhcenzian reconstruction, decreased ice loadinthef
continents plus increased water loading of the ngegahtive to present day, results in mantle displacérdtem beneath the
oceans to beneath the continents, raising most continental elevatkoeptiBns are areas immediately adjacent to the rift
valleys in Africa, the Sierra Madres of Mexico, the Andegmof Lima and south of Santiago, the Chugach inhvegstern
North America, the Tibetan Plateau, Sumatra andhthithern part of the Great Dividing Range in Eastustralia.

Most of Greenland was at a lower elevation durlhmgrnidPiacenzian, relateto present day, due to the PRISM4 GIS being
restricted to eastern Greenland (Koenig et al. 2@idan et al. 2015a Portions of Antarctica also show large elevation
changes due to cryospheric changes implementedeirPRISM4 palaeogeography. Thesenges would have affected

atmospheric circulation, precipitation patterns digdribution of terrestrial vegetation.

4.2 Uncertainties in the ice sheet reconstruction

Both the Greenland and Antarctic ice sheets arecemtlin terms of their volume and ert in the PRISM4 reconstruction
relative to present day. As described previously thetitie geological evidence that directly corroborates exact exnt
and volume of the major ice sheets during the-Ristenzian. Therefore, the ice sheet conijans used in the PRISM4
reconstructions are plausible representations of potemtid-Piacenzian ice sheets. Nevertheless, they haveeinhe
uncertainties associated with their reconstruction which should be R#ednt studies by de Boer et al. 180} Dolan et al.
(201%) and Koenig et al. (2015) have demonstrated unequiyatbet ice sheet model reconstructions for Antarctiod
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Greenland are both dependent upon the climatenfgremployed and the choice of ice sheet model. béth of the
reconstructions are based on mtatkoutput, there will be some inherent model depend in the PRISM4 reconstruction
(e.g. if we had used a different model/climate forcing,abnfiguration could be somewhat different). This is Egnifiant
over Greerdnd as the PRISM4 Greenland ice sheet is based tingoresults in Koenig et al. (2015) and suppotigd
simulations in Dolan et al (20&p which take into account a variety of model differenfessimulations over Greenland.
The reconstructed Greenlaitg sheet is also consistent with modelling reguiesented in Contoux et al. (2015) and Yan et
al. (2014) and a number of different proxy recdtsthe midPiacenzian. For example, Bierman et al. (2014¢tshown a
preservation of a preglacial laswhpe which suggests potential subaerial exposu@entral Greenland for up to 1 million
years prior to major ice buidp at 2.7 Ma. Evidence of vegetation suggestingriee conditions can be found in North
Greenland (Funder et al., 2001), at lleFtance (Bennike et al., 2002), on Ellesmere Island the Canadian Archipelago
(De Vernal and Mudie, 1989; Thompson and Fleming,61®allantyne et al., 2006; Csank et al., 2011), trae offer
limited constraints on a miBiacenzian Greenland reconsttion. A recent reassessment of pollen derived from ODP Hole
646B off Southwest Greenland (de Vernal and Mudie, 1989) confirms that so@heenland may have been vegetated
(boreal and coelemperate conditions) during warm parts of the d&ie (A. deVernal, personal communication, 2014).
Analysis of sedce at Site 910 (~80jN6;E) suggest conditions probably similar to the modernigg@aummer minimum at
this time.

A more thorough analysis of model dependency ov@aiktica is currently underwakipwever, de Boer et al (2015) show
that the choice of ice sheet model has a smalfectehan the climate forcing on the reconstrudtedsheet. As the PRISM
Antarctic ice sheet is not updated from PRISM3% ihécessary to assess whether the recatistnuremains consistent with
more recent proxy records and modelling studies.

The reduction in ice at the Wilkes Land margin aSEAntarctica is supported by proxy evidence ssatigg a dynamic ice
margin during the Pliocene (e.g. Young et al., 30IMamane et al. (2015) use cosmogenic nuclide exposges to show
that the different areas of the East Antarcticsiceet were hundreds of meters thicker during tlee@he. Ice sheet matiag
presented within Yamane et al. (2015) suggested thabtiteental interior could have been up to 600 m higher than today,
which is consistent with the increased elevationln PRISM4 reconstruction.

Moreover, independent simulations presented inaRalet al (2015), which are broadly representatifa wam Pliocene
climate, are consistent with the areas of ice steggtat in the PRISM4 reconstruction (albeit tesser extent). Polldret al.
(2015) detail new mechanisms for {ciff failure and meltdriven hydrofracture at the grounding line of thetdxctic ice
sheet that lead to significant retreat into the dkarand Wilkes subglacial basins as well as oveasaof West Antarctica

(producing around 17 m of global sea level rise).

4.3 Ocean surface characteristics and implications

The most pronowed largescale feature dPiacenziartlimate reflected in the marine (and terrestrieBlm is a reduced pole

to equator temperature gradient, enhanced by poigfifecation and theelative stability of low latitude SSTSalzmann et
11



10

15

20

25

30

Clim. Past Discuss., doi:10.5194/cp-2016-33, 2016 Climate

Manuscript under review for journal Clim. Past of the Past
Published: 21 March 2016 . -
¢ Author(s) 2016. CC-BY 3.0 License. Discussions

al., 2013; Dowsetet al., 2013; Haywood et al., 2003 Microfossil assemblages froRiacenziartropical oceans exhibit a
high degree of similarity to extant tropical assemblages. Convemsilyto high latitudePiacenziarassemblages appear to
be displaced toward the poles relative to present day distributionse Blssemblages presumably migrated in response to
changes in climate (Saupe et al., 2014). ThesdadisgPiacenziarfaunas suggest polar amplification of sagfdemperature,

in agreement with other independent estimatdiadenziar8ST based upon biomarkers, faunal and floral assemblagks, a
Mg/Ca palaeothermometry (e.g., Lawrence et al. 92@artoli et al., 2006; Cronin, 1988; De Schepgteal., 2009; Baon,
1992 Knies et al., 2014

Piacenziamarine records from the Arctic are rare, thus awtarstanding of environmental conditions in thipartant region

is inadequate. The polar amplificatierhibited inour SST reconstruction is supported bylgses from a large number of
mid- to high latitude localities¥owsett et al., 2032 igure 83. Sites907,909 and 911 are the highest latitude sites in the
North Atlantic used in our reconstruction and havarge influence on the SST anomaly fieldtfeg Piacenzian because of
the strang warming indicated at those locations based upon Mg/Ca and alkenone mRitloids¢n, 2009)Mattingsdal et

al. (2014) revised the age model at Site 911 aagpears that the interval studied by Robinson 4200w fdls outside the
PRISM interval. Sites 907 and 909 are located gil@d 78jN, respectively. They record SST of ~12&{Gwever, Lawrence

et al. (2013) noted a sharp decline in productiiiitthe northern Atlantic starting as far back &Ma, with earlest signs of
decline occurring at 69iN and progressing transiently to lower latitudeaddition, Robinson (2009) proposed that the
discontinuous temperature data could represent brief pulses of walwettting into the Arctic in a cooler backgrounitrite
state, similar to what has been recorded by BaligB9) and Bj¢rklund (2012) in younger age materit the warm SST
data are in agreement with available terrestrial estin{B@tantyne et al., 2010; Salzmann et al., 2011).

If temperatures inhie far northern Atlantic did begin to cool earlier than the Piacenttia very warm SSTs in the PRISM
data at these sites could be linked to signal carriers brought in tentsuor could be the result of reworked older materi
There is not sufficienévidence at this point in time of any such rewogk#o for now PRISM4 data maintains high latitude
warm valuesat Sites 907 and 90%ut community scrutiny of these sites will congnand the PRISM SST reconstruction
north of the Arctic Circle should beonsidered tentative until wellated higher confidence marine and terrestrial data are
available.

The routinely used SST proxies in tropical regiafishave limitations that may obscure low latitusarming above pre
industrial levels (Dowsett and Riolson, 2009; Dowsett et al., 2013). Faunal assembéafp@igues are limited by a calibration
to the modern ocean which does not exceed ~30;dleBiy the U'3(7 alkenone unsaturation index becomes saturated @t 28
precluding its use in warm pool regionshilé¢ the Mg/Ca palaeothermometer is able to estimate termpesaabove 30;C,
successful application requires knowledge of thepasition of seawater at the time fossil tests cosed of CaC@were
secreted. In addition, syand postdepositionaprocesses may alter the geochemical signal and resulting SB8iatesti In a
recent study, (rien et al. (2014) applied another biomarker (E>and concluded that previous estimates of Pliocene

tropical warm pool temperatures based upon Mg/Qaepthemometry may have been underestimated. Dowsett (9007
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suggested the possibility of western equatoriaiflfaconditions warmer than present day based wgiaictural changes in
planktonic foraminifer assemblages. Thus, where the low latitud8NPST reonstruction is based upon these proxies, it

may be obscuring tropical warming.

4.4 Land surface characteristics and implications

Parallel to changes in ocean surface temperatthheszonation of terrestrial biomes during the Piaéen also indicates a
diminished equator to pole thermal gradient enharmeg@olar amplifcation (Salzmann et al., 20L3The most prominent
changes in northern hemisph@&iacenziarbiome distribution compared to present day include a northward shift pétate
and boreal vgetation zones in response to a warmer and wetter climatellessvexpanded tropical savannas and forests at
the expense of deserts (Figure 6a). Climate estgrizeed on palaeobotanical and multiproxy evidémtieate that mean
annual temperatures the northern high Arctic were, during warm PiacenZigervals, between 120! C higher than today
(Figure 6a; e.g., Ballantyne et al. 2010; Andreev.e812). There is evidence that greater warming occunréte winte
than during summer (e.g., B and Matthews, 2002; Wolfe, 1994; Pound et QlL52

A globally wetter climate during thRiacenziarsupported the formation of megalakes, includingd_Zkire and Lake Chad
in Africa and Lake Eyre in Australia (e.g., Drake ket 2008; Otero et al., 2009). Model sensitivity expemts show thahe
addition of soils to the new BIOME4 reconstructiotably increased surface air temperatures in Australia, souttgath
Africa and Asia, whereas megalakes generated a@dge in precipitation in central Africa and westdorth America (Pound

et al. 2014).

The PRISM4 terrestrial surface reconstructi@s a number of uncertainties, particularly in regions of low dataageesuch

as central North America, South America and Nd&ktbst Africa, including the Sahara (Figure 6a). Aiddial uncertainties
are caused by insufficient age control and resmiutif individual palaeorecords (Salzmann et al. 2012). The global
reconstruction shown in Figure 3 and Figure 6a, likeS8T reconstruction, present OsnapshotsO of terrestiiahments
which did not necessarily esccur in one orbitally defined Ointixgal® or OglacialO interval. Higlsolution records
available for the Piacenzian (e.g. Andreev et Qll4L Panitz et al. 2015) indicate large shifts efetation zones during
warm/wet and cold/dry periods within the PRISM mtd (Figure 6a). Althoulg these shifts clearly indicate that the Piacenzian
warm climate was not stable and uniform, it shduddnoted that thPiacenziarvegetation shifts were minor in comparison

with Pleistocene interglaciglacial fluctuations.

4.5 Addressing confidence
4.5.1 Chronology

The single most important element of any palaeoenwiental reconstruction is the confidence that learplaced in the

chronologic framework within which it is created.d general sense, Pliocene geochronology is stabipared to othgrarts
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of deep time, and the combination of radiometric dating, biochronology, paageetic stratigraphy and LR04 marine oxygen
isotope stratigraphy provides the potential to place a&lhtsvon the same temporal scale with high confidence.

Ideally, allpoints in a synoptic reconstruction should represent the same instiame iinbwever no palaeoreconstruction can
actually achieve synchrony. The PRISM tisiab covers six OinterglacialsO in a ~260 Ky iat¢Rigure 1). The warm peak
averaging techniquused for SST estimation strives to develop metardglacial conditions within the time slab, atleate.
There is n@ priori reason to assume the values obtained are synchrocrmss aultiple sites. Analysis of more recent glacial
terminations show diachronous ®0 responses between ocean basins of up to 4 Kynmaldrrelations independent of
climate signals even more important (Skinner andcg&leton, 2005; Lisiecki and Raymo, 2009). In btite marine and
terrestrial realms, synand postdeposiional processes result in time averaged signalsrevimost of the variance is
concentrated at low frequencies, further compligathe synoptic nature oéconstructiongBradley, 1999).

For the purposes of a conceptual understandingexhtd-Piacenin, however, this equilibrium climate reconstructiors ha
proven most useful. By providing uncertainty ranges and palaeoenvironmemntedtestin terms of cold/dry and warm/wet
(terrestrial) and maximum, mean and minimum warming (mgrthe data sets pvide guidelines and realistic limits for a
robust Piacenzian global palaeoenvironmental recorigtrucFor the purposes of verifying palaeoclimate madallations,
the time slab would ideally need to collapse (terafty) as much as possible towarttae time slice, like the 3.205 Ma datum
proposed by Dowsett et al. (2013b) and Haywood et al. (2013). At thatcomelative with MIS KM5c, orbital forcing was
close to present day forcing. In addition, simwlas suggest minimal surface temperathranges for 20 Ky before and 20
Ky after isotope peak KM5c (Prescott et al., 20ENen then, due to the time averaging discussedealibe practice of
comparing model output and palaeoenvironmentalmedéis derived from geological archives still haswanber of

methodological limitations and uncertd@s (Haywood et al2016).

4.5.2 Palaeoenvironmental estimates

The confidence we have in the PRISM4 reconstrudiwhin each of its components speaks directlistedlue in advancing
our understandip of past warm climates as well as our ability to verify maitalulations. Salzmann et al. (2013) assessed
the confidence placed in terrestrial palaeoenviremtal estimates (surface air temperature and ptatgm) for terrestrib
localities includedn PRISM3. Dowsett et al. (2012) attempted to place a semiquaveatiestimate of confidencé)(on the
marine localities and materials they yielded fotapaenvironmental estimation, as well as on thdopmance of the
techniques used to form temperatastimates. Thesevalues allow others to know how confident, in ktige sense, those
most familiar with the data are of the process. [&/histep in the right directioh,does not speak to calibration errom n
impacts of processes that cannot bargified. For example, under a certain level of juegiositional carbonate dissolution,
fragile thermophillic taxa may be preferentially removednfra planktic foraminifer assemblage, making the resultin
assemblage appear to come from a colder enviem. Quantifying the degree of dissolution, orsome cases whether
dissolution has taken place, is difficult at best. Also, regasdi€$ossil group or technique, all methods are in effaatay

methods and require an assumption of stationafitliyile it is possible to measure the impact that dnifenvironmental
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preferences of a particular taxon has on the resulting environmetitates it is not necessarily possible to quantify the
degree to which drift took place. Therefore, these confideobemes are hybrids between those parts of theoamvéental

estimate (e.g., temperature) that can be quantfietithose based upon expert judgment.

4.5.3 PlioMIP2 data/model comparisons

A first order outcome of the initial PlioMIP datadahel comparisos (Dowsett et al., 2012; 2013a; Salzmann et al., 2013) was
to show that using palaeoenvironmental estimatat rfpresent a time averaged equilibrium climatedofy simulated
conditions representing a specific temporal horisoproblematic. In anffort to reduce uncertainty, PlioMIP2 experimental
protocols now call for subrbital resolutionverification data around a specific stratigraphic target of interest that éxhibi
orbital forcing close to that of present day (Dowsett et al., 2018wvHodet al., 2013). An initial time slice centered &b

Ma (Figure 3 has been adopted by the community for the generafi@mort time series to be used for comparison with
PlioMIP2 experiments (Haywood et al., 2012; 2016).

PRISM4 is generating shortgfi-resolution time series between MIS M2 and MIS K@#gjure 8) Where independent means
of correlation are available through the oxygen isotope record, some sexjuilhaehieve suborbital chronologic resolution
This will allow for a more direct compiaon of change at multiple sites from approximately the same

Time series with orbital scale chronological resiolu sufficient to provide estimates within the &rslice window are not
abundant on a global scale and therefore data/numsteparisonsvill need to have a regional focus. Alternativehgnsient
experiments provide a method for comparison of rhadeived palaeoclimate variables and tisexies developed from
geological archives. Comparing transient simulations to time saiilggrovide much needed information on the variability
and dynamics oPiacenziarclimate change and may have less of a requirenoerstyhchrony.Figure 8bshows the location

of some of the initial PRISM4 time series for the North Afan¢gion. Two of thessequences also carry higbsolution

pollen records which allow marirterrestrial correlation and comparison with simulatidPan(tz et al., 2015).

4.5.4 Palaeoenvironmental data integration

Localities suitable for higiesolution marinderrestrial carelation Eigure 8B also lend themselves to a different approach
to palaeoenvironmental reconstruction, which in funavides an alternative for data/model compariBmwsett et al. (2013b
outlined challenges to conventional palaeoclimate reconstnuciting as rationalenformation loss due to underutilization of
multivariate data sets capable of a more holistmonstruction. They called for new methods focusedegional and/or
processoriented reconstructions similar to those being develdpe®RISM4. This palaeoenvironmental data integration
(PDI) moves away from single variables like temperatureused the full potential of palaeontological and ¢eocical data

to provide a more nuanced holistic palaeoenvironmentahsgction.

These rgional and processriented reconstructions are useful both in terms of our conceptual @miinst ofPiacenzian
conditions and as the basis for a more robustigatibn of models. Rather than compare a singlebte (e.g., temperatey

in isolation, Earth System Models can use a variety of outpusitoulate palaeoenvironments and compare those with
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Piacenziarreconstructions that are strengthened by multiple loiésdependent geological evidence. Placing error bars
individual palaeoenvironmeat estimates (e.g., surfatemperaturegenerally only takes into account a small number of
potential contributions to uncertainty. The overall agreement betweenl randedata, using multiple environmental
parameters, would be a strong indication of stbmodel performance. It is otherwise possibleaeehunivariate agreement
for the wrong reason. Stated differently, it is conceigdbt both model and data to produce an identical seitEroperatie,

but under completely different environmental coiotis. Thus, the PDI approach would provide an &dtéra indication of

the models predictive abilities.

5. Summary and conclusions

We have assembled an integrated series of data sets thtaetagdlect our current best understanding of the featire
Pliocene (midPiacenzian) world. The PRISM4 reconstruction intisaeduced pole to equator temperature gradieitits w
polar amplification due in large part to reduced-seaextent. The current reconstruction contains,tfier first time, an
independent elevation (and bathymetry) data set thatstakto account GIA andynamic topography This reconsuction
suggests shoaling in the IndRacific througkflow region, a closed Bering Strait, and a mueHuced connection between the
Atlantic and Arctic Oceans. The inclusion of s@ited lakes increases the diversity of informaticovfted for the terresal
realm. These are both the result of, and forcingnisgier, a warmer and wettBiacenzian

There is an inverse relationship between the acwiti which we understand the palaeoenvironment theddegree of
confidence we have in that understanding. FuRISM4 work is focusing on higlesolution sequences including but not
limited to palaeontological data preserved in marmd terrestrial sediments with attributes thiiwalcorrelation to the
geomagnetic polarity time scale and/or marine isotopigest, and unique settings with excellent age cbithe new regional
and processriented approach will make use of the full potential of palaeontologiwdlgeochemical data without over
interpreting temperature or precipitation, to provide aeweonfident,nuanced holistic palaeoenvironmental reconstruction.
Piacenziamata, including PRISM data, will be used to verify the next seli@¥P2 palaeoclimate simulations using several
new developments. Conventional data/model comparison will be reakiegl samples from high resolution time series that
intersect the PlioMIP2 time slice (3.205 Ma) and,coynparison of time series to transient model expenits between 3.3
Ma and 3.2 Ma. An evancreasing number of model simulations will enaldego cosscheck our interpretations and develop
palaeoenvironment settings. This type of locality and region based remiostr while not readily conforming to
conventional methods of data/model comparison, go@&de constraints on simulated climates kiottime and space.
Given the high priority of understanding the rR@cenzian within the palaeoclimate communitg,anticipate combination
of conventional and holistic approaches will provide enhanced understandingiofahgeriod and a better aimtlependent

assessment of palaeoclimate model performance.
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6. Data availability

All elements of the PRISM4 reconstruction are ald#é from the data section of the PRISM web page:
http:/[geology.er.usgs.gov/egpsc/prism/4 _data.html
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Figure 1: PRISM Pliocenemagnetobiostratigraphic and stable isotopic framework Benthic ! *#0 record from Lisiecki and Raymo
(2005). Position of PRISM3 timeslab (yellow band) and extent of PRISM4 time seriesdreen highlighted section of LR04) between

5 MIS M2 and MIS KM 5. PlioMIP2 time slice (3.205 Ma)shown by horizontal red line. Magnetic polarity ags from Lourens et al.
(1996)
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Figure 2: Interrelationships between PRISM3 and different pats of the PRISM4 reconstruction. Twelve data setsepresenting
components of ourPiacenzianreconstruction are shown in yellow and orange rectegles (PRISM3 and PRISM4 respectively).
Starting points in the generation of these data setare indicated by teal rounded rectangles. Theseethe basic geochemidafaunal,
5 floral, soil, cryospheric, topographic, bathymetric, sedimentologic ad stratigraphic data. Marine temperature estimates(SST and
DOT) are based upon multiple proxies (including fanal, floral, geochemical and biomarker analyses). drrestrial vegetation data
are translatedinto a BIOME4 scheme and compared to an independe®IOME4 landscape produced by the HadAM3/TRIFFID
model (red circle) initialized with PRISM2 boundary conditions. Integration of data and model output reslts in the hybrid PRISM3
BIOME reconstruction (Salznann et al., 2008) Antarctic and Greenland Ice Sheets are based upd®RISM3 and PLISMIP results
10 respectively.Palaegeography is based upon an initial ETOPO1 digital elevation modeh¢orporating PRISM4 ice sheets, GIA and
adjustments due to mantle convetion (red circle). Soils are determined through comparison of sedimentological and stratigraphic
data with the PRISM3 BIOME reconstruction. Lakes are determined from stratigraphic and sedimentologichdata (Pound et al.,
2014) Sea levelis taken from an independent analysis of stratigraphic and sedimentolagal data (Miller et al., 2012),which is
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