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Test of the Transmission Line Model
and the Traveling Current Source
Model with Triggered Lightning
Return Strokes at Very Close Range
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muman@ece.ufl.edu); Vladimir A. Rakov1

(352-392-4242; rakov@ece.ufl.edu); Keith J.
Rambo1 (352-392-4243; rambo@tec.ufl.edu); Jason
Jerauld1 (352-392-4240; jjerauld@ufl.edu); George
H. Schnetzer1 (505-292-0733;
gschnetzer@zianet.com)

1Department of Electrical and Computer Engineering,
University of Florida, P.O. Box 116200, Gainesville,
FL 32611, United States

We test the two simplest and most physically differ-
ent return stroke models, the transmission line model
(TLM) and the traveling current source model (TCSM),
by comparing model-predicted electromagnetic field
waveforms and field derivative waveforms at 15 m and
30 m from triggered lightning return strokes with the
first microsecond of comparable measured waveforms.
In the TLM, the return stroke process is modeled as a
current wave starting at the base of the lightning chan-
nel and propagating upward along the channel with
constant waveshape and constant speed, as if the chan-
nel were a transmission line. In the TCSM, the return
stroke process is modeled as a current source travel-
ing upward with a constant speed and injecting a cur-
rent wave (derived from the dart leader charge) into
the channel which propagates downward with the speed
of light and terminates on ground without reflection.
The electric and magnetic fields were calculated from
Maxwells equations given the temporal and spatial dis-
tribution of the channel current specified by the return
stroke models. Electric and magnetic fields and their
derivatives were measured 15 and 30 m from rocket-
triggered-lightning during the Summer of 2001 at the
International Center for Lightning Research and Test-
ing at Camp Blanding, Florida. We present data from a
five return stroke flash, S0105, and compare the mea-
sured data with model-predicted results for three as-
sumed lightning return stroke speeds, v = 1x108 m/s,
v = 2x108 m/s, and v = 3x108 m/s (the speed of light).
The results presented show that the TLM works reason-
ably well in predicting measured electric and magnetic
fields if return stroke speeds during the first microsec-
ond are chosen to be between 1x108 m/s and 2x108

m/s, and works even better for the field derivatives
for return stroke speeds near 2x108 m/s. The TCSM
does not adequately predict the measured close electric
fields and close electric and magnetic field derivatives
during the first microsecond. On theoretical grounds,
the TLM might be expected to give better results than
the TCSM for return stroke propagation along a dart
leader channel that is conducting but contains no net
charge density. Perhaps the bottom 100 to 200 m of the
channel produced by the triggered-lightning dart leader
and traversed by the return stroke in the first microsec-
ond or so of return stroke propagation indeed has a low
charge density because the corona sheath surrounding
the dart leader has insufficient time to develop at the
bottom of the dart leader.
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Incorporating Iron Dynamics into a 3D
Ocean Biogeochemical Model

Jefferson Keith Moore (jkmoore@ucar.edu)

University of California, Irvine, Earth System Science
220A Rowland Hall University of California, Irvine,
Irvine, CA 92697, United States

Iron biogeochemistry has been incorporated into
the ocean component of the NCAR Community Cli-
mate System Model (CCSM). The ecosystem model of
Moore et al. (2002), which includes explicit iron cycling
within the upper ocean ecosystem, has been embedded
into the 3D POP ocean model component of the CCSM.
The ecosystem model includes multiple phytoplankton
functional groups and allows for multiple potentially
limiting nutrients. Phytoplankton growth rates may be
limited by available nitrogen, phosphorus, iron, silicon
(diatoms only), and/or light levels. Iron / carbon ratios
vary between phytoplankton groups and as a function
of iron availability. Phytoplankton functional groups

incorporated into the model include diatoms, coccol-
ithophores, nitrogen-fixing diazotrophs, and a generic
small (pico- nano-sized) phytoplankton group. This
presentation will focus on how iron influences ecosys-
tem community structure as a key limiting nutrient and
how iron cycles in the upper ocean. The model includes
an atmospheric source for iron from mineral dust depo-
sition and a sedimentary source for iron in shallow wa-
ter regions. The relative roles of these two iron sources
will be examined. Residence times and iron budgets for
surface waters and in the upper ocean will be estimated
from the model output.
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Modeling the Influence of Different
Processes on Iron Solubilization in
Mineral Aerosols: From the Gobi
Desert to the North Pacific Ocean
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1Georgia Institute of Technology, School of Earth and

Atmospheric Sciences, 221 Bobby Dodd Way, At-
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Atmospheric transport is the only known means to
deliver dissolved iron from the continents to remote
oceanic areas. Dissolved iron is one of the neces-
sary nutrients for photosynthesis of microscopic, single-
celled marine organisms (phytoplankton) that grow
abundantly in oceans around the world. Alteration
of dissolved iron fluxes may substantially affect ocean
ecosystem productivity and even exert a global-scale in-
fluence on climate by affecting the rate at which atmo-
spheric CO2 is fixed by oceanic biota. On continents,
iron mainly exists in forms of highly insoluble miner-
als (iron-oxides and iron-aluminosilicates) and the pro-
cesses that can solubilize iron in mineral aerosols dur-
ing their long-range transport remain poorly under-
stood. In this work we attempt to elucidate the key
processes that control the solubilization of iron in min-
eral aerosols using a simple Lagrangian box model to
simulate the transport and chemical alteration of iron-
containing mineral aerosols as they are transported
from the east coast of China to the remote western
North Pacific Ocean. Model parameters and initial con-
ditions are set using a combination of soil and aerosol
data from the Gobi Desert, as well as from measure-
ments made during specific PEM-West B flights that
encountered dust storm plumes over the Pacific Ocean
that had originated in China. Our preliminary results
indicate that the amount of acidic pollutants in the air
along the dust transport pathways can have a signif-
icant effect on the amount of iron that is solubilized
in advecting mineral aerosols. This suggests that there
may be a link between the flux of the dissolved iron to
the remote North Pacific Ocean and the rate at which
pollutants such as sulfur dioxide, nitrogen oxides, and
ammonia are emitted in East Asia.
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Here, we report measurements of iron and aluminum
in surface and subsurface waters during March and May
of 2001 on transects between central California and
Hawaii. A large cloud of Asian dust was detected dur-
ing April 2001 and there was a clear signal in surface
water iron due to aerosol deposition on the May tran-
sect. Iron and aluminum concentrations increased syn-
chronously by 0.5 and 2 nM along the southern portion

of the transect from background values in March (0.1
to 0.2 nM Fe). Elevated iron concentrations were found
to a depth of 100 m. These changes occurred in a ratio
that is close to the crustal abundance ratio of the met-
als, which indicates a soil aerosol source. Soil aerosol
concentrations along the transect were estimated us-
ing the real-time Navy Aerosol Analysis and Prediction
System (NAAPS). The NAAPS results and direct ob-
servations of aerosol iron concentration at Mauna Loa
Observatory on Hawaii indicate low aerosol concentra-
tions near Hawaii and a large meridional gradient with
maximum concentrations in the boundary layer north
of 30◦ N. However, the change in surface water iron
and aluminum concentration was highest south of 25◦
N, near Hawaii. This suggests that the iron and alu-
minum concentration changes were the result of local
processes, rather than a reflection of the broad-scale
distribution of aerosol. Anomalously low wind veloci-
ties (1 m/s) at the start of the May transit produced
a thin (5-10 m), warm surface layer. We suggest that
this trapped aerosol at the surface during daylight and
led to the iron concentration increase, perhaps through
photochemical reduction of particulate iron. Iron con-
centrations then decreased to background on the day
that trade winds returned. A mass balance calcula-
tion suggests that the solubility of aerosol iron would
have to be near 100% to support the observed increase
during the 5 day period of low winds. The absence
of a significant increase in particulate iron concentra-
tion lends support. While the aerosol fluxes are not
well enough constrained to make this conclusion com-
pletely robust, it seems most consistent with the ob-
servations. There are only weak signals in the bio-
logical parameters we monitored (variable fluorescence,
chlorophyll concentration, Trichodesmium cell abundance
or macronutrients) that corresponds to the iron concen-
tration change. However, there may not have been suf-
ficient time for the ecosystem to respond to the effects
of iron deposition in oligotrophic waters.
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Atmospheric Transport and Input of
Iron to the Southern Ocean

Neil W. Tindale (+61 3 6452 1629;
n.tindale@bom.gov.au)

Cape Grim Baseline Air Pollution Station, 159 Nelson
St., Smithton, TAS 7330, Australia

While Australia is not generally considered to be
a major source of mineral dust to the atmosphere, at
least compared to Asian and African desert regions, it
does appear to be the main source of mineral mate-
rial to the Southern Ocean region south of Australia
and New Zealand. In common with most of the greater
Southern Ocean, this region contains high nitrate, low
chlorophyll (HNLC) waters. Recent open ocean iron en-
richment experiments in this region have demonstrated
that phytoplankton growth and biomass are limited by
iron availability. However the flux of atmospheric iron
to this open ocean region is poorly known with very
few direct measurements of mineral aerosol levels and
input.

Using mineral aerosol samples collected on Mac-
quarie Island and at Cape Grim, together with other
chemical data, air mass trajectories and satellite data,
the spatial and temporal variability of aerosol iron
transport and input to the Southern Ocean region south
of Australia is estimated.
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Coupled Iron-Phosphorus Cycling in
Surface Seawater Mediated by
Photoreduction of Fe-rich Dust
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2School of Ocean and Earth Science and Technology,
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Nutrient concentrations are exceedingly low in the
oligotrophic waters of the open ocean. One source of
the micronutrient iron (Fe) to these regions is depo-
sition of continentally-derived dust. Photolytic reduc-
tion of Fe is believed to be a key process in rendering
bioavailable the Fe present in dust particles delivered
to surface seawater. Fe(III)-oxyhydroxides, in general,
have a strong affinity for sorption of phosphate, and Fe-
oxyhydroxides present in dust derived from continental
soils can be highly enriched in phosphate. Therefore,
solubilization of Fe(III) phases via photoreduction may
liberate phosphate to surface seawater. Because bio-
logical productivity in oligotrophic regions of the open
ocean can be limited by phosphate as well as by iron,
this process could be an important avenue for provid-
ing two essential, limiting nutrients to support primary
productivity in these regions. Alternatively, if Fe-rich
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dust delivered to surface waters has unsaturated sur-
face sorption sites, dust may actively scavenge phos-
phate from surface waters, pushing the system further
toward phosphate limitation. Depending upon the bal-
ance between these two processes, continentally derived
dust may either partially alleviate or enhance phos-
phate limitation in oligotrophic waters. We will present
results of experiments designed to determine whether
phosphate-containing Fe(III)-oxyhydroxides, subjected
to photoreduction, release phosphate to seawater. In
a series of incubation experiments, synthetic iron min-
erals (ferrihydrite, goethite) and natural dust samples
(Saharan dust, Chinese loess) are suspended in arti-
ficial seawater and exposed to sunlight in the pres-
ence/absence of citrate. We observe an increase in both
dissolved Fe(II) and Fe(Total) during daylight hours,
which we attribute to the photoreduction process. Fe
concentrations are at least 5 times higher in the pres-
ence of citrate, consistent with other studies exploring
the effect of organic ligands on the Fe-photoreduction
process. Phosphate sorbed onto synthetic ferrihydrite
appears to enhance the release of Fe during photore-
duction. The net effect of this process on dissolved
phosphate is still being evaluated.
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The Impact of Aeolian Iron Deposition
on the Indian Ocean Ecosystem

Jerry Wiggert1 (jwiggert@essic.umd.edu)
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Jim Christian1 (jrc@essic.umd.edu)
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2NASA/GSFC GEST-UMBC, Code 916.0, Greenbelt,

MD 20071, United States
The aeolian deposition fields from two separate at-

mospheric models of mineral dust transport have been
applied as iron flux boundary conditions to a fully cou-
pled, 3-D bio-physical ocean general circulation model
of the Indian Ocean. The atmospheric transport mod-
els are those of Tegen and Fung (1994, hereafter the
GISS model) and the GOCART model of Ginoux et al.,
(2001). The biological portion of the ocean model is a
9-component pelagic ecosystem, consisting of a large
and small size class for phytoplankton, zooplankton
and detritus, as well as three phytoplankton nutrients
(nitrate, ammonium and iron). The model ecosystem
has been extensively validated with data from the US
JGOFS Arabian Sea Process Study, the NODC seasonal
nitrate climatology, and a monthly climatology of Sea-
WiFS ocean color. The GISS model shows order of
magnitude higher aeolian iron fluxes northwest of Aus-
tralia, while the GOCART model shows similar differ-
ences over the Arabian Sea during the winter monsoon
and spring intermonsoon. Furthermore, differences in
iron flux distribution patterns over the Arabian Sea
during the summer monsoon are profound. One new
insight from climatological solutions with both depo-
sition fields is that iron limited phytoplankton growth
prevails over much of the southern Indian Ocean. An-
other is that the Arabian Sea undergoes a seasonal cy-
cle whereby iron limitation develops during the summer
monsoon and iron replete conditions are reestablished
during the subsequent winter monsoon and spring in-
termonsoon, though the specific distribution patterns
between the two solutions are significantly different.
These differences extend to the spatial distribution of
phytoplankton blooms in the central Arabian Sea dur-
ing the summer monsoon. Finally, interannual vari-
ability of these summer blooms, in model simulations
forced with interannually varying winds, precipitation
and aeolian iron flux, is compared to interannual vari-
ability in SeaWiFS ocean color observations.
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Atmospheric Iron Flux and Surface
Chlorophyll at South Atlantic Ocean:
A Case Study Near Patagonia
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Iron is a limiting nutrient for ocean biologic activ-
ity. We present a method to quantitatively address the
response of ocean biology to inputs of atmospheric Fe
associated with atmospheric dust. Ocean color satel-
lite observations and the global distribution of dust
aerosol from GOCART model are combined to eval-
uate the influence of sea surface iron flux in marine
biogeochemistry. We analyze the correlation between
Fe deposition from this 3-D atmospheric model and a
proxy for oceanic biological activity, remotely sensed
ocean color. We present a time series anomaly correla-
tion analysis and a spatial objective analysis to explore
the response between the dust deposition and SeaWiFS
data for 2000-2001 in the Southern Hemisphere.

Several regions between 40o S and 60o S, off the
Patagonian coast in the Atlantic Ocean, have correla-
tion coefficients from 0.6 to 0.95, significant at the 0.05
level. The spatial distributions of Fe flux and ocean
color are studied in terms of the patterns of merid-
ional band center of mass (CM) coupled with inferences
about ocean surface transport. Such patterns of CM in-
dicate that ocean color may be transported to different
latitudes than where Fe input occurs. Chlorophyll pat-
terns show a meriodional migration reaching the south-
ernmost position in January-February, and then they
start to move northward until a strong co-location oc-
curs in May. The Chlorophyll north-south oscillation
allows both fields coincide again in July-August. Sev-
eral processes (river runoff, oceanic downwelling or up-
welling) can affect the annual cycle of primary produc-
tivity and sources of iron in the upper ocean, however
the time series and CM spatial patterns suggest the
atmospheric iron flux as a main factor in regional bio-
geochemistry.
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Aeolian Iron Deposition and Its
Potential Linkage to Phytoplankton
Biomass: A Case Study in the North
Pacific
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Recent iron (Fe) fertilization experiments con-
ducted in the equatorial Pacific, Southern Ocean and
sub-Arctic Pacific provide strong evidence to support
the hypothesis that Fe, a micronutrient, plays an im-
portant role in regulating phytoplankton growth in the
ocean. As the major source of Fe in the surface wa-
ters of certain open ocean regions is dust deposition,
characterization of aeolian Fe input is needed to bet-
ter understand the oceanic biogeochemical cycles. Re-
cent modeling results show that the air-to-sea fluxes
of aeolian Fe are non-uniformly distributed, with high
Fe fluxes occurring in the low and mid-latitudes in the
Northern Hemisphere. The aeolian Fe fluxes to cer-
tain oceanic basins also vary with seasons, reflecting
the seasonal transport of dust from the deserts in the
continents. In addition, the dissolved atmospheric Fe,
which is closely related to Fe bioavalability, is deliv-
ered to the ocean largely by wet deposition, highlight-
ing the importance of precipitation. This implies that
aeolian Fe input through precipitation scavenging could
relate to episodes of high surface ocean productivity
at least in certain oceanic regions, and the supply of
dissolved Fe through wet deposition may cause natu-
ral iron fertilization in the ocean. This presentation
will take a close look at the North Pacific, in particu-
lar the mid-latitude region, which is strongly influenced
by the springtime transport of Asian dust. Results and
discussions will focus on the basin-wide distributions
of Fe in the marine atmospheric boundary layer, the
comparisons of the air-to-sea deposition rates of Fe at
different latitudes, the chemical and physical proper-
ties of Fe-containing dust particles, and the aeolian Fe
deposition-surface ocean chlorophyll relationship.
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Looking for iron deposition responses in
the ocean: use of model and satellite
data
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Evaluation of the importance of mineral aerosol de-
position in controlling open ocean iron availability is

hampered due to very few direct observations of desert
dust deposition, in addition to uncertainties in the pro-
cesses responsible for the uptake and usage of iron in
ocean biota. Here we focus on understanding whether
model based simulations of mineral aerosols can assist
in providing estimates of desert dust deposition, both
absolute magnitudes and timing. We examine the rela-
tionships between satellite retrievals of aerosol optical
depth and desert dust deposition. Analysis of both in
situ as well as satellite observations of ocean responses
to desert dust deposition are used in this study. Our
goal is to provide a robust methodology for looking
for the ocean response to iron deposition, and exam-
ine available evidence for the importance of mineral
aerosols for providing iron to the open ocean ecosys-
tems.
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Quantification of Iron Oxides and
Hydroxides in Desert Aeolian
Particles
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Long range transport of desert dust over oceans con-
stitute a source of iron for the surface water. Assess-
ing the iron cycle and its biogeochemical implications
in oceanic areas requires determination and quantifi-
cation of the iron status in aeolian particles. Indeed,
in such aerosols, the iron is either trapped in the sili-
cate structure or present under the form of oxides and
hydroxides (free iron).

We propose a method to apportion iron between free
and entrapped forms in mineral aerosols. It consists in
the adaptation of a well known method used for soil
characterization to the treatment of aerosol samples,
which represent less than 1 mg of material collected
by air filtration on polycarbonate filters. The iron ox-
ides and hydroxides are extracted selectively using the
combined action of reductive and complexant agents in
a buffered solution. The iron content is measured be-
fore and after this chemical extraction using X ray fluo-
rescence spectrometry. We attempt to give some values
for three main desert source areas using aerosol samples
collected near Niamey (Niger) either during Harmattan
events or during local erosion events, and samples col-
lected downwind of the Gobi desert in China.

Results emphasize firstly that iron trapped in the
structure of silicate minerals represents an important
part of total iron content. This suggests that, regard-
ing dissolution processes in sea water, total elemental
iron content of aeolian dust can not be used directly
to calculate the flux of iron available. Secondly, our
results show that the free iron content vary according
to the origin of dusts. Niger samples have contents in
free iron of 4.4 % (SD = 0.8) for local erosion and 2.8 %
(SD = 1.0) for Harmattan. Chinese samples contain 3.7
% (SD = 0.5) of free iron. These differences could be
linked to the parent soil mineralogical composition that
varies with geographical location, but for some of our
samples it also could be linked to a size fractionation
process occurring first during the aerosol production in
source area then during the transport of particles at a
regional scale. Regarding this, indications drawn from
measurements of size resolved free iron content will be
discussed.
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Oceanography, 77 Mass. Ave, 54-1511, Cambridge,
MA 02139

Waters upwelling to the surface ocean are often de-
ficient in iron relative to other nutrients. The extent
of this deficit, and whether it may be compensated lo-
cally by aeolian deposition, depends upon the balance
of ocean transport and biogeochemical mechanisms. We
formulate and examine models of the oceanic cycling of
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iron and its control on export production and macro-
nutrient distributions. We formulate parameterizations
of iron cycling in the deep ocean based on current un-
derstanding of possibly important mechanisms and con-
strained by the observed oceanic distribution of dis-
solved and particulate iron.

We first examine these parameterizations in the
framework of a highly idealized six-box ocean bio-
geochemistry model incorporating coupled phospho-
rous and iron cycles and a prescribed aeolian depo-
sition of iron. Export production is parameterized
simply,limited by light, phosphate, and iron avail-
ability in the surface ocean. We compare parame-
terizations of the deep water, geochemical processes
affecting iron based on scavenging and redissolution
of iron, analogous to the inferred properties of tho-
rium; and complexation, the binding of iron to or-
ganic ligands.When complexation is not represented the
scavenging-redissolution model can reproduce the ob-
served, basin to basin, deep water gradients of iron
when scavenging and redissolution rate constants are
in a ratio of approximately 1:100. The introduction of
a strong ligand into the box model changes the balance,
reducing the significance of redissolution. The observed
deep water gradients are again reproducible when an
appropriate and plausible ligand binding strength is
applied. In agreement with observations, the model
suggests that over 95% of the “dissolved” iron is or-
ganically bound and predicts the presence of excess,
uncomplexed ligand. Deep water Fe gradients in the
model are sensitive to the scavenging rate and total
ligand concentration but the observed iron distribution
can be reproduced with a broad range of plausible pa-
rameter values.

We use the results from the box model study to
guide parameter choices and apply the iron biogeo-
chemistry model in the more complex setting of an
ocean general circulation and biogeochemistry model.
Again, the surface phosphate distribution and export
production are actively controlled by the availability
of iron. The model can reproduce the broad character-
istics of the known oceanic iron distribution and main-
tains high surface phosphate concentrations in known
“High Nutrient Low Chlorophyll” regions. More exten-
sive observations of the oceanic iron distribution and
greater understanding of the nature and role of the or-
ganic ligands are needed in order to better constrain
and verify such models.
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Does the Pacific Equatorial
Undercurrent bring Iron into the
HNLC region?

Raghu G Murtugudde1 ((301) 314-2622;
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James R Christian1 ((301) 405-1532;
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1ESSIC/Univ of Maryland, CSS Bldg, Room 2201,
College Park, MD 20742, United States

The enrichment of iron in the Pacific Equatorial
Undercurrent (EUC) has often been attributed to the
submarine volcanic activity in the region around New
Guinea and to the Sepik river discharge laden with iron
rich sediments. A fully coupled biological ocean general
circulation model (BOGCM) is employed to study the
effects of iron injection from these two sources. The
volcanic source is modeled as a continuous injection
at 145E of 8 micromoles/m2/d at various depths. The
most efficient place to enrich the euphotic zone in the
central eastern Pacific is found to be around 125m near
the core of the EUC. An increase in annual mean net
community production of 15-25% is acheived with an
increase of nitrate uptake by nearly 1 mmol/m3. The
Sepik river discharge is modeled as an estuarine flow
with mass flow into the ocean in one layer and an equal
outflow in the layer below with specified salinity and
iron concentrations. Details of the shelf flow are ne-
glected for this idealized study. The near surface flow
off Sepik river is northwestward which then joins the
eastward flow near the equator. Similar to the volcanic
iron injection, the riverine iron input also appears to be
more efficiently transported eastward and upwelled in
the euphotic zone of the HNLC region when the input is
near depths of 125m. The Sepik river outflow is greatly
reduced during warm ENSO events. However, due to a
lack of interannual time-series of the discharge data,
we employ climatological river inputs. The details of
the interannual simulations from are discussed includ-
ing the effect of the western Pacific iron sources on
decadal variability of the tropical Pacific ecosystem.
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A composite of different observational tools are

applied to explore the fine-scale structure of the
tropopause region under a variety of meteorological
conditions. Differential absorption lidar (DIAL) obser-
vations along extended flight tracks above the Atlantic
Ocean reveal complex structures in the measured wa-
ter vapor field. Mesoscale features like deep tropopause
folds close to cyclones as well as stratospheric intru-
sions of much smaller horizontal and vertical scale are
studied. In order to identify their origin and to un-
derstand their relationship with synoptic-scale meteo-
rological systems numerical simulations with the NCAR
weather prediction model MM5 are performed. Drop-
sonde measurements of the temperature and wind field
in the vicinity of intense cyclones above the Pacific
Ocean during NORPEX98 reveal wave-like structure
below and above the core of the subtropical jet stream.
The dropsonde data are compared with mesoscale nu-
merical simulations and the source of these wavelike
structures is discussed. The observations presented in
this paper are restricted to altitudes below 12 km. Fu-
ture field campaigns will be designed to investigate also
the height range above this altitude.
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The importance of mountain waves is underscored

by the numerous studies that document the impact on
the atmospheric momentum balance, turbulence gen-
eration, and the creation of severe downslope winds.
As stably stratified air is forced to rise over topog-
raphy, large amplitude internal gravity waves may be
generated that propagate vertically, amplify and break-
down in the upper troposphere and lower stratosphere.
Many of the numerical studies reported on in the lit-
erature have used two- and three-dimensional models
with simple, idealized initial states to examine gravity
wave breaking. In spite of the extensive previous work,
many questions remain regarding gravity wave break-
ing in the real atmosphere. Outstanding issues that
are potentially important include: turbulent mixing
and wave overturning processes, mountain wave drag,
downstream effects, and the mesoscale predictability of
wave breaking.

The current limit in our knowledge of gravity wave
breaking can be partially attributed to lack of ob-
servations. During the Fronts and Atlantic Storm-
Track Experiment (FASTEX), a large amplitude grav-
ity wave was observed in the lee of Greenland on 29 Jan-
uary 1997. Observations taken collected during FAS-
TEX presented a unique opportunity to study topo-
graphically forced gravity wave breaking and to as-
sess the ability of high-resolution numerical models
to predict the structure and evolution of such phe-
nomena. Measurements from the NOAA G-4 research

aircraft and high-resolution numerical simulations are
used to study the evolution and dynamics of the large-
amplitude gravity wave event that took place during
the FASTEX. Vertical cross section analysis of drop-
windsonde data, with 50-km horizontal spacing, indi-
cates the presence of a large amplitude breaking grav-
ity wave that extends from above the 150-hPa level to
500 hPa. Flight-level data indicate a horizontal shear
of over 10-3 s-1 across the breaking wave with 25 K po-
tential temperature perturbations. This breaking wave
may have important implications for momentum flux
parameterization in mesoscale models, stratospheric-
tropospheric exchange dynamics as well as the dynamic
sources and sinks of the ozone budget. Additionally,
frequent breaking waves over Greenland are a known
commercial and military aviation hazard.

NRL’s nonhydrostatic COAMPSTM model is used
with four nested grids with horizontal resolutions of 45
km, 15 km, 5 km and 1.67 km and 65 vertical levels
to simulate the gravity wave event. The model simu-
lation captures the temporal evolution and horizontal
structure of the wave. However, the model underesti-
mates the vertical amplitude of the wave. The model
simulation suggests that the breaking wave may be trig-
gered as a consequence of vertically propagating inter-
nal gravity waves emanating from katabatic flow near
the extreme slopes of eastern Greenland. Additionally,
a number of simulations that make use of a horizontally
homogeneous initial state and both idealized and actual
Greenland topography are performed. These simula-
tions highlight the sensitivity of gravity wave amplifi-
cation and breaking to the planetary rotation, slope of
the Greenland topography, representation of turbulent
mixing, and surface processes.
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The Stratospheric Aerosol and Gas Experiment is
a key part of NASAs Earth Observing System (EOS).
SAGE IIIs role within EOS is to provide high resolu-
tion, vertical profiles of atmospheric constituents in-
cluding ozone, aerosol, water vapor and temperature
from the middle troposphere through the stratosphere
that are crucial to understanding climate change.

The instrument was launched on a Russian Meteor-
3M spacecraft on December 10, 2001 from the Baikonur
Cosmodrome in Kazakhstan. Routine measurements
began in late February 2002. Retrieval results for the
different species from both solar and lunar occulta-
tion measurements will also be shown with compari-
son satellite observations from SAGE II, HALOE, and
POAM III. These initial results show that, despite sev-
eral instrument and platform related problems during
the early operational period, the instrument is perform-
ing well. These results include data products that were
not a part of previous SAGE missions such as using
the oxygen A band to retrieve temperature and pres-
sure and the use of lunar occultation to derive profiles
of ozone, NO2, and NO3.

URL: http://www-sage3.larc.nasa.gov/
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A robust correspondence between lidar-observed
tropopause folds and strong GOES-derived spatial gra-
dients in humidity is used to calibrate a predictive
model for the occurrence of tropopause folding in the
GOES-East and West extratropical field of view. Hu-
midity gradients are retrieved from the Altered Wa-
ter Vapor product, a derived product depicting upper-
tropospheric specific humidity based on a correction
to the GOES water vapor channel. Spatial gradients
of humidity above a certain threshold correspond to
tropopause breaks, which are seen to associate con-
sistently with tropopause folding and stratospheric in-
trusions that result in a layering of stratospheric-type
air in the free troposphere. In-flight ozone lidar from


