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Introduction

The following supporting information containext andfigures which support the main article.

Text S1 includes extended GHBISM2G model information relevant for the main article.
FiguresSland S2ashow publishedBell et al., 201fpaleoclimate oxyger{S1) and carbon(S29

isotope proxy data from various Ocean Drilling Progré@DP)sites before and after the

Central American Seaway shoaling and closure, supporting the motivation for this Stiglye

S2b shows ODP site locations referenced in Figuie Bigure 8 shows published

paleogeography reconstructionsf Central AmericgKirby and MacFadden, 2005; Haug et al.,
20000DDT OOET ¢ OEEO OO0OAUEBowAGPDLESMGybbalaveradeOE CT 8

upper 2006m ocean temperaturéime series ér the fourseaway simulationshowing quasi
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equilibrium.Figure $ shows the verticallyntegrated ocean current changes with the

progression of the seaway shoaling and closirigure S6 illustrates the sea surface height
anomaly (relative to the global mean) for GFBISM2G driving the net water mass transport

from the Pacific to the Atlantidrigure §showsthe zonal mean ocean heat and salt transport

in GFDEESM2G. Figure S8ustrates theGFDI-ESM2G precipitation rate minus evaporation

rate difference between the three seaway experiments and the CLOSED simulation, supporting

the local hydrological response in the ocean mean state.

Text S1.Extended model description of GFDIEESM2G

4EA AOI T OPEAOA AT i BITATOh ! -wh OOAO A wo 1 AOGEOO/
vertical levels and is similar to the component used the GFDL CM2.1 climate (Badebrth

et al., 2006. The land model, LM3 Milly et al., 2013 exchange water, energy and CO2

between the land and atmosphere, and includes interactive, dynamic vegetation capable of

simulating ecosystem dynamics in response to clim@hbevliakova et al., 2009The ocean

biogeochemical and ecological component is Tracdr®oean Phytoplankton with Allometric

Zooplankton code version 2.0 (TOPAZ2; Dunnelet2013. Atmospheric CO2 tracer was

restored annually and globally to the 1860 reference value of 286, fipen, a concentration

driven configuration) allowing realis diurnal and seasonal CO2 variability over land and

reduced atmospheric CO2 drift during the model spip. The ocean component uses an

EOI PUAT Al OAOOEAAI AT 1T OAET A GyBmexidiofally atktheXd ET OEUT T ¢
equator, tripolarA AT OA aYdo. h AT A aQ OAOOEAAHalbérdd 2083t Oh ET Al (

Thompson et al., 2003two buffer layers, and 59 interior layers. To avoid excessively deep

mixed layer depthgHallberg, 2003 sulbbmesoscale eddyriven restratification othe mixed
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layer is parameterized after Fekemper et al(201). The model uses Simmons et al. (2004)
baroclinic tide mixing.The model uses the areal depth average of higholution bathymetry

with the full sill depth and represents explicit exchangesoss 14 straits.
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Figure S1#1 | PAOEOIT 1 £ OOOEAAR xAOAO j Pl AT EOEAQ T oUC

Dee Belemnite) fromthe¢ AOEAAAAT |/ $0 3 E @AColorbian bask;Watéri 6 . h £ X
depth 2828 m; Haug and Tiedemann, 1988y the eastern Pacific (ODResB51WX | ¢ 8 . h

X X ®© Wniatér depth 3760 m; Cannariato and Ravelo, 1897).25.3 Ma showing an

increased gradient between ~4472 Ma attributed to a major shoalinghpse of the CAS (grey

OEAAET ¢cQh AlArBDEdpvinfeARegRGhbeito the Early Pliocene Shoaling of the

Central American Seawdy A U " (8019 liceAsed uAde@GBY-4.0. Bold lines represent

50 kyr running averagd$iaug et al., 2001; Figure 2A
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(a) Archipelago Model ~16 Ma (b) Peninsula Model ~16 Ma (c) Early seaway ~10 Ma
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Figure 8. Paleogeography reconstructions of Central America in the-Midcene before the
Isthmus of Panama@a) archipelago mode{Coates and Obando, 199@eprintedfrom (Kirby

and MacFadden, 20Q%vith permission from Elseviér(b) peninsula modé&(Whitmore and
Stewart, 1965%reprinted from(Kirby and MacFadden, 20p#ith permission from Elsevigrand
(c)early seaway model similar to previous climate model studiegublished with permission

of Oceanus Magaziné&rom How the Isthmus of Panama put ice in the ArcdcH.Haugand L.

D. Keigwin42, 2, 2004; permission conveyed through Copyright Clear&sater, Inc.
Emergent land is represented by gréa) and(b) and tan(c). Timing and structure of the
paleogeography is uncertaifKirby and MacFadden, 20p3(a) and (b) reprinted from
(Palaeogeography, Palaeoclimatology, Palacoechlogy 8 88 + EOAU AWVad "8 - AA&AA
southern Central America an archipelago or a peninsula in the middle Miocene? A test using
land-mammal body siz§ Vol. 228, No. 3}, p. 193202, 2005, Copyright Elsevier) with

permission from Elsevier.
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Figure St. GFDI-ESM2G global average upper 20600cean temperature (°C) for the

CLOSED (black), NARROW (réd) DESHALLOW (greenandWIDE (blue) seaway simulations
for model integration years-#000. Theyellow shading represents thé@-year analysis period
(13011400) mainly used in this studgxcept for the maximum Atlantic Meridional Overturning
Circulation analysis)The wide seaway experiments (e.g., WIDE and WIDESHALLOW) began
with a warmer global integrated ocean and average surface air temperature trehlARROW
seaway experiment because more land grid cells were replaced with warm, tropical ocean grid
cells than in the NARROW seaway. The global average upper208€ean temperature for

the WIDESHALLOW seaway converges toward the NARROW simulation faatethe WIDE

simulation that was initialized with additional warm ocean grid cells. The NARROW and WIDE
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simulations were integrated longer than our spip and analysis periods to assess the

convergence rate. The WIDE simulation converges toward the NARRimulation at a rate of

ADDPOI GEI ABAT U o8Xxodo# T Xodd UAAOON

convergence.
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