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Future Paleoscience

14C 10Be

ATMOSPHERE STRATOSPHERE |

BIOSPHERE

DEEP OCEAN

Cosmogenic Nuclides and Dating: Progress is needed!

Comparison of the “C and the Be systems: *C and "°Be are continuously produced by cosmic rays in the
atmosphere. “C forms CO, and starts exchanging with the biosphere and the ocean. °Be is removed from
the atmosphere within about 1 year, mainly by wet precipitation. C is archived in tree rings, °Be in ice cores.
Both nuclides reflect changes in the production rate but react differently to climatic changes. This offers a
unique opportunity to distinguish between production and system effects. More: page 11.
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preserve the anatomical details
of the wood so well that growth-
ring studies may be carried out
on them exactly as if they were
modern wood. Although conifers
in temperate and sub-alpine zones
have been exploited for climatic re-
construction, tropical and subtropi-
cal trees, with the exception ofTeak
(Tectona grandis), have been sel-
dom tested. This is due to a lack of
information on datable tree rings
from the Indian subcontinent. Nev-
ertheless, transverse sections of
some of the fossil logs look similar
to growth rings, although they are
yet to be evaluated microscopically
(Fig. 2¢, d).

Further excavation and meticu-
lous searching of the fossil woods
and sub-fossil logs in the wetlands
of Kerala may lead to the identifica-
tion of additional potential species
for dendroclimatic study. Although
a few taxa have demonstrated the
potential for climatic reconstruc-
tion of the historical period, no
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attempt has been made yet to ex-
amine the Holocene or recent past
based on tree growth-ring studies.
In fact, tree-ring studies of tropical
forest species have not often been
undertaken, though such studies
would be of great significance in
terms of investigating global cli-
matic change.There is good scope
for paleo-dendroclimatological
study in India and what has been
discovered so far appears to be
only the begining.
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An Upwelling Seesaw in the Atlantic Ocean: Model Results and
Paleoceanographic Evidence

M. Prance anp M. Scuurz

DFG Research Center Ocean Margins and Dept. of Geosciences, University of Bremen, Klagenfurter Strasse, 28334 Bremen, Germany;
mprange@palmod.uni-bremen.de; mschulz@palmod.uni-bremen.de

Coastal Upwelling in the
Atlantic Ocean

Coastal upwelling regions are im-
portant areas of investigation for
paleoclimate research because of
their high-resolution sedimen-
tary archives and their sensitiv-
ity to environmental changes.
Understanding the interactions
between coastal upwelling zones
and climatic conditions is crucial
for a proper interpretation of the
sedimentary record. In the Atlan-
tic Ocean, the two major coastal
upwelling regions are located
along the coasts of northwestern
(Mauritanian upwelling zone) and
southwestern Africa (Benguela-
Namibia upwelling system). The
strength of African coastal upwell-
ing is a function of the alongshore
winds, which in turn are closely
tied to the trade-wind systems in
both hemispheres. We analyzed
the response of the major Atlan-

Atlantic Ocean Heat Transport
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Fig. 1: Northward heat transport in the Atlantic Ocean for experiments CTL (control), MWE
(meltwater event) and CAS (Central American Seaway). A reference temperature of 1.3°C has

been used in the calculations.
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Modern Situation

Reversed Cross-Equatorial
Heat Transport

Cross-Equatorial
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Fig. 2: Schematic of the coastal upwelling seesaw in the Atlantic Ocean. Today, the subtropical highs over the North and South Atlantic are
associated with a trade-wind system that promotes upwelling along the coasts of northwestern and southwestern Africa (left panel). A reduced
or reversed cross-equatorial oceanic heat transport causes sea-surface temperatures to drop in the North Atlantic and increase in the South
Atlantic. The resulting effect on the atmospheric pressure system changes the trade-wind strengths, such that upwelling is intensified along
the NW-African coast and weakened off SW-Africa (right panel).

tic coastal upwelling regions to
shifts in large-scale oceanic heat
transport (Prange and Schulz,
2004). Based on coupled climate
model experiments, we suggest
an antiphase behavior between
the upwelling intensities off north-
west and southwest Africa. This
teleconnection can be described
as a “coastal upwelling seesaw”’
The state of this upwelling seesaw
is controlled by variations in the
Atlantic cross-equatorial oceanic
heat transport.

The Coastal Upwelling-Seesaw
in a Coupled Climate Model

Substantial reorganizations of
the large-scale oceanic circula-
tion (and hence cross-equatorial
heat transport) took place several
times in the history of the Atlantic
Ocean, induced by abrupt changes
in thermohaline surface forcing
(e.g., Heinrich Events of the last
glacial period) or tectonic shifts
(e.g., the closure of the Central
American Seaway in the Pliocene).
In order to study the effect of such
processes on Atlantic coastal up-
welling dynamics, we performed
two sensitivity experiments with

the coupled global atmosphere-
ocean model ECBILT-CLIO ver-
sion 3.

The first experiment mim-
ics a glacial meltwater event
(experiment MWE): A complete
shutdown of North Atlantic Deep
Water formation is induced by an
anomalous freshwater input to the
North Atlantic between 50°N and
70°N.The induced reorganization
of the oceanic thermohaline cir-
culation resembles the processes
that occurred during Heinrich
Events.

In the second experiment, we
introduce a Central American
Seaway (CAS) with a depth of
700 m.This topographic situation
is similar to the paleobathymetric
conditions in the late Miocene,
somewhere between 12 and 6
million years ago. The CAS gives
rise to a transport of tropical water
masses from the Pacific into the
Atlantic Ocean. The mean total
volume transport through the
gateway amounts to 14 Sverdrups.
Owing to this inflow of relatively
fresh water masses into the At-
lantic, the formation of North
Atlantic Deep Water decreases by
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about 50% compared to a control
run (CTL) with the closed Isthmus
of Panama.

Both the meltwater input in
experiment MWE and the bathy-
metric modification of experiment
CAS lead to substantial changes
in the Atlantic Ocean meridi-
onal heat transport (Fig. 1). Most
importantly, the heat transport
across the equator reverses com-
pared to CTL, causing a redistri-
bution of heat with cooling in the
North Atlantic and warming in the
South Atlantic. The altered sea-
surface temperatures influence
atmosphere dynamics; cooling in
the North Atlantic intensifies the
northern hemispheric subtropical
high. In contrast, over the South
Atlantic, the subtropical high-
pressure cell is weakened by the
oceanic warming. The resulting
anomalies in wind stress affect
the Atlantic coastal upwelling sys-
tems through changes in Ekman
pumping; the modified trade-wind
systems tend to intensify upwell-
ing off northwest Africa, while up-
welling in the Benguela-Namibia
system is reduced (Fig. 2; Prange
and Schulz, 2004).



Paleoceanographic Evidence

for an Upwelling-Seesaw Effect
During Heinrich Events

Little et al. (1997) analyzed rela-
tive abundances of the cold-water
planktonic foraminifer Neoglobo-
quadrina pachyderma (left coiling)
in sediment cores from the Ben-
guela-Namibia upwelling system
over the last 140,000 years. Short
periods of low abundance, indi-
cating reduced coastal upwelling,
coincide with Heinrich Events. This
correlation is particularly striking
for Heinrich Events 2 and 4.

For the Mauritanian upwelling
zone, high-resolution proxy records
for the last 35,000 years were pre-
sented by Zhao et al. (2000). A low
percentage of the coccolithopho-
rid Florisphaera profunda during
Heinrich Event 2 suggests a weak
surface water stratification due
to enhanced upwelling intensity.
Kiefer (1998) estimated primary
productivity over the last glacial pe-
riod from a core located southwest
of the Canary Islands, about 450 km
off the coast of northwestern Africa.
Peaks in paleoproductivity coincide
with Heinrich Events 2-5. A possible
explanation for these peaks is that

an increased amount of nutrient-
rich upwelling water was advected
from the coast towards the core
location.

A Coastal Upwelling-Seesaw in
the Pliocene?

Utilizing results from Ocean Drill-
ing Program Site 1084, situated off
the coast of Namibia, Marlow et al.
(2000) reconstructed the upwelling
history from the early Pliocene to
the late Pleistocene. Around 4 mil-
lion years ago, increases in mass
accumulation rates of organic car-
bon, diatom abundance, and the
proportion of upwelling species in
the diatom assemblage coincide
with the final stages of the CAS
closure. We hypothesize that the
increase in upwelling intensity off
Namibia during the Pliocene is at-
tributable to the closure of the CAS,
the resulting increase in northward
oceanic heat transport (cf. Fig. 1)
and the operation of the Atlantic
coastal upwelling seesaw. Unfor-
tunately, no unequivocal Pliocene
reconstruction exists for the upwell-
ing region off northwestern Africa.
For an improved understanding of
Pliocene climate processes, future
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studies should focus on upwelling
proxies for the Mauritanian upwell-
ing zone.
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Call for a PAGES Initiative on “Past Regional Climate Variability”

H. WaNNER
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Understanding past environmen-
tal variability is a prerequisite for
the understanding of future envi-
ronmental change. If we intend
to diagnose, for instance, past
climate variability, we have to
be aware that a variety of natural
and anthropogenic forcing mech-
anisms, as well as mechanisms
inducing internal variability, act
together and form a “cocktail”
composition that is temporally
very variable.The pattern of inter-
action in figure 1 attempts to doc-
ument this fact. The upper boxes
show how the forcings, together
with natural variability, jointly in-
fluence the different subsystems
of the climate system. As a result
of these interactions, a variety of
large-scale circulation patterns,
modes and regimes are gener-
ated. These modes or regimes

Natural forcing

e Continental drift

e Orbital changes

e Solar irradiance var.

Human forcing
e Greenhouse gases
le=»| ® Aerosols

* Oz depletion

Internal variability
¢ ENSO

| ® North Atlantic Osc.

® Quasi Biennial Osc.

® Volcanoes e | and-use change e Other
e Cosmogenic nuclides

Ocean 1 Sea-ice i Atmospheric | Land-use
subsystem 1 subsystem i subsystem i subsystem

Characteristic large-scale circulation patterns generate:
e Regional weather (air pressure, airflow, temperature, precipitation)
e Weather extremes like storms, floods, drought, cold spells, etc.

and finally:
LOCAL, REGIONAL AND GLOBAL CLIMATE
(as the integral of weather over a long period)

Fig. 1: Pattern of interaction demonstrating how the different natural and anthropogenic forc-
ing factors, together with internal variability, generate local and global climate variability and

change.
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