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Abstract. In the Pliocene Model Intercomparison 1 Introduction

Project (PlioMIP), two sets of experiments are suggested.

One includes a reference and a mid-Pliocene experiment

run with atmosphere general circulation models (AGCM The mid-Pliocene period, the most recent period in Earth’s
experiments, referred to as Experiments 1), the other include&istory, is thought to be a potential analog for the long-term
a pre-industrial and a mid-Pliocene experiment run with cou-fate of the climate system in the coming future (e.g. Jansen
pled ocean-atmosphere general circulation models (AOGCMet al., 2007; Dowsett et al., 2010; Meehl et al., 2007). It has
experiments, referred to as Experiments I1). In this paperPeen a focus for geological (e.g. Dowsett et al., 1992, 1994,
we describe the AGCM experiments with the atmospherel996, 1999, 2009, 2010) and modeling (e.g. Chandler et al.,
component in the low-resolution version of the Norwegian 1994; Sloan etal., 1996; Haywood et al., 2000; Haywood and
Earth System Model (NorESM-L), and also assess thevaldes, 2004, Jiang et al., 2005; Yan et al., 2011) studies for
potential uncertainties in analyzing mid-Pliocene climate More than one decade.

anomalies that might result from the choice of the sea sur- AS @ potential analog for the coming future, more attention
face temperature (SST) forcing for the reference experimentS being paid to the mid-Pliocene warm period. A recent mid-
(pre-industrial or modern). We carry out a mid-Pliocene Pliocene simulation (Lunt et al., 2010) and reconstruction of
experiment, a control experiment forced by the modern SSTPCQz in the Pliocene (Pagani et al., 2009) indicate that cli-
fields, and a pre-industrial experiment forced by the monthlymate sensitivity to the Earth system feedbacks is larger than
SST fields from HadISST averaged between 1879 and 190limate sensitivity to the fast feedback$80 records from
Our experiments illustrate that the simulated mid-Pliocenecoral skeletons found in Philippines demonstrate that perma-
global mean annual surface air temperature (SAT) is1@.1  hent El Nfio conditions did not exist during the Pliocene
It is 2.5°C warmer than the control experiment, but 2o7 ~ warm period (Watanabe et al., 2011). New sensitivity analy-
warmer than the pre-industrial experiment. We find that theS€S (Lunt et al., 2012) indicate that the elevated atmospheric
uncertainties in analyses of mid-Pliocene climate anomalie$ Oz level is the main reason for the warm mid-Pliocene cli-
are small on a global scale, but still large on a regional scaleMate on a global scale. On a regional scale, ice sheet retreat

On the regional scale, these uncertainties should be note@ind decrease in topography caused by the ice sheets retreat
and assessed in future PlioMIP studies. are the major reasons for the stronger warming at high lati-

tudes in the mid-Pliocene.

In order to better understand the dynamics behind
the mid-Pliocene warm climate, and to further reduce
gaps between simulations and reconstructions, the Pliocene
Model Intercomparison Project (PlioMIP) has been recently
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Fig. 1. SST €C) and sea-ice fields used in the experiments, left column for February, and right column for Aapastd(d) for monthly
mean HadISST between 1879-19(f). and(e) for local modern SST(c) and(f) for mid-Pliocene SST. Gray represents the area covered
by sea-ice.

initiated (Haywood et al., 2010, 2011). Within the PlioMIP ulations with the coupled NorESM-L have been described by
framework, an increasing number of mid-Pliocene simula-Zhang et al. (2012).
tions (e.g. Chan et al., 2011; Koenig et al., 2012; Yan et al., As the PlioMIP experimental guidelines suggest, the refer-
2012; Zhang et al., 2012) are being published. Accordingence experiment is called pre-industrial experiment, but car-
to the PlioMIP experimental guidelines, two sets of exper-ried out based on local modern SST fields (Haywood et al.,
iments should be conducted based on the PRISM (Pliocen2010). However, due to the increased greenhouse gas lev-
Research, Interpretation and Synoptic Mapping) reconstrucels since the pre-industrial, modern SSTs are warmer than
tions (Dowsett et al., 2010). The first set includes a referencehe pre-industrial. Whether the utilization of modern SSTs
and a mid-Pliocene experiment run with atmosphere-onlylargely underestimates the climate anomalies between the
climate models (AGCM experiments, referred to as Exper-mid-Pliocene and the pre-industrial is not assessed. Thus, in
iments I). The second set includes a pre-industrial and a midthis paper, we also consider the potential influence of SST
Pliocene experiment run with coupled ocean-atmosphere clifields used in the reference experiment in analyses of the
mate models (AOGCM experiments, referred to as Experi-mid-Pliocene climate anomalies.
ments II). The experiments presented in the paper are contributions
Here, we describe the reference and mid-Pliocene experifrom the Bjerknes Centre for Climate Research (BCCR) and
ments with the atmosphere component of the low-resolutiorthe Norwegian Climate Centre (NCC) to the PlioMIP Exper-
version of the Norwegian Earth System Model (NorESM-L), iments |. Section 2 introduces the CAM4 model. In addition
Community Atmosphere Model version 4 (CAM4). The sim- to the information that has already been given by Zhang et
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the best options. Other parameters are set to the default val-

5000 ues for pre-industrial simulation with the CAM4. More infor-
Jose mation about the CAM4 is given by Neale et al. (2010), and
oo in the user guide (Eaton, 2010) and the model validation pa-
00 per for the low-resolution version of CCSM4 (Shields et al.,
1500 2012). Detailed introductions to the NorESM are provided
o by Alterskjeer et al. (2011) and Zhang et al. (2012).
b 3 Boundary conditions and experimental designs
90S
90N 3.1 SSTandseaice
1500 Following the PlioMIP experimental guidelines (Haywood,
500 et al., 2010), local modern SST and sea-ice fields should be
| . used in the reference experiment. Our local modern SST and
EQ ° sea-ice fields (Fig. 1b, e) are created by Hurrell (2005), based
100 on the Hadley Center SST anomalies with the Reynolds SST
o climatology. They represent the situations for 2000s, which
- o, are warmer than pre-industrial SSTs. Thus, we choose the
b r g 2000 monthly mean SSTs from 1870-1900 HadISST to create the
908 : o p— pre-industrial SSTs. The pre-industrial SST fields (Fig. 1a,

d) are created with the anomaly method (Eq. 1) similar to the
one suggested by the PlioMIP experimental guidelines (Hay-
wood, et al., 2010).

SSThre-industria= HadlSSTg70-1900
—ModernSSFrism + ModernSSToca Q)

Fig. 2. Topography (m) conditions used in the experimefas,for
local modern topographgb) for the topography difference used to
create the mid-Pliocene topography.

al. (2012), in Sect. 3 we present details on the source an
implementation of the boundary conditions (including SSTs,
topography, vegetation and ice-sheets) that have been us
in the PlioMIP simulations. Section 4 gives an overview on
general results of the climate simulations. In Sect. 5 we con
clude with a general discussion and summary.

(Ij-’re—industrial sea-ice area is identical to its local modern
atch.
The generation of mid-Pliocene SST and sea-ice forcing
(Fig. 1c and f) follows as well the anomaly method (Eq. 2)
described by Haywood et al. (2010).

SSThid-Pliocene= Mid-PlioceneSSarism
2 Model description —ModernSSBrism+ ModernSSTocal (2)

The model used in this study is the spectral version of theSea ice area follows the mid-Pliocene monthly SSTs. Where

Community Atmosphere Model CAM4 (Neale et al., 2010; SST is higher than-1.8°C, the sea ice coverage is set to 0.
Eaton, 2010), which was developed at the National Cente
for Atmospheric Research (NCAR). The resolution used for

the model CAM4 is T31 in the horizontal, approximately gqy16ing the PlioMIP experimental guidelines (Haywood,

3.75 degrees, and 26 levels in the vertical. This model isy 5 5010), the reference experiment uses the local modern
exactly the Same as that used in the coupled simulationgy g sea mask and topography conditions. The mid-Pliocene
and has been introduced by Zhang et al. (2012). TWO Pajan4 sea mask equals the local modern condition. It is the
rameters that are special to the NOrESM-L are described ;e mask as that used in the coupled simulation (Zhang
here: the minimum relative humidity for low (cldfrdminl) et al., 2012). The mid-Pliocene topography is based on the

and for high (cldfrcrhminh) stable clouds. Tuning of these PRISM topography file tope1.3 (Sohl et al., 2009), and cre-
two parameters can reduce cooling bias in simulations Withated with the anomaly method (Fig. 2, Eq. 3).

the default parameters taken from the low-resolution version

of Community Earth System Model (CESM) or Commu-  TopQyg-piiocene= Mid-Pliocene Topgrism

nity Climate System Mode, version 4 (CCSM4), and thus—ModernTop@R|SM+ ModernTop@yca; ©)
make simulations more realistic. In the coupled simulation

with NorESM-L (Zhang et al., 2012), we find that the cld- Compared to the modern topography (Fig. 2b), large
frc_rhminl set to 0.835 and the cldfrhiminh setto 0.800 are changes in mid-Pliocene topography appear in particular on

5.2 Land-sea mask and topography

www.geosci-model-dev.net/5/1033/2012/ Geosci. Model Dev., 5, 1038k 2012
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Fig. 3. Pre-industrial and mid-Pliocene land cover conditions (%), left column for the pre-industrial, right column for the mid-Pliocene.

(a) and (f) for the percentage of bare langh) and (g) for the percentage of needleleaf trees, including needleleaf evergreen temperate
tree, needleleaf evergreen boreal tree, and needleleaf deciduous bore@)tesel (h) for the percentage of broadleaf trees, including
broadleaf evergreen tropical tree, broadleaf evergreen temperate tree, broadleaf deciduous tropical tree, broadleaf deciduous temperate tre
and broadleaf deciduous boreal tréa) and(i) for the percentage of shrubs and grasses, including broadleaf evergreen temperate shrub,
broadleaf deciduous temperate shrub, broadleaf deciduous boreal shrub, arctic C3 grass, cool C3 grass, warm C4 grasg)audi crop.

(j) for the percentage of land ice.

Geosci. Model Dev., 5, 1033043 2012 www.geosci-model-dev.net/5/1033/2012/
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Greenland and at the margin of the Antarctic because of the 18 =
reconstructed retreat of ice-sheets. The Rocky and Andes (a)
mountains are higher in the mid-Pliocene topography.
17 _ M\M
3.3 Vegetation and ice-sheet

Following the PlioMIP experimental guidelines (Haywood, 16 1
et al., 2010), the pre-industrial experiment uses the vege-
tation and ice-sheet conditions (Fig. 3) for year 1850. The
mid-Pliocene vegetation and ice sheet conditions are created
based on the PRISM condition biomegv1.2 (Hill et al.,
2007; Salzmann et al., 2008). Firstly, it is changed to the
LSM (Land System Model) vegetation typesttps://wiki. 50
ucar.edu/display/paleo/Biome4+conversion+to+)Shand

then converted to PFTs (Plant Function Typletsp://www.
cgd.ucar.edu/ccr/paleo/Notes/Ism2clm).t@ompared to the
pre-industrial vegetation, in the mid-Pliocene simulation, the
percentage of bare land is reduced, while the percentage of
treesincreases (Fig. 3). The mid-Pliocene extent of ice-sheets
is smaller on Greenland and at the margin of the Antarctic.
The vegetation and ice-sheet conditions used in this study
are identical to those used in Experiments Il with NorESM-

L (Zhang et al., 2012).

Pre-Industrial
Control
Mid-Pliocene

15 +

Surface air temperature (°C)

Pre-Industrial
Control

Mid-Pliocene
ERAint 79-08

Surface air temperature (°C)

3.4 Experimental design -60 | | | | | 1
90S 30S 30N 90N
With the above described conditions, we design three exper- 8 Latitude
iments here: the pre-industrial experiment, the control ex- ()
periment, and the mid-Pliocene experiment (Table 1). The ~ 5
control experiment is the reference experiment as suggested ©
by the PlioMIP experimental guidelines. These three experi- é
ments are run for 50 yr. Time series of global mean SAT are g 4 - J
shown in Fig. 4a. Other results described below are based 3 A
on climatological means from the last 20 yr of each simula- e / &
tion. These climatological means are similar to the means of £ 24 / \
. . Pre-Industrial
the last 30 yr of each experiment, which are suggested by the / Control \
PlioMIP experimental guidelines. o 7 Mthlore N
| | | | | 1
90S 308 30N 90N
Latitude
4 Results
Fig. 4. (a) Time series of SAT {C) in the pre-industrial (red line),
4.1 Pre-industrial and control experiment the control (black line), and the mid-Pliocene (blue line) experi-
ment.(b) Simulated zonal mean annual SAK), with comparison
41.1 SAT to the ERA-interim temperature from 1979 to 2008. Simulated

zonal mean annual precipitation (mm4), with comparison to the
For the pre-industrial experiment, the global mean annuafGlobal Precipitation Climatology Project (GPCP) 1979-2008 pre-
SAT is 14.4°C. It is 0.2°C colder than the global mean an- cipitation.
nual SAT (14.6C) in the control experiment (Fig. 4a, Ta-
ble 2). Both simulations are warmer than the estimation of
the pre-industrial SAT (about 13°&, Hansen et al., 2010), hemispheres, though the discrepancy looks relatively large
and close to the modern global mean annual SAT. close to the Poles.

The simulated zonal mean annual SAT (Fig. 4b) is simi- The simulated annual SAT fields show the same pat-
lar in the pre-industrial and in the control experiment. Thetern in the pre-industrial (Fig. 5a) and the control experi-
results agree with the zonal mean annually averaged EARment (Fig. 5b). The highest SAT appears over the western
interim temperature between 1979 and 2008 (Dee et al.tropical Pacific Ocean and the Indian Ocean, where the an-
2011), in particular in the low and middle latitudes of both nual SAT is higher than 28C. The coldest SAT occurs in

www.geosci-model-dev.net/5/1033/2012/ Geosci. Model Dev., 5, 1038k 2012
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Table 1.Boundary conditions for the pre-industrial, the control and the mid-Pliocene experiment.

Conditions Pre-Industrial Control Mid-Pliocene

Land-sea mask Local modern Local modern Local modern

Topography Local modern Local modern PRISM Topo ano. +local modern
SST HadISST ano. +local modern  Local modern PRISM SST ano. +local modern
CO 280 ppm 280 ppm 405 ppm

N>O 270 ppb 270 ppb 270 ppb

CHgy 760 ppb 760 ppb 760 ppb

CFCs 0 0 0

Solar constant 1370 Wit 1370 W 2 1370 W n1 2

Vegetation Local pre-industrial Local pre-industrial PRISM vegetation

Orbital parameters  Year 1950 Year 1950 Year 1950

Table 2. Globally averaged climatology for the pre-industrial, the control and the mid-Pliocene experiment

Exp. Pre-industrial Control  Mid-Pliocene
Top energy balance ~ —3.97Wnt2 —3.17Wnr2  0.39Wni?
Surface air temperature 12c 14.6°C 17.1°C
Precipitation 2.9mmu? 29mmd?!l  3.0mmd?

the Antarctic, where the annual SAT is lower thaB0°C. 4.2 Mid-Pliocene experiment
Such a pattern is in agreement with the ERA-interim annual
temperature fields (Fig. 5¢, Dee et al., 2011). 421 SAT

4.1.2 Precipitation In the mid-Pliocene experiment, the global mean annual
SAT is 17.1°C (Table 2). It is 2.7C warmer than the pre-
In the pre-industrial experiment, the global mean annual preindustrial experiment, and 2°& warmer than the control
cipitation is 2.9 mm d! (Table 2). Itis the same as the global experiment. Compared to the pre-industrial or the control ex-
mean annual precipitation in the control experiment. In thesgperiment, stronger warming appears in the high latitudes of
two experiments, highest zonal mean annual precipitation apboth hemispheres, whereas weak cooling occurs in the trop-
pears in the Intertropical Convergence Zone (ITCZ), at abouics of the mid-Pliocene experiment (Fig. 6). Near the Equa-
6.5mmd (Fig. 4c). At the Poles, zonal mean annual pre- tor, the zonal mean annual SAT increases only BZ 1At
cipitation is low, at about 0.2 mnTd at the South Pole and high latitudes of the Southern Hemisphere, the zonal mean
about 0.5mmad?! at the North Pole. The simulated zonal annual SAT increases by ®C. Largest warming appears
mean annual precipitation matches the zonal mean of obnear the North Pole, where the zonal mean annual SAT in-
served precipitation from the Global Precipitation Climatol- creases by 13C. Such changes, with stronger warming at
ogy Project (GPCP; Adler et al., 2003) averaged over the pehigh latitudes, follow the mid-Pliocene SST anomalies re-
riod 1979-2008. The overall pattern and amount of simulatecconstructed by the PRISM (Dowsett et al., 2009), and also
global precipitation agree with the observations (Fig. 5d—f). agree with PlioMIP simulations of other groups (e.g. Chan et
However, large discrepancies of annual precipitation be-al., 2011; Koenig et al., 2012; Yan et al., 2012; Kamae and
tween the simulations and the observation appear in the tropdeda, 2012; Contoux et al., 2012).
ics. The simulations overestimate the annual precipitation Stronger warming at high latitudes can also be observed
over e.g. the Arabian Sea, the South China Sea, the tropin the seasonal SAT anomalies, in particular in winter. In
cal Pacific in the Northern Hemisphere and East Asia; andboreal winter, zonal mean SAT over the Arctic in the mid-
underestimate the annual precipitation over e.g. the IndiarPliocene experiment increases by°Zlrelative to the pre-
Ocean and the tropical Pacific in the Southern Hemisphere.industrial experiment, and by € relative to the control
experiment (Fig. 6). In austral winter, zonal mean SAT at the
margin of the Antarctic in the mid-Pliocene experiment in-
creases by 18C relative to the pre-industrial or the control
experiment.

Geosci. Model Dev., 5, 1033043 2012 www.geosci-model-dev.net/5/1033/2012/
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Fig. 5. Global annual SAT (left columr,C) and precipitation (right column, mntd) simulated in the pre-industrial (a, d), and the control
(b, e) experiment, with comparison to the ERA-interim 1979-2008 @\Tand GPCP 1979-2008 precipitatii .

4.2.2 Precipitation remarkably larger in the PRISM mid-Pliocene reconstruc-
tions (Dowsett et al., 2009).

. . . The mid-Pliocene anomalies of global mean precipitation
In the mid-Pliocene experiment, the global mean annual P40 not depend stronaly on the choice of the reference sim-
cipitation is 3.0mmd? (Table 2). It is 0.1 mmd?! larger P gy

o . ; ulation (i.e. the pre-industrial simulation or the control sim-
than the global mean annual precipitation simulated in the . . . T .
. : : ulation). However, apparent discrepancies exist in regional
pre-industrial and the control experiment. s ! .
s ; S precipitation anomalies. For example over the Indian Sub-
The zonal mean mid-Pliocene annual precipitation de- . . . ; .
. . . continent or the Indonesian archipelago, the simulated mid-
creases in the tropics by 0.7 mmidrelative to the pre- : oo
) . . . Pliocene boreal summer precipitation decreases by 4 mmd
industrial experiment, and by 0.6 mmtrelative to the con-

trol experiment (Fig. 4c and Fig. 7). At tropics, the Changesrelatlve to the control experiment, but decreases by 6 mmd

in precipitation have large regional variations. On the global relative to the pre-industrial experiment.

precipitation anomaly map, larger annual precipitation incre-

ments &3mmd1) appear over the north Arabian Sea (on 5 Discussion and summary

the coast of the Arabian Peninsula), tropical Africa, and the

west coast of tropical South America. Larger decreases irAs described above, the simulated temperature and pre-

annual precipitation€ —3mmd-1) appear over the Indian cipitation in the pre-industrial and the control experiment

Subcontinent, the South China Sea, the Bismarck Sea (on thgoth agree with modern observations. The simulated mid-

north coast of the island of New Guinea), and the tropical Pa-Pliocene climate is warmer than the pre-industrial and the

cific on the coast of Central America (Fig. 7). control experiment, in particular in the high latitudes and
At middle and high latitudes of both hemispheres, during the winter season. The simulated general patterns of

the zonal mean annual precipitation increases by aboumid-Pliocene warming agree with our earlier coupled simu-

0.5mmd . The changes of precipitation have less regionallations (Zhang et al., 2012), and also simulations from other

variations in the middle and high latitudes relative to in the PlioMIP groups (e.g. Chan et al., 2011; Koenig et al., 2012;

tropics. The largest annual precipitation increment occursYan et al., 2012; Zhang et al., 2012; Kamae and Ueda, 2012;

over the Norwegian Sea (4 mmt), where the SSTs are Contoux et al., 2012).

www.geosci-model-dev.net/5/1033/2012/ Geosci. Model Dev., 5, 1038k 2012
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Fig. 6. SAT anomalies {C), left column for the anomalies between the mid-Pliocene and the pre-industrial experiment, right column for the
anomalies between the mid-Pliocene and the control experitfggnand(d) for annual mean(b) and(e) for boreal summer, an@) and
(f) for boreal winter. The bold lines in the middle show zonal mean values for these anomalies.

The analysis of mid-Pliocene climate anomalies necessiPliocene SST anomalies are added on the local modern SST
tates a reference experiment. In our study, if the control ex{ields (i.e. group-specific). This experiment design is useful
periment is chosen to be the reference, as the PlioMIP exfor calculation of climate sensitivity considering the PRISM
perimental guidelines suggest, the mid-Pliocene global meamid-Pliocene SST anomalies. It is also a common basis for
annual SAT increases by 26. If on the other hand the future comparisons of PlioMIP AGCM simulations.
pre-industrial experiment is chosen as the reference, the mid- However, it should be noted that, compared to the PlioMIP
Pliocene global mean annual SAT increases by @,&vhich AOGCM simulations (Experiments Il), the mid-Pliocene
is 8% larger. This difference is not large, and to some extentlimate anomalies may be underestimated in the PlioMIP
can be neglected on a global scale. AGCM simulations (Experiments 1). All PlioMIP AGCM

On a regional scale, however, the choice of the refer-simulations use modern SSTs in reference experiments, but
ence simulation clearly influences the mid-Pliocene climateall AOGCM experiments use pre-industrial simulations as
anomalies (Fig. 8). For example, if the pre-industrial exper-reference experiments. We indeed find a difference between
iment is chosen as the reference (instead of the control exeur AGCM and AOGCM simulations (Zhang et al., 2012),
periment), the mid-Pliocene zonal mean annual SAT anomaand also in the simulations carried out by Chan et al. (2011).
lies are increased (decreased) by 30 % (55 %) at middle (low)he simulations carried out by Kamae and Ueda (2012) and
latitudes. Over the Indian Subcontinent, the simulated mid-Contoux et al. (2012) on the other hand do not show such
Pliocene boreal summer precipitation reduction is further en-differences. This issue should be noted and further assessed
larged by 50 %, when the pre-industrial experiment is choserduring the upcoming PlioMIP analysis and synthesis phase.
to be the reference (Fig. 7). In summary, we describe the PlioMIP experiments | with

The PlioMIP experimental guidelines suggest employingthe atmosphere component (CAM4) of the NorESM-L cli-
local modern SST fields in the reference experiment for Ex-mate model in this paper. In accordance with the PlioMIP
periments |. The mid-Pliocene SST forcing is created ac-experimental guidelines, we carry out a mid-Pliocene ex-
cording to the anomaly method, in which the PRISM mid- periment, and a control experiment forced by the standard

Geosci. Model Dev., 5, 1033043 2012 www.geosci-model-dev.net/5/1033/2012/
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Fig. 7. Precipitation anomalies (mnTd), left column for the anomalies between the mid-Pliocene and the pre-industrial experiment, right
column for the anomalies between the mid-Pliocene and the control exper{ajeand(d) for annual mean(b) and(e) for boreal summer,
and(c) and(f) for boreal winter. The bold lines in the middle show zonal mean values.
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Fig. 8. Uncertainties in mid-Pliocene SAT anomalies introduced by the choice of the SST fo@jn@ifferences in annual mean SST
between the local modern and the 1879-1900 HadlQ9T.Differences between the mid-Pliocene SAT anomalies relative to the pre-
industrial and the mid-Pliocene SAT anomalies relative to the control experiment, Fig(6pFthe zonal mean fai) . (d) The percentage

of the zonal mean difference (o) , relative to the zonal mean SAT anomalies between the mid-Pliocene and the control experiment.
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CAM4 modern SST fields. We also carry out a pre-industrial  de Rosnay, P., Tavolato, C., &paut, J. N., Vitart, F.: The ERA-
experiment forced by the SST climatology from 1879—1900 Interim reanalysis: configuration and performance of the data as-
HadISST, which is close to the pre-industrial forcing. With ~ similation system, Q. J. Roy. Meteor. Soc., 137, 553-597, 2011.
these three AGCM experiments, we assess potential unceRowsett, H. J., Cronin, T. M., Poore, R. Z., Thompson, R. S., What-
tainties in analyzing mid-Pliocene climate anomalies. ley, R. C., and Haywood, A. M.: Micropaleontological evidence

Our experiments illustrate that the simulated mid-Pliocene 0" Increased meridional heat transport in the North Atlantic
global mean SAT is 17.9C. Itis 2.7°C warmer than the pre- Ocean during the Pliocene, Science, 258, 1133_1135’ 1992'
; . . Dowsett, H. J., Thompson, R., Barron, J., Cronin, T., Fleming, F.,
|ndustr.|al and 2.5C warmer thqn the control experlmgnt. Ishman, S., Poore, R., Willard, D., and Holtz, T.: Joint Inves-
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