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PROJECT START DATE: August 7, 1991
PROJECT END DATE: November 30, 1998 \ -

OBIECTIVES: Deiermine the structure of oceanic natural variability at time scales of decades to
centuries; characterize the physical mechanisms responsible for the variability; determine the
relative importance of heat, fresh water, and moment fluxes on the variability; determine the
predictability of the varjability on these times scales. ‘

ACCOMPLISHMENTS: Documented the sensitivity of the MM mode of thermohaline circulation
(THC) to various noise forcings. Explained, for the first time, the physics of the MM mode.
Developed a coupled model of the THC and show that prediction of the THC is likely an ill-posed
roblem. Completed coppling Jim Price’s Marginal Sea Mode] (MSM) to the LSG ocean model'
mtitslhed an experiment demonstrating utility of the technique, simulating the Mediterranean
outflow,

Discovered a new mode of decadal climate variability in the N. Pacific and the physics
responsible for it. Identified the large impact of this mode on weather over N. America. Showed
the mode is predictable at least three years into the future. Completed 23 years of a "hindcast” run
of Los Alamos' POP ocean model on the T3D, covering the years 1965-1987, to evalnate how
well POP reproduces observed El Nifio variability. A comparable simulation aimed at decadal time
scales is in progress. Completed a hybrid coupled model that simulates the newly discovered
mode. Currently tuning it to produce operational decadal climate forecasts. .

The work has produced 17 papers already published in refereed joumnals, plus 4 additional
papers submitted.

HIGHLIGHTS OF RESEARCH EFFORTS:

S. Tett and T.P. Barnett, 1998: North Pacific decadal variability in an AOGCM.
Part I: Description and mechanisms.

Simulated decadal variability in a coupled Ocean-Atmosphere General Circalation Model
(OAGCM) is described and compared with observations. The principal mode of variability in the
simulated North Pacific shows a significant spectral peak at a period of 10 years. The principal
mechanisms for this fnodc are, over the most of the North Pacific, a response to Ekman pumping
by the wind and, in the Kuroshio region, an acceleration of the northward baroclinic flow caused
by a delayed response to wind stress forcing, The atmospheric wind stress response to the SST

changes is largely stochastic though there is some weak evidence of coupling,.
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Barnett, T.P., D.W. Pierce, and R. Saravanan, 1998: On the arigins of the
Pacific decadal oscillation:

The origins of decadal climate variability in the Pacific ocean are examined by comparing
the response of an atmdspheric general circulation model to two different lower boundary
conditions: 1) seasonally-varying, climatological sea surface temperatures; 2) full coupling to an
oceanic general circulation model. It is found that there is a spectral peak in the variability of the
fully coupled system ét interdecadal time scales, with patterns in 500 mb height and sea surface
temperature anomaly corresponding to the Pacific Decadal Oscillation. No such peak exists in the
climatologically-forced run, which has a white spectrum. Therefore, decadal variability in the
north Pacific ocean is not simply a passive result of stochastic atmospheric forcing, but arises from
properties of the coupled ocean/atmosphere system that act to amplify variability in the interdecadal
time band. '

Jones, P.D., K.R. Briffa, T.P. Barnett and S.F. B. Tett, 1998: High-resolution
palaeoclimatic records for the last millenium: Interpretation, integration

and comparison with A/OGCM control run temperatures. The Holocene.,
8(4), 467-483.

Palaecclimatology provides our only means of gssessing climatic variations before the
beginning of instrumental records, The various proxy variables used, however, have a number of
limirations which must be adequately addressed and understoad. Besides their obvious spatial and
seasonal limitations, different proxies are also potentially limited in their ability to represent climatic
variations over a range of different time scales. Simple correldtions with instrumental data over the
period since 1881 give some guide to which are the better proxies, indicating thar coral and ice-core
based reconstructions are poorer than tree-ring and historical ones. It must be remembered,
however, that the guality of many proxy time series can deteriorate during earlier times.
Suggestions are made for assessing proxy quality over longer periods than the last century by
intercomparing neighboring proxies and, by comparisons with less-temporally resolve& proxies

such a borehole temperatures.
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Developing eatlier work, that was limited to decadal resojution, we have averaged
seventeen temperature reconstructions (representing various seasons of the year), all extending
back at least to the mid-seventeenth cenmry, to form two gnnually-resolved hemispheric series

(NHI0 and SH7)., Over the 1901-91 period, NH10 has 36% variance in common with average

NH summer (June to August) temperatures and 70% on decadal time scales, SH7 has 16%
variance in common with average SH summer (December to February) temperatures and 49% on
decadal time scales, markedly poorer than the reconstructed NH series. The coldest year of the
millenium over the NH is 1601, the coldest decade 1691-1700 and the 17th is the coldest century.

A Principal Components Analysis (PCA) is performed on yearly values
for the 17 reconstructions over the period 1660-1970. The correlation between PC1 and NH10 is
0.92, even though PC1 explains only 13,6% of the total variance of all 17 series. Similar PCA is
performed on thousand-year long Geperal Circulation Model (GCM) data from the Geophysical
Fluid Dynamics Laboratory (GFDL) and Hadley Centre (HADCM?2), sampling these for the same
locations and seasons as the proxy data. For GFDL, the correlation between its PC1 and its NH10
is 0.89 while for HADCM?2, the PCs group markedly differently. Cross-spectral analyses are
performed on the proxy data and the GFDL model data at two different frequency bands (0.02 and
0.03 cycles per year). Both analyses suggest that there is no large-scale coherence in the series on
these time scales, This implies that if the proxy data are meaningful, it should be relatively
straightfarward to detect a coherent near-global anthrapogenic signal in surface teméetamre data.
A. Grotzner, M. Latif, and T.P. Barnett, 1998: A decadal climate cycle in the
North Atlantic Ocean as simulated by the ECHO coupled GCM .

In this paper a decadal climate cycle in the North Atlantic that was derived from an
extended-range integration _with a coupled ocean-atmosphere general circulation model is
described. The decadal mode shares many features with the observed decadal variability in the
North Atlantic. The period of the simulated oscillation, however, is somewhat jonger thar; that

estimated from observations. While the observations indicate a period of about 12 years, the
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coupled model simulation yields a period of about 17 years. The cyclic nature of the decadal
_ varigbility implies some inherent predictability at these time scales, |

The decadal mode is based on unstable air-sea interactions and must be therefore regarded
as an inherently coupled mode, It involves the subtropical gyre and the North Atlantic Oscillation.
The memory of the coupled system, however, resides in the ocean and is related to the oceanic
adjustment to low-frequency wind stress curl variations. In particular, it is found thar variations in
the imenﬁity of the Gulf stream and its extension are crucial to the oscillation. Although differing in
details, the North Atlantic decadal mode and the North Pacific mode described by M. Latif and T.
Barnett are based on the same fundamental mechanism: a feedback loop between the wind driven
subtropical gyre and the extratropical ammospheric circulation.
M. Christoph, T. Barnett, A. Bacher, and J. Oberhuber: The Antarctic
Circumpolar Wave in a Coupled Ocean-Atmosphere GCM

The existence of the so-called Antarctic Circumpolar Wave (ACW) suggested by White
and Peterson (1996) from fragmentary observational evidence has been confirmed in an extended
integration of a Max Planck Institute coupled general circulation model, The ACW constitutes a
coupled mode of the ocean-atmosphere-sea ice system that inhabiss the high latitudes of the
southem hemisphere. It is characterized by anomalies of such climate variahbles as sea surface
temperature, sea Jevel pressure, meridional wind and sea ice, to name a few. The ACW signal in
the ocean propagates eastward over most of the high latitude southern océan. advected along in the
Antarctic Circumpolar Current and)or by 2 complex air/sea interaction. On average. it completes a
circuit entirely around the southern ocean, but is strongly dissipated in the S. Atlantc and in the
southern Indian, just marginally maintaining statistical significance in these areas, until it reaches
the south Pacific where it is reenergized. In extreme cases, the complete circumpolar propagation
is more clear, requiring about 12-16 years to complete the circuit. The oceanic component of the
mode is forced by the atmosphere via fluxes of energy and Ekman-induced advection, The impact

of the SST anomalies on the overlying atmosphere is to establish patterns of SLP in spatial
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quadrature with the associated SST patterns. However, the main SLP signal is more of a standing
wave pattern, as described below and likely due mainly to other sources.

The atmospheric component of the ACW in the sea leve] pressure field, a driver of the
ACW, is the Pacific South American (PSA) oscillation described originally by Mo and White
(1985). This appears to be a preferred, natural standing mode of variability in the SLP field of the
southern Hemisphere. The coupled climate mode] shows the origins of the PSA, and so the ACW,
are associated mainly with mid latirude climate interactions. There is some ENSO-related signal in
the ACW due to anomalous latent heat release associated with precipitation anomalies in the central
and western tropical Pacific. However, this éomponent explains at most 30% of the ACW
variance, and generally much less. Thus, the PSA, like its counterpart in the North Pacific, is
essentially a natural mode of the high southern latimdes. The time scale of the ACW in the coupled
climate model integration, about 4-5 years, could not be related to the time scale of the model
ENSO. Rather, it seems the dominate time scale has to do with the fact that the ACW has a wave
number three patterri‘. This, coupled with the 12-16 year transit time around Antarctica, results in
the lacal reappearance of energy peaks aboin every 4-5 years at which times they can selectively be
reinforced by t'l'i'e standing atmoséhcric pattern,

It is hypothesized that the ACW as an entity represents the net result of a moving coupled
climate anomaly interacting with a spatially-fixed {orcing pattern in the SLP field (the PSA). As
the ACW moves into and ont of phase with the resonant background pattern the ACW is selectively
amplified or dissipated.

T.P. Barnett. K. Arpe, L. Bengtsson, M. Ji, A. Kumar, 1997: Potential

ﬁegicltability of Midlatitude Climate Variability in Two General Circulation
odels, .

Ensembles of extended AMIP runs from the general circulation models (GCMs) of the
National Meteorological Center and Max Planck Institute (Hamburg) are used to esfimate the
potential predictability (PP) of an index of the Pacific-North America (PNA). The PP of this

pattern in ‘perfect’ prediction experimens is 20-25% of the index's variance. The models,
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particularly that from MPI, capture virwally al] of this variance in their hindcasts of the winter PNA
for the period 1970-93, o

The high levels of internally-generated model noise in the PNA simulations reconfirm the
need for an ensemble averaging approach to climate prediction. This means the forecasts ought to
be expressed in a probabilistic manner. It is shown that the models' skills are higher by about 50%
during strong SST events in the tropical Pacific, so the probabilistic foreéasts need to be
conditional on the tropical SST.

M. Latif and T.P. Barnett, 1996: Decadal climate variability over the North
Pacific and North America: Dynamics and predictability. M. Latif and T.P.
Barnett, 1996:

The dynamics and predictability of decadal climate variability over the North Pacific and North
America were investigated by analyzing various observational datasets and the output of a state of
the art coupled ocean-atmosphere general circulation model which was integrated for 120 years.
Both the observations and model results support the pictﬁre that the decadal variability in the region
of interest is based on a cycle involving !.mstable‘ ocean-atmosphere interactions over the North
Pacific. The period of this cycle is of the order of a few decades.

The cycle involves the two major circulation regimes in the North Pacific climate sysiem,
the subtropical ocean gyre and the Aleutdan law, When, for instance, the subtropical acean gyre is
anomalously strong, more warm tropical waters are transported poleward by the Kuroshio and its
extension, leading to a positive SST anomaly in the North Pacific. The atmospheric response o
this SST anomaly involves a weakened Aleutian low and the associated fluxes at the air-sea
interface reinforce the initial SST anomaly, so that the ocean and atmosphere act as a positive
feedback system. Both the anomalous heat flux and reduced ocean mixing in response to a
weakened storm track contribute to this positive feedback.

The armospheric response, however, consists also of a wind stress curl anomaly which
spins down the subtropical ocean gyre, thereby reducing the poleward heat transport and the initial
SST anomaly. The ocean adjusts with some time lag to the change in the wind stress curl, and it is

this transient ocean response thag allows continuous oscillations. The transient responss can be

6




9:50RM DOE CAPD (CORDOBR} NO.S578 P.33

JAN. 25. 2008

expressed in terms of baroclinic planetary waves, and the decadal time scale of the oscillation is
therefore determined to first order by wave time scales.

The existence of such a cycle provides the basis of long-range climate forecasting over
North America a1 decadal time soales. Ata minimum, knowledge of the present phase of the
decadal mode shouid allow a "nowcast” of expected climate "bias" over North America, which is
equivalent to a climate forecast several years ahead. The implications of the Pacific mode for the
climate in the Atlantic region were also discussed, It was shown that a large part of the low-
frequency SST variability in the subtropical Atlantic can be attributed to remote forcing at the
Pacific. |
D.W, Pierce, K.Y. Kim, and T.P. Barnett, 1996: Variability of the thermohaline
circulation in an ocean general cirenlation model coupled to an atmospheric energy
balance model :

The variability of the ocean's thermohaline circulation in an oceanic general circulation model
{(OGCM) coupled to a two-dimensional atmospheric energy halance model (EBM) is examined. The
EBM calculates air temperatures by balancing heat fluxes, including that from the ocean surface; air
temperature and ocean circulation evolve together without imposed temperature restrictions except
specification of the solar constant. The heat coupling is scale dependent such that small-scale ocean
temperature anomalies are damped quickly while large-scale ones lose heat slowly by longwave
emission to space. These boundary conditions are more realistic than restoring conditions even
when weak coupling is used, since they allow changes in air temperature and wholesale shifts ’in the
planetary heat balance.

It is found thai coupling the EBM to the OGCM increases the stability of the ocean's
thermohaline circulation. This increased stability arises from the ability of the coupled mode! to
develap a four times greater sea surface temperature response to a given change in thermohaline
averturning than when traditional restoring boundary conditions are nsed. The sense of this
increased response works to stabilize the thermohaline overtuming. The specific value of the small-

scale thermal coupling coetlicient also influences the stability even though the large-scale coefficient
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is always small (2 W m-2 C-1); this suggests that small-scale processes might determine the large-

scale stability.

Latif, M. and T.P. Barnett, 1994: Causes of decadal climate variability over the
North Pacific/North American sector. Science, 266, 634-637.

The cause of decadal climate variability over the North Pacific Ocean and North America is
investigated by the analysis of data from a multidecadal integration with a state-of-the-art coupled
ocean-atmosphere mode! and observations. About one-third of the low-frequeacy climare
variability in the region of interest can be artributed to a cycle involving unstable air-sea interactions
between the subtropical gyre circulation in the North Pacific and the Aleutian low-pressure system.
The existence of this cycle provides a basis for long-range climare forecasting over the western

United States at decadal time scales.
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