NEWS AND NOTES
H O T TOWERS,
STRONGER
HURRICANES

They are called hurricanes in the Atlantic,
typhoons in the West
Pacific, and tropical cyclones worldwide, but
wherever these storms
roam, the forces that determine their severity
now are a little less mysterious. NASA scientists, using data from the
Tropical Rainfall Measuring Mission (TRMM)
satellite, have found "hot
tower" clouds are associated with tropical cyclone intensification.
Owen Kelley and
Hurricane Bonnie's cumulonimbus storm clouds towered I I miles (18 k m ) above
John Stout of NASA's
the eye of the storm. T h e height in this image is exaggerated for clarity, and colGoddard Space Flight ors correspond to surface precipitation f r o m blue (light) to red (heavy).
Center, Greenbelt, Maryland, and George Mason
University define a "hot tower" as three deaths, according to NOAA's
To achieve their goal, Kelley and
a rain cloud that reaches at least to National Hurricane Center.
Stout needed to compile special
the top of the troposphere, the
Kelley says, "The motivation for kinds of global statistics on the oclowest layer of the atmosphere. It this new research is that it is not currence of hot towers inside tropiextends approximately 9 miles enough to predict the birth of a cal cyclones. The only possible data
high in the Tropics. These towers tropical cyclone. We also want to source was TRMM satellite, a joint
are called "hot" because they rise to improve our ability to predict the effort of NASA and the Japan Aerosuch altitude due to the large intensity of the storm and the dam- space Exploration Agency. "Many
amount of latent heat. Water vapor age it would cause if it struck the satellites can see the top of a hot
releases this latent heat as it con- coast." The pioneering work of tower, but what's special about this
denses into liquid.
Joanne
Simpson,
Jeffrey satellite's precipitation radar is that
A particularly tall hot tower Halverson, and others has already it gives you 'X-ray vision' so you can
rose above Hurricane Bonnie in shown that hot towers increase the see inside a hot tower," Kelley says.
August 1998, as the storm intensi- chance a new tropical cyclone will To compile global statistics, the rafied a few days before striking form. Future work may use this dar needs to be orbiting the Earth.
After compiling the statistics,
North Carolina. Bonnie caused association to improve forecasts of
Kelley and Stout found a tropical
more than $1 billion damage and a cyclone's destructive potential.
AMERICAN METEOROLOGICAL SOCIETY

MARCH 2004 BAFFT I 327

Unauthenticated | Downloaded 01/09/23 01:21 AM UTC

cyclone with a hot tower in its
eyewall was twice as likely to intensify within the next 6 hours as a cyclone that lacked a tower. Kelley
and Stout considered many alternative definitions for hot towers
before concluding the 9-mile
height threshold was statistically
significant.
LARGE-SCALE SALINITY
CHANGES IN THE O C E A N S

Tropical ocean waters have become
dramatically saltier over the past 40
years, while oceans closer to the
Earth's poles have become fresher,
scientists report in the 18 December
2003 issue of Nature. These largescale, relatively rapid oceanic
changes suggest that recent climate
changes, including global warming,
may be altering the fundamental
planetary system that regulates
evaporation and precipitation and
cycles fresh water around the globe.
The study was conducted by
Ruth Curry of the Woods Hole
Oceanographic Institution; Bob
Dickson of the Centre for Environment, Fisheries, and Aquaculture
Science in Lowestoft, United Kingdom; and Igor Yashayaev of the
Bedford Institute of Oceanography
in Dartmouth, Canada.
"This study is important because it provides direct evidence
that the global water cycle is intensifying," said Elise Ralph, associate
director of the National Science
Foundation's physical oceanography program, which funded the
research. "This is consistent with
global warming hypotheses that
suggest ocean evaporation will increase as Earth's temperature does.
These issues are particularly important as pressure on freshwater
resources has become critical in
many areas around the world."
An acceleration of the Earth's
global water cycle can potentially afBAH5-
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SUN FASHION
W h i l e the ScotteVest jacket may look ordinary in t e r m s of
style, the interior contains 40 e c o n o m i c a l l y designed pockets
that let the wearer discreetly carry electronic devices like cell
phones, PDAs, and MP3 players. This doesn't just sound like
something out of a spy movie: the innovative jackets, sold by
the International Spy Museum and ScotteVest, actually have
been w o r n by the Secret Service. T h e problem with the
jacket, however, is that it does not contain any power source,
so the new version, to launch this spring, has t w o snap-on
solar energy panels. These feed into a hidden battery pack, to
which almost any mobile device can plug into and recharge.
"As we move to an always-on environment, how can
people depend on their device if in 3 to 4 hours they are going
to lose their charge?" says Scott Jordan, C E O of ScotteVest.
T h e solar panels use C I G S (copper indium gallium diselenide)
technology, an energy-efficient and highly sun-sensitive type of
solar cell. Jordan says that the new jacket will retail for about
$300, a $100 increase over the nonsolar version.

fect global precipitation patterns
that govern the distribution, severity, and frequency of droughts,
floods, and storms. It would also
exacerbate global warming by rapidly adding more water vapor—itself a potent, heat-trapping greenhouse gas—to the atmosphere. And
it could continue to freshen North
Atlantic Ocean waters to a point that
could disrupt ocean circulation and
trigger further climate changes.
The oceans and atmosphere
continually exchange fresh water.
Evaporation over warm, tropical
and subtropical oceans transfers
water vapor to the atmosphere,
which transports it toward both
poles. At higher latitudes, that water vapor precipitates as rain or
snow and ultimately returns to the
oceans, which complete the cycle
by circulating fresh water back toward the Equator. The process
maintains a balanced distribution
of water around the planet.
The oceans contain 96% of the
Earth's water, experience 86% of
planetary evaporation, and receive
78% of planetary precipitation and

thus are a key element of the global water cycle. Because evaporation concentrates salt in the surface
ocean, increasing evaporation rates
cause detectable spikes in surface
ocean salinity levels. In contrast,
salinity decreases generally reflect
the addition of fresh water to the
ocean through precipitation and
runoff from the continents.
The researchers analyzed a
wealth of salinity measurements
collected over recent decades
along a key region in the Atlantic
Ocean, from the tip of Greenland
to the tip of South America. Their
analysis showed the properties of
Atlantic water masses have been
changing—in some cases radically—over the five decades for
which reliable and systematic
records of ocean measurements
are available.
Curry, Dickson, and Yashayaev
observed that surface waters in
tropical and subtropical Atlantic
Ocean regions became markedly
saltier. Simultaneously, much of
the water column in the high latitudes of the North and South At-
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lantic became fresher. This trend
appears to have accelerated since
1990, during which time 10 of the
warmest years since records began
in 1861 have occurred. The scientists estimated that net evaporation
rates over the tropical Atlantic
have increased by 5-10% over the
past four decades.
These results indicate that fresh
water has been lost from the low
latitudes and added at high latitudes, at a pace exceeding the
ocean circulation's ability to compensate. Taken together with other
recent studies revealing parallel
salinity changes in the Mediterranean, Pacific, and Indian Oceans,
a growing body of evidence suggests that the global hydrologic cycle
has revved up in recent decades.
Among other possible climate
impacts, an accelerated evapora-

ECHOES
•

w It goes back to what
your mother taught you
when you were little: T u t
a coat on, it's cold out
there.'"
—CHRISTIAN FAURIA of t h e

New England Patriots, on the
extreme cold during the
team's NFL playoff game
against the Tennessee Titans
on 10 January. It was the
coldest game in the history of
both teams, with temperatures getting as low as 2°F and
wind chills dropping to - I l°F.

tion—precipitation cycle would
continue to freshen northern
North Atlantic waters. The North
Atlantic is one of the few places on
Earth where surface waters be-

come dense enough to sink to the
abyss. The plunge of this great
mass of cold, salty water helps
drive a global ocean circulation
system, often called the "Ocean
Conveyor." This conveyor helps
draw warm Gulf Stream waters
northward in the Atlantic, pumping heat into the northern regions
that significantly moderate wintertime air temperatures, especially in
Europe.
If the North Atlantic becomes
too fresh, its waters would stop sinking and the conveyor could slow
down. Analyses of ice cores, deepsea sediment cores, and other geologic evidence have clearly demonstrated that the conveyor has
abruptly slowed down or halted
many times in Earth's history. That
has caused the North Atlantic region to cool significantly and

Custom-Configured and Pre-Packaged Systems

0G5I0H

Wind Speed/Direction Sensors and Indicators
Aspirated Shields, Towers & Accessories
Portable, Automatic, Self-orienting Weather Stations

installation

Integrated Systems & Weather Station Networks
ICAO, CAT ll/IIIA Airport Weather Stations
UHF/VHF Spread Spectrum Communication Systems
NIST-Traceable Calibration & Repair Facilities
Fully Compliant with

EPA, PSD, NRC,

Repair
Training

ANSI/ANS-3.11-2000, SARA Title III, CERCLA
Remtech Doppler Acoustic Sodar

f a m m n w s

^^^JF"
cammmn
631-567-7300 * sales@climafronics.com * climatronics.com

AMERICAN METEOROLOGICAL SOCIETY

MARCH 2004 BAflfr | 3 2 9

Unauthenticated | Downloaded 01/09/23 01:21 AM UTC

brought long-term drought conditions to other areas of the Northern
Hemisphere over time spans as
short as years to decades.
Melting glaciers and Arctic sea
ice, another consequence of global
warming, are other sources of fresh
water to the North Atlantic. An
accelerated water cycle also appears to be increasing precipitation
in higher latitudes, contributing to
the freshening of North Atlantic
waters and increasing the possibility of slowing the conveyor.
A cooling of the North Atlantic
region would slow the melting process and curtail the influx of fresh
water to the North Atlantic. The
conveyor would again begin to circulate ocean waters. But global
warming and an accelerated water
cycle would continue to bring fresh
water to high latitudes—possibly
enough to maintain a cap on the
conveyor even if the Arctic melting
ceased. Monitoring Earth's hydrological cycle is critical, the scientists
say, because of its potential nearterm impacts on Earth's climate.

the University of California, Santa
Barbara. The amount of erosion
was consistent in both the monsoon-heavy southern areas as well
as the drier northern regions.
The scientists believe erosion
rates in drier areas are able to keep
up with those in areas of high precipitation because the mountainsides get steeper as the weather gets
drier, which leads to more landslides and erosion even with smaller
amounts of rainfall. Also, glacier
movement may have an effect.
On the other hand, another
group led by Peter Reiners of Yale
University focused on the Cascades
in Washington state. The western
side of the Cascades receives significantly more precipitation than the
eastern side, as air from the Pacific
rises and cools as it meets the mountain ranges. This leads to heavy pre-

M O U N T A I N EROSION LINK TO

The dark soot absorbs more of
the sun's energy and warmth than
an icy, white background. If snowand ice-covered areas begin melting,
the warming effect increases, as the
soot becomes more concentrated on
the snow surface.
"This provides a
positive feedback
(i.e., warming); as
glaciers and ice
sheets melt, they
tend to get even
dirtier,"
says
James Hansen,
a researcher at
NASA's Goddard
Institute
for
Space Studies.

CLIMATE

Does climate affect the erosion of
mountain ranges? The answer remains inconclusive, as two recent
studies gave opposing viewpoints
on the subject.
In one study, scientists utilized
20 weather stations—some located
as high as 15,000 ft—across the
Himalaya Mountains and found a
notable disparity in precipitation
rates between the north and south
sides of the range. Despite this, the
pace of erosion was found to be
equal on both sides.
"Given this profound difference
in rainfall, we expected to see large
differences in rates of erosion. But
this is not what we found," says
lead author Douglas Burbank of
330
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cipitation on the west side of the
mountains, but much drier conditions on the east side. The scientists
used a dating technique to determine the rate at which erosion
pushes bedrock toward the Earth's
surface, then compared this data to
annual precipitation rates.
"The data strongly suggest that
precipitation controls erosion rates
across the Cascades, and that the
regional climate may also exert a
strong control on the distribution
and scale of tectonic rock uplift and
deformation of the range," Reiners
says. "People have thought the scale
and pattern of rock uplift is mostly
controlled by deep, plate-tectonic
forces. Based on our findings, the
pattern of bedrock uplift is closely
tied to climate through erosion."
Both studies appeared recently
in the journal Nature.

BLACK SOOT A N D S N O W : A W A R M E R C O M B I N A T I O N

According to a new computer
simulation, black soot on high-latitude snow and ice may be responsible for 25% of observed global
warming over the past century.

Hansen and
Larissa Nazaren-

ko, both of the Goddard Institute
and Columbia University's Earth
Institute, found that soot's effect
on the absorption of solar energy—which has been neglected in
previous studies—maybe contributing to trends toward early
springs in the Northern Hemisphere, thinning Arctic sea ice,
melting glaciers, and permafrost.
Soot also is believed to play a role

Soot particles can be seen on this snowflake, as seen
under a microscope.
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in changes in the atmosphere
above the oceans and land.
"Black carbon reduces the
amount of energy reflected by snow
back into space, thus heating the
snow surface more than if there
were no black carbon," Hansen said.
Soot's increased absorption of
solar energy is especially effective in
warming the world's climate. "This
forcing is unusually effective, causing twice as much global warming
as a carbon dioxide forcing of the
same magnitude," Hansen noted.
Hansen cautioned that although the role of soot in altering
global climate is substantial, greenhouse gases are the primary cause
of climate warming during the past
century. Such gases are expected to
be the largest climate forcing for
the rest of this century.

ECHOES
w W I thought he had
lost his mind."
—Knoxville, Tennessee,
resident JACKIE SHELTON o n her

<

fiance surprising her with a
"snowstorm" in their front
yard. Stan Cooper, who works
at the Oak Ridge National
Laboratory, created his own
weather with a homemade
snow machine made of an air
compressor and pressure
washer with plastic piping and
a modified spray nozzle.

>

The researchers found that the
magnitude of the observed warming in the Northern Hemisphere
was large in the winter and spring
at middle and high latitudes. These

observations were consistent with
the researchers' climate model
simulations, which showed that
some of the largest warming effects
occurred when there was heavy
snow cover and sufficient sunlight.
Hansen and Nazarenko used a
leading worldwide-climate computer model, which incorporated
satellite data, to simulate effects of
greenhouse gases and other factors
on world climate. The calculated
global warming from soot in snow
and ice by itself in an 1880-2000
simulation accounted for 25% of
observed global warming.
The research appeared online
recently in the Proceedings of the
National Academy of Sciences.
For more information, visit
www.gsfc.nasa.gov/topstory/2003/
1223blacksoot.html.

HE SCREAMED FOR VOLCANOES
If new research is to be believed, the 1883
explosion of the Indonesian volcano
Krakatoa must have left quite an impression
on Norwegian artist Eduard Munch. Using
Munch's journal entries as a guide, Donald
Olson of Texas State University and colleagues theorize that the atmospheric
effects of Krakatoa were the inspiration for
Munch's famous painting, "The Scream."
The key passage from Munch's journals
reads: "All at once the sky became bloodred . . . clouds like blood and tongues of fire
hung above the blue-black fjord and the city .
. . and I stood alone, trembling with anxiety." Although this entry is dated January
1892, almost nine years after Krakatoa
erupted, Olson believes Munch was writing
about a memory, rather than a recent
event, in his journal. Other journal entries
revealed that Munch often painted about
events from his past. Historical accounts of
Krakatoa, which dispersed great volumes of
dust and gas into the atmosphere, describe
"twilight glows" and other spectacular
atmospheric effects of the eruption that
were observed around the world.
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PAPERS OF NOTE
H o w EDDIES SHAPE
OCEANIC BALANCES

A fundamental problem of largescale oceanography is to understand
how differential heating at the
ocean surface colludes with mechanical forcing by
wind stress to create
the strongly stratified upper ocean
layer known as the
thermocline. What
balances the downward flux of warm
water from the surface into the thermocline?
What
equilibrates the vorticity imparted by
winds?

water away from the gyre. Although observations and direct numerical simulations (see bottom
figure) clearly reveal the abundance of energetic eddies, full understanding of their role and dy-

surfaces). The study suggests that
more attention should be given to
the interaction of small-scale mixing and eddy scales and the possibility that mixing on the smallscale could be orchestrated by
straining from larger
scales. —TIMOUR
RADKO ( M A S S A C H U SETTS I N S T I T U T E OF
TECHNOLOGY)
JOHN

AND

MARSHALL.

"Eddy-Induced
Diapycnal
Fluxes
and Their Role in
the Maintenance of
the
Thermocline
in the
February
Journal of Physical
Oceanography.

Through highresolution numeriO C E A N BUBBLES
cal experiments of
AND INTERNAL
ocean circulation,
WAVES
we addressed the
Considerable obrole of geostrophic
servational and exeddies—the ocean's
perimental evidence
weather systems—
supports the existin large-scale therence of bubble
modynamic and
clouds and, at times,
vorticity balances.
bubble layers, in the
While earlier studupper ocean. Bubble
Schematic representation of the subtropical thermocline (top
ies assumed that the diagram). A n important question is w h e t h e r the downward clouds, injected by
warm water fluxed flux of w a r m w a t e r is balanced by lateral eddy transfer, by breaking waves,
down from the sur- the t i m e - m e a n flow, or by the small-scale vertical diffusion evolve under the inface is diffused ver- Ky. Horizontal section of the instantaneous near-surface t e m - fluence of buoytically or advected perature in the double-gyre numerical experiment is at the ancy, surface curaway by large-scale bottom. N o t e the abundance of geostrophic eddies transport- rents, turbulence,
ing the w a r m fluid away f r o m the subtropical thermocline.
steady currents, our
dissolution, and
study suggests that
bubble breakup.
most of the heat input is balanced namics required development of a The amount of air injected by
by lateral eddy transfer, as indi- new diagnostic framework.
breaking waves, and the structure
cated schematically in the upper
Analysis of our idealized nu- of the bubble clouds, depends sigpart of the figure. Eddies detach merical simulations indicates that nificantly on the wind speed. At
from the main subtropical ther- eddies play a zero-order role in higher wind speeds, clouds of
mocline and move to higher lati- integral balances of buoyancy and bubbles tend to overlap, forming a
tudes. This phenomenon, the model potential vorticity. This funda- continuous layer of variable thickanalogue of the shedding of warm- mental role for eddies is related to ness that has implications for the
core Gulf Stream eddies, results in their ability to induce diapycnal propagation of waves beneath the
a continuous transport of light fluxes (i.e., directed across density surface of the ocean.
332
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There have been many studies
of the effect of bubbles on soundwave propagation. However, we
investigated low-frequency effects
by asking how the presence of
bubbles in the upper mixed layer
might influence an internal wave
field. We found two principle effects. First, the depth-dependent
distribution of bubbles itself introduces stratification, thus permitting internal wave propagation.
Second, the presence of the
bubbles allows for the existence of
a second high-frequency branch of
the wave-dispersion relation,
which we call the "bubble" mode,
thus permitting exchanges of energy between internal waves and
bubbles.
To model the behavior of a density-stratified fluid containing
bubbles, we follow a standard approach developed in the mechanics of multiphase media. Our
model is a dilute locally monodisperse mixture of incompressible
fluid containing small gas bubbles,
preserving their mass and spherical form. The interaction between
the fluid and the bubbles is primarily through the pressure field. As
a first study of this topic, we assume a horizontally homogeneous
background environment so that
we can concentrate on the effect of
the vertical bubble distribution.
The equations of motion are then
linearized about a stationary background state, containing bubbles,
and we seek solutions in the form
of propagating waves.
Clearly, the main focus of future studies will be the observation
that bubble clouds are usually horizontally inhomogeneous and turbulent, two factors which have not
been considered in this preliminary s t u d y . — R . H . J. G R I M S H A W
( L O U G H B O R O U G H U N I V E R S I T Y ) AND
K . R . KHUSNUTDINOVA.

"The Effect
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of Bubbles on Internal Waves," in
the February Journal of Physical
Oceanography.
EFFECT OF C L O U D FEEDBACKS
O N ARCTIC CLIMATE

Many studies have shown that global greenhouse warming will likely
be most amplified
in the Arctic. Unfortunately, cloud
changes are one of
the largest sources
of uncertainty in future climate projections, and models
have traditionally
failed to simulate
arctic clouds realistically. Experiments
with an atmosphere/mixed-layer
ocean general circulation model now
show the importance of those
clouds—and clouds
at lower latitudes
—in potential arctic
climatic changes.

ness during winter and more during summer.
The global climate model ran
with and without changes in cloud
amount using a doubling of C 0 2
radiative forcing. With cloud feedbacks, the GCM simulated more
vertically integrated cloudiness in

These simulation experiments
utilized the GENESIS2 GCM in part
because this model
is relatively successful at representing modern
arctic clouds, a (a) Vertical cross section of the change in simulated
trait attributable
mean annual cloud fraction in the standard 2 x C 0 2
experiment, (b) T h e change in the mean annual surto the parameterized treatment of face air t e m p e r a t u r e in t h e 2 x C 0 2 experiments
with cloud changes ( 2 C 0 2 , open circles) and with
mixed-phase
clouds fixed ( 2 C 0 2 F , closed circles), (c) Percentage
microphysics. The
contribution by cloud changes to the total warming
model realistically magnitude in the 2 C 0 2 simulation.
simulates the annual cycle of arctic
cloud cover because of the longer high latitudes and less cloudiness
residence time of liquid cloud con- at low-to-midlatitudes. Relative to
densate over frozen condensate, a the simulation without cloud feedprocess that promotes less cloudi- backs, the simulated cloud changes
MARCH 2004 B A f l f r | 3 3 3
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THE METS IN METEOROLOGY
Baseball beat out meteorology this January in the court
system. T h e M e t Office, Britain's meteorological service, filed
a suit against the N e w Y o r k Mets when they applied to
register the word " M e t , " not "Mets," as its logo. " W e just
saw a danger in the U K and Europe of a company coming in
and wanting to patent the word 'Met.' So we challenged it,"
says W a y n e Elliot, a spokesman for the M e t Office. W h i l e
baseball is not particularly popular in Britain, baseball clothing
and hats, mostly featuring the Mets, are gaining in popularity.
Y e t British officials ruled that the public would not likely have
trouble distinguishing between the t w o establishments. " H a v e
you ever gone out shopping intending to buy a Lotus car and
come back with Lotus software?" asked Jeremy Philpott, the
Patent Office's spokesman.

enhanced greenhouse warming at
all latitudes, accounting for onethird of the global warming signal.
This positive feedback was most
pronounced in the Arctic, where
more than 40% of the total greenhouse warming was due to cloud
changes.
The strong sensitivity in the
Arctic was caused not only by local processes (enhanced longwave
energy gain due to increased
cloudiness) but also by cloud
changes in lower latitudes. Extra
radiation gained in the Tropics and
middle latitudes (enhanced solar
energy receipt due to decreased
cloudiness) was transported dynamically to the Arctic via atmospheric energy flux convergence.
These results demonstrate the importance of remote impacts from
lower latitudes on arctic climate
change. Future work is needed to
establish whether other climate
models show a similarly strong remote cloud forcing in affecting
arctic climate variations.—STEVE
V A V R U S ( U N I V E R S I T Y OF W I S C O N -

" T h e Impact
of
Cloud Feedbacks on Arctic Climate
under Greenhouse Forcing," in the
1 February Journal of Climate.

SIN—MADISON).
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SPATIAL COMPLEXITY OF
TROPICAL PRECIPITATION
TRENDS

During the last 50 years, sea surface temperatures (SSTs) over the
tropical oceans have trended upward. It has been argued that total
precipitation will increase with an
increase in the tropical SSTs. However, an increased global hydrological cycle does not necessarily
imply that all regions will experience an increase in rainfall. We
find that, consistent with requirements of mass continuity, increased vertical mass transport
associated with increased precipitation over some regions is compensated by increased descending
motion and drying trends elsewhere. This leads to a complex
spatial structure for the precipitation trends.
To understand the atmospheric
response to increasing tropical
SSTs, we examined the trends
since 1950 in temperature, 200-mb
geopotential heights, and precipitation over the tropical oceans and
land areas. In view of the difficulties in estimating precipitation
trends from the observed data, we
also analyzed precipitation trends

from two atmospheric general circulation model simulations forced
with observed monthly mean
SSTs. We find that the tropical tropospheric temperature response to
increasing SSTs is spatially homogeneous, increasing over both land
and ocean in phase with the SSTs.
In contrast, precipitation has an increasing trend that is consistent
with increasing SSTs only over the
ocean areas, whereas over the
tropical land regions precipitation
generally decreases.
Our results point to the likelihood that for increasing tropical
SSTs and increasing tropospheric
temperatures, tropical precipitation trends will likely be much
more complex spatially. The results also suggest that for many
tropical land areas, the combination of increasing surface temperature and decreasing precipitation
could produce considerably
greater societal consequences
compared with the traditionally
argued scenario in which both
temperature and precipitation increase in response to increasing
S S T s . — A R U N KUMAR (CLIMATE PREDICTION C E N T E R ) , FANGLIN Y A N G ,
LISA

GODDARD,

AND

SIEGFRIED

" D i f f e r i n g Trends in
Tropical Surface Temperatures and
Precipitation
over Land
and
Oceans," in the 1 February Journal
of Climate.
SCHUBERT.

O C E A N S S T INFLUENCES ON
U . S . PRECIPITATION

A current question is which ocean
regions influence climate—except
for ENSO, sea surface temperature
(SST) is typically considered slaved
to the atmosphere. We investigated this question using simultaneous (0 lag) monthly and seasonal
SST correlations to predict state
climatic division precipitation.
Previous studies developing em-
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N n W f A f
pirical prediction techniques have
achieved only limited skill over land
outside the Tropics, even at 0 lag.
Our results suggest that useful precipitation and climate forecasts from
one to a few months appear feasible.
Using principal component
pattern analysis of SST data for
1950-93 from relatively small regions and multiple regression, we
found sizeable SST-land precipitation correlations, typically 0.3-0.6
(hindcast bias corrected), over
much of the United States during
much of the year. Skill was verified
on 1994-99 out-of-sample data. A
crucial step was using a log-normal
transform to convert the skewed
precipitation distributions to near
Gaussian and to remove extreme
value effects.
Contrary to expectations, we
found Gulf of Mexico SST correlations that were unusually strong
and widespread, usually removed
from the Gulf, and often distant
(e.g., the U.S. Northwest). They

seemed inconsistent with the
Gulf s small area. Statistical testing
indicated nearly all of these correlations were due to atmospheric
forcing. Their area and strength
should make them useful for identifying climate regime changes and
testing coupled ocean-atmosphere
models.
In addition, the main central
North Pacific's region of strong
variability, which centered on the
Pacific subarctic front, lacked influence on U.S. precipitation. Instead, east-west SST anomaly position or gradient along the front
appeared influential, and notably
modulated ENSO influence during
several seasons (an effect previously seen). Possible mechanisms
for this influence are coupling to
the Aleutian low and modifying
the short waves forming from it
that typically propagate into the
United States. Unlike other studies, we found little dynamical
nonlinearity between La Nina and

El Nino events after we took physical nonlinearity into account. Instead, the remaining differences
appeared due to differing SST
anomaly patterns.
Our results should be conservative, since we did not remove nonsignificant predictors. Carefully
excluding these and adding other
ocean predictors seems likely to
improve forecast and concurrent
skill. While this study was limited
to the United States for simplicity,
these methods should be applicable to most regions and climate
variables. Prospects for severalmonth-lead forecasts appear good
by combining ocean circulation
and statistical models and possibly
statistical methods alone.—GREGORY R . M A R K O W S K I ( T E X A S

A & M

UNIVERSITY) AND GERALD R . N O R T H .

"Climatic Influence of Sea Surface
Temperature: Evidence of Substantial Precipitation Correlation and
Predictability,"in the October2003
Journal of Hydrometeorology.

CHAPTER CHANNEL
ATMOSPHERIC AEROSOLS

Kurt Thome, an associate professor
with the Optical Sciences Center on
the University of Arizona campus,
was the guest speaker at the Southeastern Arizona chapter November
meeting. Thome is active in the radiometric calibration of satellites
and aircraft-based sensors and has
served on the science teams for ASTER, MODIS, and Landsat-7.
Thome spoke on "Studies of
Dust and Aspen Fire Smoke in
Tucson." He discussed Aeronet, a
ground-based instrument developed by NASA to characterize the
type and amount of atmospheric
aerosols. The University of Arizona has one of these instruments
AMERICAN METEOROLOGICAL SOCIETY

and is using it to study changes in
atmospheric aerosols in the Tucson area. Thome and his team are
using recent data and comparing
them to data from 1975-77.
The Aeronet instrument points
10 telescopes toward the sun. Each
telescope looks at a different wavelength of light. Aeronet tracks the
sun throughout the day and measures the brightness changes in the
sky. The distribution of the sky's
brightness indicates the optical
depth of the atmosphere as well as
the sizes of the particles in the atmosphere. Thome noted that the
Tucson area has much larger concentrations of aerosols in June,
July, and August than the rest of

the year. This is due to the summer
monsoon in southeastern Arizona
experiences. The data also show
that the spring in Tucson has much
larger particles, and the wet season
has much smaller particles.
— T O M EVANS

Southeastern Arizona chapter
ICE SHOVES

Joe Moran, associate director of
education at AMS, gave the presentation, "Ice Shove!," to the
Packerland chapter in December.
Moran explained that an ice shove
is a push of large pans of floating ice
against or onto the shoreline. An ice
shove is most common in the arctic
and subarctic latitudes, but does
MARCH 2004B A f l f r|
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Strong onshore winds transported blocks of ice from
the waters of Green Bay and—in only 10 minutes or
so—piled them into huge ridges along the bay's eastern shoreline. Wind-driven ice shove is a common occurrence along Green Bay's shoreline during spring
breakup of the bay's ice cover.

occur in the Great Lakes and some
smaller inland lakes, such as Lake
Winnebago in Wisconsin.
Ice shoves are either thermally
induced or wind driven. Thermally
induced shoves occur in small lakes
that have a snow-free covering of

John Beaver, University of Wisconsin—Fox Valley,
shared various aurora borealis photographs with the
Packerland chapter in November. This one was taken
at Menasha, Wisconsin, nearly directly overhead. The
curving arcs of orange light are reflections from a light
at a nearby parking lot.

black ice. Black ice forms early in the
season, before snowfall, and is thus
free of snow contamination. Moran
said that as the air and ice continue
to cool, thermal contraction of the
ice produces tension fractures. Water wells up in the fractures and

West Central Florida chapter (clockwise, from top left): Roy and Jane Leep
inspect the Gulf Coast Hurricane wind simulator at the Museum of Science and Industry in Tampa, Florida; George Lindsay prepares to experience the entire Beaufort scale in the simulator; Neva Duncan-Tabb, Laura
Monk, Mark Mantz, and Jim Wysong brave the simulator's 75 mph winds.

refreezes, creating an ever-increasing ice cover that begins moving
up the shoreline. If white ice
(opaque, granular, frozen slush) or
snow are present, the black ice is
insulated from air temperature
changes and will not exhibit thermally induced shove.
Moran pointed out that winddriven shoves are more common
in bodies of water the size of Lake
Winnebago and usually occur in
late winter or early spring. Favorable conditions for this type of
shove are sustained winds of at
least 20-30 mph, the presence of
pans of broken-up ice, areas of
nearshore open water, and the
partial melting of ice into long,
narrow crystals known as candles.
Either black or white ice can be
involved in wind-driven shoves. It
is a rapid and noisy event with the
potential to create giant ice ridges
on- or offshore. Moran shared
some spectacular photos of ice
shove on Green Bay, reminding
us that Mother Nature is not concerned with the survival of our
docks and boathouses.
— K A T I E HEMAUER

Packerland chapter
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THE MAP ROOM

RECENT DEVELOPMENTS IN THE
THEORY OF ATMOSPHERIC ROTORS
BY JAMES D . DOYLE AND DALE R. DURRAN

he Sierra Nevada Range is
one of the most prominent
and steepest mountain barriers in the United States and, not
surprisingly, is a well-known location for a multitude of topographically forced atmospheric
phenomena. As the prevailing
westerly winds pass over the Sierra Nevada, gravity waves are
frequently generated. Occasionally these mountain waves result
in spectacular topographically
forced phenomena such as
trapped lee waves, downslope
windstorms, rotors, and attendant wave and rotor cloud structures, as shown in the examples in
Fig. 1. In situations such as those
shown in Fig. 1, severe downslope
FIG. I . Photographs over the Owens Valley in the lee of the Sierra Newinds near the surface, some- vada Range, taken during the Sierra W a v e Project, illustrating (a) and (b)
times in excess of 50 m s -1 , decel- c o m m o n rotor charerate rapidly in the lee and give acteristics such as roway to a return flow back toward t o r a n d l e n t i c u l a r
the mountain crest that is the clouds and (a) blowlower branch of an intense hori- ing dust. T h e flow in
both photographs is
zontal circulation, as illustrated in
f r o m right t o left as
the schematic in Fig. 2. These v i e w e d f r o m t h e
horizontal vortices, known as ro- north.
tors, are common to the steep
eastern slopes of the Sierra Nevada, and particularly
over the Owens Valley, where they are notorious for
their intensity (e.g., Whelan 2000). Rotors have also
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FIG. 2. Schematic streamlines illustrating a rotor circulation and attendant cloud features (adapted f r o m
Ludlam and Scorer 1957). Regions of clear-air turbulence associated with the rotor circulation are denoted
by the red symbols.

been observed in a number of other mountainous
regions, including the Rockies (Lester and Fingerhut
1974) and various locations in Europe (e.g., Queney
et al. 1960). Rotors can be severe aeronautical hazards
and have been cited as contributing to numerous aircraft encounters with severe turbulence and accidents,
including occurrences involving modern commercial
and military aircraft. Rotor circulations may also be
important for the lifting and transport of aerosols and
contaminants, as apparent in Fig. la.
Mountain waves and rotors were the subject of one
of the first modern U.S. multiagency field programs
in meteorology, the Sierra Wave Project (Holmboe
and Klieforth 1957; Grubisic and Lewis 2004, personal
communication) that took place in the early 1950s
(during which the photographs in Fig. 1 were taken).
Although research on mountain waves and related
phenomena has been very active in the 50 years since
the Sierra Wave Project, little attention has been devoted to rotors. Furthermore, there have been almost
no thorough observations of real-world rotors because
they are dangerous to sample using in situ aircraft
measurements, and their small spatial scale prevents
them from being resolved by conventional observing
networks. Therefore, it is not surprising that mountain-induced rotors still remain poorly understood
and difficult to forecast. Only recently have computational resources been sufficient to enable what are
thought to be the first realistic numerical simulations
of rotors. Here we present results from a high-resolution nonhydrostatic mesoscale model, the Coupled
338
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Ocean-Atmosphere Mesoscale Prediction System
(COAMPS™; Hodur 1997), which provides a fresh
perspective on the structure and characteristics of
mountain-induced rotors.
Numerical simulations have suggested that a key
aspect of rotor development involves the synergistic
interaction between the lee wave and boundary layer
effects as discussed recently in Doyle and Durran
(2002). As an example, consider the two-dimensional
numerical simulation of flow over bell-shaped topography shown in Fig. 3, which is initialized based on a
blend of the potential temperature and cross-mountain wind components observed in the Grand Junction, Colorado; Denver, Colorado; and Lander, Wyoming, soundings at 1200 UTC 3 March 1991. On this
day, strong winds were observed on the lee side of the
Colorado Front Range and rotor clouds were reported
at the U.S. Air Force Academy in Colorado Springs,
Colorado, between 1355 and 1555 UTC. The horizontal resolution of these simulations is 100 m with 95
vertical levels spanning the interval 0 < z < 11.6 km.
The details of the model configuration are described
by Doyle and Durran (2002). After 3 h of model integration, a series of trapped lee waves has developed
in the streamline field with trough-to-crest ampli-

FIG. 3. Streamlines and horizontal vorticity (y-component) from a two-dimensional numerical simulation
initialized based on a sounding representative of the
conditions in central Colorado at 1200 U T C 3 Mar 1991.
The cross-mountain wind speed less than or equal to
zero is shown using blue isotachs (every I m s _l ). The
horizontal vorticity greater than 0.02 s 1 is shaded in
color. (From Doyle and Durran 2002.)
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tudes exceeding 1200 m. Intense downslope winds,
with a maximum of 25 m s -1 , develop along the lee slope.
Regions of reversed cross-mountain winds associated
with a series of rotors are present near the surface beneath the crests of the first three waves. The first rotor
downstream of the ridgeline is associated with a maximum reversed cross-mountain wind component of
5.9 m
and a region of recirculating flow that extends
above the mountain crest. A sheet ofy-component vorticity (du/dx - dw/dz) originates in the region of high
shear within the boundary layer, which forms due to
surface friction processes along the lee slope. The vortex sheet separates from the surface, ascends into the
crest of the first lee wave, and remains aloft as it is advected downstream by the undulating flow in the lee
waves. Boundary layer separation is facilitated by the adverse pressure gradients associated with trapped mountain lee waves. Vertical and horizontal wind shear and
turbulence production are maximized along the elevated sheet of horizontal vorticity, particularly along
the leading edge of the rotor circulation (as shown
schematically in Fig. 2), in general agreement with
anecdotal evidence from the Sierra Wave Project
(Holmboe and Klieforth 1957) and aircraft observations of rotors taken in the lee of the Rocky Mountain
Front Range analyzed by Lester and Fingerhut (1974).
Boundary-layer processes are of fundamental importance in determining rotor development and intensity. For example, an otherwise identical simulation to that shown in Fig. 3, in which a free-slip lower
boundary condition was applied, failed to produce
rotors or reversed flow. Transient rotors can be generated in the presence of a free-slip lower boundary
using a highly idealized upstream sounding, but realistic rotors with characteristics similar to those
found in nature appear to develop only in the presence of surface friction. A series of experiments conducted by Doyle and Durran (2002) indicate that an
increase in the surface roughness beyond a small value
weakens the reversed flow and decreases the depth of
the rotor circulation. The surface roughness also has
an influence on the downstream location of the rotor
because of the impact of the lee wave pressure perturbations on the boundary layer separation. An
asymmetry in the solar radiation reaching the ground
commonly occurs in mountain-wave events because of
the presence of foehn clouds upstream, while the lee
slope remains predominantly cloud free. An additional
set of simulations was conducted that indicate increasing the lee-side heat flux deepens the rotor circulation, in general agreement with observations taken
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during the Sierra Wave Project (Kuettner 1959). The
turbulence intensity within the rotor also increases
due to the contribution of heating from the surface.
In order to examine the dependence of the rotor
characteristics on the lee-wave amplitude, Doyle and
Durran (2002) conducted an additional series of
simulations that were performed with an atmospheric
structure in which the upstream static stability is constant throughout each of two horizontal layers. These
simulations used varying mountain heights and interface depths to examine a portion of the parameter
space relevant to basic rotor dynamics. The results
indicate that the magnitude of the reversed flow in the
primary rotor for a simulation with surface friction
is highly correlated with the strength of the adverse
pressure gradient in the primary lee wave in an otherwise identical simulation without surface friction
(i.e., with a free-slip lower boundary condition).
These simulations also show that, even with surface
friction, no rotors form unless the adverse pressure
gradient in the corresponding free-slip simulation
exceeds a threshold value, further demonstrating synergistic coupling between boundary layer induced
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25 m s_1 at 500 hPa) and an inversion near the elevation of the Sierra crest existed upstream of the mountains, characteristics often associated with severe
downslope winds along the lee slopes (e.g., Durran
1990) and rotor circulations.
The Sierra Nevada is a continuous and narrow
mountain range with a mean width of approximately
100 km and a length of 650 km. The geographical region of interest for the numerical simulation is focused on the Owens Valley, California, which is adjacent to the topography comprised of the main crest
of the high Sierra to the west, with peaks over 4400 m
elevation, that abruptly descends to the valley floor at
a mean elevation of 1200 m, as shown in Fig. 6. The
eastern portion of the valley is bounded by the White
and Inyo Mountains. Near Independence, California,
the width of the Owens Valley is approximately 15 km.

FIG. 4. GOES visible satellite image valid at 0000 U T C
29 October 2000.

vorticity and lee-wave-induced adverse pressure gradients in the formation of low-level rotors.
High-resolution simulations of rotors indicate the
presence of small-scale vortices or subrotors embedded within the parent rotor. These subrotors, which
in some respects are analogous to multiple suction
vortices within a tornado, may pose the greatest hazard to aviation. Vortex stretching and tilting are likely
to play an important role in the enhancement of vorticity within such subrotors, but these processes can
play no role in changing the vorticity in a two-dimensional flow, such as that shown in Fig. 3.
To further examine the internal structure of rotors
found in nature, a three-dimensional high-resolution
real data simulation was carried out for a case of
mountain waves on 28 and 29 October 2000 in the lee
of the Sierra Nevada range. The GOES visible satellite image for 0000 UTC 29 October 2000, shown in
Fig. 4, indicates numerous trapped mountain waves
in the lee of the northern Sierra and a signature of a
single stationary wave to the south. A sounding from
Vandenberg, California, located approximately 150 km
upstream of the Sierra Nevada, at 0000 UTC 29 October 2000 is shown in Fig. 5. The sounding and the
larger-scale CO AMPS simulation suggest that strong
cross-mountain flow (10-15 m s_1 at 700 hPa and 20340
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The CO AMPS model simulation is initialized at
1200 UTC 28 October 2000 using all available observations blended with a first guess based on the Navy
Operational Global Atmospheric Prediction System,
which is also used for lateral boundary conditions. In
this application, the model makes use of five nested
grid meshes centered on the Owens Valley, with the
finest mesh using a 333-m grid increment (location
shown in Fig. 6). A west-east oriented vertical cross
section of streamlines and horizontal vorticity along
line AB (Fig. 6) at the 12-h time valid at 0000 UTC
29 October 2000 is shown in Fig. 7a. Similar to the
idealized two-dimensional simulation shown in Fig. 3,

FIG. 5. SkewT/log-P t h e r m o d y n a m i c sounding for
Vandenberg, CA, for 0000 U T C 29 October 2000. The
horizontal wind speed ( m s 1 ) and direction are shown
to the right. One full wind barb corresponds to 5 m s~'
and a flag denotes 25 m s
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N O W C '
variation in rotor substructure between the cross sections in Figs. 7a,b
is consistent with the possibility that
vortex stretching and tilting may play
a role in amplifying any subrotors that
do develop. The substructures shown
in Figs. 7a,b are also highly transient,
suggesting that a given area within the
rotor can be relatively benign at one
moment and extremely dangerous a
few minutes later. Such localized regions of turbulence and shear within
the parent rotor may be one of the key
terrain-induced phenomena that contribute to an enhanced rate of aviation
accidents in mountainous regions
(e.g., Carney et. al 1995).
Guidance for forecasting rotors is
virtually nonexistent despite their important and direct link to aviation
safety issues. The general characteristics of rotors have been known since
the completion of the Sierra Wave
Project in the 1950s, yet surprisingly
little is known about several of their
key aspects, including their internal
structure, strength, climatology, and
FIG. 6. Topography (m) for the fourth grid mesh (Ax = I km) is shown
microphysical processes. Recent nuby the color scale and contours every 250 m. The location of the fifth
merical simulations suggest that the
grid mesh (Ax = 333 m) is represented by the white rectangle. The
meteorological conditions favorable
dashed latitude and longitude lines are shown every 0.25°.
for the formation of strong rotors are
similar to those that favor the developa sheet of large horizontal vorticity (^-component) is ment of trapped lee waves and downslope winds,
significantly enhanced in the boundary layer along the namely 1) a significant cross-mountain wind compolee slopes of the Sierra range and lifted upward into nent of at least 10 m s_1; 2) an elevated inversion near
the lee wave crest to near 7 km. Two small-scale cir- crest level; and 3) a significant increase in the crossculations are present within the rotor near the sur- mountain wind speed above crest level. Nevertheless,
face, perhaps indicative of the role of three-dimen- more extensive theoretical and observational efforts
sionality and the complex forcing associated with the are required to verify and refine these general guideupstream and downstream topography. The strong lines. Forecasting of mountain-wave activity and assohorizontal and vertical shears, particularly at the up- ciated turbulence in support of aviation operations are
stream edge of the rotor, generate intense turbulence commonly performed using empirical and statistical
that is advected into the upstream edge of the lee wave. techniques, which could be extended to include rotors
An indication of the along-ridge variation in the if more sophisticated guidelines prove to be reliable.
finescale structure within the rotor may be obtained
by examining a second vertical cross section shown
in Fig. 7b, which is located approximately 3 km to the
south of that shown in Fig. 7a. The flow at 4 km in
Fig. 7b is strongly reversed, with maximum speeds of
5 m s -1 that are more intense than the extremum in
the reversed flow near the surface. The substantial
AMERICAN METEOROLOGICAL SOCIETY

In the five decades following the Sierra Wave
Project, the characteristics and dynamics of rotors
have remained an enigma. New observations of rotors, such as from the forthcoming Terrain-Induced
Rotor Experiment (T-REX; Grubisic and Kuettner
2003), will be needed to gain insight into the characteristics of rotors, including their internal structure,
MARCH 2004 BAflfr | 3 4 1
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FIG. 7. Streamlines and horizontal vorticity (y-component) from a three-dimensional numerical simulation at
the 12-h time valid at 0000 U T C 29 Oct 2000 for (a) along axis AB (see Fig. 6) and (b) approximately 3 km south
of axis AB. The horizontal vorticity greater than 0.005 s 1 is shaded in color. The cross-mountain wind speed less
than or equal to zero is shown using blue isotachs (every I m s~').

and to evaluate the results from high-resolution and
eddy-resolving numerical models to determine the
predictability of rotors. The multiphase T-REX field
campaign and high-resolution numerical model
simulations should ultimately provide the means to
substantially improve our understanding and ability
to forecast mountain-wave induced rotors.
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The following papers were presented at the 84th AMS Annual Meeting in Seattle, Washington, 11-15 January 2004.

Tilmann Gneiting and Kristin Larson at a wind farm.

IMPROVING W I N D

ENERGY

FORECASTS

Wind energy is the fastest-growing
energy source today. Globally,
wind energy grew at an average
annual rate of 31% over the past 5
years. As a result, the need for accurate wind energy forecasts is
becoming paramount: for system
reliability, scheduling, and longrange planning. Better wind energy
forecasts reduce the requirement for
backup energy, resulting in increased power grid reliability, as
well as significant monetary savings.

wind energy production regimes
at a given wind project and using
off-site observations in the vicinity of the wind farm. Since changes
with wind often propagate with
the wind, it is possible to use up-

wind observations to detect precursors to wind energy output at
the wind farm.
Initial results suggest that the
use of upwind observations can
significantly improve wind energy
forecasts. Specifically, we compared persistence forecasts, forecasts using on-site data only, and
forecasts using both on-site and
off-site data. Using both on-site
data and data from the upwind site
yields much bigger improvements
(in root-mean-squared error) over
persistence forecasts than does using on-site data only. The improvement in the forecasts was
observed consistently over all
evaluation months.
We anticipate that our approach can be successfully applied
to wind farms all over the world,
thereby suggesting that quality
meteorological data from sites upwind of wind farms can generally
be used to improve short-term
wind energy forecasts. The result-

Of central concern are 0-3-h
wind energy forecasts. This is the
typical lead time necessary for
transmission scheduling and dispatching resources.
The 3TIER Environmental
Forecast Group and the University
of Washington are developing a
forecast algorithm to improve the
short-term accuracy of wind energy forecasts. Our approach consists of identifying wind and/or
AMERICAN METEOROLOGICAL SOCIETY
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ing improvements in forecasting
skill can contribute to the profitability and sustainability of wind
power. This work has been supported by the Washington Technology Center and PPM Energy.
— K R I S T I N LARSON (3TIER E N V I R O N MENTAL FORECAST G R O U P , I N C . ) AND

"Statistical Algorithms for Short-Term Wind Energy Forecasting." 17th Conference
on Probability and Statistics in the
Atmospheric Sciences.
TILMANN G N E I T I N G .

A N E W INDEX FOR HAIL AND
FLOOD FORECASTING

Traditional tools such as the Total
Totals, Lifted Index, K Index, and
Precipitable Water can be impossible to use for determining large
hail and flash flood potential in
extreme southwest California.
These tools imply increased con-

side of 4°C. This reflects increasing
cloudiness and possibly excessive
water loading for smaller dewpoint
depressions, and excessive entrainment of dry air into parcels for
larger dewpoint depressions. In
regions where dynamics are generally weak and solar heating plays
the key role in generating convection, these reductions are important. The probability of large hail
and flash flooding increases with
decreasing 500-mb wind speed in
extreme southwest California (the
opposite of what is expected in
much of the United States), so
WACI values increase for decreasing 500-mb winds. Also, warm season moisture in extreme southwest
California is usually in the form of
dissipating or dissipated debris
clouds above about 750 mb (essentially "surface" moisture for convection on elevated terrain).
Most traditional
indices sample
too low (at or
below 850 mb)
and miss this
moisture.

The approach
to this problem
Frequency of occurrence of large hail and/or flooding
was to make
versus W A C I values for the w a r m seasons ( j u n - S e p t )
an index that
of 1998-2003. T h e red curve with squares represents
reaches a maxilight wind days only [ 5 0 0 - m b wind speeds less than
1
mum value for
about 8 ms" (or less than about 15 kts)]. T h e blue curve
with diamonds represents all days. T h e green line on the
a "best convecx-axis is under the region where large hail was reported
tive profile" usat least 30% of the t i m e for all 500-mb wind speeds.
ing midlevel
moisture, lapse
vective potential as moisture and rate, and wind speed. To further
wind shear increases, which is not support this index, the sounding
entirely useful in this region. types can be interrogated.
Therefore, based on the 1998-2003
warm seasons (}un-Sept) the Wind
Adjusted Convective Index (WACI)
was developed (see figure).
WACI values peak for 750- and
600-mb dewpoint depressions
equal to 4°C, but fall off to either
344
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For days with light 500-mb
winds [below 8 m s_1 (or below 15
kts)] and WACI values at or above
62, flash flooding was reported on
8 of 11 days, and large hail was reported on 6 of 11 days. For WACI
values of 70 or higher, flash flood-

ing was reported on 4 of 6 days,
and large hail fell on 4 of 6 days.
Other indices (such as C A P E )
can also be "moisture modified"
and/or "wind modified" to form
new and improved tools. These,
along with the W A C I , will be subjects of future research.—IVORY
SMALL ( N O A A / N W S ) .
"Severe
Weather as Seen via a Preliminary
Sounding Climatology and a Wind
Adjusted Convective Index (WACI)."
17th Conference on Probability and
Statistics in the Atmospheric Sciences.
FINDING THE MICROSCALE
WITH A MESONET

A mesoscale observation network
observes microscale phenomena
with mesoscale resolution. Each
observation point is assumed to
represent a surrounding region on
a scale of 10-100 km. In reality, no
single point can truly be representative of such a large region. All
mesonet sites are surrounded by
smaller-scale land features such as
trees, sloped terrain, cities, and
lakes that can have a significant impact on near-surface observations.
This can be shown with an
analysis of observations of wind
speed, wind direction, air temperature, and dewpoint temperature
from 114 Oklahoma Mesonet sites
collected between 1994 and 2002.
First, the observations were stratified by wind direction in 5° increments. To isolate microscale features unique to each site, statewide
mean values of wind speed, nighttime temperature, and dewpoint
temperature were calculated for
each wind direction increment and
subtracted from corresponding
values at the individual sites. Next,
the resulting anomalies were plotted as a function of wind direction
to create a meteorological "fingerprint" of each Mesonet site. Finally, the fingerprints of adjacent
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sites were compared to determine
whether the anomalies occurred
on a scale smaller than the distance
between sites.
The analysis showed that approximately half of the Oklahoma
Mesonet sites had submesoscale
wind speed anomalies of 50% or
greater. Negative wind-speed
anomalies were generally associated
with trees within 200 m of the site.
Positive wind speed anomalies were
associated with low terrain, short
vegetation, creeks, and ponds in the
fetch direction. In most cases, negative wind speed anomalies coincided
with negative nighttime temperature anomalies. It is likely that wind
barriers such as trees and small hills
affect the nighttime temperature by
reducing vertical mixing of warmer
air to the surface.
In some cases, temperature and
dewpoint anomalies did not correspond with local wind barriers, but
were consistent with influences
from larger-scale land features. For
example, one set of positive temperature anomalies was associated
with wind from the direction of
large urban areas. Another set of
positive nighttime temperature
and dewpoint anomalies was associated with wind from the direction of lakes.
The magnitudes of submesoscale anomalies found within the
Oklahoma Mesonet were as high as
80% for wind speed, 4°C for dewpoint, and 9°C for nighttime temperature. Thus, the results suggest
that microscale land features have
a substantial impact on near-surface observations. As such, the
unique meteorological fingerprints of each mesonet site must be
considered when interpreting
mesonet observations and using
those observations in other applications such as numerical models.—MATTHEW J. HAUGLAND ( U N I -
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LOOKING IN THE MIRROR
T h e recent annual meeting of the A m e r i c a n Geophysical
Union ( A G U ) attracted m o r e than 10,000 participants. W h i l e
many of these scientists are studying climate change, one
researcher noted that such meetings can have an unhealthy
effect on the atmosphere. Lawrence Plug of Dalhousie
University in Halifax, Canada, found that the average roundtrip distance traveled by an attendee to the 2002 A G U Annual
Meeting in San Francisco, California, was close to 8000 km.
H e calculated that each of these travelers was responsible for
the release of 0.16 kg of C 0 2 into the atmosphere for every
kilometer traveled by plane—a total of about 1.3 tons of gas
per person, or close to 13,000 tons total. "Scientists traveling
to meetings are a part of the m a r k e t that drives the number
of flights scheduled," Plug says. " W e should have m o r e
awareness than everyone else in the market. Personally, I
think it makes m e m o r e culpable." Plug and other scientists
have suggested that organizations undertake environmentally
friendly charitable acts (e.g., contribute to the preservation of
the Brazilian rain forest) or hold m o r e virtual conferences to
counter the side effects of travel.
<

>

VERSITY OF O K L A H O M A ) . "Isolating
Microscale Phenomena from Mesoscale Observations." 18th Conference on Hydrology.

O C E A N I C RESPONSE T O
INCREASING

C 0

2

In a modeling study focused on the
dynamics of the oceanic response
to increasing C 0 2 concentration in
the atmosphere, we tried to estimate the relative importance of
feedbacks involving the ocean. The
evolution of the atmosphere-toocean surface heat fluxes is shown
to be the dominant factor in controlling the large-scale ocean circulation response.
The feedbacks controlling the
oceanic response are complex and
involve both atmosphere-ocean
and ocean-only feedbacks. While
the concentration of atmospheric
C 0 2 increases, heating in the high
latitudes of the North Atlantic intensifies, making the surface waters in the region lighter and thus
slowing the sinking and vertical

overturning of these waters. When
the concentration of atmospheric
C 0 2 stabilizes, the coupled atmosphere-ocean system equilibrates,
and the vertical overturning recovers its strength.
We demonstrated that the feedback of the sea surface temperature
(SST) on surface heat fluxes is necessary for the recovery of the circulation. Changes in SSTs, however, are shown not to be necessary
for the recovery of the circulation;
subsurface changes in the density
structure accompany recovery despite nearly fixed SST in one of our
numerical experiments.
Although surface freshwater
fluxes also influence the density of
the high-latitude waters in the
North Atlantic, the role of the
freshwater fluxes is secondary to
that of the heat fluxes in our
model. (They are secondary because their contribution to the surface buoyancy flux is smaller.)
We performed several experiments with the oceanic component
MARCH 2004 BAflfr | 3 4 5
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of an atmosphere-ocean coupled
model. In each of these experiments, the ocean-only model was
forced by surface fluxes diagnosed
from the two fully coupled simulations: one with the increasing
C 0 2 concentration and one with
the present-day climate. We used
a model of intermediate complexity, which allowed an extensive and
thorough study of the dynamics of
the oceanic response, through a
large number of extended runs.
The model consisted of a three-dimensional ocean model with an
idealized geometry and coarse
resolution coupled to a two-dimensional (zonally averaged) statistical-dynamical atmospheric
model.
The results from this study emphasize the importance of the
ocean in defining both transient
and equilibrium responses of the
climate system to changes in the
greenhouse gas and aerosol concentration in the atmosphere.—
IGOR V . KAMENKOVICH

(UNIVERSITY

OF W A S H I N G T O N ) , A . P .

SOKOLOV,

P. H. STONE. "Feedbacks Affecting the Response of the Thermohaline Circulation to Increasing C02:
A Study with a Model of Intermediate Complexity15th
Symposium on Global Change and Climate Variations.
AND

IMPLICATIONS OF CLOUDINESS
CHANGES SINCE 1 9 5 2

An analysis of 46 years of marine
synoptic weather reports indicates
that global ocean mean upper-level
cloud cover has decreased since
1952. Less upper-level cloud cover
has allowed more emitted thermal
(longwave) radiation to escape to
space, thus reducing the greenhouse
effect caused by clouds. However,
little change has occurred in solar
(shortwave) radiation reflected by
clouds because increased low-level
346
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cloud cover has compensated for
decreased upper-level cloud cover
in the global average. The increase
in estimated net-upward radiation
indicates that changes in oceanic
cloud cover since 1952 have acted to
substantially reduce the rate of global warming.

study calculated coverage of upper-level cloudiness by assuming
random overlap with low-level
cloudiness to yield total cloud
cover. Individual reports were averaged into 10° x 10° grid boxes
and 72-day time intervals to match
the ERBS data grid. Outgoing
longwave radiation anomalies
were estimated by multiplying upper-level cloud anomalies by climatological values of cloud greenhouse effect per unit cloud cover at
each grid box. Reflected shortwave
anomalies were similarly estimated
by multiplying cloud anomalies by
climatological values of cloud
reflectivity and insolation at each

Clouds are one of the greatest
uncertainties in our understanding
of climate change, and these data
are the first-ever quantitative measure of cloud-related radiation
change spanning five decades and
a majority of global area. These
time series of radiation flux estimated from surface synoptic cloud
reports match time series of radiation flux reported by the
Earth Radiation
Budget Satellite
(ERBS), except
during 1991-93
when volcanic
aerosols from
the
Mount
Pinatubo eruption produced a
large radiation
perturbation.
The correspondence between
estimated and
ERBS time series provides
confidence that
synoptic cloud
reports can be
used to reliably 72-day a n o m a l i e s in o u t g o i n g l o n g w a v e , r e f l e c t e d
reconstruct ra- shortwave, and net upward radiation reported by the
Earth Radiation Budget Satellite (solid) and estimated
diation variability due to cloud f r o m synoptic w e a t h e r reports (dash), averaged over
the ocean b e t w e e n 6 0 ° S - 6 0 ° N . Anomalies are refercover variability
enced f r o m the 1985-90 mean, and 1 - 2 - 1 smoothing
in the pre-satelwas applied twice.
lite era.
Ship synoptic weather reports include
amounts of sky covered by all
clouds and by low-level clouds as
seen by human observers. This

grid box. These climatological coefficients varied with season and
were obtained from satellite datasets. This method assumes that ra-
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diation flux varies linearly with
cloud cover and ignores contributions due to other cloud, atmospheric, and surface properties.
Fortunately, cloud-cover variations are the largest contributor to
radiation flux variability.
Current research goals include
identifying causes of past cloud

variations and determining whether
upper-level cloud cover is likely to
continue decreasing in the fu-
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MONSOON

DEVELOPMENT

SITY), C . R . FERGUSON, AND E .

Although many studies have demonstrated that land-surface cover
plays an important role in climate,
that role in intraseasonal monsoon
variability is poorly understood, as
is the role of parameterizations of
land-surface processes in seasonal
prediction. Results of our general
circulation model investigation
suggest that vegetation processes
produce different spatial distributions of the Bowen ratio (sensible
versus latent heating), in turn influencing the low-level temperature and pressure gradients, wind
flow (through geostrophic balance), and moisture transport.
This process creates the great
east-west thermal gradient, which
may contribute to the abrupt
northward jump of the East Asian
monsoon (see figure). It also causes
the latitudinal heating gradient
that contributes to the clockwise
and counterclockwise turning of
the low-level wind on the East
Asian and African continents during the early stages of the monsoon
development.
The abrupt northward jump of
the East Asian monsoon has been
described by numerous studies,
but it has not been simulated before, and its cause is still unclear.
Our modeling results show that
under unstable atmospheric conditions, the evolution of the
monsoon's intensity, the spatial
distribution of precipitation, and
associated continental-scale circulation are affected by the perturbation processes of vegetation, not
just by low-frequency mean landsurface forcings such as monthly
mean albedo.

"Radiative Forcing of
Tropospheric Ozone." 15th Symposium on Global Change and Climate Variations.

We coupled a general circulation model with two different
land-surface parameterizations,
with and without explicit vegeta-

ture.—JOEL NORRIS (UNIVERSITY OF

"Changes
in Global Cloud Cover and Related
Radiation Flux since 1952." 15th
Symposium on Global Change and
Related Radiation.
CALIFORNIA, SAN DIEGO).

RADIATIVE F O R C I N G BY TROPOSPHERIC

Over the last 3 years, use of our
new technique for measuring
greenhouse radiation from gases in
the lower troposphere has allowed
progress toward validating the
model predictions of the climate
forcing associated with tropospheric ozone.
In this technique, spectral radiometric measurements of the
surface radiative forcing fluxes
from the gases below the cloud are
taken against the thermal background of the cloudy sky. Radiative
forcing fluxes from ozone, carbon
monoxide, nitrous oxide, nitric
acid, and aerosols can be measured
with this technique.
Measurements of the tropospheric ozone surface forcing radiation made for a number of summer days during the past 3 years
have shown that the average surface forcing is about 0.23 W m~2.
Using a simulation with a radiative
transfer code, it was also possible
to compare the measured downward surface forcing with the corresponding absorption of upwelling terrestrial radiation
(radiative trapping; calculated with
MODTRAN 4). The radiative
trapping forcing was found to be
about 15% larger than the measured surface radiative forcing.
Hence the 0.23 W m~2 translates to
a radiative trapping forcing of
about 0.27 W nr 2 ; it is interesting
to note that this value is consistent
with the global value of 0.3 W nr 2

LAND-SURFACE EFFECTS O N

OZONE

cited in the IPCC 2001 report. Our
measurements have been made at
44°N over all four seasons.
The average of the measured
radiative trapping fluxes from 30
days during the warm springthrough-fall period at 44°N is
about 0.45 W m~2; after a correction of 0.15 W m 2 for upper tropospheric ozone above the cloud
height, this is consistent with the
summer forcing estimate for tropospheric ozone of 0.6 W n r 2 reported in the 2001 IPCC report
from three 2D models at 45°N.
This research begins to improve
the state of knowledge of the radiative forcing associated with tropospheric ozone. In part because this
knowledge had been so poor, the
Kyoto protocol for the reduction of
the greenhouse gases omitted tropospheric ozone, along with other
prime constituents of smog such as
nitric acid or peroxyacetyl nitrate.
There are large spatial and temporal variations in some gases,
which make it difficult to quantify
their climate forcing. As to followup research, many more measurements are needed at different latitudes and climates in order to
further decrease the uncertainty
of tropospheric ozone forcing.
— W . F . J. EVANS (TRENT UNIVERPUCKRIN.
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T e m p o r a l evolution of the 10-day mean precipitation ( m m day ') averaged over I 0 5 ° - I 2 0 ° E f r o m May through September, (a) Observation;
(b) simulation without vegetation; (c) simulation with vegetation.

tion representations. A number of
5-month simulations used these
two coupled models but with the
same initial soil moisture and
monthly mean surface albedo.
Thus, the main differences between these two models are shortterm vegetation forcings, such as
radiative flux/canopy interaction
and transpiration. By comparing
the results from these two models,
we can identify the effect of vegetation and mechanisms of land-atmosphere interaction. Since we
studied only one ENSO year, further investigations with multiple
years are necessary. In addition,
the effects of different land processes, such as land-cover change
and soil moisture, in intraseasonal
variability need to be further explored.—YONGKANG XUE (UNIVERSITY OF C A L I F O R N I A , L O S A N G E L E S ) ,
H . - M . JUANG, W . - P . L I , S . P R I N C E ,
R U T H D E F R I E S , AND Y . JIAO.
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"Role of

Land-Surface
Processes in Monsoon Development—East Asia and
West Africa18th
Conference on
Hydrology.
30-YEAR TRENDS IN SEA ICE
EXTENT

A 30-yr record of sea ice extents
derived from mostly satellite radiometer observations reveals contrasting arctic and antarctic
decadal sea ice variability. Analyses of these data show that arctic
sea ice extents decreased by
0.30±0.03 x 106 km 2 per decade
from 1972 through 2002, but decreased by 0.36 ±0.05 x 106 km2 per
decade from 1979 through 2002,
indicating an acceleration of 20%
in the rate of decrease. The longterm decrease in the arctic sea ice
cover appears to be related to longterm temperature trends and to
changes in large-scale atmospheric
circulation. In contrast, the antarc-

tic sea ice extent decreased dramatically over the period 1973-77,
then gradually increased, with an
overall 30-yr trend o f - 0 . 1 5 ± 0 . 0 8
x 106 km2 per decade.
The trend reversal is attributed
to an unusually extensive sea ice
cover in the Antarctic in the early
1970s. Since the 1970s, the increase
in sea ice extent may be related to
long-term observed atmospheric
variations, including appreciable
changes in Southern Hemisphere
tropospheric circulation at middle
and high latitudes. Corresponding
changes are also evident in the
trend of large-scale Southern
Hemisphere atmospheric indices
over the last few decades. In particular, the 1970s experienced a
transition from mostly negative to
mostly positive Southern Hemisphere annular mode indices, the
latter being associated with stronger westerlies and cooler temperatures over much of Antarctica.
Exactly how the sea ice and atmospheric trends are related remains
to be determined.
Many previous satellite-based
studies of sea ice variability have
concentrated on the period since
late 1978, when the Nimbus-7 satellite was launched. We have extended the analysis of arctic and
antarctic sea ice variability from
two to three decades (1972/732002) by using the National Ice
Center digital sea ice dataset to
bridge the gap between the Nimbus-7 data and the earlier Nimbus-5 satellite data record.
The analysis uses a statistical
technique that is based on linear
regression, but with periodic basis
functions instead of constant coefficients. This approach provides
climate statistics, including expected values, anomalies, and
trends on a daily basis, without
having to assume stationarity of
Unauthenticated | Downloaded 01/09/23 01:21 AM UTC

Polar sea ice extents from 1972-73 through 2002
and their anomalies: (a) arctic and (b) antarctic.
Linear trend lines for the daily extents are indicated for each hemisphere, and a 365-day running
mean of the anomalies is included on the anomaly
plots. (From Cavalieri, Parkinson, and Vinnikov,
Geophys. Res. Lett., 30(18), 1970.)

the time series.—D. J.
(NASA/GSFC),

C . L.

CAVALIERI
PARKINSON,

"Trends in 30Year Satellite Record of Arctic and
Antarctic Sea Ice Extent." 15th
Symposium on Global Change and
Climate Variations.
AND K . Y . VINNIKOV.

RELATIVE HUMIDITY TRENDS

Relative humidity strongly affects
atmospheric visibility, directly influencing cloud height as well as
the formation of smog and fog.
Nonetheless, compared to the
number of studies of temperature
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and
precipitation
records, relatively
little work has been
done examining archival data of relative
humidity searching
for evidence of climate change.
In the first study of
relative humidity in
Canada analyzing
data taken on an
hourly basis over the
period 1953-2003, we
have found no discernible difference in
relative
humidity
trends for night,
morning, afternoon,
and evening. However, we did observe a
substantial decrease
in relative humidity
during winter and
spring throughout all
Canada. The largest
decreasing trends
were in the Prairies,
Arctic, and northeastern Canada. Fewer
and weaker trends are
observed during summer and fall.

This study involved
data from 75 airport
stations throughout Canada. Large
cities such as Toronto, Vancouver,
and Montreal that may act as urban
heat islands were excluded from this
study. Less than 1% of the data
were missing for stations located
below 60°N latitude, while the corresponding amount of missing
data for arctic stations was less
than 10%. In general, relative humidity varies significantly on a
daily as well as seasonal basis.
Hence, the average relative humidity was computed for night, morning, afternoon, and evening, as

well as separately for each season.
A best-fit linear trend was used to
estimate the change during 19532003 and a statistical t-test determined whether the trend was significant at the 5% level.
Relative humidity depends on
the temperature and absolute water vapor concentration. Hence,
hourly measurements of the dewpoint and temperature, as well as
daily precipitation totals, were also
studied. Dewpoint only changed
significantly in northeastern
Canada in the winter—a decrease.
Mean temperatures increased by
about 3°C over 50 years for western Canada during winter and
spring, while winter precipitation
decreased substantially.
We checked the data for possible
discontinuities that could arise due
to changes in instrumentation. A
decreasing step was observed in
winter relative humidity in the early
1970s at several stations. This step
appears to coincide with the replacement of the psychrometer by the
dewcell. Preliminary analysis shows
that this step occurs at very cold
temperatures. This does not affect
the observed decreasing trends in
winter relative humidity at southern
and coastal locations.
The decrease in relative humidity is consistent with changes in
dewpoint, temperature, and precipitation. It would be interesting
to determine whether similar
trends exist elsewhere. Relative
humidity measurements may be
able to complement analysis of
temperature and precipitation data
for detecting climate change.
— W I L L I A M A . VAN W I J N G A A R D E N
( Y O R K U N I V E R S I T Y ) AND L U C I E

A.

"Trends in Relative Humidity in Canada from
19532003." 14th Conference on Applied
Climatology.
VINCENT.
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ABOUT OUR MEMBERS
Scientific American magazine has
placed two NCAR scientists on this
year's "Scientific American 50" list.
The list, which recognizes outstanding leadership in technology,
names project scientists Larry
Cornman and Robert Sharman as
research leaders in aerospace.
With the help of two teams
from NCAR's Research Applications Program (RAP), Cornman
and Sharman developed a software
package called the NCAR Efficient
Spectral Processing Algorithm
(NESPA) to help pilots navigate
storms without encountering air
turbulence. NESPA is a qualitycontrol and turbulence-prediction
method used with Doppler radars
like those aboard commercial airliners. NESPA will help pilots decide which regions are safe to fly
through, particularly in drier areas
that pilots assume are safe but may
be turbulent.
Cornman earned his undergraduate degrees in mathematics
and physics from the University of
California and a graduate degree in
physics from the University of
Colorado.
From 1983
to 1990, he
worked at
NCAR on
the development of
algorithms
for FAA's
Low Level
Windshear
Alert System and the
Terminal Doppler Weather Radar.
As a result of this work, Cornman
holds several U.S. and international patents. Since 1990, he has
developed turbulence-detection
algorithms for remote sensors as
well as a methodology for making

•ry Cornman
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in situ measurements of turbulence from commercial aircraft.
Cornman has twice received the
Aviation Week and Space Technology magazine Laurel Award, as
well as a NASA "Turning Goals
into Reality" award.
Sharman holds a B.S. and an
M.S. in engineering and a Ph.D. in
meteorology, all from UCLA. After leaving UCLA, he worked in
the aerospace industry for several
years developing mission-planning systems for
stealth aircraft. He
has been at NCARRAP since 1997
and is currently
the lead for the
FAA's Turbulence
Product Development Team, developing an automated upper-level
turbulence prediction system that
Robert Shari
should become operational this year. He also leads a
team working on turbulence
characterization under NASA
sponsorship, using high-resolution
numerical simulations to better define the structure of severe turbulence. These simulations were used
to help calibrate
and evaluate the
radar turbulence
detection
algorithms.
Last summer,
scientists tested
NESPA on a NASA
B-757 aircraft as it
flew through numerous thunderstorms. "We caught Alan Seal Is
over 80% of the turbulence encounters, with very few
false detections," Cornman said.

"We were pleasantly surprised at
the algorithm's performance. It's
always satisfying to see theoretical
efforts come alive in the real
world."
Science Applications International Corporation (SAIC) of San
Diego, California, has been
awarded the Unified NASA Information Technology Services
(UNITeS) contract. The total contract value is $826.1 million. SAIC
will perform information-technology management service functions agency wide,
principally at the
Marshall Space Flight
Center in Huntsville,
Alabama. Agency-wide
services will include
the Integrated Financial Management Program, wide-area netrian
work, IT security,
and digital television.
MSFC services will include IT systems and services support for programs and projects for which
MSFC is responsible. For more information about UNITeS, visit
www.unites.nasa.gov.

Alan Sealls, past president of the AMS Chicago chapter and AMS
Sealholder since 1988,
was a 2003 Emmy
nominee in the National Academy of
Television Arts and
Sciences, Suncoast Region. Sealls has also just
completed producing
"Water Smart," a series
of four videos for
grades 3-8, focusing on
water on our planet and its role in
weather, the environment, and our
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lives. The Water Smart series is available at www.UnitedLearning.com.
Kevin Trenberth is the recipient of
one of five University Corporation
for Atmospheric Res e a r c h
(UC AR)
Outstanding Accomplishment
Awards. He
received the
Distinguished
Achievement
Award for
Kevin Trenberth

of UCAR accomplishments, significantly enhancing UCAR's reputation. An NCAR scientist,
Trenberth is noted for his many
contributions to climate science and
for his influential and widely cited
scientific publications. The award
also recognizes his participation on
a large number of professional com-

mittees and panels in climate research and his communication of
climate science on local, national,
and international levels. According
to the judges' citation, "It is fair to
say that climate science and environmental policy around the world
would not be the same without
Kevin's contributions."

ECHOES
•

• This is the Cadillac of salt trucks."
—Cincinnati road foreman MIKE MANTEL on the city's new brine truck. As
opposed to salt trucks, the brine truck uses a preventative measure of salt
and water to pretreat the roads up to 3 days in advance of the snow. The
product sticks and dries to the street, melting snow as it falls on the surface.

the very best
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MEMBER BENEFIT!

ONLINE MEMBERSHIP DIRECTORY
NOW AVAILABLE
This new and important professional and personal networking tool allows you
to make contact with thousands of colleagues. The directory, which is searchable by last name, lists mailing addresses, telephone numbers, and electronic
addresses of our members. It's easier than ever before to keep in touch.
The membership directory is password protected so that only our individual members may gain access. Visit the directory site to create your personalized user
profile. Start taking advantage of this invaluable member resource today!
The online membership directory is located on the "Members Page/7 in the "Membership" section of the AMS Web site: www.ametsoc.org.
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REMINDER
Local Chapter
of the Year Application
Your chapter application package is due to the Selection
Committee no later than May 1, 2004. All AMS chapters
are eligible for either a regular or student chapter award.

Monitoring Science
Technology Symposium

• The award is based on chapter activities conducted
from May 1, 2003 to April 30, 2004.
• The chapter must be in good standing, i.e. must meet
the minimum requirements outlined in the Local

Unifying Knowledge
for Sustainability in the
Western Hemisphere
• Innovative monitoring applications

Chapter Officers' Handbook.
• The President or Chair must be a member of the national AMS.
• The chapter must have reported election results to the
national AMS during the award period.
• The chapter must have submitted meeting minutes for
publication in BAMS in a regular and timely manner
during the award period.

• Cross-disciplinary focus addressing
global to local spatial and time
scales

the AMS Web site (www.ametsoc.org/amschaps/

• Workshops and demonstrations

form and the Local Chapters Officers' Handbook.

More details can be found in the Local Chapters section
amschaps_rightframe.html). This includes the application

• Science and Technology EXPO
• Geospatial information for
sustainability interoperability
demonstration (planned)

September 20-24, 2004
Adam's Mark Hotel
Denver, Colorado, USA
Information and registration at
www. monitoringsymposium. com
Symposium Sponsors
USDA Forest Service
EPA
NOAA

CONABIO

USGS

CONAFOR

NASS

INI FA P

SERDP-Strategic
Environmental
Research and
Development
Program
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Canadian Forest
Service
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FIPRODEFO
Colorado State
University
CAMESA

AMS and the American Geophysical Union (AGU) are
working together to revitalize Earth Interactions and
establish the journal as a first-class publication venue
for interdisciplinary Earth and environmental sciences.
Earth Interactions is seeking papers that explore the
interactions among the biological, physical, and human
components of the Earth system. El will consider the
following kinds of papers:
• original research article
• review articles
• brief "data reports" and "model reports"
special collections of papers from conferences and
workshops
There are currently no page charges or color charges
for the journal. Manuscripts can be submitted online
at earthinteractions-submit.agu.org.
For more information, please contact the editor,
Jon Foley, at the Center for Sustainability and the
Global Environment, University of Wisconsin-Madison,
1710 University Ave., Madison, Wl 53726; e-mail:
jfoley@wisc.edu.
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