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1. Introduction
The Jacob Bjerknes Symposium on Air-Sea Interactions was held in Anaheim, California, 1-5 February
1988. The symposium was cosponsored by the World
Meteorological Organization ( W M O ) , the American
Meteorological Society (AMS), the University of California Los Angeles (UCLA), and the Norwegian Geophysical Society. It was held in conjunction with the
68th Annual Meeting of the A M S ; the Fourth International Conference on Interactive and Processing Systems for Meteorology, Oceanography and
Hydrology; the Seventh Conference on OceanAtmosphere Interaction; the Fourth Conference on
Meteorology and Oceanography of the Coastal Zone;
and the Third Conference on Satellite Meteorology
and Oceanography. This pleiad of meetings resulted
in the largest combined gathering of meteorologists
and oceanographers ever assembled.
The response to the call for papers for the symposium was exceptional, with over 125 papers submitted
from all over the world. Ultimately, there were 48
presentations in the oral sessions and 34 presentations in the poster sessions.

The symposium was officially opened by George
L. Siscoe, chairman of the U C L A Department of Atmospheric Sciences, who presided over the opening
ceremony. The speakers in this ceremony were Zou
Jingmen, president, W M O ; Joseph Smagorinsky, past
president, A M S ; Clarence A. Hall, Jr., dean, Division
of Physical Sciences, U C L A ; Ingolf Kanestr0m, president, The N o r w e g i a n G e o p h y s i c a l Society; and
Roger R. Revelle, director emeritus, Scripps Institution of Oceanography, University of California San
Diego.

Committee

Zou reviewed the goals of the W M O and emphasized the collaborative programs between W M O and
China. Smagorinsky recalled that Bjerknes was one
of the early vice-presidents of the A M S , having been
elected to serve in 1948-49. He also pointed out that
in 1960, Bjerknes and Erik Palmen were the first laureates of the A M S ' s highest award, The Carl-Gustaf
Rossby Award for Scientific Achievement, which
later was redesignated The Carl-Gustaf Rossby Research Medal. Bjerknes and Palmen were cited "for
their pioneering and distinguished research contributions in atmospheric dynamics and synoptic aerology/' which have given a unified picture of the
general circulation of the atmosphere. Hall recalled
Bjerknes's activities at U C L A where he joined the faculty in 1940 as professor of meteorology in the Department of Physics, established the Department of
Meteorology in 1945, was the department's first
chairman, and was a founding member of the Institute of Geophysics in 1946. Hall said that Bjerknes
might find his greatest honors to be 1) he played
an indirect but, in a sense, a founding role in the
evolution of two new programs: The International
Geosphere-Biosphere Program and the Global
Geoscience Program—the foci of his pioneering
work—and 2) the application of the notion that the
important thing in atmospheric sciences is not so
much to obtain new facts as to discover new ways of
thinking about them.
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Kanestr0m recalled that Bjerknes participated in a
process that would develop into one of the most important scientific contributions from Norway, the Bergen school of meteorology. At Bergen, Bjerknes
obtained his Doctor's degree in 1924 and was appointed professor of meteorology in 1931. Kanestr0m
also mentioned that Bjerknes came to the United
States in 1939, originally for a one-year stay, and that
at the University of California, he collaborated with
another Norwegian scientist, J0rgen Holmboe. Revelle shared personal reminiscences of his long-term
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friendship with Bjerknes, who is remembered as a
warm and modest human being, and an often witty
friend.
The Symposium was organized into eight sessions
with oral presentations and two sessions with poster
presentations. It started with an acknowledgment of
the impact of Bjerknes's pioneering work on our current view of air-sea interactions. It continued with a
review of observations on El Nino and the Southern
Oscillation. O n e session was dedicated to the analyses of observations and theories on the intraseasonal
variations. The second half of the meeting started
with an entire day dedicated to coupled atmosphere-ocean models, ranging from simple to full
general circulation models, as well as from theoretical studies to data assimilation and prediction. This
session ended with a general discussion on the predictability of El Nino. The following two sessions
dealt with atmospheric and oceanic sensitivity to
changes in the corresponding boundary conditions.
The final session started with a presentation of observational studies on the fluxes at the atmosphereocean interface. The session, and the symposium,
ended with the presentation of new fundamental
problems on air-sea interactions.

2. Session reports
In the majority of cases, the following views and
interpretations of the papers presented orally are in
close agreement with syntheses provided by the corresponding authors. Unless otherwise stated, each
paper was presented by the first author.
a. Session )1: In tribute to jacob Bjerknes
(5. V. Venkateswaran, chair)
The first session of the symposium was held jointly
with the Seventh Conference on Ocean-Atmosphere
Interaction. It consisted of four talks focused on
Bjerknes, the person and the scientist.

Wurtele presented a thumbnail sketch of the career
of Bjerknes, together with personal reminiscences
and a number of slide illustrations of the various
phases of " J a c k ' s " life. He reminded his listeners that
Jack, who was the third generation of world famous
scientists, continued the Norwegian school of meteorology. Wurtele remarked that the theoretical publications of Bjerknes were models of brevity and
clarity, while his treatments of observational data
were exhaustive and painstaking. He emphasized
that Bjerknes was a pioneer not only in oceanatmosphere interaction and El Nino, but also in the
areas of polar fronts, air masses, life history of cyclones, scale of thermal convection, nongeo-
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strophic effects in cyclogenesis, and satellite meteorology.
Rasmusson and Ropelewski, after briefly recalling
the vast scope of Bjerknes's scientific career, reviewed the seminal Bjerknes hypothesis which linked
coupled ocean-atmosphere variability in the equatorial Pacific with Walker's Southern Oscillation and
global variability. They proceeded to demonstrate the
basic soundness of Bjerknes synthesis by using observations and analysis from the 1980s. W h i l e major
advances have been made in the description and understanding of the evolution of major pulses of the
Bjerknes rhythm, questions centering on its "turnabouts," time-scales, and amplitude variations, which
Bjerknes left unresolved, have only recently begun to
be effectively addressed.
Mark Cane asserted that all of the successful work
on the genesis of El Nino in the past two decades has
been inspired by Bjerknes. His masterful analysis
of the meager data available in the 1960s firmly established the link between the oceanic El Nino and
the atmospheric Southern Oscillation. The Bjerknes
hypothesis, attributing the cause of the El NinoSouthern Oscillation
(ENSO)
to
ocean-atmosphere interactions in the tropical Pacific, provides
the framework for present theories. Bjerknes explained how air-sea feedbacks could account for
both the normal and El Nino states, but stopped short
of explaining the oscillation between the two states.
Recent theories do so by combining the Bjerknes
mechanism with equatorial ocean dynamics. Finally,
Cane presented examples of predictions of El Nino at
1- and 2-yr lead times.
Wallace reviewed an extensive article by Bjerknes,
published in Advances in Geophysics in 1964, in
which he offered a number of important new insights
into the mechanisms involved in large-scale atmosphere-ocean interaction over the extratropical
North Atlantic Ocean. Like much of Bjerknes's best
work, it was based on a thoughtful interpretation
of observational results presented in a simple, yet
remarkably informative manner. Specifically, he
showed that year-to-year variations in the surface
wind field associated with the high- and low-index
phase of the North Atlantic Oscillation ( N A O ) leave
a well-defined signature in the sea surface temperature (SST) field, with anomalies of opposing sign in
the westerly wind belt along 50°N and in the subtropical high pressure belt along 3 0 ° N . W a l l a c e
showed results from a recent observational study
based on statistical correlations between the sea-level
pressure and SST field, which confirms Bjerknes's
findings, and he discussed a number of recent general
circulation model ( G C M ) experiments whose results
support Bjerknes's conviction that the SST anomalies,
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in turn, exert a feedback upon the large-scale atmospheric circulation.
b. Session 2: El Nino (C. 5. Philander, chair)
The session was opened by Leetmaa and Kousky,
who reviewed features of the low-frequency oceanic
and atmospheric conditions in the Pacific during
1985-87. Major anomalies developed in mid- and
late 1986. The growth of the SST anomaly at that time
was coincident with a slowdown of the large-scale
circulations in the ocean and atmosphere. Leetma
and Kousky concluded that linked variability on interannual, annual, and intraseasonal time scales
seemed to be essential for the E N S O development.
White et al. discussed the issue of whether El Nino
should be viewed as an event or as a particular phase
of a quasi-periodic E N S O cycle, with a period of 3 - 5
yr. Their work with observations and models, in collaboration with Pazan, Graham, and Inoue, indicate
the latter, implying that predictability of El Nino becomes possible when an earlier phase of the E N S O
cycle can be recognized. They demonstrated the predictability in each El Nino occurrence from 1965 to
the present, including the 1986/87 one.
McPhaden, Freitag, Hayes, and Taft presented an
analysis of the response of the equatorial Pacific to a
10-day westerly wind burst in the western Pacific in
May 1986, using time series data from moorings and
island tide gauge stations. W i n d bursts are hypothesized to be important in the initiation and maintenance of El Nino events in two ways: one is to cool
the warm pool in the western Pacific Ocean via enhanced evaporation and entrainment mixing of cold
thermocline waters into the surface layer; the second
is to excite equatorial Kelvin waves that can warm
the eastern Pacific via downwelling and/or advection
of warm water from the west. McPhaden et al. found
that, although the M a y 1986 wind-burst event was of
large amplitude (10-15 m s~ r ), it did not clearly produce any of those two effects. Thus, it appears to
h a v e had little impact on the e v o l u t i o n of the
1986/87 El Nino. They concluded that these findings
argue for a more careful examination of the hypothesized role of westerly wind bursts in the evolution
of El Nino events in general.
Merle discussed the air-sea interactions in the
tropical Atlantic. Here, the ocean is affected by a
variety of climatic signals, N A O , a decadal interhemispheric oscillation, and also E N S O . The latter induces an interannual mode of oscillation of the
tropical Atlantic that is similar to, but distinct from,
the aspect of E N S O in the tropical Pacific. Merle
pointed out that a warm phase of this oscillation has
been observed during 1984 in the Atlantic following
the 1982/83 El Nino in the Pacific.
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Pedersen and Kanestr0m analyzed the geographic
distribution and number of stationary, persistent SST
anomaly events in the North Atlantic Ocean. They
identified three main regions for development of
these events: the westerlies, the trade wind zone, and
the intertropical convergence zone (ITCZ). They
found that the distribution curve for the duration of
the anomaly events as a function of time shows that
after about 25 days the slope of the curve became
nearly constant giving a half-life of about 17 days.
This is about four times larger than the half-life of
comparable atmospheric anomaly events.
Saiki discussed the interannual variability in the
western North Pacific and its relation to El Nino by
using SST analyses and data obtained by the R/V Ryofu-Maru of the Japan Meteorological Agency along
the 137°E oceanographic section. He showed that
warm water, which piles up in the tropical western
North Pacific during non-El Nino years, is redistributed into the entire tropical North Pacific with a
period of 2 - 3 yr. This period is dominant for water
temperature and dynamic height fluctuations along
the 137°E section in the tropics, and for SST variations
in the subtropics of the western North Pacific.
Wyrtki showed that the flow of water from the
western Pacific to the eastern Indian Ocean through
the Indonesian archipelago is governed by a strong
pressure gradient. He then used sea level data from
Davao in the Philippines and from Darwin in Australia to determine the annual signal and the interannual variations of the pressure gradient for the
years 1966-85. The annual signal has a maximum
during the southeast monsoon in July and August and
a minimum in January and February. Interannual
variations are not related to the Southern Oscillation
because sea level is low at both stations during El
Nino events, and thus there is little influence on the
sea level difference. Wyrtki discussed the mechanism
of the through flow but said that a determination of
its numerical value will have to await direct measurements.

c. Session 3: The Southern Oscillation
(J. Horel, chair)
In the first talk of the session, Hoskins focused on the
diagnosis of the linkages between large-scale tropical
heating and the divergent and rotational components
of the horizontal motion. The thermodynamic and
vorticity equations are the mathematical description
of these linkages. In particular, Hoskins showed how
a region of tropical heating can lead to a subtropical
Rossby wave source and a global Rossby wave response.
Kiladis, using station data, examined the developUnauthenticated | Downloaded 01/09/23 03:18 AM UTC
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ment of anomalies in surface pressure, temperature,
and precipitation in the tropics for the composite
W a r m Event in the Southern Oscillation. He showed
that below-normal surface pressure anomalies appear
to move eastward from the Indian Ocean into the
Pacific at the end of the year preceding the development of above-normal SST along the equatorial
Pacific (yr - 1 ) . During yr - 1 , the Pacific convergence zones are poleward of their normal positions, the equatorial Pacific is dry, and the global
tropical surface temperature tends to be below normal. During the year of the development of the
W a r m Event (yr 0), the convergence zones shift toward the equator, their usual locations become drier
than normal, and global tropical surface temperature
becomes higher than normal. In addition, Kiladis
found that Cold Events develop in an inverse manner
to that of W a r m Events. These findings emphasize the
biennial component in the Southern Oscillation,
whereby anomalies in the ocean-atmosphere system
during one year appear to set up the conditions for
the transition to the opposite phase in the following
year.
Yasunari pointed out that the ocean mixed layer
temperature in the western tropical Pacific and the
preceding Indian summer monsoon are significantly
correlated with the quasi-biennial oscillation ( Q B O )
time scale. He also stressed the role of N A O on the
circulation anomalies over the Indian Ocean, which
are responsible for initiating the E N S O event over the
eastern Pacific.
Fu and Ye discussed observational evidence showing a significant relationship between the summer climate in China and E N S O , and showed that there is
a pronounced difference in climate regimes between
the onset year of an E N S O event and the summer
following the onset. Their diagnostic studies illustrated that the evolution of tropical convection in the
western equatorial Pacific associated with the development of an E N S O event can affect directly the behavior of the western Pacific high through locally
changing the Hadley circulation rather than remotely
via Rossby wave propagation.
Huang showed observational evidence supportive
of a close relationship between the interannual and
intraseasonal variations of the subtropical high over
east Asia, which strongly affects the summer monsoon rainfall in China and Japan, and the convective
activity around the South China Sea and the Philippines. Moreover, he showed a teleconnection between the circulation anomalies over Southeast Asia,
East Asia, and North America during the period of
intensified convective activity around the Philippines. Huang studied these relations by using theoretical and numerical models.
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d. Session 4: Intraseasonal variations
(M. Yanai, chair)
In opening the session, Nitta analyzed long-term
variations of convective activity in the tropical
western Pacific and showed a north-south oscillation of convective activity between the subtropics
and the middle latitudes. He also showed that this
oscillation is related to the E N S O cycle and has a
significant impact on the global-scale atmospheric
circulation.
Murakami presented a detailed analysis of the
1976/77 and 1982/83 E N S O events by using outgoing longwave radiation (OLR) and SST data. He
described an anomalous pattern during the peak
E N S O phase consisting of equatorial east-west overturnings with updrafts near 60°E (Indian Ocean) and
150°W (central Pacific), and downdrafts near 120°E
(maritime continent) and 6 0 ° W (Brazil). Concurrent
with this is the development of anomalous direct (indirect) north-south overturnings along about 60°E and
150°W (120°E and 60°W). The pre- (or post-) E N S O
phase is characterized by a complete reversal of eastwest and north-south vertical overturnings from those
of the peak E N S O phase. Murakami also analyzed
the 1982-83 E N S O event by using 850 mb winds,
O L R , and SST data over the Indian and Pacific
oceans. He found that interannual modes in anomalous zonal winds, O L R , and SST are characterized
by large space scales and very slow eastward phase
propagation from the western Indian Ocean to the
eastern Pacific. Further, he found that an ensemble
of transient wind disturbances can interact with the
interannual modes. As a result, interannual modes in
zonal anomalous wind dramatically intensify as they
reach the western Pacific after crossing over the Indian Ocean. This corresponds to the E N S O onset.
Yamagata began by pointing out the importance of
the preconditioning by anomalous ocean heat content and westerly wind bursts in the western Pacific
for the development of E N S O . Then he demonstrated, by using a simple air-sea coupled model, that
a warm episode similar to those observed in both
1982/83 and 1986/87 E N S O events evolves from the
warm preconditioned state. O n the basis of the model
results and observations of the Asiatic monsoon, Yamagata suggested that the Q B O aspect of E N S O
events may play a key role in the termination and
recurrence of the warm E N S O episodes.
Von Storch, Bruns, Fischer-Bruns, and Hasselmann
introduced a new analysis technique, which they
called principal oscillation pattern (POP) analysis.
This technique identifies coherent migrating, standing or otherwise changing patterns of a system, without prior knowledge of the system dynamics. It may
be used for diagnostic and for predictive purposes.
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As an example, they presented a diagnostic study of
the 30-60 day tropical wave in the simulations with
the European Centre for Medium-Range Forecasts
( E C M W F ) T21 G C M .
W a n g examined the stability of the equatorial atmosphere to two-dimensional low-frequency disturbances with a model consisting of a two-layer free
atmosphere and a well-mixed boundary layer. The
boundary-layer frictional convergence couples the
barotropic and baroclinic components in such a way
that the generation of wave energy is most efficient
for planetary scales. The amplitude of the unstable
waves at the upper level is substantially larger than
at the lower level. W i t h increasing SST, the growth
rate increases for all wavelengths, but the preferred
scale shifts from the longer to the shorter.
Lau showed that the periods of low frequency oscillations excited in his numerical simulations range
from 20-50 days depending primarily on the vertical
distribution of heating through condensation-moisture-convergence feedback or "mobile wave conditional instability of the second kind (CISK)." The
"fast" wave (period around 20 days) is excited by
deep convection which has heating maximum at or
above the 500 mb level. The " s l o w " wave (period
near 50 days) is excited by heating maximized in the
lower troposphere between 500 and 700 mb. Lau
emphasized that the boundary forcing plays an important role in sustaining the propagation of intraseasonal oscillations around the globe, especially over
the eastern part of ocean where SST is cold and convection is strongly inhibited.

e. Session 5: Coupled atmosphere-ocean models
and predictability of El Nino.
(W. A. Munk, chair)
This was a daylong session, which started with
Schopf presenting an analysis of the effects of the
seasonal cycle and random wind events on the delayed action oscillator for E N S O . The seasonal variation in the strength of thermal gradients in the
eastern Pacific can have a strong phase-locking effect
on the E N S O cycle. Simulations with the simple nonlinear oscillator exhibited phase-locking patterns similar to those observed by Rasmussen and Carpenter.
The regular repetitions found in the nonlinear oscillator were replaced with a more irregular behavior
when random wind events were added.
Hirst investigated the dynamics of a coupled atmosphere-ocean model similar to that of Cane and
Zebiak (1985) via a comparison of the full model
behavior with that of a linearized version. For fixed
background state, the linear and nonlinear model
solutions have many similarities: both develop basinwide oscillations with a 3 - 4 yr period. Nonlinearities
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mainly limit growth of the oscillation. Hirst showed
that consideration of the delayed effects of western
boundary Rossby wave reflection on the eastern basin
SST anomaly (T), together with local processes, leads
to the simple equation
Tt = aT(t) - bT(t - T),

(1)

and stated that (1) is a remarkably good proxy of the
full model behavior for a range of background states
and ocean geometries.
Battisti identified the crucial nonlinearity associated with the E N S O events in the nonlinear coupled
atmosphere-ocean model of Cane and Zebiak
(1985): the intrinsically limited ability of upwelling
to generate SST anomalies. He derived the nonlinear
analog model, appropriate for E N S O events in the
full, nonlinear numerical model. The nonlinear analog model contains within it the linear delayed oscillator equation and a nonlinear damping term.
Using this model and calculations from the full, nonlinear coupled atmosphere-ocean model, Battisti
showed that the essential processes in the model
E N S O events are linear. The effects of nonlinearity
are to limit the oscillations to finite amplitude, and
reduce the period of the oscillations from that in the
small amplitude regime. He also discussed the implications of these findings for multiple climate states.
Latif presented the results of a 10-yr integration of
a coupled atmosphere-ocean G C M . The results show
a significant climate drift, consisting of an almost
gradual cooling of SST in the near equatorial region.
This climate drift seems to reduce the atmospheric
variability on all time scales. The annual mean atmospheric and oceanic circulation and the annual
cycle are simulated reasonably well by the coupled
G C M . However, the amplitudes of the annual cycle
are significantly underestimated. Low-frequency variability is strongly reduced in the coupled simulation.
In particular, no E N S O signal was found in the model
results.
Neelin examined the interannual variability due to
tropical air-sea interaction with a coupled atmosphere-ocean model. The ocean component of this
coupled model is an idealized G C M of the tropical
Pacific, and the atmospheric component is a twolevel steady state model which incorporates the effects of moisture convergence. The ocean model has
reasonable vertical resolution, so that wave packets
excited by a wind stress anomaly can disperse in the
vertical, making it potentially more difficult to maintain coupled oscillations than in a shallow-water
ocean model. W i t h this model, Neelin examined the
nature of coupled interactions in the absence of atmospheric noise. For a certain range of parameters,
he found a stable steady state of the coupled system
and oscillations with a 3 - 4 yr time scale. As certain
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parameters are varied, this steady state becomes unstable, giving way to an approximately periodic limit
cycle on large spatial scales. The self-sustaining oscillations of this regime bear a qualitative resemblance to El Nino. Neelin argued that the effect of
anomalous upwelling/downwelling associated with
easterly/westerly stress anomalies along the equator
appears to play a major role in the coupled feedback
system which gives rise to these oscillations.
Gordon described a series of experiments with a
coupled atmosphere-ocean G C M . ENSO-like events
with high SSTs were generated by the model due to
an initial imbalance in the coupled model thermodynamics. Later experiments, with an improved treatment of evaporation in convective situations, gave
considerably improved SSTs.

Philander mentioned that oscillations that are strikingly similar to E N S O were obtained in a multiyear
integration of a coupled atmospheric GCM-ocean
G C M in the annual mean mode. He showed that
depressions of the thermocline appear close to the
equator in the western Pacific during the months preceding development of a warm El Nino event, but
that a depressed thermocline is not a reliable precursor to onset of El Nino in the model result. He said
that there seems to be many causes for El Nino in the
model result.
O'Brien reviewed the published papers on the
physical and statistical basis of forecasting El Nino,
with emphasis on the forecast models of Barnett,
Cane, and O'Brien. He showed that these studies
have been able to predict the occurrence of a major
El Nino but are not very successful in predicting the
course of the event. O'Brien expressed his belief that
the models are successful because they are able to
detect the initial perturbation in the ocean which will
eventually amplify into a major El Nino.
The session ended with a general discussion, led
by Sarachick, on "Is El Nino predictable?" Sarachick
organized the discussion around four major questions
posed to those claiming to have predicted an El Nino:
1) W h a t quantities did you predict? How? 2) W h a t
criteria did you use to validate your predictions? 3)
W h a t is the physical basis for long-term predictability
in your method? and 4) Under what circumstances
does your method fail?
f. Session 6: Ocean models (M.
Hallchair)
The first three talks of the session dealt with the
oceanic component of E N S O . Kitamura examined
the time change of the tropical ocean heat content in
the pre-EI Nino stage using the tropical version of
the Meteorological Research Institute (MRI) oceanic
G C M . The warm anomaly in heat content in the central Pacific during spring of the year preceding El
Nino propagates to the western coast and initiates the
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El Nino event. The spring warm anomaly is observed
every year. Thus, the dynamics of its subsequent development to an El Nino is not yet clear.
Graham and White asserted that one of the fundamental characteristics of E N S O , its quasi-periodicity, is still unclear. They presented field evidence
supporting the hypothesis that the " E N S O c y c l e "
operates as a natural oscillator based on relatively
simple couplings between the tropical atmospheric
circulation, the dynamics of the warm upper layer of
the tropical ocean, and SSTs in the eastern equatorial
Pacific.
Hayes compared observed time series of ocean
temperature and velocity at several locations in the
tropical Pacific to an experimental near-real-time
simulation of the tropical Pacific using an oceanic
G C M which included limited assimilation of thermal
data. The assimilation improved agreement with the
observed time series (none of which were included
in the assimilation) and did not introduce significant
spurious transients. Hayes asserted that further improvement requires better surface wind forcing fields
and inclusion of high frequency (at least weekly) observations.
The remaining two talks of the session focused on
teleconnections between tropical and extratropical
phenomena. Webster and Chang discussed fast and
slow atmospheric teleconnections. The fast teleconnection is the combination of the equatorial mode
energy accumulation in preferred regions and the
very low frequency emanation to higher latitudes relative to a given state of the slowly evolving basic
state. The slow teleconnection is the difference between the aggregated effects of the fast teleconnections for different climate states, such as during
different periods of an E N S O cycle. They presented
results of modeling studies that show the relevance
of these concepts.
Barnett, Dumenil, Schlese, Roeckner, and Latif
dealt with the sensitivity of the global climate system
to interannual variability of the Eurasian snow cover
by using numerical models. They showed that heavier than normal Eurasian snow cover in spring leads
to a " p o o r " monsoon over Southeast Asia. The land
and overlying atmospheric column are colder than
normal during a heavy snow simulation, thus reducing the land-ocean temperature contrast needed to
initiate the monsoon. Remote responses from the
snow field perturbation include weak, but significant,
perturbations in the surface wind stress and heat flux
in the tropical Pacific. The model winds from the
heavy snow experiment were used to drive an ocean
model, which developed a weak El Nino in the equatorial Pacific. A coupled atmosphere-ocean model
simulation perturbed only by anomalous Eurasian
snow cover developed a much stronger El Nino in
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the Pacific. The coupled system, therefore, amplified
the wind stress anomaly associated with the poor
monsoon. Barnett et al. emphasized that these results
demonstrate the importance of land processes in
global climate dynamics and their possible role as a
triggering mechanism of E N S O events.

g. Session 7: Atmospheric models
(). Smagorinsky, chair)
A series of seven talks on the atmospheric response
to SST anomalies was initiated by Yamazaki, who
presented a study of the impact of global SST anomalies on a dynamical long-range forecast of monthly
mean fields for the summer of 1983 by using a recent
version of the M R I G C M . He found that the predictive skill in the tropics is fairly good and in the extratropics is moderate. Yamazaki showed that the G C M ,
with a modified Arakawa-Schubert cumulus parameterization, can predict the observed intraseasonal
variations in the tropics.
Fennessy reported results obtained in 60-day integrations of the Goddard Laboratory for Atmospheric
Sciences (GLAS) G C M from observed initial conditions in mid-December 1982 and early January 1987,
with and without the observed SST anomalies over
the Pacific Ocean added to the climatological boundary conditions of SST. Fennessy found that including
the SST anomalies produced large improvements in
the time-mean forecasts of the tropical circulation
and rainfall in both 1982-83 and 1987; however,
these improvements were larger in 1982-83. He also
found smaller improvements in the time-mean forecasts of the extratropical circulation, particularly after
the removal of the zonally symmetric model drift.
Blackmon presented results obtained in a Monte
Carlo simulation of the 1982-83 E N S O event using the National Center for Atmospheric Research
(NCAR) Community Climate Model. Beginning from
five different initial conditions, tropical Pacific SSTs
were used as anomalous forcing, starting in August
1981 through May 1983. Blackmon stated that the
average response in the winter of 1981/82 includes
positive precipitation anomalies in the far western Pacific in response to a weak, positive SST anomaly in
that region, and a midlatitude teleconnection pattern
similar to that observed. The precipitation anomaly
moves in time to the central Pacific, and by winter
1982/83, it is located all along the equator from the
date line to the east. The midlatitude teleconnection
pattern is similar to that observed; however, it is different from that obtained in a perpetual January case
with the same SST anomaly, for reasons not yet
understood.
Palmer,

using evidence from observations and

G C M experiments, showed that Northern Hemisphere
extratropical low-frequency variability was suppressed during El Nino events. He suggested that
this was associated with the tendency of the Pacific-North America (PNA) mode, in its positive
phase to stabilize the basic state flow in a simple
barotropic model. Palmer also showed results from
recent G C M simulations performed at the United
Kingdom Meteorological Office (by J. O w e n and C.
Folland) and designed to simulate the Sahel drought.
He argued that annual cycle integrations with observed global SSTs for two years in the 1950s and two
years in the 1980s showed a remarkable agreement
with observations.
Chervin described the results of a pair of multidecadal integrations of an atmospheric G C M designed
to assess the impact of variable ocean temperatures
on the interannual variability of mean atmospheric
states. Significantly enhanced variability was obtained in the tropical atmosphere but not in the midlatitudes. Also, Chervin found that the model existed
in different mean states for El Nino versus non-El
Nino events in the tropics but not in the midlatitudes.
He showed that the latter results are in agreement
with composite analyses performed with observed
data.
Kinter presented a preliminary study of the atmospheric sensitivity to tropical Pacific SST anomalies
with a version of the N M C model used for mediumrange forecasting. For the 1987 E N S O event, he
performed two sets of 60-day runs from three initial
conditions in early January with climatological
and observed SST in the tropical Pacific, respectively.
Kinter showed that the precipitation anomaly over the
equator near the date line, as inferred from O L R data,
was quite well simulated. The anomalous precipitation was balanced by anomalous moisture flux convergence from the north and south. The model
produced a reasonable simulation of the observed
displacement of the extratropical sea level pressure
centers, but the anomalies in upper tropospheric flow
in the extratropics and surface wind stress pattern in
the vicinity of the SST anomaly were not well simulated.
Horel and Mechoso described the persistence of
the planetary-scale circulation over the North Pacific
Ocean during 18 winters. Quasi-stationary flow patterns during El Nino winters were found to exhibit
negative height anomalies in the Gulf of Alaska region. The observed variability of the atmosphere was
contrasted to that simulated by the U C L A G C M with
and without SST anomalies. The model's quasi-stationary events have similarities with those observed,
and their evolutions in the anomaly cases suggest that
they result directly from dynamical processes in midlatitudes.
Unauthenticated | Downloaded 01/09/23 03:18 AM UTC

Bulletin American Meteorological Society
h. Session 8: Fluxes at the atmosphere-ocean
interface (D. Halpern, chair)
In the first of three talks on observations of fluxes at
the atmosphere-ocean interface, Gautier presented a
comprehensive analysis of the radiation fluxes. She
suggested that the decrease in radiation absorbed by
the ocean surface during E N S O may be associated
with the decay of El Nino.
Weare described the uncertainties in calculations
of the surface heat fluxes over the tropical oceans
using the "bulk formulae" and marine weather reports. He showed that large random uncertainties
exist in all of the fluxes and that large systematic
uncertainties also exist for the latent heat flux. The
former are diminished by a having a number of observations such as in climatologies, whereas the latter
continue to exist even with the large sampling possible from satellite measurements.

Liu summarized the methodology for deriving
ocean-atmosphere moisture and latent heat exchanges using spaceborne microwave radiometer
measurements and the validation results. Using four
years of data from Nimbus-7 between 1980 and
1983, he described the seasonal variation and E N S O
anomaly of the latent heat flux in the tropical Pacific
and related them to other parameters.
The last two talks of the symposium addressed new
problems and approaches in atmosphere-ocean interactions. Emanuel asserted that tropical cyclones
arise as a consequence of the large thermodynamic
disequilibrium between the tropical oceans and
atmosphere. He presented observational and theoretical evidence that the sea-air thermodynamic
disequilibrium that occurs episodically outside the
tropics can cause polar lows and may enhance certain maritime baroclinic clyclones.
Keeling stated that, without exception, the C 0 2
records at Mauna Loa Observatory, Hawaii, and at
the South Pole track E N S O events. The C 0 2 anomalies at those locations begin to rise three to six
months before maximum SST anomalies appear
in the central and eastern equatorial Pacific and
continue to rise, almost simultaneously, for 12-18
months. O n the basis of measurements of the isotopic
13C/12C ratio of C 0 2 , Keeling showed evidence that
the C 0 2 rise is at least partially due to land activity.

/. Poster Session A
(The session was held parallel to sessions 2, 3, and
4.)

Aceituno stated that the strongest climatic anomalies in the South American sector occur during the
negative phase of the Southern Oscillation. In particular, there are anomalously cold conditions in the
southern part of South America, consistent with an
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intensification of the midlatitudinal westerlies.
Chang and Wallace gave a comprehensive description of the sea-level pressure and geopotential height
teleconnections during the Northern Hemisphere
summer. They showed two dominant patterns in the
sea level pressure teleconnection map. O n e resembles N A O and the other involves the North Pacific
anticyclone and the continental low over the Rockies
(PRO). The 500 mb pattern of P R O shows centers
over the eastern Pacific, northwestern North America
and the central United States. They asserted that the
P R O pattern bears a relationship to heat waves and/
or droughts in the central North American Great
Plains.
Chao, Ji, and W a n g presented an observational and
modeling study of the correlations between the
Northern Hemisphere SST and 500 mb geopotential
height anomaly fields. In particular, they showed teleconnections between SST anomalies in the tropical
Indian and eastern Pacific Oceans and anomalous
patterns in the 500 mb field.
Deque and Servain discussed the links between the
SST anomalies in the tropical Atlantic and the 500
mb geopotential height in an area covering the midlatitudes of North America, the Atlantic Ocean, and
Europe for the 1964-84 period. They concluded
that—contrary to what happens in the Pacific—there
is no typical extratropical response of the atmosphere
to SST anomalies in the tropical Atlantic.

Duvel, Debois, Gnamien, Kandel, Kayiranga, and
Picon reported a study on the interannual variability
of the radiation field and of some aspects of the cloud
activity as inferred from METEOSAT data. They suggested that interannual modifications in the largescale meridional circulation have a strong influence
on the radiation field, principally by way of convective activity. They also analyzed differences in the
life cycle of squall lines over Africa and the influence
of easterly waves on convective activity.
Fu and Ye reviewed research performed by Chinese
scientists on the tropical very-low-frequency oscillation. They illustrated the evidence of links between
the oscillation and climate in China, including the
impact on the North Pacific High, frequency of typhoons and cyclones over the East China Sea, rainfall
in the Yangtze valley, and the summer disaster in
northeast China.

Gairola, Gohil, and Pandey reported a study of the
correlation between sea surface temperatures and
surface wind speed from Seasat-scanning multichannel microwave radiometer (SMMR) data over the
Arabian Sea. They observed that areas with low wind
speed have larger SST and vice versa, and that average SST decreases nonlinearly with increasing wind
speed. They also analyzed the possible mechanisms
at work for these relations.
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Hameed and Sperber described the simulated
Southern Oscillation in a multiyear simulation of the
Oregon State University (OSU) coupled atmosphereocean G C M . They found that simulated fields are in
good agreement with the observed, and that the G C M
switches from one phase to the other without the
mechanism of Kelvin waves.

anese geostationary meteorological satellite. He asserted that there is a hierarchical structure of tropical
convection composed of the 30-60 day oscillation,
superclusters, and cloud-clusters. He analyzed these
components and usggested that superclusters might
have contributed to the onset of the 1986/87 ENSO
event.

Handler and O'Neill showed thatthe climate anomaly pattern associated with ENSO is initiated almost
simultaneously throughout the world. They observed
that remote anomalies begin at or slightly before the
sea level pressure changes are noted in the Pacific.
Huang, Tang, and Wang analyzed the interannual variability of low-latitude systems such as
subtropical anticyclones, equatorial westerlies, and
cross-equatorial flows over the Indian and Pacific
oceans during 1979-83. They also analyzed the
20-50 day oscillation and the relations between
these phenomena.
Huang and Hall described the major objectives,
current activities, and future plans of the Tropical
Ocean Global Atmosphere (TOGA) program.
Ji and Chao presented an analytical study of the
tropical atmospheric response to a heating distribution representative of the land-sea contrasts. They
used Gill's model without the long-wave approximation and assuming periodic boundary conditions
in longitude. Their results for surface pressure and
winds showed consistent agreement with the corresponding observed fields.
Kawamura investigated the variations of SST, OLR,
and diabatic heating of the oceanic mixed layer along
137°E. He suggested, based on the results of his investigation, that the atmosphere-ocean feedbacks
are important for development of the 30-60 day oscillation in tropical convection.
Kitoh studied, with the MRI G C M , the impact of
SST anomalies on the winter climate in Japan. He
reported the results of anomaly experiments with different distributions of SST anomalies, including composites of those observed during cold and warm
Japan winters, as well as idealized ones. Based on a
comparison between these results and those in the
control experiment with climatological SST, he suggested that SST anomalies have a significant impact
on the winter climate in Japan.
Linse reviewed 850 mb temperature data over the
Los Angeles Basin and emphasized that monthly deviations from 30-yr monthly means show pulses of
warming and cooling. He showed that several ENSO
events have extended the cool periods and suppressed warm peaks, and that troughs have generally
tracked southeastward over California in 1987, with
frequent strengthening of weather systems over southern California.
Nakazawa used infrared data provided by the Jap-

Rutllant and Fuenzalida analyzed the relations between the interannual variability of rainfall over central Chile and ENSO. They found intense rainstorms
during warm events and dry winters during cold
events.
Satyan analyzed a long time series of Indian summer monsoon rainfall to investigate whether the
observed aperiodic component in the monsoon variability on different time scales arises out of deterministic chaos. He asserted that the time series can
be characterized by an attractor of dimension about
5.1 and that the system has 12 relevant degrees of
freedom.

Park and Kung analyzed the relations between the
principal components of North American summer
temperatures and West African precipitation and the
Northern Hemisphere SST and upper air conditions
during the preceding winter and spring. They showed
that the SST in the central North Pacific has a significant prognostic value on the summer temperature
pattern of North America, and that the West Africa
precipitation is related to the moisture content in the
tropics during the preceding seasons.
Reyes and Mejfa studied the interannual variability
of tropical cyclone activity over the eastern Pacific
and its association with ENSO from the point of view
of Gray's dynamic and thermal potentials. They
showed that the weak and strong tropical cyclone
activity during years with normal and strong ENSO
are associated with a reduced dynamic potential and
an increased thermal potential, respectively.

Schreiber and Schreiber presented observations on
the biology of the birds on Christmas Island and Johnston Atoll, and on the effects of ENSO on the seabirds
in those locales.
Seek presented a review on the predictability of El
Nino and the atmospheric response to SST anomalies.
Sellers and Liu presented the results of an EOF
analysis of zonally averaged seasonal temperature
anomaly fields between 500 mb and 50 mb. They
showed that the strongest correlations are between
the amplitude of the first eigenvector and the solar
flux and ENSO, both at two-three season lags, the
second eigenvector and the Q B O at one season lag,
and the third eigenvector and C 0 2 .
Thompson, Thompson, and Mosley-Thompson explored the utility of the paleoclimatic ice-core record
from the Quelcaya ice cap (14°S, 7.1 ° W ) as an indiUnauthenticated | Downloaded 01/09/23 03:18 AM UTC
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cator of E N S O history. They presented evidence for
a " M e g a " El Nino around 1100 A . D . and argued that
the records may provide a 1500-year history of major
E N S O events. They also presented preliminary results
for ice cores from the Dunde ice cap (38°N, 96°E),
which may provide a 3000-year record of E N S O .
Xu presented a successful hindcast experiment to
predict the 1982-83 El Nino SST distribution using
the P O P analysis with southern hemisphere subtropical sea-level pressure prior to December 1982.
Weare reported an analysis of latent and radiative
heating fields in two sets of runs of the U C L A G C M .
O n e set uses climatological SST; the other uses observed SST for the 1982/83 El Nino winter. He found
that simulated fields tend to qualitatively agree with
the few published estimates. He also showed that
variations in simulated latent and radiative heating
tend to be highly correlated in the vertical.
/. Poster Session B
The session was held parallel to sessions 6, 7, and
8.
Clark reviewed the recent improvements made to the
A R G O S system, its impact on all system users, and
future plans. He reported that much of A R G O S data
is destined for use in studies of air-sea interaction in
the Atlantic, Pacific, and Indian Oceans.

Chao, Miyakoda, and Rosati studied the circulation and thermal structure of the upper ocean in the
1982/83 El Nino event using a global, primitiveequation oceanic G C M forced by observed atmospheric fluxes. The model incorporates Mellor and
Yamada's turbulence closure scheme for the vertical
diffusion. Their results showed good agreement with
observed features on the anomalous ocean heat content during El Nino events.

Cheung and Lu used a linear, hemispheric, primitive-equation model to examine the response of the
stationary planetary waves in the extratropics to SST
anomalies in the Kuroshio Current System.

Karaca and Muller presented their proposed model
for the upper-interior ocean, consisting of the mixed
layer and the thermoclime far from continental
boundaries. A major assumption in their approach
was that the temperature profile can be approximated
by an analytic parametric expression. They showed
preliminary results obtained with this model.

Lyons and Mechoso dealt with the response of the
tropical atmosphere to the SST anomalies observed
during spring of 1984, which include a warm event

in the Atlantic. They showed that the observed circulation anomalies are due, at least in part, to the
SST anomalies. They also showed that the local atmospheric response can be sensitive to remote features in the global SST anomaly field.

Pasch, Cadet, and Diehl presented a comprehensive study of the interannual variability in the net surface heating of the Indian Ocean. They showed that,
over several regions of the Indian Ocean, there is a
coherent signal in the heating in the period range of
2 - 7 yr, which appears to be in concert with E N S O
events in the Pacific. These interannual variations are
produced mainly by anomalies in solar radiation and
latent heat flux. Pasch, Cadet, and Diehl also discussed the relations between variations in SST, atmospheric forcings, and Asian monsoon circulation
and rainfall.
Rao, Molinari, and Festa compared the heat budget
of the mixed layer in observed and modeled climatologies of the tropical Indian Ocean. They analyzed
the spatial and temporal variability of the various
components in the heat budget, as well as the regional dynamics of mixed layer variability.
Sutton, Ahmad, and Strong examined SST retrievals from TIROS-N along and near the paths of hurricanes David and Frederick, both before and after
each storm's passage. They showed that the SST
drops of 3-5K occurred at some stage along the paths
of the hurricanes.

3. Concluding remarks
The Jacob Bjerknes Symposium on Air-Sea Interactions was an international, broad, and open forum
for presentation, discussion, and exchange of ideas
on large-scale atmosphere-ocean interaction problems. It was indeed, a testimonial of Bjerknes's pioneering work and lasting impact on the field.
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meeting review
International Workshop on Satellite Techniques for Estimating Precipitation
Wayne L. Decker,* Susan L. Callis,t and Rod Scofield*

1. Introduction
The Cooperative Institute for Applied Meteorology
(CIAM), which represents a joint effort between the
National Oceanic and Atmospheric Administration
(NOAA) and Missouri University at Columbia, Missouri, organized an international workshop to examine the status of and prospects for techniques that
use satellite data to estimate precipitation. The workshop was held 6-8 December 1988 at the Ramada
Renaissance Hotel near Dulles Airport, Washington,
D.C. 1
In many regions of the world, networks of reporting
rainfall stations are inadequate for an accurate spatial
depiction of the distribution of rainfall amounts. In
addition, inconsistency and infrequency of station reports limit their use for operational systems. Areal
rainfall amounts are required by a number of interests, including those concerned with public safety
and agricultural production. Because of the shortcomings of rain gage networks, other methods of obtaining rainfall information, such as techniques that
estimate rainfall using satellite data, are becoming
increasingly vital. The workshop was concerned with
the use of satellite rainfall estimates in the context of
food security for the developing world. Because the
workshop was funded by the Famine Early Warning
System of the U.S. Agency for International Development (USAID), Africa was the primary focus.

* Missouri University, Columbia, Missouri
t NOOA/NESDIS/Climate Applications Branch, Columbia,
Missouri
t NOAA/NESDIS/Satellite Applications Laboratory, Washington, D.C.

The participants of the workshop represented varied backgrounds and perspectives. There were 15
participants from North America, 6 from Europe, and
4 from Africa. Fifteen of the participants were from
university or governmental scientific laboratories, seven
were from international or national agencies, and three
were from private consulting firms.

2. Objectives and topics of
working groups
The workshop was organized into technical sessions
which defined the scientific aspects of satellite rainfall estimation techniques and the needs of potential
users of these techniques. The immediate goals were
to advise USAID concerning the validity of current
techniques for estimating rainfall using satellite data
and to identify directions for the development of the
technology in the future. In addition, the workshop
was asked to make recommendations for USAID's
effort to institute an operational program or utilize an
existing operational program for estimating rainfall
from satellite data in Africa. Another goal was to assess the scientific issues and capabilities for estimating precipitation from satellite.
All of the participants of the workshop were assigned to working groups which addressed the following topics concerning the operational use of
rainfall estimation techniques: users' requirements,
data requirements, techniques development, verification, and organizational structure. Group members
were given the opportuntity to define the specifics of
their topics and to interact with other groups.

© 1989 American Meteorological Society

3. Conclusions and recommendations
Proceedings from the workshop may be obtained from the Cooperative Institute for Applied Meteorology, Missouri University,
Columbia, M O 65211.
1
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The workshop concluded that techniques already
available provide useful qualitative and reasonable
quantitative indications of precipitation distribution
Vol. 70, No. 9, September 1989
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and amounts. However, much improvement of rainfall estimates is needed and can be attained by using
bispectral (visible/infrared) or trispectral (visible/
infrared/microwave) approaches, satellite-derived
moisture soundings, calibration of estimates with observed data and/or climatology, and convective stratiform techniques (CST) to identify coldest cirrus and
heaviest rainfall areas.
Inadequate surface data impedes verification and
validation of rainfall estimates. Without verification,
a user of the estimates has no indication of the confidence and limitations of the estimates. The workshop stressed the need in Africa for calibrated surface
radar to verify rainfall estimates, augmentation of the
existing network of raingages, and a better communications system for the exchange of rainfall information.
The workshop also addressed new developments
for improving the technology. Rainfall estimation
techniques that use passive microwave data have
proven to be a valuable tool for complementing the
techniques using infrared or visible channel satellite
data. The U.S. Department of Defense Meteorological Satellite Program (DMSP) includes a polar-orbiting satellite equipped with a passive microwave

announcements
Starr Memorial Lecture

The Starr Memorial Lecture this year will be held at MIT
in Room 66-110 at 4 P.M. Wednesday, 8 November 1989.
Brian J. Hoskins, professor, of the University of Reading
will give the speech "The Dynamics of Storm-Tracks."

radiometer that provides data used to measure area
and intensity of precipitation. In the near future, these
data will be available for producing operational rainfall estimates in the United States. The N O A A polar
orbiting satellites of the 1990s will make this same
type of microwave data available worldwide. Finally,
it was recommended that consideration be given to
providing future geostationary satellites with microw a v e imaging sensors.
The workshop participants were concerned about
the development and maintenance of an infrastructure responsible for collection of satellite data; production of rainfall estimates using updated, useradapted techniques; verification of the rainfall
estimates produced; and distribution of the information to user groups. It was suggested that a wellequipped center with the necessary scientific and technical staff be identified. Such groups already exist in
the United States, Europe, and possibly other regions
of the world.
The need was expressed for means by which scientists, program managers, and users could regularly
exchange information on satellite rainfall estimation.
Workshops, newsletters, and conferences were the
suggested media.
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Symposium on Daylight and Solar Radiation
Measurement

The Symposium on Daylight and Solar Radiation Measurement will be held 9-11 October 1989 at the Technische
Universitt Berlin (West). The Symposium will be sponsored
by the International Commission on Illumination (CIE) and
the World Meteorological Organization (WMO). For more
information contact Institutfr Lichttechnikder, Technischen
Universitt Berlin, Einsteinufer 19, D-1000 Berlin 10, telephone (030) 314 224 01.

1988

WMO Second World Climate Conference

The World Meteorological Organization (WMO) will convene the Second World Climate Conference in Geneva 1223 November 1990, in cooperation with the United Nations
Environment Programme (UNEP), UNESCO, and the International Council of Scientific Unions (ICSU).
For further information, contact Public Information Office, World Meteorological Organization, P.O. Box 2300,
1211 Geneva 2, Switzerland.
Notice of registration deadlines for meetings, workshops, and
seminars, deadlines for submission of abstracts or papers to be
presented at meetings, and deadlines for grants, proposals,
awards, nominations, and fellowships must be received at least
three months before deadline dates.—News Ed.
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