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A number of recent studies have suggested an im-
portant role for stratospheric dynamics in the intrasea-
sonal, interannual and longer-term variations of extra-
tropical surface circulation and climate. A particular
focus has been on how the stratosphere affects vari-
ations of the Arctic Oscillation (AO). To understand
atmospheric processes that cause the AO variability we
studied the impact of the 1991 Mount Pinatubo erup-
tion, which produced the largest global volcanic aerosol
cloud in the 20th Century and caused an anomalously
positive AO index in the next two winters. A series of
control and perturbation experiments were conducted
with the GFDL SKYHI general circulation model to
examine the evolution of the circulation in the two
years following the Pinatubo eruption. Forced by vol-
canic aerosols, SKYHI produces a statistically signifi-
cant positive phase of the AO in winter, as observed.
Ozone depletion causes a positive phase of the AO in
late winter and early spring by cooling the lower strato-
sphere in high latitudes, strengthening the polar night
jet, and delaying the final warming. A positive phase
of the AO was also produced in the experiment with
only the tropospheric effect of aerosols showing that
aerosol heating in the lower tropical stratosphere is
not necessary to force positive AO response, as was
previously assumed. We also used long-term strato-
spheric wind observations at Singapore station to im-
plement a quasi-biennial oscillation (QBO) in our sim-
ulations. Using this setup we showed that the phase
of the QBO modulates climate system sensitivity to
an external forcing. The QBO in its westerly phase
strengthens the Arctic Oscillation response. Because of
nonlinear interactions, aerosols and the QBO together
produce a stronger response than a linear superposition
of responses to each of these forcings. Improved quan-
tification of the aerosol, ozone, and QBO effect helps
to better understand mechanisms of the stratospheric
contribution to natural and externally forced climate
variability.
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The Quasi-Biennial Oscillations (QBO) and solar
variability are two natural stratospheric forcings affect-
ing atmospheric dynamics and possibly climate. We
study how these forcings affect the major mode of
the wintertime atmospheric variability in the North-
ern Hemisphere, the North Annular Mode (NAM). This
mode extends from the top of the stratosphere through
the troposphere to sea level accounting for 22% of the
variance in geopotential heights at sea level and more in
the stratosphere (Thompson and Wallace, 1998; Bald-
win and Dunkerton, 1999). It has been found (Ruz-
maikin and Feynman, 2002) that the NAM of the cou-
pled troposphere-stratosphere is influenced by decadal
solar variability. But the influence depends on the
phase of the QBO and phase of the winter season.
Thus, in early (late) winter for the West (East) QBO,
the NAM is more positive for low UV than for high
UV fluxes. The effect was shown to be statistically
significant. Here we present the results of our search
for a physical mechanism by which the QBO and solar
variability combined with seasonality affect the NAM.
Because the NAM is excited in the interplay between
the planetary waves and mean zonal wind (see for ex-
ample Limpasuvan and Hartmann, 2000), we investi-
gate the latitudinal, vertical and time distributions of
the wave (EP) fluxes employing the NCEP Reanalysis
Data and the ECMWF Data. We also investigate the
possible effect of the QBO associated circulation on the
NAM. References: Baldwin, M. P. and T. J. Dunkerton,
J. Geophys. Res. 104, 30,937, 1999; Limpasuvan, V.,
and D. L. Hartmann, J. of Climate, 4414, 2000; Ruz-
maikin, A., J, Feynman, J. Geophys. Res., 107, D14,
10.1029/2001JD001239, 2002; Thompson, D. W. J. and
J. M. Wallace, Geophys. Res. Lett., 25, 1297, 1998.
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The Southern Ocean surrounding Antarctica is
unique in being zonally unbounded, and forms a link
between the Atlantic, Pacific and Indian Oceans that
is important to the global oceanic thermohaline circu-
lation and hence climate. Consequently there is great
interest in measuring and understanding changes in
ocean transport around Antarctica, although conven-
tional techniques such as hydrographic sections and
current meter arrays have limitations due to the com-
plexity of the current systems. We will demonstrate
that data from coastal tide gauges and Bottom Pressure
Recorders (BPRs) deployed around Antarctica have
great utility in monitoring the genuine circumpolar
transport variability. The primary driving mechanism
for the transport changes is variability in circumpo-
lar eastward winds associated with the Southern An-
nular Mode (SAM, also called the Antarctic Oscilla-
tion). High levels of coherence are observed in the sea
level data from around Antarctica at subseasonal fre-
quencies, testifying to the circumpolar response to the
forcing. At these frequencies, the transport changes are
highly barotropic (depth independent), thus the signal
of the SAM is seen to extend completely to the deep
ocean floor around Antarctica. The SAM has been
observed to be undergoing significant changes in the
past 30 years, manifested via changes in its seasonality.
These changes to the seasonal signal are also present in
BPR data collected near Antarctica, and suggest a pos-
sible mechanism whereby large-scale atmospheric cli-
mate variability can directly influence ocean circula-
tion. At interannual timescales, significant correlation
is observed between the SAM and Antarctic sea level
measured at Faraday (Vernadsky), despite the trans-
port variability presumably having a significant baro-
clinic (depth dependent) component at these frequen-
cies. This further suggests sensitivity of the ocean cir-
culation to large-scale high-latitude climate variability,
and presents a possible low-cost method for monitoring
interannual variability in circumpolar transport. It is
essential that the Antarctic tide gauge network is main-
tained so that continued monitoring covering longer-
period signals can be pursued.
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Global dimming means that the transmission of sun-
light through the atmosphere is decreasing. What ef-
fect would this have on photosynthesis? The simplest
assumption would be that if there is less light then
there should be less photosynthesis. In this talk we
show that this assumption is wrong because; (1) canopy
scale photosynthesis is very sensitive to, and usually in-
creases with, diffuse light, and because (2) global dim-
ming means a higher proportion of diffuse light will be
incident at the surface. These two conclusions follow

from two well established facts; (a) leaf scale photosyn-
thesis saturates with light, and (b) that as the trans-
mission of sunlight declines, the diffuse fraction of the
incident sunlight increases. Both relations are remark-
ably invariant. Volcanic eruptions are an ideal global
test of the hypothesised relations and we show why we
expect that the decline in atmospheric CO2 following
the eruption of Mt Pinatubo (July 1991) was due to an
increase in photosynthesis.
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This study targeted the correlations between global
dimming and seasonal and diurnal climatic conditions.
Global, diffuse, and direct radiation measured during
the last 40 years at the Israel Meteorological Service
observatory at Bet Dagan, on the eastern coast of the
Mediterranean Sea, where large decreases in annual
global radiation have been observed and extensive cli-
mate data is available, were examined in order to deter-
mine the climatic conditions most correlated with these
changes. Israel’s Mediterranean climate enables clear
differentiation between the cool, wet, rainy season, oc-
curring between November and March, and the hot dry
summer season between June and September. Exam-
ination of the seasonality in trends of radiative forc-
ing shows that the largest mid-day decreases in global
radiation occurred at the height of the rainy season
in February, while in June, the least cloudy time of
the year with zero mean cloudiness, no change has oc-
curred. However, diffuse and direct radiation at noon
and early afternoon in June have decreased and in-
creased, respectively, during the past 10 years. De-
creases in global radiation are significant at low sun
angles in the mornings and evenings during most of the
year, reflecting increasing haziness at these times. The
significant seasonal-diurnal changes are highly corre-
lated with wind azimuth, with the largest decreases in
global radiation occurring when westerly, off-sea winds
prevail. Regression of monthly average global radia-
tion on sunshine duration for five year periods shows
that there has been a gradual decrease in the extrapo-
lated value of global radiation when sunshine duration
is zero. These and other changes will be discussed with
relation to their implications for solar dimming climate
interactions.

URL: http://www.agri.gov.il/People/
ShabtaiCohen.html
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Satellite aerosol and cloud data (MODIS, AVHHR,

ISCCP) have been integrated with a comprehensive
3D Monte Carlo radiative transfer model to quantify
the aerosol impacts on the surface solar radiation over
the Arabian Sea and to generate the regional maps of
aerosol radiative forcing. During winter monsoon, the
haze reduces the diurnal mean solar flux at the sur-
face by 20 W/m2 and increases all-sky solar absorption
in the atmosphere by nearly the same amount. Black
carbon (BC) accounts for about 60% of the aerosol in-
duced solar absorption. During summer monsoon, the
large particles (sea salt, dust) contribute up to 50%
to the aerosol optical depth, but relatively low val-
ues of aerosol single scattering albedo (SSA) suggest a
strong interaction between anthropogenic BC and min-
eral dust. While the magnitude of the surface forc-
ing during summer monsoon is estimated to be in the
range from 15 to 30 W/m2, it is a subject to a larger
uncertainty due to the lack of comprehensive SSA mea-
surements over the Arabian Sea in summer. Also the
decrease in the surface solar radiation during summer
monsoon is partly offset by the positive mineral dust
radiative forcing in the long-wave domain. While the
absorbing aerosols over the Northern Indian Ocean have
been shown to affect the winter monsoon circulation in
a substantial way, further research is needed to under-
stand if the aerosol impacts during summer monsoon
can be equally important for the regional climate and
hydrological cycle.
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Clouds are an integral factor in the Earth’s water
and radiation budgets. Observations and improvements
to the accuracy of measurements of cloud properties
are crucial in supporting global climate change stud-
ies. Regional studies are also of interest and analysis
of regional climate variability provides an insight into
local weather systems. HIRS is the High-Resolution In-
frared Radiation Sounder aboard polar orbiting satel-
lites operated by NOAA (National Oceanographic and
Atmospheric Administration). An archive of HIRS
data obtained between 1979 (NOAA-5) through to 2001
(NOAA-16) was made available by CIMSS (Coopera-
tive Institute for Meteorological Satellite Studies) at
the University of Wisconsin-Madison. The data is ob-
tained from near nadir and frequencies of observations
are converted into percentages based on total number
of observations for each 1 by 1 degree cell. An assess-
ment of cloud frequency percentages for a region includ-
ing areas of the Indian Ocean and Australia (0◦- 60◦S;
80◦E - 170◦E) will be presented. Climate variability
and possible associations with future work to be con-
ducted into cloud frequency and rainfall of North West
Cloud Bands using MODIS data will also be covered.
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A substantial upgrade of our previously developed
MFRSR data analysis algorithm (Alexandrov et al.
2002) is presented.The new version features an au-
tomated cloud screening procedure based on optical
thickness variability analysis. The technique is ob-
jective, computationally efficient and is able to detect
short clear-sky intervals under broken cloud cover con-
ditions. A bimodal gamma distribution is adopted as
aerosol particle size model. A size of the fine mode par-
ticles and a ratio between optical thicknesses of the two
modes are retrievable, the coarse mode has a fixed par-
ticle size. The aerosol optical thicknesses (total, fine,
and coarse) obtained from our analysis were success-
fully compared with the corresponding AERONET al-
mucantar retrievals from a CIMEL sunphotometer colo-
cated with MFRSR. Besides the aerosol optical thick-
nesses and the fine mode size, the products of our anal-
ysis include time series of column amounts of ozone and
nitrogen dioxide. Our algorithm is applied simultane-
ously to a set of daily MFRSR records covering at least
a month of measurements and runs level by level: first
all days are cloud screened, then all 870 nm records
are calibrated using compatibility between the direct
and diffuse measurements, etc. This approach allows
for stabilization of the daily calibration constants on
each level using a robust smoothing technique. Our
preliminary results for September 2000 dataset from
the MFRSR network at the Southern Great Plains (U.S.
DOE Atmospheric Radiation Measurement (ARM) Pro-
gram site) showed differences in aerosol fine mode size
between the measurement locations. The fine parti-
cles appeared to be smaller in the South than in the
North with notable anti-correlation observed between
the daily mean aerosol fine mode size and the ground
temperatures in the data from the northern part of the
site.
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Aerosols have direct influence in global climatology
and play adverse effect on human health, and the study
of spatial and temporal variations of aerosol optical
depth (AOD) is important. The Moderate Resolution
Imaging Spectroradiometer (MODIS) instrument on-
board the Terra satellite is providing spatial and tem-
poral information about the continental and oceanic
aerosols. The present study is based on the analysis of
aerosol optical depth retrieved from MODIS data from
March 2000 to December 2003. Several maxima val-
ues are found to be associated with the occurrence of
various natural and man made hazards such as: forest,
coal mine and oil well fires, volcanic activities and large
blasts. The study shows dynamics of AOD concentra-
tions with seasonal wind patterns over the eas
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This study compares an analysis of monthly aver-
age surface shortwave (SW) radiation measurements
from 1983 through 1995 to SW fluxes from the newly
released NASA/GEWEX Surface Radiation Budget
Project (SRB). The NASA/GEWEX SRB dataset pro-
vides a twelve-year-plus (July 1983 to October 1995)
global dataset of surface shortwave (SW) and longwave
(LW) radiative parameters on a 1x1 grid. The SW
fluxes were computed with two algorithms: a primary
algorithm (modified version of Pinker and Laszlo, 1992)
and a SW quality-check algorithm (modified version of
Darnell et al., 1992). Cloud properties were derived on
a 1-resolution using International Satellite Cloud Cli-
matology Project (ISCCP) pixel-level (DX) datasets.
Other meteorological inputs, namely the temperature
and humidity profiles, were taken from the GEOS-1 re-
analysis product of the Global Modeling and Assim-
ilation Office at NASA/GSFC. Ozone data were ob-
tained from TOMS archives. Daily and monthly sur-
face measurements were obtained from the World Ra-
diation Data Center in St. Petersburg, Russia. Sites
of high quality containing a continuous long-time se-
ries were selected and were clustered in areas of simi-
lar climatological surface type as proposed by Smith et
al. (2002, J. Clim). Long-term estimates of the fluxes
as inferred by the SRB dataset were compared to flux
measurements. Comparisons were made in regards to
the seasonal and interannual variability within the re-
gion as compared to the variability estimated by the
SW SRB. In general, most regions showed high corre-
lation between the estimates and the measurements. A
few regions showed long-term changes consistent with a
downward trend. One exception was a region in Egypt
where surface measurements showed downward change
over most the time period that was not captured in the
SRB record. The reasons for this are explored. Lastly,
long-term changes over the 12 year period are computed
on a 1 degree basis.
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The possibility that the stratosphere might exert
significant influence on the troposphere has recently
attracted much attention. In this work, we focus our
attention on how stratospheric conditions might alter
the development of baroclinic instability in the tro-
posphere, using an idealized primitive equation model
with a substantial number of levels located through-
out the middle atmosphere. We perform 20 day in-
tegrations, starting with an unstable tropospheric jet,
similar to that prescribed by Thorncroft et al., and a
number of different stratospheric jets, representative
of different states of the polar night vortex. When
the stratospheric winds extend sufficiently into the up-
per troposphere, significant departures from the LC1
paradigm are observed: the eddy kinetic energy (EKE)
is suppressed, and the meridional extent of the source
of upward propagating EP flux is restricted to the pole-
ward side of the jet. This results in a meridional re-
striction of upper level wave breaking and the conse-
quent incomplete barotropization of the zonal wind in
the lower half of the tropospheric jet. The remain-
ing baroclinic shear may then engender a secondary
lifecycle that completes the barotropization, in which
the EKE-maximum is a non-monotonic function of the
strength of the stratospheric jet. The strength and time
of primary and secondary lifecycles is related to pa-
rameters defining the stratospheric jet. Results are re-
lated to observed stratospheric conditions with partic-
ular reference to recently observed trends in the NAM
index.
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Using the NCEP/NCAR global reanalysis data for
51 boreal winters, a convective index (CI) for the trop-
ical Pacific is constructed. It is found that the extreme
positive and negative events of the CI are connected
to the positive phases of the two dominant modes of
the extratropical atmospheric variability, i.e., the PNA
and the NAO, respectively. A primitive equations dry
atmospheric model is used to investigate the atmo-
spheric response to a tropical diabatic forcing pattern
and explore how the atmospheric response changes as
a function of the amplitude of the forcing. The forcing
anomaly represents a linear fit of the model forcing to
the CI. The time-averaged 500 hPa geopotential height
anomaly responses of two long integrations with forc-
ing anomalies of equal amplitudes but opposite signs
show an asymmetric feature that is similar to obser-
vations. A set of linear experiments with forcing per-
turbations and eddy flux anomalies associated with the
positive and negative amplitudes of forcing conditions
indicates that the nonlinearity of the extratropical re-
sponse primarily results from the modification of the
“basic state” caused by the large-amplitude forcing and
the subsequent sensitivity of the response to that mod-
ified basic flow.


