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A possible mechanism for solar forcing of climate
is being investigated. The mechanism couples changes
in solar ultraviolet (UV) emission to those of ozone
and temperature and circulation in the stratosphere
and troposphere. This mechanism is an ’amplification
mechanism’ in the sense that it can magnify the effects
of a small change in the UV emission to generate a sig-
nificant climate effect and works as follows. At low
solar activity, the ozone in the stratosphere becomes
less abundant and the meridional temperature gradi-
ent there becomes smaller. This implies a weaker and
warmer polar vortex and weaker planetary wave activ-
ity in the troposphere, resulting in a colder climate for
the troposphere.

To investigate the interactions between the tropo-
sphere and stratosphere, which are integral to this ’am-
plification mechanism’, we use a general circulation
model of the atmosphere, the UCLA GCM. As it has
been demonstrated that the response of the strato-
sphere to solar cycle variations is sensitive to the phase
of the quasi-biennial oscillation (QBO) in tropical lower
stratospheric zonal winds, we have performed two sets
of experiments. In one set the QBO is in a perpetual
cast phase, in the other it is in a perpetual west phase.
There are two GCM integrations in each set. One is
a control, the other a 20% reduction in ozone mixing
ratio imposed in the stratosphere. Preliminary analy-
sis of these integrations will be presented to test the
validity of this ’amplification mechanism’.
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Assessing impact of stratospheric water
vapor on climate
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It is now apparent that observed increases in strato-
spheric water vapor may have contributed significantly
to both stratospheric cooling and tropospheric warming
over the last few decades.

I show that if recent estimates for the observed wa-
ter vapor trends are valid globally they could have con-
tributed a radiative forcing of up to 0.3 Wm~2 and a
lower-stratospheric cooling of more than 0.8 K over the
past 20 years, with these values more than doubling
if, as has been suggested, the trend has persisted for
the last 40 years. I assess if such a large stratospheric
cooling is consistent with observations.
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Relationship Between Climate
Variability and Total Ozone Change
in the Northern Mid-Latitudes
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Traditionally, long-term changes (trends) in the
total ozone amount at Northern mid-latitudes have
been derived from zonal averages made over the lat-
itude range from 25 to 60( N. We separate the to-
tal ozone field into four meteorological regimes, (1) a
tropical regime south of the subtropical upper tropo-
sphere front; (2) a mid-latitude regime between the
sub-tropical and the polar fronts; (3) a polar regime
between the polar front and the arctic front (the po-
lar vortex), (4) an arctic regime, north of the arctic
front. The total ozone distribution within the first
three regimes is quite narrow, with a width of about
three per cent of the mean value. We also find that the
mean value within these regimes is relatively constant
from year to year. Thus the mean total ozone value
that is observed between 25 to 60( N is mainly gov-
erned by the relative areas of the three regimes within
these latitude limits. We find that during the period
from 1978 to 1992 the area of the tropical regime in-
creased while that of the polar regime decreased. We
conclude that most of the northern mid-latitude trend
in the total ozone record between 1978 and 1992 is the
result of a northward movement of the mean latitude
of both the subtropical and polar fronts. As there is
a distinct tendency for the surface pressure systems to
follow the flows aloft, e.g. the jet streams embedded in
these fronts, any movement in the mean positions of the
upper troposphere fronts will result in a change in the
climate of the Northern hemisphere. Thus changes in
climate, both short term and long-term, and the mea-
sured stratospheric ozone trends and variability at mid-
latitudes are closely linked.
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Observations of constituents from satellite, aircraft
and sondes can be utilized to develop diagnostics of
various aspects of tropical transport. These include
tropical midlatitude isolation, the seasonal transport
from the upper tropical troposphere to the midlatitude
lowermost stratosphere, the seasonal cycle of the trop-
ical total ozone and its variability. These diagnostics
will be applied to constituent fields from an off-line
chemistry and transport model (CTM) driven by winds
from two sources. These are the Finite Volume Com-
munity Climate Model (FV-CCM), a general circulation
model that uses the NCAR CCM physics and the Lin
and Rood dynamical core, and an assimilation system
developed by the Data Assimilation Office at the God-
dard Space Flight Center that uses the FV-CCM at its
core. Signatures of interannual differences in the obser-
vations, related to the tropical winds and extratropical
waves, will be emphasized to understand differences be-
tween the two model transports and the transport in-
ferred from the observations.
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Maximum Path Height Distributions: a
Measurable Quantity Independent of
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The stratospheric lifetimes of the halocarbons and
nitrous oxide measured by the LACE in situ GC are
dominated by simple photolysis. Between these species,

Boulder, CO 20305,

local lifetimes span two orders of magnitude at any
given altitude. Similarly, for each species the local
photolytic lifetimes decrease by more than two orders
of magnitude in going from the tropopause to 32 km.
This range in lifetimes cover the dynamic time scales
of stratospheric transport, making these halocarbons
extremely sensitive to the altitude degree of freedom
in the stratosphere and a powerful tool for studying
stratospheric dynamics.

Tagging an irreducible air parcel (air particle) in
terms of the maximum height encountered during its
path to a final location, takes advantage of this loga-
rithmic decrease with altitude in the local photolytic
lifetimes. In particular, maximum path height iden-
tifies the molecular species that will have undergone
substantial loss (& 100 %). A measurement of these
simple photolytic species at a given location in the
stratosphere can then be used to calculate the distri-
bution of maximum path heights corresponding to the
distribution of irreducible air particles that make up
the particular air parcel measured.

We will demonstrate a measured maximum path
height distribution using LACE midlatitude data.
Comparison of measured maximum path height distri-
butions to model estimates will represent a check that
would be independent from those obtained via. com-
parisons to mean age, and age distributions (calculated
from SFg and COg measurements). A short discussion
of the interplay between maximum path height, time
scales for transport, and the vertical resolution of mod-
els will be given to demonstrate the usefulness of the
maximum path height concept. We hope to convince
modelers to included maximum path height as an ef-
fective tracer for comparisons with measurements.
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University,

Maximum stretching lines in the lower stratosphere
around the Antarctic polar vortex are diagnosed us-
ing a method based on finite-size Lyapunov exponents.
By analogy with the mathematical results known for
simple dynamical systems, these curves are identified
as stable and unstable manifolds of the underlying hy-
perbolic structure of the flow. For the first time, the
exchange mechanism associated with lobe dynamics is
characterized using atmospheric analyzed winds. The
tangling manifolds form a stochastic layer around the
vortex. It is found that fluid is not only expelled from
this layer towards the surf zone, but also is injected
inward from the surf zone, through a process similar
to the turnstile mechanism in lobe dynamics. The vor-
tex edge, defined as the location of the maximum gra-
dient in potential vorticity or tracer, is found to be
the southward (poleward) envelope of this stochastic
layer. BExchanges with the inside of the vortex are
therefore largely decoupled from those, possibly intense
exchanges, between the stochastic layer and the surf
zone. We stress that using the kinematic boundary de-
fined by the hyperbolic points and the manifolds as an
operational definition of vortex boundary is not only
unpractical but also leads to spurious estimates of ex-
changes. We also present preliminary results of diag-
nostics based on rigorous theory of finite-time hyper-
bolicity.
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Laboratory experiments are performed to examine
the generation of internal waves in uniformly salt-
stratified fluid by towed two-dimensional periodic to-
pography of finite extent. Linear theory predicts that
vertically propagating internal waves are generated if
the Froude number Fr = U/NX < 1/2x. (Here U is the
towing speed, N is the buoyancy frequency, and X is
the distance between successive hill crests.) As found
by Baines and Hoinka (1985), when Fr is moderately
smaller than this value, a large amplitude lee wave is
generated downstream of the topography. This horizon-
tally propagating wave is characterised by spatially de-
caying, periodic vertical displacements of near-surface
isopycnals on the order of the hill amplitude immedi-
ately in the lee of the topography. The flow is laminar.

The lee wave itself excites vertically propagating in-
ternal waves which have amplitude approximately twice
that of internal waves generated directly above the to-
pography. That is, larger waves are excited after the to-
pographic forcing is turned off! This occurs because the
internal waves resonantly interact with the lee waves
acting both to establish the pattern of lee waves and to
extract energy efficiently away from them.
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High-Resolution Simulations of Global
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One factor limiting the realism of global climate
simulations is the coarse spatial resolution used in this
type of simulation. We investigate the effects of higher
spatial resolution in global climate calculations by com-
paring results of simulations performed with coarse and
fine-resolution configurations of the NCAR CCMS3 at-
mospheric general circulation model. Here we compare
results of simulations of present climate at different
resolutions; in a separate paper, we compare results
for an elevated-CO2 climate. In present-climate sim-
ulations, spatial patterns of simulated quantities are
generally more realistic at higher resolution. This is
especially true of quantities (e.g. precipitation) which
are strongly influenced by orography. Many global and
annual-mean quantities are less realistic in our higher
resolution simulations; we attribute this to the use of
a model version which has been tuned to perform well
at coarse resolution.
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High Resolution CCM3 Global Climate
Change Simulations
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In this study, we have performed two global climate
simulations at T170 using NCAR’s Atmospheric Gen-
eral Circulation Model, CCM3. The horizontal resolu-
tion is approximately 0.7 degrees in both latitude and
longitude. The first case, the present day simulation,
corresponds to the present day climate. In the second,
2100 simulation, the concentrations of greenhouse gases
are prescribed for the year 2100AD based on Business
As Usual (BAU) scenario. The SSTs for the 2100 sim-
ulation are derived from a coupled model simulation of
the 21st century. Analogous coarse resolution simula-
tions are also performed at T42 (~2.8 degree resolu-
tion). We will discuss the global climate change and
climate sensitivity at these two different resolutions.
We will also discuss the improvements in regional cli-
mate change simulations at the higher resolution.
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As part of the Buropean Project for Ice Coring in
Antarctica (EPICA) a deep drilling at Dome C, Antarc-
tica (75° 06’S, 123° 24’E) was launched in 1996 and
a depth of 780 m had been reached by the end of

Cite abstracts as: Fos.

the 1998/99 field season. The ice core covers approx-
imately the last 45 kyrs. Along the whole core, high-
resolution chemical analyses have been done, combin-
ing continuous flow analysis (CFA), a fast ion chro-
matographic method (FIC) and traditional ion chro-
matography (IC). The resolution achieved was of the
order of one centimetre with the CFA method and 4
to 10 cm with the two ion chromatographic methods.
In the last glacial period, the sodium concentrations
were about five times higher than during the Holocene.
Elevated sodium concentrations are also observed dur-
ing the Antarctic Cold Reversal (ACR). During the last
glacial period, the chloride to sodium ratio was close
to the seawater ratio, whereas under present day con-
ditions, there is a considerable chloride deficit due to
post-depositional chloride losses. Chloride showed an
extraordinary behaviour in the early Holocene, with
slight chloride surplus compared to the sodium concen-
trations.
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East Coast Pressure Trough Indices and
New England Winter Climate
Variability
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Although many studies have successfully defined ro-
bust spatial and temporal expressions of the North At-
lantic Oscillation (NAO) in regional climates through-
out the North Atlantic basin, only a few studies have
addressed the manifestations of these links in New Eng-
land. Using monthly gridded 500-hPa-pressure level
data we define two synoptic indices, specific to the
northeastern United States, with the goal of better un-
derstanding the principal mechanisms controlling in-
traseasonal to multi-annual winter climate variability
in New England. 1) The ”Trough Axis Index” (TAI) is
created to quantify the mean longitudinal position of
the common East Coast pressure trough, and 2) The
”Trough Intensity Index” (TII) is calculated to repre-
sent the relative strength of this trough at 45.5° N.
The TAI and TII are then compared with instrumental
records for winter precipitation, temperature and snow-
fall in New England, regional sea-surface temperatures
(SST), and the NAO index.

The TAI correlates most significantly with winter
precipitation at inland stations, indicating that a west-
ern (eastern) trough-axis position corresponds with
greater (lower) average monthly precipitation. Results
also indicate that New England regional SSTs and the
NAO are associated with east west shifting in the mean
location of the East Coast pressure trough and storm-
track preferences. The TII is significantly correlated
with regional temperature and SSTs as well. Noted in-
traseasonal to multi-annual interrelationships between
indices for regional climate, the TAI, TII, SST and the
NAO provide evidence for fundamental physical mecha-
nisms linking New England with North Atlantic winter
climate variability.
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Tropical Forcing of North Pacific
Decadal Variability Explored Using a
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The impacts of tropical forcing and internal atmo-
spheric noise on decadal variations of wintertime North
Pacific SST are explored using the GFDL R30 atmo-
spheric GCM coupled to the Alexander mixed layer
ocean model. Observed 1950-1999 SST is prescribed
in the eastern equatorial Pacific to duplicate historic
ENSO forcing and the mixed layer model is used else-
where over the global ocean except for regions of cli-
matological sea ice cover. The use of a one-dimensional
mixed layer model enables a focus on the role of sur-
face fluxes and local wind-driven turbulence in gener-
ating SST anomalies by excluding varying horizontal
advection and ocean dynamics. Sixteen runs with iden-
tical prescribed eastern equatorial Pacific SST forcing
but different atmospheric realizations were examined.
Another eight runs with prescribed eastern equatorial
Pacific SST forcing, an ocean mixed layer only in the
North Pacific, and climatological SST elsewhere were
also examined.

Ensemble mean North Pacific decadal SST variabil-
ity resembles the observed decadal variability, but with
weaker amplitude. This suggests variations in trop-
ical forcing substantially contribute to North Pacific
decadal SST variability through changes in local sur-
face forcing. However, SST variability in individual
runs can be significantly different, suggesting that a
substantial stochastic component exists in the observed
decadal SST variations. Surface winds from the runs
are used to drive an ocean GCM to explore the uncou-
pled dynamical response of the ocean to atmospheric
internal variability and tropical forcing.
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We examine the effect of ENSO cold-phase dynam-
ics on chemical tracer distributions in the Subtropical
Pacific, and on tropical - midlatitude Interactions in
the Northern and Southern Hemispheres.

A mature, significant (sustained sea surface tem-
perature anomaly of more than 1 degree below clima-
tology) cold phase ENSO event persisted during re-
cent NASA Global Tropospheric Experiment (GTE)
aircraft-based chemical sampling missions in March and
April of 1999 and 2001. These missions provide an ex-
tensive set of chemical tracer data from the Subtrop-
ical Pacific in both hemispheres. The subtropics (20-
30 deg) are complicated regions of interaction between
tropical and midlatitude flow patterns, where the pre-
vailing surface winds shift from easterly to westerly,
and midlatitude fronts slow down and decay. This area
of transition also coincides with heavy loading of the
boundary layer and lower troposphere with combus-
tion emissions from coastal Asia, and to a lesser ex-
tent, Australia. We show Northern and Southern hemi-
spheric chemical tracer distributions measured over the
Subtropical Pacific, correlated to both the prevailing
and anomalous windfields. We also show the measured
tracer gradients associated with decaying fronts in this
region where midlatitude oxidant precursors are trans-
ported to an area where enhanced photochemical oxi-
dant production is associated with abundant sunlight
and water vapor.
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A set of numerical simulations has been carried out
to evaluate the influence of coupled land-atmosphere
and ocean-atmosphere interactions on natural climate
variability. The baseline experiment was a long inte-
gration of a state-of-the-art coupled atmosphere-ocean-
land general circulation model (GCM). A set of three
experiments was conducted: one where the ocean and
land are decoupled from the atmosphere, one where the
land and atmosphere models were coupled but the SST
was specified, and one were the ocean and atmosphere
were coupled but the land soil moisture was specified.
Note that in the simulations when the land model is
not interactive, soil moisture is specified but surface
temperature is permitted to evolve.

By reducing the variability of soil moisture, in the
specified soil moisture experiments, the atmospheric air
temperature variability is reduced over North America
throughout the year. This reduction of air temperature
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variability acts to reduce ocean temperature variability
on monthly to seasonal time scales. In addition, the
strength of ”re-emergence” is reduced in the western
North Atlantic, in a region near the North American
coast. ”"Re-emergence” is the mechanism by which late
winter ocean temperature anomalies are sequestered
below the summer ocean mixed layer and mixed back
into the surface layer in the fall.

These results suggest that land variability in the
midlatitudes adds persistence to the climate system on
longer time scales by influencing ocean variability.
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At long ranges from large atmospheric explosions
a complicated wave train lasting several tens of min-
utes is typically observed. The nature of these returns
(phases) can be ascertained at close ranges for higher
frequencies using ray theory, but at longer ranges and
lower frequencies, the full wave nature of these sig-
nals requires either a normal mode or other exact lin-
ear wave perturbation approach to predict amplitude
as a function of range. In many cases what is required,
however is the phase identification of these wave ar-
rivals, i.e., the geometric path of the arriving waves
and not their amplitude. In order to ascertain such
phase identifications, we have modified the ray-mode
(phase) theory of Tindle and Guthrie (1974-1976) to
include atmospheric winds for the full acoustic-gravity
wave spectrum. We have made this modification for
the system of dispersion equations and atmospheric res-
onant frequencies for two simple analytic wave mod-
els, namely for the cases of a hydrostatic, isothermal
and non-isothermal atmosphere. Previous analyses of
acoustic-gravity wave arrivals have identified phases
including Lamb (surface), tropospheric, stratospheric
(with-wind) and thermospheric types at long range.
Furthermore, counter-wind stratospheric arrivals have
also been identified even though for a very long time
it has been recognized that these returns did not sat-
isfy the asymptotic high frequency Snell’s law for the
atmosphere. Despite this deficiency, it was also known
long ago that proper amplitude values could be pre-
dicted using the modal response of the atmosphere from
distant explosions including the counter-wind propaga-
tion case, even though the precise path of the waves
from the source to the observation point remained un-
known. Presumably the mechanism(s) responsible for
the counter-wind signal arrival is due to either wave
scattering or diffraction during propagation. We have
now incorporated different observed atmospheric tem-
perature and wind profiles into our modified ray-mode
algorithm in order to predict the ray-mode skip dis-
tance, duct heights and thicknesses, etc. as a func-
tion of range, frequency and free wave mode number
to determine the proper phase identification within the
train of arriving waves. This will allow IMS (Interna-
tional Monitoring System) infrasound analysts a rapid
method, independent of amplitude predictions, for the
proper interpretation of the complex wave train from
distant explosions.
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The warming of the entire tropical troposphere to
an El Nino is well established, if not well understood.
This observation allows for a useful simplification of
the tropical El Nino - Southern Oscillation (ENSO)
teleconnection problem, through assuming that ENSO
controls the interannual variability of tropical tropo-
spheric temperatures. We examine the potential im-
pact of this warming to tropical climate away from the
ENSO region by examining the vertical adjustment of a
single column model to imposed tropospheric temper-
ature variations. The column model is set to predict
the ENSO impact over P>E, P<E, and no convection
regions over a hypothetical mixed layer ocean. In both
regions, model precipitation and sea surface temper-
ature (SST) responds significantly to the forcing; in
general, precipitation decreases and SST increases to

warmer tropospheric temperatures. However, the am-
plitude and phase of precipitation and SST response
depends on how fast the mixed layer ocean adjusts to
the forcing. We analyze the model response to under-
stand the underlying mechanisms behind the precipita-
tion and SST variations. We show observational evi-
dence that suggests our model results are applicable to
SST and precipitation variability over the global trop-
ics. In particular, our mechanism offers a simple ex-
planation why the southeastern tropical Atlantic and
southeastern tropical Indian ocean SST variability is
not linked to ENSO. We discuss the implications of our
results to ENSO teleconnections over the global trop-
ics.
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A cyclonic circulation, named the ”Santa Cruz
Eddy”, occurs frequently in the summer time over the
Monterey Bay, offshore from the city of Santa Cruz.
With its horizontal size of 10-20 km, its vertical extent
of 100-200 meters, and its lifetime of a few hours, it
represents so far the only non-severe weather example
of a meso-v circulation in the atmosphere. It forms in
the late afternoons and evenings and it causes surface
winds in the Santa Cruz area to blow from the east,
opposed to the main westerly flow typical of the Cali-
fornia coastal areas.

Data collected during the summers of 2000 and 2001
showed that: (1) a strong pressure difference (i.e., up
to 3 mb) exists during the day between the southern
and the north-eastern parts of the bay; (2) a southerly
wind starts forming in the eastern part of the bay in the
carly afternoon before the eddy forms, advecting cooler
air northward; (3) this cooler air takes about four hours
to reach the Santa Cruz area and to close the circula-
tion associated with the eddy, which therefore forms
at the end of the day; (4) the eddy seems to dissipate
and then reform once or twice during the night, which
suggests that two different mechanisms act to form the
eddy, one during the day and one at night.

The mesoscale model MMS5 is used as a tool to bet-
ter understand the mechanism of formation of the Santa
Cruz Eddy. The test case chosen is the eddy event of
August 24th 2000, which is simulated with two one-
way nested domains with horizontal resolutions of 5
and 1 km. The results confirm that higher pressure
forms in the southern bay, as a consequence of the mean
northwesterly flow impinging upon the mountains in
the south Bay. Also, a lower pressure area forms in the
north- east of the Bay (i.e., in the Santa Cruz area),
due to the fact that the mountains in the north Bay
protect this area from the cold marine air, resulting in
stronger surface heating, higher temperature, and lower
pressure. Furthermore, an area of strong surface winds
forms offshore from Santa Cruz, which is believed to
contribute to vorticity formation through shear.
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The Influence of Horizontally
Heterogeneous Soil Moisture on a
Coupled PBL / Land-Surface System

BEdward G Patton!:2
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Meteorology, University Park, PA 16802, United
States

2National Center for Atmospheric Research, P.O. Box
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Land-atmosphere coupling is widely recognized as a
crucial component of regional, continental and global
scale numerical models. However, predictions from
these large-scale models are sensitive to small scale sur-
face layer processes like heat and moisture fluxes at the
air-soil-vegetation interface as well as boundary layer
treatments. Particularly, the soil moisture boundary
condition has a considerable influence on medium-to-
long range weather forecasts and on simulated monthly
mean climatic states. The resolution used in most large
scale models is however relatively coarse so that the
turbulent processes in the planetary boundary layer
(PBL) which control the surface fluxes are not resolved
but are determined by a parameterization. In our view,
the shortcomings and sensitivities exhibited by large
scale numerical models are partly a consequence of in-
adequate modeling of the PBL and its interaction with
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the land surface. In order to improve existing parame-
terizations, a more complete understanding of the me-
chanics and thermodynamics of air-soil interaction and
the transport of water vapor by turbulent processes in
the PBL is required.

The importance of the atmospheric planetary
boundary layer in land-atmosphere interactions is well
known. Turbulent processes in the PBL regulate the
exchange of momentum and scalars between the land
surface and overlying atmosphere. Furthermore, con-
centrations of the important elements in the surface
energy balance, heat and moisture, influence the fluxes
themselves, in a feedback loop. The equilibrium state
of concentrations and fluxes depends on surface condi-
tions, entrainment and the entire temporal and spatial
history of the PBL. The current understanding of the
coupling between land surfaces and the PBL is, how-
ever, largely based on the study of idealized homoge-
neous land surfaces and cloud-free PBLs. An important
next step is to examine the coupling between land sur-
faces and clear PBLs.

In this study, we examine the interactions between
land surfaces and the atmosphere by coupling a large-
eddy simulation (LES) model for the PBL to a land
surface model. Typical LES investigations of heteroge-
neous surfaces utilize prescribed surface fluxes and use
relatively coarse grid resolution. In the work described
here, fine grids and large computational domains are
used to examine the impact of large scale heterogene-
ity on PBL turbulence and the surface heterogeneity
is not imposed but dictated by coupling with a land
surface model.
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Operational Seasonal Precipitation
Forecast For Puerto Rico And US
Virgin Islands Using CCA

Yuxiang He (301-763-8000 x7529;
Luke.He@noaa.gov)

Climate Prediction Center NCEP/NWS/NOAA, 5200
Auth Rd. 4, Camp Springs, MD 207464304, United
States
An operational system for 3-month total precipita-

tion forecasts for Puerto Rico and US Virgin Islands
has been developed at NOAA Climate Prediction Cen-
ter using the statistical method of canonical correlation
analysis (CCA). The forecasts are expected to begin is-
sued monthly beginning in 2002. The levels and sources
of predictive skills have been estimated at lead times
of up to one year, using a cross-validation design. The
predictor fields, in order of their predictive value, are
quasi-global sea surface temperature, Northern Hemi-
sphere 700 mb height, and prior values of the pre-
dictand precipitation itself. Four consecutive 3-month
predictor periods are used to detect evolving as well as
steady-state conditions. Modest forecast skills (corre-
lation > 0.4) are realized for most of the year. CCA
generally outperforms persistence, even at short leads.
The El Nifio/Southern Oscillation (ENSO) phenomenon
is found to play an important role in the precipitation
variability over this region.

URL: http://www.cpc.ncep.noaa.gov/pacdir
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On the Acoustic Impulse Conservation
law for Long Range Sound
Propagation in the Atmosphere

Sergey N. Kulichkov! (7-095-953-4876;
snk@omega.ifaran.ru)

Douglas O. ReVelle? (505-667-1256;
dor@vega.lanl.gov)

Rodney W. Whitaker? (505-667-7672; rww@lanl.gov)

Oleg Raspopov® (812-310-5232;
oleg@omr.izmi.ras.spb.ru)
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An experimental confirmation of the acoustic im-
pulse conservation law (where I is the acoustic impulse
with a wave profile area, S in pressure, p and time,
t coordinates multiplied by the range, r from the ex-
plosion) for long range infrasound propagation in the
atmosphere will be presented. Data on infrasonic ar-
rivals at long distances (up to 300 km) from explosions
with yields of 100 kg to 2000 tons (TNT equivalent)
in different seasons have been analyzed. Using these
data we obtained the empirical relation; Io = 0.616 X I
**0.988 where Io = the initial value of the acoustic im-
pulse I near the explosion). This relation may be used
at any range from the explosion for infrasonic arrivals
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of different types (tropospheric, stratospheric, meso-
spheric and thermospheric). The empirical relation Eo
= 1.38e-10 X I*¥1.482 with Eo, the source energy, in
kilotons and the impulse, I in kg/s, was also obtained
from our data analyses. Finally, we utilized the acoutic
impulse conservation law to determine a relationship
between the experimental uncertainty in the dominant
frequency of the explosion and the experimental uncer-
tainty in the pressure amplitude. This result can be
written in the form: (f-fo)/f = (p-po)/p where f-fo is
a measure of the experimental error in observing the
dominant frequency,fo, of the explosion and p-po is the
corresponding error in the observation of the acoustic
amplitude, po.
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Approaches to data quality assurance:
from deployment to operation
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The deployment and operation of instrumentation
for monitoring of environmental parameters require
special attention to data quality assurance (QA) is-
sues. Often such instrumentation is required to run
unattended on a continual basis in remote locations
while exposed to harsh environmental conditions. For
the instruments to yield data of know and reasonable
quality several criteria have to be fulfilled. Firstly, the
instruments have to perform to within known uncer-
tainties under varying conditions. This can be achieved
by performing proper calibration, set-up, and testing.
Secondly, in the operational phase the data collected
should pass certain quality Control (QC) tests before
being used to monitor changes in environmental con-
ditions. In order to maximize the amount of data of
known and reasonable quality, these data control rou-
tines should be executed in near real time. One ap-
proach to accomplish this is to develop automated rou-
tines for collection and checking of the data, as well as
making visualizations and notifications to operators if
manual intervention is needed.

At Stevens Institute of Technology (SIT), the Light
and Life Laboratory under the direction of Dr. Knut
Stamnes is involved in the ongoing process of deploy-
ing instrumentation for the collection of data for cli-
mate science research and environmental monitoring.
As Site Scientist for the North Slope of Alaska/ Adja-
cent Arctic Ocean (NSA/AAO) Cloud And Radiation
Testbed (CART) site, one of the measurement sites
commissioned by the Department of Energy’s Atmo-
spheric Radiation Measurement Program (ARM), Dr.
Stamnes leads a Operations Team that is performing
the data QA of that site. Working with the instrumen-
tation at these sites, the team is developing new ap-
proaches to the problem of maximizing the collection
of data of known and reasonable quality. This includes
data logistics, automated QC routines, operational pro-
cedures, and instructions for the deployment of instru-
ments.

In this poster we will present our work by describing
the steps from deployment to production phase using
one particular instrument as an example. We present
our QA approach aimed at maximizing the collection
of data of known and reasonable quality, through the
deployment, operation, and daily QC of the measure-
ments obtained with that instrument.

URL: http://odin.mat.stevens-tech.edu/
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The Atmospheric Infrared Sounder (AIRS) is se-
lected by NASA to fly on the second Earth Observ-
ing System (EOS) polar orbiting platform, EOS Aqua,
which will be launched in 2002. AIRS, together with
Advanced Microwave Sounding Unit (AMSU) and Hu-
midity Sounder for Brazil (HSB), is designed to meet
the requirements of the NASA Earth Science Enterprise
climate research program and the NOAA operational
weather forecasting plans. AIRS constitutes an inno-
vative atmospheric sounding group of visible, infrared,
and microwave sensors that will provide measurements
for temperature at an accuracy of 1°C in layers 1 km
thick and humidity at an accuracy of 20 % in layers 2
km in the troposphere.

Besides the Level-1 radiance data, the new data
set will contain the AIRS Level-2 products consisting
of 26 parameters. These parameters are atmospheric
temperature profiles (30 levels), troposphere height,
stratosphere height, water vapor profile through the at-
mosphere, total precipitable water, cloud liquid-water
content, precipitation indication, cloud-ice indication,
cloud-top pressure, cloud-top temperature, fractional
cloud cover, cloud spectral properties cloud type, ozone
profile through the atmosphere, total ozone, methane,
carbon monoxide, sea surface skin temperature, land
surface skin temperature, infrared surface emissivity,
microwave surface emissivity, clear-column radiance,
OLR at the top of the atmosphere, outgoing shortwave
radiation at the top of the atmosphere, net longwave
flux at the surface and net shortwave flux at the sur-
face.

All the data products will be released for public
distribution in HDF-EOS format at the NASA God-
dard Earth Sciences Data and Information Services
Center (GES DISC) Distributed Active Archive Center
(DAAC). The Goddard DAACs atmospheric Dynamics
Data Support Team will provide science and data sup-
ports to assist users in understanding, accessing and us-
ing the AIRS data products. Services will include ass
tance in Level-1 and Level-2 products ordering and dis-
tribution, on-demand subsetting, tools for visualization
and on-line analysis, access to various documents (such
as data guides, readme, FAQ, technical notes), answer-
ing user questions. For more information about the
data and the related support, please visit the DAACs
AIRS web site at:

URL: http://daac.gsfc.nasa.gov/CAMPAIGN_DOCS/
atmospheric_dynamics/

(EITI),
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A Remote Sensing Study of the Urban
Heat Island of Houston, Texas
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Rice University, Department of Physics and Astron-
omy 6100 S Main St., Houston, TX 77005, United
States
Radiative surface temperature maps of Houston,

Texas were derived from satellite sensor data acquired
at approximately 0400 LST on 27 separate occasions
over a two year period. Urban-rural temperature dif-
ferences were determined for 21 of these cases by mod-
elling the urban heat island as a two-dimensional Gaus-
sian surface superimposed on a planar rural back-
ground. The purpose of this study was to characterise
the complete urban heat island in magnitude and spa-
tial extent without the use of in situ measurements and
to determine whether a correlation exists between heat
island magnitude and rural temperature. The urban
heat island magnitude was found to be inversely corre-
lated with rural temperature, while the spatial extent
was found to be independent of both heat island mag-
nitude and rural temperature.
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Conceptual Modeling of the Climatic
Role of Airborne Dust
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Airborne dust concentrations appear to be higher
during glacial periods than interglacials, based on ice
core, ocean sediment, and loess deposit data. In addi-
tion, humans have impacted the airborne dust distribu-
tion through land use changes. Because dust interacts
with radiation (through absorption and scattering of
solar radiation and absorption of terrestrial radiation),
there is a possibility that these changes in dust loading
could play a significant role in the climate.

An energy balance model comprised of a zonally
averaged atmosphere overlying a land or ocean sur-
face has been constructed to explore several possible
mechanisms of dust-radiation interactions. Parameter-
ized dust loading and dust transport algorithms inter-
act with ice-albedo feedbacks and significantly alter the

model climate. These idealized model results yield in-
sights into possible climatic roles of airborne dust.
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Southwestern U.S. — Greater Than
Pre-Anthropogenic, or Cant we Tell?
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Modern dusts in the Southwestern U.S. commonly
contain, or are accompanied by, larger amounts of
ordinarily-rare trace elements than can be explained by
the known compositions of the common minerals that
constitute the dusts, or by the average composition of
the earths crust. Whether the enrichment seen in these
and other modern dusts is due to natural or indus-
trial processes was a geochemical question until it was
recently shown that pre-industrial dusts preserved in
Antarctic ice are also enriched in trace elements (Mat-
sumoto and Hinkley, 2001). Ordinarily-rare trace ele-
ments such as Zn, Cu, Pb, Cd, As, Se, Sb, and Bi are
present in excess in modern Southwest dusts. Pb, Cd,
In, Tl, and Ag were shown to be present in excess in
old Antarctic ice.

We collected dusts in the Southwest in two ways:
on dry deposition plates in lowland areas, and as strata
of accumulated early-Spring snowpack in higher snow-
covered areas. Antarctic ice was from the Taylor Dome
core, and represents pre-industrial atmospheric deposi-
tion ( 1,000 27,000 y.b.p.). Non-explosive worldwide
volcanic emissions appear to be the source of the trace
element enrichment in old Antarctic dusts. Enrichment
factors for trace elements (the factor by which the con-
centration of an element is greater than in the average
crust of the earth) are commonly between 10 and 100 in
the modern dusts, slightly higher in the Antarctic ice,
although they vary by element and by sample type. In
the Southwest, trace elements are especially abundant
in fine-grained dusts.

The degrees of enrichment of trace elements in both
the ancient dusts and fine-grained modern dusts are
similar enough that it is not possible to attribute an an-
thropogenic component to the extra trace elements that
accompany the modern dusts. The natural background
of trace elements in dusts in the atmospheric load con-
stitutes, at the least, an important baseline compo-
nent for the trace element enrichment found in modern
dusts. Trace element loads of modern and ancient dust
are indistinguishable at present state of knowledge.

URL: http://climweb.cr.usgs.gov/info/sw/
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boundary-layer conditions at Summit,
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The temporal and spatial distribution of boundary-
layer ozone was studied during June 2000 at Summit,
Greenland by surface-level measurements and vertical
profiling from a tethered balloon. Three weeks of con-
tinuous ozone surface data and 133 meteorological and
82 ozone vertical profile data sets were collected from
the surface to a maximum altitude of 1400 m above
ground. The lower atmosphere at Summit was charac-
terized by the prevalence of high stability conditions
with strong surface temperature inversions. These in-
versions succumbed to neutral to slightly unstable con-
ditions between appr. 9.00 and 18.00 hrs local time
with the formation of shallow mixing heights of typi-
cally 70-250 m above the surface. Surface ozone ranged
from 39 to 68 ppbv and occasionally had rapid changes
of up to 20 ppb in 12 hours. The diurnal mean ozone
mixing ratio showed distinct cycles indicating meteo-
rological and photochemical controls of surface ozone.
Vertical profiles were within the range of 37 to 76 ppb
and showed strong stratification in the lower tropo-
sphere. A high correlation of high ozone/low water va-
por indicated the transport of high tropospheric/low
stratospheric air into the lower boundary layer. An
appr. 1 to 4 ppb decline of ozone towards the sur-
face was frequently observed within the neutrally stable
mixed layer during midday hours. These observations
suggest that the boundary-layer ozone and ozone de-
pletion/deposition to the snowpack are influenced by
photochemical processes that follow diurnal dependen-
cies.
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Current Understanding of
Tropospheric Aerosol: Advances in
Laboratory and Field Measurements
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Laboratory measurements involving nucleation,
condensation, and coagulation of sulfuric acid are de-
scribed. Studies were carried out using a laminar flow-
tube at atmospheric pressure coupled to an aerosol
mass spectrometer (AMS). A sulfuric acid reservoir
heated to a known temperature was connected to the
flowtube via heated tubing. Dry filtered nitrogen car-
rier gas was pre-heated and passed over the reservoir
entraining an equilibrium density of the H2S04(g) to
the flowtube. The entrance to the flowtube was heated
to a temperature above that of the reservoir, establish-
ing a well-characterized decreasing temperature profile
along the flowtube axis. Supersaturation (and conse-
quent nucleation and growth) conditions were reached
at a position within the flowtube determined by the
temperature profile and the H2SO4 vapor pressure.
The number and mass distributions of the particles
formed in this way were measured on-line by the AMS
at the flowtube exit. With the entrance of the flowtube
at 150 C, particles were first observed at a H2SO4 vapor
pressure of 10-4 torr forming particles at a number den-

sity of 104 cm-3. As the pressure increased to 3x10-2

torr, the particle number density increased to 107 cm-
3. However, the median diameter increased only from
40 to 50 nm. At pressures higher than 4x10-3 torr, the
size distributions were observed to exhibit broadening
and a new mode appeared near 60nm, consistent with
coagulation. A third mode appeared at H2S5O4 pres-
sures near 3x10-2 torr indicating further coagulation.
This work is a first time on-line laboratory observation
of sulfuric acid microphysics spanning nucleation and

coagulation processes. The features of the apparatus

enabling absolute detection of mass and number distri-

butions will be discussed.
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The physical state of atmospheric particles affect
their optical properties, their chemical reactivity, and
their atmospheric lifetime. Accordingly, the prediction
of particle phase is critical for accurate atmospheric
modeling. Atmospheric aqueous particles, due to their
small size (submicron), can deeply supercool with re-
spect to freezing (e.g., 40 K) and deeply supersaturate
(e.g., S = 35) with respect to relative humidity be-
fore crystallization begins via homogeneous nucleation.
Atmospheric mineral dusts, incorporated as inclusions
within aqueous particles, provide active surfaces to in-
duce crystallization heterogeneously and thus drasti-
cally reduce the extent of supercooling (e.g., 20 K) or
supersaturation (e.g., S = 5). This talk will present
laboratory and theoretical work on several systems, in-
cluding sulfates, nitrates, and mineral dusts. The re-
sults are crucial to providing a quantitative microphysi-
cal model that couples the interactions of these particle
classes in the atmosphere.
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This paper describes laboratory and field study
measurements of water uptake and ice nucleation by
surrogate and real atmospheric aerosol particles. Lab-
oratory measurements of water uptake are made using a
humidified tandem differential mobility analyzer (HT-
DMA) and a cloud condensation nucleus (CCN) instru-
ment operating at 20 to 30 ©C. Measurements of ice nu-
cleation are made using a continuous flow ice-thermal
diffusion chamber (CFDC) operated to -60 °C for rel-
evance toward understanding cirrus cloud formation.

Extending earlier laboratory studies of single com-
position aerosols, we are investigating water uptake
and ice nucleation rates and mechanisms by mixed
aerosols of various types, including sulfate-nitrate,
sulfate-organic, mineral oxide-sulfate and black carbon-
sulfate types. Methodologies will be described and re-
sults will be summarized.

Field measurements are planned to study heteroge-
neous and homogeneous ice nucleation by free tropo-
spheric aerosols at a high altitude laboratory. The field

2001 Fall Meeting F43

study will include measurements of the compositions
of aerosols that activate ice formation by homogeneous
This
aspect of the study will be facilitated by interfacing
the CFDC to the PALMS (Particle Analysis by Laser

Mass Spectrometry) instrument. This combined instru-

and heterogencous ice nucleation mechanisms.

ment system was tested in the laboratory to quantify
sampling efficiencies and validate specificity for sam-
pling ice nucleus aerosol particles. Initial field data, if
available at conference time, will be compared and con-
trasted with the results obtained for laboratory surro-
gate particles.
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The role of heterogeneous reactions on particulate
matter present in the Earth’s atmosphere remains an
important question in tropospheric chemistry. It has
been proposed in several modeling studies that min-
eral dust may provide reactive surfaces for trace at-
mospheric gases. Laboratory studies can provide some
answers concerning the kinetics of these reactions so
that heterogeneous chemistry can be quantitatively as-
sessed in atmospheric chemistry models. In our work,
the heterogeneous chemistry of trace atmospheric gases
including sulfur dioxide, ozone, nitric acid and acetic
acid on oxide (e.g. hematite, corundum and quartz)
and carbonate (e.g. calcite) particles has been inves-
tigated. These particles are used as models for min-
eral dust found in the atmosphere. FT-IR spectroscopy
is used to interrogate the surface of the particles as
they are exposed to trace atmospheric gases in order to
gain additional insight into the surface chemistry. Ini-
tial uptake coefficients on powdered samples have been
measured using a Knudsen cell reactor so as to quantify
the rates of these reactions. The uptake kinetics have
been measured as a function of powder sample mass
to insure that realistic surface areas are used in the
calculation of the initial uptake coefficient. The het-
erogeneous reaction rates are then compared to known
gas-phase chemical and photochemical reaction rates
for the trace atmospheric gases investigated. From this
comparison, the atmospheric implications of these het-
erogeneous reactions are discussed.
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Over the past quarter century atmospheric scien-
tists have gradually come to realize that "heteroge-
neous” or ”multi-phase” gas/liquid processes play a
major role in the chemistry of the Earths lower atmo-
sphere. As we better appreciate the role of atmospheric
heterogeneous processes their complex nature has be-
come clear. The uptake of pollutants by atmospheric
aerosol particles and cloud droplets and their subse-
quent chemical transformation often depends not only
on simple mass accommodation and re-evaporation, but
also on a range of other chemical and mass transport
parameters, including: gas and liquid phase diffusion,
solubility, and both liquid surface and bulk liquid re-
action.
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