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General Circulation Model
Comparing General Circulation Mod-
el (GCM) simulations to events seen
in the paleo-record is becoming
ever more important, yet remains
problematic. Since most proxy re-
cords reflect multiple influences,
some climatic, some biological, un-
ambiguously assigning any one
event to a particular cause is gen-
erally quite difficult. Thus data-mod-
el comparisons are hampered by
the fact that they do not compare
like with like, i.e. temperatures are
compared with 80, overturning
strength with benthic &°C ratios
etc.

Linking multiple proxies

The challenge then, is to link mul-
tiple proxies and derive a more
integrated view of past climate
change. Better chronological con-
trol, and more proxies will clearly
help, but the advent of more so-
phisticated GCMs should provide a
complementary avenue of research.
In our opinion, the key to this im-
provement is the incorporation of
the physics and biology associat-
ed with the proxy records into the
models themselves.

In particular, the ratio of heavy
80 atoms to the lighter 'O variety
(denoted by 8'®0) is a ubiquitous
measurement in paleoclimate re-
search. Many different proxies, all
linked by the global hydrological cy-
cle, record the variations in the iso-
tope ratio of the water molecules
that originally provided the oxygen,
modified by their own unique bio-
geochemical filters. For example,
this ratio is measured in ice cores
from the polar ice caps and moun-
tain glaciers, in carbonates taken
from foraminiferal shells from ma-
rine and lake sediments, in corals
and spelotherms, in cellulose taken
from tree rings, and in phosphates
and silicates, all from widely vary-
ing terrestrial and oceanic environ-
ments.

GCMs are now capable of simu-
lating these water isotope tracers,
both in the atmospheric (Joussau-
me and Jouzel, 1993; Jouzel et al.,
1991 ; Hoffmann et al., 1998), and
in the ocean/ice system (Schmidt,
1998; Delaygue et al., 1999). The re-
maining task is to put these com-
ponents together in a fully coupled
atmosphere-ocean model and com-
bine them with diagnostic modules
that attempt to reproduce the filters
that ultimately control the signal re-
corded by the proxy.

Upgrading tracers

The first stage involves upgrading
atmospheric isotopic tracers to in-
corporate the physics included in
state-of-the-art prognostic cloud lig-
uid water and convection schemes.
Many processes that are impor-
tant for the isotopic signal (such
as the degree of supersaturation)
that were previously estimated in-
dependently of the cloud schemes
in GCMs, are now treated explicit-
ly, albeit in a parameterized fashion.
For the first time, the isotopic sig-
nals in precipitation and water va-
por should be a fair and accurate
representation of the physics con-
tained in the model and thus will
start to become useful for diagnos-
ing problems in the cloud schemes
as well as for improving our under-
standing of the isotope response.

A fully coupled water isotope
model

Secondly, given more sophisticat-
ed ocean models (including iso-
pycnal mixing, eddy-induced tracer
mixing, slope convection, more
sophisticated diapycnal diffusion
schemes etc.) and the full coupling
of freshwater fluxes (precipitation,
river and glacial runoff, evapora-
tion, sea ice formation and melting),
we have assembled a fully coupled
water isotope model that includes
all of the processes that affect the
seawater 8'%0 signal in a physically
consistent way. Of course, this does
not guarantee accurate simulations
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of reality, but does allow us to ex-
amine in detail the interactions be-
tween the different processes.

However, we are still not done.
In order to compare the tracers to
the paleo-record, we also need to
simulate the processes by which the
signals are recorded. Simulating
ice cores (e.g. Charles et al., 1994) is
relatively simple since there are no
biological processes involved. In a
slightly more sophisticated fashion,
the joint effects of seawater $'®0
and temperature for coral aragonite
or the effects of depth habitat and
seasonality for planktonic foramin-
ifera (Schmidt, 1999) can also be
simulated. Even a necessarily com-
plicated mechanistic model for §'0
in tree ring cellulose (incorporating
the ground water, water vapour and
the highly fractionated tree water
reservoirs (Roden et al., 2000)) can
eventually be included.

The first (very!) preliminary cou-
pled results are shown in figures 1
and 2.They show a snapshot of the
isotopic concentration in the pre-
cipitation field and the associated
surface seawater values. Most of
the features observable in the real
world are also present in the simu-
lation and continuing development
will hopefully reduce any substan-
tial discrepencies that may exist.

Further analysis of longer runs
will hopefully allow us to see how
natural inter-decadal variability of
the climate is recorded by the prox-
ies, and what exactly the different
proxies are related to. For instance,
the deuterium excess value in the
ice cores is assumed to be a func-
tion of the source region temper-
ature (Merlivat and Jouzel, 1979),
however this interpretation is com-
plicated by source region variabil-
ity, and atmospheric processes [see
Noone and Simmonds, this issue].
In the model, such correlations can
be clearly delineated and their ac-
curacy and stability quantified.

The next stage will be to perform
perturbation experiments such as
the addition of meltwater pulses in



Paleoclimate Modeling

2.0

0.0
2z :
- . T . g
&5 - e T gl
gg gt Er L Tt - il P
M e [ - o T ’ L)
T = | o et SO A a1
124 P I O | e T n i
- TSI O : + e R i -

1G4 e s e T

1 H ; ) i - i i i i T
AT i | ier e e e e — e ‘I-_'l_ s h'-ql
19.4 \jﬁ_ﬁ}_ e i i L O T

e "‘1.‘_“"‘—-—-\_ e il C h—

1h
na
0.4
02
07
-12
-1
-4

28

-4
-3
iy
50

Ilwpoen. T oin Mitane kear e il

Figure 1: Preliminary results for the present day 860 in precipitation and in the surface ocean from the GISS coupled

isotopic tracer model.

the North Atlantic, varying insola-
tion, and LGM experiments. By look-
ing at the transient response of the
proxies, we hope to be able to de-
termine the possible leads and lags
between the various repositories
(such as the Greenland ice cores
and North Atlantic sediments), as a
function of the climate forcing.This
may possibly shed light on the rela-
tive chronologies of these disparate
paleo-records.

Summary

In summary, this forward model-
ing approach is a very powerful
method for estimating the finger
prints of various climate forcings
and internal variability in many dif-
ferent paleo-isotope repositories.
Hopefully, we will be able to use
these patterns to deduce likely sets
of forcings from the paleo-records

themselves and improve our under-
standing of the links between the
terrestrial, oceanic and glaciologi-
cal systems.
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