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Arctic Oscillation signature in a Red Sea coral
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Abstract. We show that the winter time series of the Ras Umm Sidd coral
oxygen isotope record from the northern Red Sea (approximately 28°N) is
linked to the Arctic Oscillation phenomenon, the Northern Hemisphere’s
dominant mode of atmospheric variability. Until now, the detection of this
mode, which is most prominent in winter, in proxy climate records was difficult
due to the lack of a clear seasonality in most paleoclimatic archives. The results
suggest that northern Red Sea corals can provide information about the
low-frequency variability of the Northern Hemisphere winter circulation during

the pre-instrumental period.

1. Introduction

Compared to other paleoclimatic archives, annually-
banded massive corals from the surface oceans provide
a clear seasonal resolution. However, the development
of coral reefs is restricted to warmer water tempera-
tures: Most reef-building corals are located in regions
where mean annual water temperatures are around
24°C and/or mean winter minimum temperatures are
not below 18°C. Therefore, recent coral-based paleocli-
matic research has focused mainly on the tropics [e.g.,
Cole et al., 1993; Charles et al. 1997; Urban et al.,
2000]. Here we show that a subtropical coral from the
northern Red Sea has the potential to archive past mid-
and high-latitude climate variability.

Coral oxygen isotope records have been successfully
used for reconstruction purposes of sea surface tempera-
ture (SST) and hydrologic balance in the pre-instrumen-
tal period [e.g., Cole et al., 1993; Charles et al. 1997;
Urban et al., 2000]. The ratio of the isotopic species of
oxygen (180/160) incorporated into coral skeletons dur-
ing growth, reported as 620, is influenced by both tem-
perature and 6180 of the ambient seawater during skele-
ton precipitation. Variations in coral 6'80 are therefore
related to climate conditions and ocean circulation.

Recently, a bimonthly-resolution oxygen isotope re-
cord was generated from a coral growing at approxi-
mately 28°N in the northern Red Sea [Felis et al., 2000].
The coral record from Ras Umm Sidd, near the south-
ern tip of the Sinai Peninsula (27°50.9’N, 34°18.6’E),
located at the northern rim of the African-Asian arid
belt, was shown [Felis et al., 2000] to be correlated
with regional SST, air temperature, precipitation and
sea level pressure (SLP) variability and revealed the im-
portant role of Atlantic and Pacific teleconnections on
Middle East climate variability during the past nearly
250 years.

Here, we analyze the winter time series of the Ras
Umm Sidd coral §*#0 record showing large decadal vari-
ations over the last centuries. Historical and reanalysis

data sets are used to find the associated atmospheric
circulation and sea surface temperature pattern. One
objective of our study is to understand the teleconnec-
tions that control the low frequency variations in the
coral record. We provide evidence that the Arctic Os-
cillation phenomenon, the leading mode in the Northern
Hemisphere wintertime circulation pattern, is well doc-
umented in the winter time series of this coral record
from the northern Red Sea.

2. Data

The January-February values of each year were taken
from the bimonthly-resolution Ras Umm Sidd coral
880 record [Felis et al., 2000] to generate a winter time
series for the period 1750-1995. The winter time series
was low-pass filtered (3-year running mean), linear de-
trended and normalized by its standard deviation.

For the Northern Hemisphere atmospheric circulation
we used a historical SLP data set (5°x5° grid box reso-
lution) covering the period 1899-1995 [Trenberth and
Paolino, 1980]. SST and evaporation data were ex-
tracted from UWM/COADS (1°x1°) covering the pe-
riod 1945-1993 [da Silva et al., 1994]. SST (1°x1°)
and surface wind (2.5°x2.5°) data were extracted from
GISST2.3b [Rayner et al., 1996] and NCEP/NCAR re-
analysis [Kalnay et al., 1996] data sets respectively, cov-
ering the period 1948-1995. All fields were processed in
the same way. Monthly means of January and February
were calculated, averaged, detrended, and smoothed (3-
year running mean) in order to obtain the low-frequency
components of the fields.

3. Connection to Northern Hemisphere
circulation

In order to identify atmospheric circulation patterns
associated with low-frequency variations of the winter
coral time series, we determine the spatial distribution
of the correlation coeflicients between sea level pressure
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Figure 1: One-year-lag correlation of sea level pressure
[Trenberth and Paolino, 1980] with coral §*80 for January-
February. The areas with correlations significant at the
95% level are hatched. The coral location is indicated by
the circle.

[Trenberth and Paolino, 1980] and coral §'80 for the
period 1899-1995. The correlation map (Fig. 1) shows a
Northern Hemisphere pattern with significant correla-
tions over the Arctic region and with opposite sign over
mid-latitudes.

This correlation pattern is strikingly similar to
the Arctic Oscillation (AO) sea level pressure pattern
[Thompson and Wallace, 1998]. The variability of the
projection on this spatial pattern is strongly coupled to
the strength of the stratospheric polar vortex [Baldwin
and Dunkerton, 1999; Thompson and Wallace, 2000]
and has attracted considerable interest recently, both
in terms of understanding its observed behavior [Perl-
witz and Graf, 1995] and its role in masking the global
warming trend [Fyfe et al., 1999].

We notice only slight differences between the pattern
of the AO and Fig.1: a westward displaced high pres-
sure center in the Pacific, and a high pressure center
over southern Asia relative to the AQ. To better asses
and confirm the relation between the pattern repre-
sented in Fig. 1 and the AO, we compare the winter coral
d180 time series directly with the AO index (Fig.2).
The AO index is highly correlated with the winter coral
time series when AO leads by one to two years the 610
variations. The highest correlation is over the last 50
years (r=0.75). The AO index for 1899-1957 is based on
data described in Trenberth and Paolino [1980] and for
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Figure 2: Normalized coral 5180 (solid line) and AO index
(dotted line) time series for January-February.

1958-1995 on NCEP /NCAR reanalysis data [Kalnay et
al., 1996].

The composite map of SST and surface wind for win-
ter (Fig.3) emphasizes a regional circulation pattern
for the Middle East region compatible with the corre-
lation pattern represented in Fig.1l. When high coral
080 winter values are realized, enhanced advection of
cold air from southern Europe over the eastern Mediter-
ranean and the northern Red Sea is observed. This
circulation pattern results in lower SSTs in the Black
Sea, the eastern Mediterranean Sea, and the Red Sea
as well as higher SSTs in the western Mediterranean
Sea. Along with the strong continental influence during
positive AQ, the Red Sea area receives cold and dry air
from the north. Based on the high correlation of the
AOQ index and coral 680, the winter circulation during
a phase of positive AO is very similar to that shown
in Fig. 3. The remote effect on Middle Eastern climate
is consistent with a North Atlantic influence on Middle
Eastern rainfall described in earlier studies [e.g., Hurrell
1995, Eshel and Farrell, 2000; Cullen and deMenocal,
2000].

4. Red Sea basin scale analysis

In the Red Sea, the excess evaporation over precipita-
tion drives the thermohaline circulation causing a north-
ward surface inflow from the Indian Ocean [Cember,
1988]. Intermediate and deep waters are formed at the
northern end of the basin giving rise to southward flow-
ing currents at depth. The upper layer of the Red Sea is
renewed on a timescale of a few years [Eshel and Naik,
1997].

The large scale AO atmospheric forcing induces basin
scale perturbation with strongest variability in the cen-
tral Red Sea. The corresponding leading empirical or-
thogonal functions (EOFs) for winter SST and evapo-
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Figure 3: Composite maps (difference between averaged maps for which winter coral §'80 was higher/lower than one
standard deviation) for SST (color) [Rayner et al., 1996] and 925 mb wind (vector) [Kalnay et al., 1996] for the period
1948-1995, January-February. Units are °C and m/s, respectively.
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Figure 4: Cross-correlation functions for January-February
coral §'80 and time series of the expansion coefficients
for the leading EOFs of evaporation (solid line) and SST
(dashed line). Cold and saline conditions in the water are
related to high coral 6'80 values.

ration in the period 1948-1995 [da Silva et al., 1994]
explain 81% and 75% of the low-frequency variance, re-
spectively. The time series of the expansion coefficient
for the evaporation EOF is maximal correlated when
leading the winter coral §*80 values (Fig. 4). Note that
the AO index is best correlated with the coral time se-
ries when leading it by about one year, consistent with
the characteristic Red Sea ocean circulation timescales
estimated by Eshel et al. [2000]. An ocean circulation
model study [Eshel and Naik, 1997] further attributed
this time scale to salinity anomalies south of the deep-
water formation region, which precondition the north-
ern Red Sea water column to winter deep mixing. It
is conceivable that salinity anomalies are generated by
strong evaporation in the central Red Sea during a
phase of strong AO. The zero lag for SST (Fig.4) is
consistent with a necessary condition for winter convec-
tion related to episodic atmospheric cold air advection
which is suppressed in the climatological ocean forcing
[Eshel and Naik, 1997].

Analyzing the seasonal cycle of the coral §'80 record,
we further find, that summer coral 680 values are
highly correlated with the previous winter evaporation
forcing (not shown), supporting a propagation mecha-
nism. A detailed analysis of this mechanisms will need
further investigations using a model of the Red Sea and
is beyond the scope of the present study.
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5. Discussion and Conclusions

We have shown that the Arctic Oscillation phenome-
non, the leading mode in the Northern Hemisphere win-
tertime circulation pattern, is well documented in the
winter time series of the Ras Umm Sidd coral 6230
record from the northern Red Sea [Felis et al., 2000].
The results suggest that northern Red Sea corals can
be used both to obtain information related to the low-
frequency variability of the Northern Hemisphere win-
ter circulation during the pre-instrumental period and
to bring climate shifts, asi.e. indicated by the AO index
in the 1970’s, into a long-term context.

Do we expect to detect the AO in all corals at sub-
tropical latitudes? The relatively narrow Red Sea is
constantly supplied with continental air. Therefore, cli-
mate variations with strong continental influence such
as the AO can be monitored by corals in this marginal
sea.
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