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Abstract : In the Paleoclimate Modeling Intercomparison Project phase 4 (PMIP4), various
experiments for quaternary climatic change are being carried out along with the
Coupled Model Intercomparison Project phase 6 (CMIP6). With the CMIP6 preindustrial
climate experiment (piControl), the equilibrium climate simulations of 6 ka Holocene
experiment (midHolocene), 21 ka Last Glacial Maximum experiment (/gm), and 127 ka
Last Interglacial experiment (/ig/27k) experiment, and transient climate simulations of
850-1849 Common Era Last Millennium experiment (past/000), 21-9 ka last deglaciation,
and 140-127 ka penultimate deglaciation experiment have been carried out under PMIP4
protocols by several modeling groups. In this technical note, important physical
parameters and boundary conditions of these Tier 1 experiments and a list of additional
Tier 2 and 3 experiments are summarized.
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Table 1. A brief summary of PMIP4 experiments

experiment period remark

(L;:;t%g;)““mm 850-1849 CE PMIP4-CMIP6

mic_l—Holocene 6 ka PMIP4-CMIP6

(midHolocene) (entry card)

Last Glacial Maximum PMIP4-CMIP6

(lem) 21 ka (entry card)

(L]f‘;} ;%erglamal 127 ka PMIP4-CMIP6

?;‘j dﬁﬁé’?ﬁ?ﬁggﬁ Period 39 Ma PMIP4-CMIP6

Last Deglaciation 21-9 ka PMIP4

Eeezgggt?éi 140-127 ka PMIP4

DeepMIP ~50 Ma PMIP4

g&do] Ot o2 deuludlsat CMIPE 47} 1718 RHElgt ey A (PMIP4)

o ¥ Y Baido] A=A, olgt + CMIP6-Endorsed MIPs9] stup=2 &L

oz Lt Aeujuder CMIPTRe] A lenf, CMIP6Q] d7o] w2t CMIP6 DECKY]

Y, 22]n CMIPY H&d &g 9sto] 6 A7) old 7]& A9l Pre-industrial

A} CMIP& o2t ZFo] 3719 Q@ 7|8 7t control (piControl =& esm-piControl) 3

v JAlez A= Erying et al., 2016). JdS Ha Aoz &Esith PMIP4AS &

A A A4 Q4AE Diagnostic, Evaluation = 17|95 Adsta dAAY, vl 71 rol A
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+1F CMIP historical simulation Ago 2, 7¥oh= Zlolt}h. ESH TheFst mdElo] ubA 7%

o] ddE< &l o 979 CMIPolY th& 7159 ALkS &5l I 719 gk olsiE
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Tier AYFE Fof 2= 2 Aok M it

LaAel Tier 1 M@@w FbHY NEP
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Table 2. Summary of the important physical parameters and boundary conditions for

the piControl experiment

Condition Values
Orbital Parameters
Eccentricity 0.016764
Obliquity 23.459
Parihelion - 180 100.33

Vernal equinox

Fixed to noon on 21 March

Greenhouse gases

Carbon dioxide (ppm) 284.3

Methane (ppb) 808.2

Nitrous oxide (ppb) 273.0
Solar constant (W m™) 1360.747
Paleogeography Modern
Ice sheets Modern
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3.2. Last Millennium (pasti000)
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3.3. Mid-Holocene (midHolocene)
Mid-Holocene (midHolocene) A3 64
Al 224 5716 ka)9] AFZHHE HEket
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Table 3. Summary of boundary conditions for the midHolocene experiment

Condition Values
Orbital Parameters
Eccentricity 0.018682
Obliquity 24.105
Parihelion - 180 0.87

Vernal equinox

Fixed to noon on 21 March

Greenhouse gases

Carbon dioxide (ppm) 264.4

Methane (ppb) 597

Nitrous oxide (ppb) 262
Solar constant (W m-2) 1360.747
Paleogeography Modern
Ice sheets Modern
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Table 4. Summary of boundary conditions for the /gm experiment

Condition Values
Orbital Parameters
Eccentricity 0.018994
Obliquity 22.949
Perihelion - 180 114.42
Greenhouse gases
Carbon dioxide (ppm) 190
Methane (ppb) 375
Nitrous oxide (ppb) 200
CFCs 0
Ozone same as piControl
Solar constant (W m-2) 1360.747
Vegetation consistent with DECK simulation setting
LGM-Pl-ghg AgdL L2A7F k&2 2Nl 871 Ad  (midHolocene)®t &7
piControl®] o=z X st Alslo|H, PMIP4-CMIP69] & Zrd7] Alglo] sjto|ct.

LGM-Pl-ice's §%21& piControlz 7
Al3lolty. LGM-Pl-ghg_ice= £A7IA9} %
< piControl?] 3fo=2 AAsitt,

3.5. Last Interglacial (lig127k)
Last Interglacial (LIG) A3 (ligl27k)L =

o] ZHY7] AFES] £ FXR2 2AA sk
71 A} v LT of AlFaAEEe] #ste] of
g2 AlmHEL  Zo|tHOtto-Bliesner et al.,
2017). o] LIG A]7]19] &9 2AI7[H|9] sk
piControitt {AFSHA ol4teteta 275 ppm,
Mgt 685 ppb, ofAshd 4 255 ppbz AR g

Table 5. Summary of boundary conditions for the /ig/27k experiment

Condition Values
Orbital Parameters
Eccentricity 0.039378
Obliquity 24.040
Perihelion - 180 275.41

Vernal equinox

Fixed to noon on 21 March

Greenhouse gases

Carbon dioxide (ppm) 275
Methane (ppb) 685
Nitrous oxide (ppb) 255
Solar constant (W m-2) 1360.747
Paleogeography Modern
Ice sheets Modern
Vegetation prescribed or interactive as in piControl
Aerosols prescribed or interactive as in piControl
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Table 6. Summary of boundary conditions for the last deglaciation experiment

Boundary condition Description
Insolation
solar constant Preindustrial

orbital parameter

Berger (1978)

Trace gases

CO, Bereiter et al. (2015)
CH,4 Loulergue et al. (2008)
N,O Schilt et al. (2010)
Ice sheet ICE-6G_C or GLAC-1D
Orography and coastlines consistent with Ice sheet
Bathymetry consistent with Ice sheet

choose one of the following:

- preindustrial

River routing

- transient routing consistent with ice-sheet

- manual/model calculation of river network to

match topography

choose one of the following:

- melt-uniform

Freshwater flux

- melt-routed

- no-melt

of 9k,

LIG Al719] =% "5t
Atzol A FAol 7}%3}7<1'?l
oﬂf_zjﬁ pJConz‘rolﬂ} 5%3
= AUt (Table 5).
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3.6. Last Deglaciation
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Table 7. Summary of boundary conditions for the penultimate deglaciation experiment

Forcing

Description

Insolation

orbital parameter

Berger (1978)

Trace gases

CO, Kohler et al. (2017)
CH,4 Kohler et al. (2017)
N,O Kohler et al. (2017)
Northern Hemisphere : IcIES-NH
Ice sheet Greenland : GSM-G
Antarctica : GSM-A
Bathymetry Bering Strait : closed
and orography Sunda/Sahul shelves : emerged

Northern Hemisphere : none

Freshwater .
Antarctic coast : none

= 719 9g}F AlZ]olY, SY Oige YUY = HeHE A stH(Table 6).
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gt A]7]o|t}. o] Al7]9] &Y Tao TE 7% 3.7. Penultimate Deglaciation
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ARAE A TA AR

= AAENS. 2471A

N =
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(Menviel et al., 2019).
o] AFE 140 katie] 127 kartxle] |78
A =det, 2479 Het, 59 3% W
s, slaHi= Hato] g ARA 7]SHstE
ti7l-sidgegedz nojstn, LIG 49
AN figl27tol121k9F AA =TT
Y £71E0L 140 ka A7) A7

eI

Zolc}

o
N
2]
)
1
r&
o
2
a8
rln
N

_56_



rx
bal
o

4. QoF 4 E9]

o] 7]1&4xEo|AL |2 CMIP6QF PMIP4o]
A RS A47] 71 Adsn 2 AR
L35F= CMIPQ] Endorsed-MIP2] 3hito]x|gt,
PMIP2 4A7HA] AR 02 Z198E]o]2 A-&A]
Ql ndly] Asd|uwdolnt. CMIP67}F of2) &
Ao tEid HuATE AHsie WA=
ZIs}stHA], PMIP4 A& ZAnS CMIP6 DECK
AY Aot o2 MIPOA 2885 AE 2}
ot Hlng 4 Qe 5 FEEIF =orK]aL Qo
&3t o]2igt CMIPIFS] AAS Faofl Fojwdo]
| & ADA 715 W}
A Ao g
. o]2{gt PMIP49] A|47] 7]
Earth System Grid
Federation (ESGF)Q] X|¥sto]l ANA Zt=9]
o2 7]dolA wjzEln glon, CMIP6 A
ZAutet oA 4|59 IPCC 6
X} HI7FE 1A (Sixth Assessment Report:
ARG)o| &&= oidoltt. PMIP4S] 17wt
2 A Zisol U A47] 71§ AFole
2] R EA R

Al 2

B AT IAAPA WF 1% B we
olsiet AT 9T B A (PE21030)} "
224 57] 599 1%

il 4
(PE21410)9] XYooz 2sig gLt
|

Berger, A., 1978, Long-term variations of

daily insolation and quaternary

climatic changes, Journal of

oN
ox
ofN

Atmosphere Science, 35, 2362-2367.

Braconnot, P. and co-authors, 2007,
Results of PMIP2 coupled
simulations of the Mid-Holocene

Part
and large-scale
Climate of the Past, 3,

and Last Glacial Maximum -
1:  experiments
features,
261-277
Crucifix, M., Braconnot, P., Harrison, S.
P., Ott-Bliesner, B., 2005, Second
phase paleoclimate

of modelling

intercomparison EOS,
86(28), 264-264.

Eyring, V., and coauthors, 2016, Overview

project,

of the Coupled Model
Intercomparison Project Phase 6
(CMIP6) experimental design and
organization, Geoscientific = Model
Development, 9, 1937-1958.
Ivanovic, R. F., and Coauthors, 2016,

Transient climate simulations of the
deglaciation 21-9 thousnad years
before present (version 1) - PMIP4
Core experiment design and
boudnary conditions, Geoscientific
Model Development, 9, 2563-2587.
Heinrich, H., 1988,

consequences of cyclic ice rafting

Origin and
in the Northeast Atlantic Ocean
during the past 130,000 vyears,
Quaternary Research, 29, 142-152

Jungclaus, J. H., and Coauthors, 2017,
The PMIP4 contribution to CMIP6 -
Part 3¢ The

scientific

last  millennium,

objective, and
experimental design for the PMIP4
pastl000 simulations, Geoscientific

Model Development, 10, 4005-4033.

_57_



(71EE) PMIPA2| H47]| 7|5 & AE £

Kageyama, M., and Coauthors, 2001, The 10, 3979-4003.
Last Glacial Maximum climate over Schmidt, G. A., and Coauthors, 2014,
Europe and western Siberia: a PMIP Using paleo-climate comparisons to
comparison between models and constrain  future projections in
data, Climate Dynamics, 17, 23-43. CMIP5, Climate of the Past, 10, 221
Kageyama, M., and Coauthors, 2017, The =250.
PMIP4 contribution to CMIP6 - Part Touzé-Peiffer, L., A. Barberousse, H. Le
4: Scientific objectives and Treut, 2020, The Coupled Model
experimental design of the Intercomparison Project: History,
PMIP4-CMIP6 Last Glacial Maximum uses, and structural effects on
experiments and PMIP4 sensitivity climate research, WIREs Climate
experiments, Geoscientific  Model Change, 11, e648.

Development, 10, 4035-4055.
Kageyama, M., and Coauthors, 2018, The

PMIP4 contribution to CMIP6 - Part 20219 9¥ 9¥ Hp
1:  Overview and over-arching 202149 12€ 229 &A
analysis plan, Geoscientific Model 2021 12€ 229 59

Development, 11, 1033-1057.

Menviel, L., and Coauthors, 2019, The
penultimate deglaciation: protocol
for Paleoclimate Modelling
Intercomparison Project (PMIP)
pahse 4 transient numerical
simulations between 140 and 127
ka, version 1.0, Geoscientific Model
Development, 12, 3649-3685.

Otto-Bliesner, B. L, and co-authors, 2006,
Simulating Arctic Climate Warmth
and Icefield Retreat in the Last
Interglaciation, Science, 311,
1751-1753

Otto-Bliesner, B. L., and Coauthors, 2017,
The PMIP4 contribution to CMIPO6
- Part 2: Two interglacials,
scientific objective and experimental
design for Holocene and Last
Interglacial simulations,

Geoscientific Model Development,

_58_



