Nearly 20 years of satellite observations of net primary productivity reveal the seasonal and yearly cycles of Earth's
vegetation. In this figure, the dominant theme is the shift in productivity (shades of green) between the Northern and Southern Hemisphere over the course of a year. Hidden within this dominant cycle are more subtle
vegetation patterns: a decrease in productivity at high latitudes of the Northern Hemisphere following the eruption
of Mt. Pinatubo in 1991, as well as global-scale decreases in productivity during the El Nino events of 1982/83,
1987/88, and 1997/98.
GREENING THE W O R L D
GLOBAL

WITH

WARMING

While global climate changes continue to concern scientists worldwide, plants couldn't be happier.
Climate changes of the last 20
years have delivered more of what
plants love, including warmer
temperatures, more rain, and
more sunlight, to the point where
there is now more global plant
cover, according to a NASA-Department of Energy study.
"Our study proposes climatic
changes as the leading cause for
increases in plant growth over the
last two decades with lesser contribution from carbon dioxide fertiliAMERICAN METEOROLOGICAL SOCIETY

zation and forest regrowth," says
Ramakrishna Nemani, a lead scientist of the study, which was published in the journal Science.
The years 1980 to 2000 were
two of the warmest decades on
record and included three intense
El Nino events, in 1982/83, 1987/
88, and 1997/98. Tropical cloudiness and monsoon dynamics also
changed and there was a 9.3% increase in carbon dioxide (C0 ) levels. (Since the late nineteenth century, the Earth's surface temperature
has risen 1°F and atmospheric C0
levels have increased 30%.)
This study did not examine C0
as provoking climate change or
2

2

2

plant growth, but focused instead
on the impact of changing weather
on plant growth. Coauthor Charles
Keeling, of Scripps Institution of
Oceanography in La Jolla, California, says it is unclear if the weather
changes are part of short-term climate cycles or long-term global
climate changes.
The study results are in line
with those of other recent studies
that show changes in plant growth
as a result of increased atmospheric
C 0 levels and a warming of the
Earth. For instance, Lewis H.
Ziska, of USDA's Beltsville Agricultural Research Center, has
found an increase in ragweed and
2
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other noxious weeds in urban and
rural areas.
The scientists studied NOAA
and NASA climate and satellite data
of vegetation greenness and solar
radiation absorption, and used the
information to create a global map
of plant growth. Plant growth was
measured by net primary production (NPP), that is, the difference
between the C0 absorbed by plants
during photosynthesis and the C0
they release. The climate and satellite data came from a database at
NOAA that spanned 18 years, taken
from the Advanced Very High
Resolution Radiometer dataset.
2

2

more sun, clouds dissipated; and
where it was too dry, it rained
more. The Amazon became less
cloudy; in India, the monsoons
became more regular; and in
northern areas the growing season
became longer.
LAND USE AND CLIMATE
CHANGE

Two recent studies have revealed
that land use in the United States
may be a significant factor in climate change.
Research by Marshall Shepherd
of NASA and Steve Burian of the
University of Arkansas uncovered

ON THE WEB: VIRTUAL TELESCOPES
A team of astronomers, led by those at The Johns Hopkins University in Baltimore, Maryland, are in the process of constructing a
virtual telescope that, so far, is at least as good as—and may prove
to be superior to—its glass and metal counterpart.
The National Virtual Observatory (NVO) consists of terabytes of
data collected over the years the old-fashioned way, by dozens of
telescopes on Earth and in space. Part of the beauty of the project
and others like it is the accessibility of the information. Large
telescopes can cost millions. The virtual telescope, if put on the
Web without restrictions, will be virtually free, says Alex Szalay, of
Johns Hopkins.
The astronomers' effort mirrors recent advances in other
sciences, such as genomics, that also have ventured into the domain
of the virtual. Biologists involved with the Human Genome Project
have begun using computer models to virtually locate and describe
genes critical to human health and disease. Like the astronomers,
they say they were motivated by a need to organize an overwhelming amount of data pouring in from scientists around the world.
The address for the NVO Web site is http://US-vo.org.

The NPP increased worldwide
an average of 6% between 1982
and 1999, with 80% of the increase
occurring among plants in tropical regions and northern high-latitude forests.
The climate changes have been
oddly tailor-made for plants. In
areas where temperatures restricted plant growth, it became
warmer; where plants needed
988

I

BAflS*

clues in the relationship between
rainfall rates and urban areas. Using information taken from the
Tropical Rainfall Measuring Mission satellite and rain gauges, the
authors found average rainfall
from 1998 to 2002 was 44% higher
downwind of Houston, Texas,
than upwind, and 29% greater
over the city than upwind. The scientists suggest the "urban heat is-

ECHOES
•

•
It's over there—it's
the schmutz in the sky."
— K A R A K N A C K , on observing
May's lunar eclipse through
the hazy Los Angeles sky. The
eclipse could be observed
with the naked eye, but
weather conditions in some
areas prevented a clear view.

land" effect is exacerbated in
coastal cities, where sea breezes
cause clouds to form and combine
with clouds created from the heat
of urban areas, leading to thunderstorms. The study, which appeared in Earth Interactions, supports earlier research led by Dale
Quattrochi of NASA that found a
greater number and intensity of
thunderstorms over numerous
U.S. cities, including Atlanta,
Georgia; Chicago, Illinois; Sacramento, California; and Salt Lake
City, Utah.
Meanwhile, Eugenia Kalnay and
Ming Cai of the University of Maryland, College Park, found that the
effects of both urbanization and agriculture may have accounted for
as much as half of the Earth's temperature rise over the past 50 years.
Their research, which appeared in
a recent issue of Nature, compared
temperatures at surface stations
throughout the United States with
temperatures recorded by satellites
and weather balloons. They analyzed results from the last 50 years
and found that the surface temperatures (which can be affected by
the surrounding environment) became progressively warmer over
time than those recorded by the
satellites and balloons, which avoid
the surface effects. They found the
overall rise in the nation's temperature due to land use changes is
0.2°F since the 1960s.
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mtLtte
oceanographers, animal behavior- Stanford University's Hopkins
ists, and ecologists.
Marine Station.
The ocean-related data that
The concept is simple: the animals are implanted with one of two come back to scientists will be
types of satellite tags, either an ar- folded into existing meteorological
chival or pop-up tag, to track their and oceanographic databases, inevery movement as they descend to cluding the Ocean Biogeographic
the ocean bottom or swim, as one Information System and the GloGreat White Shark did, from the bal Ocean Observing System.
California coast to the shores of
TOPP scientists note that the
Hawaii. The pop-up tag attached project has only been possible beto the Great White recorded data cause of the development during the
every 2 minutes on water depth, past five years of very small, sturdy
temperature, and light, and was electronic memory storage devices
preprogrammed to detach from and sensors, which make it humane
the animal on a specific date and and feasible to attach satellite tags to
float to the surface.
thousands of living creatures. The
"Light-level data allow you to tags were devised with this project
calculate when sunrise and sunset in mind through a collaboration of
occurs," says biologist Peter Pyle, engineers, biologists, and physical
of the Point Reyes Bird Observa- oceanographers. They allow a great
tory, in Stinson Beach, California. deal of data to be collected, are re"From the light data, we can calcu- silient, and because of their size are
late the longitude and latitude of less disturbing to animals large and
S W I M M I N G IN O C E A N D A T A
The world's oceans have a huge in- the fish on Earth." The shark's data small, the scientists say.
For more information, visit
fluence on global climate and was transmitted via the Argos satweather patterns, but scientists' un- ellite system to computers at www.toppcensus.org.
derstanding of global climate
change has been hindered by a lack
BYE-BYE BAYOU?
of data about how and where oceans
warm and cool. Trolling the oceans'
Unless Louisiana works harder to preserve its coastal land, an
depths for temperature and other
area equivalent to one-third of the state will have washed into
information has proved painstakthe Gulf of Mexico by 2050, according to a recent report by
ingly slow.
the National Wetlands Research Center in Lafayette, Louisiana, a branch of the U.S. Geological Survey (USGS). The
This need for data may be solved
coastal region helps to protect New Orleans and other
in part by a new project under way
communities from hurricanes and other storms.
to enlist marine mammals to gather
The coast, much of it unique marshland that supports the
data about the northern Pacific
largest commercial fishing industry of the continental 48 states,
Ocean, scientists say.
began disappearing after the massive 1927 flood and subsequent
The Tagging of Pacific Pelagics
building of dams, levees, and channels intended to control the
project (TOPP), part of the CenMississippi River. Completed in 1963, the projects have had the
unintended effect of preventing sediments from the Mississippi
sus of Marine Life Pilot Project and
from being deposited on the coasts, a natural process that
led by the Monterey Bay
replenishes soils along Louisiana's fragile coast. Sediments
Aquarium, is attaching satellitehave since decreased by 67% says an upcoming report.
linked tags to 5000 whales, sea liConservation efforts have reduced sediment losses in
ons, sharks, large squid, birds, and
recent years, from 39 square miles between 1956 and 1978 to
turtles, who then become "autono24 square miles between 1990 and 2000. But more needs to be
mous ocean profilers," say the scidone if Louisiana is to be saved, says the USGS and the Coastal
Area Land Change Study Group, a coalition of government and
entists. A multidisciplinary project
nonprofit agencies.
started in 2002, TOPP has already
begun to capture data of interest to

Kalnay and Cai blame both urbanization and agriculture for this
increase. Concrete buildings and
asphalt streets in cities absorb and
keep great amounts of heat during
the day and then discharge this heat
at night. This urban heat island effect increases nighttime temperatures in urban areas while slightly
lowering daytime maximum temperatures. A similar development
occurs in areas with irrigation,
which causes soil to cool down during the day (due to increased evaporation) and retain heat at night.
The scientists note that the study
does not intend to minimize the effects of greenhouse gases on climate,
but rather adds another factor to the
list of influences on climate change.
They intend to have global results by
the end of the year.
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THE MAP ROOM
BAND O N THE RUN
Chasing the Physical Processes
Associated with Heavy Snowfall
BY C H A R L E S E . G R A V E S , JAMES T . M O O R E , M A R C J . SINGER, A N D SAM N G

O

n the afternoon of 10 November 1998, much of
southeastern South Dakota and the surrounding
area was digging itself out from under a foot of
snow. The snowfall was spread over several states;
however, the heaviest totals were found in pockets
around Sioux Falls, South Dakota (FSD; Fig. 1). The
impressive snowfall near Sioux Falls was accompanied
by nearly five hours of thunder and lightning during
the most intense period of snowfall (1100-1600
UTC). The extratropical cyclone (ETC) responsible
for creating the heavy snow and blizzard conditions
in parts of South Dakota and Minnesota was of historic magnitude with a central mean sea level pressure (MSLP) of 964 hPa at its peak over Duluth International Airport at 2035 UTC on 10 November
[National Climatic Data Center (NCDC) 1998]. The
clarity of the features in this early season snowstorm
makes it a good candidate for illustrating the common
characteristics of synoptic-scale processes often found
with heavy banded snowfall in the central United States.
To examine the main physical processes attending
this deep system, both observed surface data and initialized upper-air data from the Rapid Update Cycle
(RUC) II model are used. The major synoptic features
at the time of most intense snowfall (1500 UTC) are the
focus of this study; however, some analyses from nine
hours earlier (0600 UTC) are shown to illustrate the
dynamic development of this exceptionally strong ETC.
The system initially formed to the lee side of the
Rocky Mountains and moved eastward across Colo-
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FIG. I. The 48-h snowfall isohyet analysis in inches for
the period ending 1200 U T C I I Nov 1998, based upon
the N C D C cooperative observer network. Snowfall
reports of less than 8 in. are not displayed. A star indicates Sioux Falls, SD.

rado and Kansas early on 9 November. It then turned
northeastward and intensified rapidly as it moved
through eastern Nebraska into Minnesota. At 0600
UTC 10 November, the ETC was located in eastern
Nebraska and had a central MSLP of984 hPa (Fig. 2a).
The surface analysis reveals a warm front extending
eastward ahead of the system through Missouri and
two cold fronts pinwheeling southward from the center of low pressure. The dual cold-front structure at
this time is supported by the presence of two wind
shift lines (not shown) and two distinct thermal gradients, as illustrated by the packing of the isentropes
in Fig. 2a.
By 1500 UTC the system had moved into southern Minnesota and the central MSLP had dropped to
967 hPa (Fig. 2b); most of this 17-hPa pressure fall
occurred in the last six hours. It was during this rapid
intensification phase that snowfall rates became sig-
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FIG. 2. Surface analysis for (a) 0600 and (b) 1500 U T C 10 Nov 1998. Solid lines are subjectively analyzed isobars
(in hPa) and dashed lines are objectively analyzed isentropes (in K) from the RUC-II initialized data.

nificant in the vicinity of FSD. The occluded front was
located within the thermal ridge at the surface extending from eastern Wisconsin to south-central Minnesota. The dual cold frontal structure was even more
pronounced at this time, judging from the two separate regions of thermal packing south of the cyclone
center. At this time, an area of moderate to heavy
snowfall was occurring in South Dakota, as indicated
by the Weather Surveillance Radar-1988 Doppler
(WSR-88D) reflectivity from FSD (Fig. 3). The
banded area of heavy snow extended from FSD to the
northwest and was approximately 30 km wide, illustrating the narrow nature of the band. This significant
snowband was located west of the surface low and was
not directly associated with any surface fronts. The
majority of the stations north of the surface low and
east of the inverted trough reported rain, while most of
the stations west of the inverted trough reported snow.
A high-amplitude, midtropospheric (500 hPa)
trough was located southwest of the surface low at
0600 UTC (not shown) over western Kansas. By 1500
UTC the trough had lifted to the northeast and became a closed low over the Minnesota-Iowa border
as implied by the circulation indicated in both the IR
and water vapor imagery (Fig. 4). During the same
time period at 300 hPa, a 70 m s cyclonically curved
jet streak had rounded the base of the upper-level
trough, and by 1500 UTC it stretched from northeastern Oklahoma to northwest Illinois coincident with
_1
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the dry slot indicated in Fig. 4b. Consequently, the
surface low was located in the left-exit region of a
strong cyclonically curved, upper-level jet—a prime
location for upper-level divergence and synoptic-scale
upward motion.

FIG. 3. WSR-88D radar reflectivity pattern for 0.5° elevation at 1504 U T C 10 Nov 1998 at Sioux Falls, SD.
The legend on the bottom of the figure indicates the
reflectivity color scale in dBZ.
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FIG. 4. GOES-8 (a) infrared and (b) water vapor satellite images valid 1515 U T C 10 Nov 1998. In (a) the coldest
cloud tops are indicated in red; in (b) the driest air is indicated in red.

In the lower-tropospheric levels, a southerly north-northwest of the occluded system. With cold
low-level flow was transporting warm moist air to the air in place to the north, this warm air advection en-

Atmospheric Flux Measurements
A n integrated m e a s u r e m e n t s y s t e m for C 0 2 , w a t e r vapor, a n d heat f l u x e s

System Features
• Sensors, datalogger, and software integrated into a researchgrade system
• Compute fluxes online or archive measurements for later analysis
• Field PC not required
• Synchronized wind, C02> and H 2 0 measurements
• Self-diagnostics assure measurement integrity
• Aerodynamic anemometer and analyzer minimize flow distortion
• Continuous operation from solar panels and batteries (< 16 W)
• Robust design; -30° to +50°C operating range

Sensors
CSAT3 Sonic Anemometer
- Orthogonal wind speed and
speed of sound
-10 cm path length
- Calibrated over operating
temperature range
- Digital communication
synchronizes measurements
to datalogger clock
Auxiliary Met Sensors
- Barometric pressure (included)
- Air temperature and RH (included)
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Datalogger
CS7500 C 0 2 / H 2 0 IRGA
- C0 2 and water vapor densities
-12 cm path length
- Digital communication
synchronizes measurements
to datalogger clock

CR5000 Data Acquisition System
- Up to 50 Hz sample rate
- 2048 MB Microdrive PC
Card stores 30 days of
20 Hz data

Energy Balance Sensors
- Net radiation
- Soil temperature
- Soil heat flux
- Soil water content

Call us at (435) 753-2342 or visit us
at www.campbellsci.com/flux.html
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FIG. 5. Frontogenesis for the 800-600-hPa layer In K (100 km 3 h) _l computed from RUC-II initialized data at (a)
0600 and (b) 1500 U T C 10 Nov 1998.

hanced the thermal gradient north of the ETC. A plan
view of frontogenesis, computed over the 800-600hPa layer at 0600 UTC (Fig. 5a), reveals two regions
where the horizontal thermal gradient was strengthening. The southernmost axis of frontogenesis, located over Oklahoma and west Texas, was associated
with the second westernmost cold front. The second
region of frontogenesis, associated with the warm air
transport to the northwest of the low, was centered
over north-central Nebraska. By 1500 UTC (Fig. 5b),
the frontogenesis zone associated with the second cold
front had translated eastward, while the northern frontogenesis region had weakened slightly and elongated into an axis extending from north-central Minnesota to southeastern South Dakota, northwest of the
cyclonic circulation. The presence of a persistent area
of frontogenesis, as noted above, is associated with a
direct thermal circulation (DTC). The heavy snowfall observed to the northwest of this ETC was consistent with the enhanced, mesoscale-sloped ascent associated with the DTC from the warm to cold side of
the frontogenetical zone.
The Geostationary Operational Environmental
Satellite (GOES-8) IR satellite image at 1515 UTC
AMERICAN METEOROLOGICAL SOCIETY

(Fig. 4a) reveals a classic comma-shaped pattern in
the clouds. The narrow band of clouds from Kentucky through Mississippi and Louisiana was associated with strong convective activity along the cold
front. Warm, moist air streamed north and west of
the low, turning cyclonically as it ascended into the
Minnesota-South Dakota region. The GOES-8 water vapor image (Fig. 4b) highlights the streak of dry
air (indicated by the red band) wrapping into the
system from southwest of the occlusion. The dry airstream moved northeastward from Oklahoma into
eastern Iowa and then split, with one branch found
across Wisconsin and the other spiraling just south
of the cyclone center, along the Iowa-Minnesota border. These two satellite imagery perspectives illustrate
the juxtaposition of two critical airstreams that contributed to the heavy snowfall bands in South Dakota.
The warm, moist airstream, known as the warm conveyor belt (WCB; Carlson 1980), rises as it moves
cyclonically to the northwest, forming a trough of
warm air aloft (trowal; Martin 1998). For this event,
evidence of the trowal is seen as an axis of high
equivalent potential temperature (0) wrapping into
western Minnesota at 650 hPa at 1500 UTC (Fig. 6a).
AUGUST 2003 BANS' | 9 9 3
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FIG. 6. (a) Streamlines and equivalent potential temperature (<9; dashed lines) at 650 hPa, and (b) EPV (I0~6 m 2
K s 1 kg ') at 600 hPa at 1500 U T C 10 Nov 1998, computed from RUC-II initialized data. Solid lines depict negative EPV values, while dashed lines depict positive values of EPV.

The second midtropospheric airstream, known as the
dry conveyor belt (DCB), is best depicted in Fig. 4b
as the dry slot on the water vapor imagery. This DCB
consists of cold, dry air that has a recent history of
descent as it subsides from the upper levels of the troposphere. The region where these two conveyor belts
overlapped was over south-central Minnesota; cold
dry air aloft overlays warm, moist air below. This
thermodynamic configuration, in the presence of
strong vertical wind shear, reduces atmospheric stability, often resulting in a region of slantwise or even
upright potential instability. These regions can be
diagnosed using a parameter called equivalent potential vorticity (EPV; Schultz and Schumacher 1999).
Essentially, saturated air parcels undergoing
pseudoadiabatic ascent in a region of negative EPV
will experience a slantwise (or upright) acceleration,
from the warm to cold air. Regions of negative EPV
tend to form where the atmosphere is destabilizing
due to differential temperature and moisture advection (Nicosia and Grumm 1999). A large area of
negative EPV formed along the westernmost cold
front at 1500 UTC (Fig. 6b) and was associated with
994
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a significant region of upright convection. However,
the region of negative EPV associated with the heavy
snow formed to the north of the ETC, from southwest Wisconsin into most of Minnesota, in the region
where the DCB overlaid the WCB.
It was the interaction of these critical processes:
tightening of the midtropospheric thermal gradient
(i.e., frontogenesis) and the associated DTC; destabilization resulting from the overlaying of two contrasting airstreams (or conveyor belts); and the
synoptic-scale ascent of warm, moist air within the
cyclonically turning trowal, that synergistically enhanced the production of snow. Moreover, other researchers (e.g., Emanuel 1985) have shown that frontogenesis in the presence of weakly stable to unstable
air (i.e., near zero to negative EPV) results in an enhanced slantwise lift on the warm side of the DTC,
producing heavier snowfall rates within the larger
shield of snowfall.
Observational and theoretical studies continue to
examine the spatial and temporal evolution of these
processes and their role in generating banded, heavy
snowfall. Incorporating this knowledge into mesos-
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cale numerical models will lead to more accurate
snowfall prediction. Then, in the near future, al- FOR FURTHER READING
though residents of Sioux Falls may not enjoy digging Carlson, T. N., 1980: Airflow through midlatitude cyout from under a foot of snow, at least they'll know
clones and the comma cloud pattern. Mon. Wea.
when it's coming!
Rev., 108, 1498-1509.
Emanuel, K., 1985: Frontal circulations in the presence
A C K N O W L E D G M E N T S . The authors are grateful for
of small moist symmetric stability. /. Atmos. Sci., 42,
the support for this research from the Collaborative Sci1062-1071.
ence, Technology, Applied Research (CSTAR) Program Martin, J. E., 1998: The structure and evolution of a conof NOAA under Award Number NA07WA0065. We
tinental winter cyclone. Part I: Frontal structure and
also appreciate the interaction with Phil Schumacher
the occlusion process. Mon. Wea. Rev., 126, 303and Ron Przybylinski, the Science and Operations Of328.
ficers at the NWS Forecast Offices at Sioux Falls, South NCDC, 1998: Storm Data. Vol. 40, No. 11, 139 pp.
Dakota, and St. Louis, Missouri, respectively. We would Nicosia, D., and R. Grumm, 1999: Mesoscale band forlike to thank the editor and the two anonymous reviewmation in three major northeastern United States
ers for providing constructive comments, which greatly
snowstorms. Wea. Forecasting, 14, 346-368.
improved the text. Finally, we would like to thank Schultz, D. M., and P. N. Schumacher, 1999: The use and
Dr. Patrick Market for his many enlightening discusmisuse of conditional symmetric instability. Mon.
sions about this and other cases.
Wea. Rev., 127, 2709-2732.

ABOUT OUR MEMBERS
The National Science Foundation
has awarded Richard Johnson, of
Colorado State University, a Special Creativity Award, an extra
grant given to NSF recipients
whose research is especially unique
or creative. Johnson's $400,000
special award will fund research
through 2005, in addition to NSF
monies already received. His
project concerns upper-level jet
streams and turbulence. Johnson
also researches severe storms and
flooding in the Tropics, middle
latitudes, and monsoon regions to
improve regional forecasting.
has been
awarded the Centenary Medal of
Australia for her service to meteorology. The medal is given by the
Australian government to honor
individuals who have contributed
greatly to Australian society and
government.
Henderson-Sellers has dedicated
her life to the study of meteorology,

Ann Henderson-Sellers
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greenhouse warming, and climate tracers of environmental systems
change. Director of the Environ- and processes. She also is working
ment Division at the Australian with the National Center for AtNuclear Science and Technology mospheric Research on the community climate sysOrganisation, she has
tem model, and
authored 443 publitesting a hypothesis
cations, including 13
concerning land-atbooks. She served on
mosphere and hythe Australian Scidrological processes.
ence and Technology
The research picks
Council and Greenup on a paper Henhouse Science Adviderson-Sellers resory Council, among
cently coauthored
other posts.
(Henderson-Sellers
"Meteorology is
and Pitman, BAMS,
the most exciting
environmental sci- Ann Henderson-Sellers 8 3 > 1 6 5 7 _ 1 6 6 1 ) j t h a t
ence because no experiment is ever describes the process of rain in the
repeatable: the atmosphere just Amazon falling, evaporating, and
moves on and you've either under- falling again three to four times as
air travels from the tropical Atlanstood it or missed it," she says.
Henderson-Sellers is currently tic to the Andes.
a visiting fellow at the Cooperative
Institute for Research in Environ- Jeremy Usher, president and CEO
mental Sciences (CIRES), Boulder, o f Weathernews Americas, Inc.,
Colorado, where she is examining announced that the company has
the use of isotopes as probes and entered into an agreement with
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ECHOES
w w It looked like something
from biblical times. It was so
deep, with such force."
—A RESIDENT of Canton, Massachusetts, on the outskirts of Boston,
during May floods that brought
fish into backyards that were under
as much as 2 ft of water. The
floods were brought on by poor
drainage and record-high rains that
continued through late June.
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American Airlines to provide advanced weather services to the airline. Weathernews is building a
new aviation center in Norman,
Oklahoma, to provide state-of-the
art services to American, which
operates more than 3900 flights

per day; it is expected to be fully
operational by late summer 2003.
Weathernews was founded in
1952 and is the world's largest
publicly traded weather company,
specializing in weather forecasting, flight planning, and flight dispatching. Based in Japan, its clients include commercial airlines
and the U.S. Air Force. The company chose Norman as a site for
the new center because of its proximity to the new National Weather
Center and the FAA's Moroney
Center.
"The mission of Weathernews's
new aviation center is to give our
airline customers rare access to the
innovations taking place in the meteorological community and help
them better utilize advanced

weather services on a global scale,"
Usher says.
In other weather business news,
DIAD Inc., and NEXRAIN, two
companies that specialize in rainfall data, are merging to form One
Rain, says David C. Curtis, president and CEO of NEXRAIN.
One Rain, which will be headquartered in Longmont, California, with an East Coast office in Alexandria, Virginia, will provide
high-quality data to customers
who need accurate rainfall information. The new company will
rely on radar-based remote sensing
and storm analysis to gather realtime rainfall data. One Rain's clients include government agencies
and private companies.

PAPERS OF NOTE
RAIN DUE TO ATLANTA'S
URBAN HEAT ISLAND

While previous studies have shown
that Atlanta's urban heat island
does initiate—and enhance—
thunderstorms, we have recently
illustrated the significant spatial
and temporal patterns of heat island-induced precipitation during
a 5-yr period (1996-2000). Atlanta's
heat island initiates precipitation
much less frequently than previous
research implies, but that could be
due to the extreme drought during
most of the study period.
July experienced the most heat
island-initiated precipitation
events with a diurnal peak just after local midnight. Low-level moisture, rather than heat island intensity, appears to be the most crucial
factor for heat island-induced precipitation, although heat island intensity plays an important role as
well. Heat island-initiated convec996

tive precipitation tended to occur
under atmospheric conditions that
were more unstable than rain-free
days, but not unstable enough to
produce widespread convection.
The heat island-initiated convective precipitation was identified
using radar reflectivity data on
synoptically stable days with no
surface forcing mechanisms in the
region and then plotted on landuse maps in order to determine
proximity to the urban area. Data
from surface meteorological
charts, upper-air soundings, and
the Spatial Synoptic Classification
airmass classification database
were incorporated to better understand the atmospheric environment associated with these events.
So far we have gained a general
understanding of when and where
Atlanta's heat island-induced rainfall occurs, as well as some insight
into temperature and moisture

characteristics that are conducive
to these events. Further research
should focus on temperature and
moisture profiles near each initiation point, and increased surface
and upper-air observing stations
across the metropolitan area will
greatly enhance the quality of future projects.—P. GRADY DIXON

(UNIVERSITY OF GEORGIA) AND THOMAS L. MOTE. "Patterns and Causes

of Atlanta's Urban Heat IslandInitiated Precipitationin an upcoming issue of the Journal of Applied Meteorology.
NEGATIVE ELEVATION ANGLES
FOR MOUNTAINTOP RADAR

In the western third of the United
States, about one-third of the
Weather Surveillance Radar-1988
Doppler (WSR-88D) radars are on
the tops of mountains. Since the
lowest elevation angle currently
used by all WSR-88Ds is +0.5°,
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mm. l
WSR-88Ds that
cover Utah: Salt
Lake
City
(KMTX) and
Cedar City, Utah
(KICX); and
Grand Junction,
C o l o r a d o

tion occur. Without having the capability to detect what is occurring
near the ground, forecasters are at
an undue disadvantage as they try
to warn the public of impending
dangers.—VINCENT T. W O O D ( N A TIONAL SEVERE STORMS LABORATORY), RODGER A . BROWN, AND
STEVEN V . VASILOFF. "Improved De-

(KGJX). An example of the im- tection Using Negative Elevation
WSRprovement is Angles for Mountaintop
shown for KICX 88Ds. Part II: Simulations of the
Three Radars Covering Utahin
in Fig. 1.
Using con- the June Weather and Forecasting.
ventional scanning strategy, V E R T I C A L L Y PROPAGATING
the lowest radar G R A V I T Y W A V E S
beam curves up- Vertically propagating internal
ward over the gravity waves play a major role in
d e s c e n d i n g dynamically linking the lower and
terrain. Using middle atmospheres. Among varinegative eleva- ous gravity wave sources, cumulus
tion angles (Fig. convection has received much atlb), the lowest tention as a possible source of
elevation angle nonstationary gravity waves, espeFIG. I. Vertical cross sections are oriented southwestcurves down- cially in the Tropics. However,
ward from KICX, passing over the city of St. George,
ward, then up- compared with orographically
Utah, and over terrain sloping downhill toward Lake
ward, remain- forced gravity waves, it is difficult
Mead in Nevada, (a) The cross section shows volume
ing within 1-2 to understand how gravity waves
coverage pattern (VCP) I I (conventional scanning);
km
of the slop- are generated by convective
(b) simulated negative elevation angles.
ing terrain. It is sources. We have recently investiwithin 1-2 km gated generation mechanisms of
mountaintop radars are unable to of the terrain where best estimates convective gravity waves with a
detect many of the low-altitude of rainfall and snowfall accumula- new insight.
For this, we ran two-dimenweather phenomena that affect the tions are made, where strong outpopulation in the surrounding re- flow winds occur, and where the sional squall-line simulations: a
gions. The inability to adequately boundaries that initiate convec- moist simulation and three quasidetect low-altitude weather events
results in missed warnings of seSUMMERTIME BLUES
vere weather and in underestimates of the amount and areal exThere's no more fun in the sun for students in Basel, Switzerland, where this spring the government eliminated a law that
tent of precipitation. Mountaintop
let youngsters out of school on especially hot days. Since 1975,
radars could be utilized much
children had been given an afternoon "heat break" if condimore effectively if the scanning
tions at 8:30 A.M. indicated temperatures over 70°F and
strategies included negative elevahumidity above 70%. Because Basel is an industrial center,
tion angles.
officials felt children needed protection from especially harsh
We used a WSR-88D simulaconditions. But when children were observed outside despite
tion model to determine the extent
the heat, the law was struck down, and doctors from the city's
schools said the children would be safe in temperatures up to
to which negative elevation angles
95°F as long as air conditioning was operating.
would improve the detection capabilities of the three mountaintop
AMERICAN METEOROLOGICAL SOCIETY
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trum. In a future work, we will
suggest how the vertical propagation condition and effective
forcing analysis contribute to the
development of a gravity wave
parameterization.—IN-SUN SONG
(YONSEI UNIVERSITY), HYE-YEONG
CHUN, AND TODD P. LANE. "Gen-

eration Mechanisms
of
Convectively Forced Internal
Gravity Waves and Their Propagation to the Stratosphere," in the
15 August Journal of the Atmospheric Sciences.
FUTURE T R E N D S FOR
CONTRAILS

Anthropogenic increases in
cirrus cloudiness, such as lineshaped contrails, contrail-cirTwo-dimensional power spectral densities of the (a) vertically averaged (z
rus,
or cirrus (due to accumu= 1-15 km) wave sources for use in quasi-linear dry simulations, and (b) gravlated
particle emissions), may
ity wave perturbations (vertical velocity) at z = 18 km obtained from the
significantly
influence the
quasi-linear dry simulations as a function of zonal wavenumber (k) and
(storm relative) frequency (w). The DRYMH, DRYM, and D R Y Q denote Earth's climate. The amount of
quasi-linear dry simulations forced by nonlinear momentum and heat flux change in the future due to
source, nonlinear momentum source, and diabatic source, respectively.
these contributions is still
highly uncertain, however, and
linear dry simulations forced by sphere. Compared with the diabatic involves changes in air traffic, airdiabatic and nonlinear wave source, the nonlinear source is inef- craft technology, and background
sources obtained from the moist ficient in generating gravity waves climate. We find that the global
simulation. The magnitude of the that can propagate into the strato- climate impact of line-shaped connonlinear source is found to be 2- sphere. The magnitudes of effective trails should be regarded as less
3 times larger than that of the nonlinear and diabatic sources are important than assumed some
diabatic source. Nonetheless, the comparable, yet mostly out of years ago, although one must keep
magnitudes of stratospheric grav- phase. Therefore, although the in mind that the overall effect of
ity waves forced by individual wave wave amplitudes simulated with aviation-induced changes in cirrus
sources are comparable, yet much the nonlinear forcing and diabatic cloudiness may well exceed the eflarger than those in the moist forcing are about 2-3 times too fect of linear contrails alone.
simulation. The sum of the quasi- large, their sum compares well with
We used an atmospheric genlinear perturbations generated by the moist simulation.
eral circulation model, which was
the nonlinear and diabatic sources
These results imply that the expanded by the only existing concompares well with mesoscale cir- wave propagation condition and trail parameterization developed
culations and gravity waves in the the resultant filtering play a crucial for such a model. The method was
moist simulation.
role in shaping the spectrum of evaluated using regional observaThe vertical propagation condi- stratospheric gravity waves. Also, tions. The results show an increase
tion of linear gravity waves restricts they imply that a source param- in global annual mean contrail
wave sources in the horizontal eterization based on diabatic forcing cover from 0.06% in 1992 to 0.14%
wavenumber and frequency do- alone will not include the cancella- in 2015 to 0.22% in 2050 (i.e., an
main, and therefore all of the forc- tion due to nonlinear forcing, giv- increase by roughly a factor of 4
ing cannot generate gravity waves ing a poor representation of wave between 1992 and 2050).
that can propagate into the strato- characteristics in parts of the specThe projected warming of the
998
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appearing in the 1 September Journal of Climate.
W H Y A N T I C Y C L O N E S C A N SPLIT

When an anticyclone or a cyclone
splits, the newly formed eddies are
pushed away from their original
center of rotation, acquiring planetary torque. The integrated angular momentum within the boundary of the vortex is conserved. The
increase of planetary torque that
results from splitting has to be accommodated for by the torque associated with rotation. For cyclones, such accommodation
Annually averaged total contrail cover in 1992. Regions for which satel- implies a decrease of rotation.
lite-based contrail observations exist are marked.
They rotate in the same sense as
the spin of the earth. For anticytroposphere due to anthropogenic PONATER, F. MAGER, AND R. SAUSEN. clones, an increase in rotation is
increase of greenhouse gases leads to "Future Developments of Contrail required that is prohibited on
a reduction of contrails, which tend Cover, Optical Depth, and Radia- grounds of energy conservation.
In the ocean, leakage through the
to form in a cold and humid envi- tive Forcing: Impacts of Increasing
boundaries
is small when moveAir
Traffic
and
Climate
Change
ronment. The reduction is strongest
in tropical regions. Not even there,
however, is it strong enough to balance contrail increase from the expected future growth of aviation.
The simulated contrail radiative
forcing, which we take as a measure of global climate change, is
closely related to contrail cover.
Notably, our radiative forcing values are by a factor of about 5 lower
than the best estimate provided by
the Intergovernmental Panel on
Climate Change in 1999. In that
report, local measurements of contrail optical depth were assumed
globally by default. The climate
model uses its own simulated optical properties, which are highly
variable in space and time.
We find that remaining uncertainties in the radiative forcing
mainly arise from uncertainties in
microphysical and optical properties such as particle shape, particle
size, and ice water path.—S. Potential vorticity in the lower layer at day 80. The model was initialized
M A R Q U A R T ( D L R - I N S T I T U T FUR
PHYSIK DER ATMOSPHARE), M .

AMERICAN METEOROLOGICAL SOCIETY

with a slightly perturbed, circular symmetric anticyclone. At day 80, the
anticyclone splits into two halves. The units are I0~8 m _ l s 1 .
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ment outside the vortex results from
deformation of the boundary. This
implies that isolated, oceanic anticyclones can only split when they interact with a wall or seamount.
Numerical models, however, do
show splitting of oceanic anticyclones, even in the absence of obstacles. To resolve this, the angular
momentum budget in a two-layer
system was analyzed. In such a system, an anticyclone is associated
with a doming interface. When the

anticyclone splits, the upper layer
gains torque—as fluid with larger
layer thickness moves outward—
while the lower layer loses torque. A
vertical transfer of torque may close
the budget. Such vertical transfer
arises when the vortex is baroclinically unstable. To grow, the instability draws energy from the parent
vortex, which is only possible when
the mode develops a vertical tilt, like
troughs in the atmosphere.
Due to this vertical phase lag,

barotropic and baroclinic pressure
patterns no longer match. It can be
shown that this mismatch of pressure fields is essential for the vertical and lateral transport of torque
that is observed during splitting.
Thus, baroclinic instability is necessary for splitting of oceanic anticyclones.—S. S. DRIJFHOUT (ROYAL
NETHERLANDS METEOROLOGICAL INSTITUTE). "Why Anticyclones Can

Split," appearing in the August
Journal of Physical Oceanography.

CHAPTER CHANNEL
SCIENCE ON CAPITOL HILL
occasionally doing work that imWanted: scientists who enjoy mud pacts the nation and the world.
slinging, fielding constituent
Ana Unruh, legislative assistant
phone calls at all hours, covering to U.S. Rep. Edward Markey (Dfor their bosses at all times, and MA), spoke to the D.C. chapter in
May about the
increasing role
for scientists on
Your E q u i p m e n t to M e a s u r e
Capitol Hill.
Unruh, a speRain Drop Size Distributions
cialist in environmental and
energy policy,
said working
for a legislator
as a scientist
means that you
can sometimes
have tremendous and direct
influence on
federal legislation, including
which issues are
chosen to be
drafted into
legislation and
how the debates
on those bills
are framed. The
JOSS-WALDVOGEL Disdrometer
first place that
by Distromet Ltd.
legislators turn
to for informa1000 I

BAflS*

tion about salient scientific issues
is their legislative staff. Next in line
are federal and congressional research bodies, such as the esteemed
National Academies of Science and
the more policy-focused General
Accounting Office. The alternative
is for members of Congress and
their staffs to glean information
from the press and the many lobbyists representing business and
special interests, who knock on
legislators' doors every day.
Unruh challenged those in the
audience to consider whether science is used more as a screwdriver—a tool to make better decisions—or as a sword—a partisan
weapon to coerce lawmakers, drive
a political agenda, and support a
controversial position already held
by a lawmaker.
Unruh predicted that the same
scrutiny being given to business
and investors will soon be applied
to science in government agencies
and those institutions that receive
federal funds for scientific research.
Unruh said that in Congress
and the federal agencies she is seeing a move away from the longtime benchmark of scientific research, "best available science," to
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mm
the legally restrictive "clear and
convincing evidence." This new
standard raises the bar so high as
to be impossible to reach in many
areas of study, especially given
time and funding constraints. The
new standard can be used to remove or keep in place outmoded
and harmful practices, including

those that affect the environment.
Unruh pointed to the controversial Endangered Species Act,
which comes before Congress this
year to be reauthorized (a time for
reviewing and possibly revising a
law), as one law that may be
stripped if the new standard is
applied.

Unruh offered suggestions as to
how to strengthen the use of science on Capitol Hill, including
making science politically relevant,
providing specific information to
policymakers, and being upfront
about the uncertainties in science.
— N A N C Y CAPUTO

Washington, D.C., chapter

ESSAY
DIGITAL FORECASTS
Communication, Public Understanding, and Decision Makin
BY R O B E R T T .

I

t is interesting that the overview of the new NWS
National Digital Forecast database (NDFD) and
Interactive Forecast Preparation System (IFPS) (by
Glahn and Ruth, pp. 195-201) was outlined and discussed in the Bulletin in the same issue (February
2003) that included brief articles/notes on confusion
in icon-based forecasts (Kahl and Horwitz, pp. 155156), probabilistic snow amount forecasts (Cope,
p. 165), and forecast uncertainty and decision making (Ryan, pp. 162-163). Almost coincident with
these articles in the Bulletin was the release of the twoyear National Research Council (NRC) study on partnerships in the weather and climate sciences (Fair
Weather: Effective Partnerships in Weather and Climate Services) and earlier an NRC Board on Atmospheric Sciences and Climate (BASC) workshop summary, "Communicating Uncertainties in Weather and
Climate Information." The digital world, our probabilistic science, and the sectors and partnerships so
integral and critical to the effective communication
with the public and advancements of our sciences
appear to be converging at a critical time.
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DOI:
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The core and heart of applying our science remains
the daily weather forecast, not just as a forecast but
as a forecasting process or enterprise. According to
R. A. Pielke Jr. in a WeatherZine article in 1998: "The
forecast process can be thought of as three parallel
processes: 1) a prediction process that provides information, 2) a communication process that shares information, and 3) a choice process that focuses on
decision. It is not enough that the forecast process is
judged as meeting the criteria of success within each
of the three processes. The three processes must also
be working together in harmony."
The impending operational implementation of the
NWS NDFD and IFPS will provide tremendous opportunities and equal challenges as ever more detailed
forecasts are provided to the public. How should digital forecast products be generated, communicated,
and utilized for most effective decision making? How
will the forecast process be most productive in a digital
forecast world? This is a question and challenge not
only for the NWS, but also for everyone and all sectors working in the forecast enterprise and concerned
about the future value of weather and climate forecasts and information. How to make best use of the
NDFD and IFPS should be a cooperative effort by all
sectors, not just the public sector. Digital forecasts and
forecast products that are almost completely machine
generated are already being widely disseminated as
well by the private sector as forecasts for the very local "neighborhood" and even "personal" level. Will
AUGUST 2003 B A N S ' | 1 0 0 1
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In a note earlier this year in
Weather and Forecasting ("IFPS
and the Future of the National
Allen Press, which prints AMS journals and hosts them online,
Weather Service"), C. Mass gave a
reports each month which articles receive the most "hits." The
following were the top five for May:
thorough critique of the digital
world
as it relates to modern exist1. Calculation of the energy budget for heterogeneous land surfaces. Earth
ing
and
emerging forecasting techInteractions, 7, I (660 hits).
niques.
Mass
focused on the NWS
2. Development and test of a cirrus parameterization scheme using NCAR
IFPS,
but
his views have appliand
CCM3. Journal of the Atmospheric Sciences, 60, 1325 (279 hits).
cation to both the public and pri3. Interactions among cloud, water vapor, radiation, and large-scale circulavate
sectors where digital forecasts
tion in the tropical climate. Part I: Sensitivity to uniform sea surface temare
being
generated. Put simply,
perature changes. Journal of Climate, 16, 1425 (260 hits).
atmosphere
is not a digithe
real
4. A global database of land surface parameters at I -km resolution in meteotal
system
and
our
techniques
for
rological and climate models. Journal of Climate, 16, 1261 (244 hits).
forecasting its future state while
5. A similarity hypothesis for air-sea exchange at extreme wind speeds. Jourusing digital tools cannot, nor
nal of the Atmospheric Sciences, 60, 1420 (205 hits).
should not, provide digital deterministic and sometimes binary
answers for the best decision makthese operational systems in the private sector and the ing. Mass points out that digital deterministic weather
soon operational national system (NDFD and IFPS) product systems (as opposed to data and model sysreally meet our expectations to improve and advance tems) do lend themselves to very short-range
weather data and information, forecast utilization, "nowcasting" application. We are all familiar with
and understanding for better decision making? Or WSR-88D algorithms identifying a possible tornadic
rotation, allowing the forecaster to trigger a warning
will they fail to meet our hopes?
Part of the challenge and dilemma we now face as with the public being informed, within seconds, by a
a community is that along with the development of digital crawl on television or computer voice via
the digital forecast databases and systems, we have NOAA Weather Radio advising the public to take
seen the development and utility of ensemble forecast action. However, beyond the short-term "nowcast"
the unavoidable uncertainties
systems, which by their nature do
that we know are inherent in menot lend themselves to the deterteorological systems will forever
ECHOES
ministic outputs of the IFPS or
tie
us to problematic/probabilisdigital systems in the private sec- w w So many things went
tic
approaches
to the forecasting
tor. We have little understanding
right. The buildup, the awareprocess. The history and current
of how our most important "cusness, the incredible amount of
media coverage surrounding
organizational momentum betomer," the general public, interthe event . . . we just didn't get
hind the NDFD and IFPS (and
prets some of the "experimental"
the weather."
economic momentum behind
NDFD and IFPS products now
— B I L L N A D E R , senior vice president
private
sector deterministic sysbeing routinely disseminated.
for the New York Racing
tems)
does
not seem to address
How can we best integrate present
Association, after the Belmont
these
inherent
limitations. More
and future ensemble schemes and
Stakes in early June, which
importantly
this
rapid implesystems into digital forecast sysfeatured Funny Cide's unsuccessful
mentation may result in a new
tems to achieve optimal forecast
attempt at completing the Triple
Crown. The horse race was
national operational meteoroand communication criteria to
hampered by showers that fell
logical system that does not make
best serve the public? All sectors
throughout the day. Although
best
use of what we have learned
are now deeply committed to and
attendance at the event was the
of
the
communication and deciinvolved in digital systems in the
second-highest in the race's 135sion-making
process, or worse yet,
forecasting enterprise. But now,
year history, officials felt the wet
result
in
miscommunication
and
before it is too late, we need to colconditions prevented a new
ill-informed
decision
making
in
lectively step back and see where
attendance record.
this coming digital world and perwe are going . . . or sliding.
IRNALS ONLINE: TOPPING THE CHARTS
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haps even undermine the increasing credibility of the nation's
weather forecasting enterprise.
The recent NRC studies have
emphasized the importance of
uncertainty and probabilistic information in communicating
weather information and forecasts. The "Fair Weather" study
includes the following, as a specific recommendation: "The
NWS should continue to adopt
and improve probabilistic methods and communicating uncertainties in the data and forecasts
where such methods are accepted as scientifically
valid." The NRC workshop summary states "Understanding, communicating, and explaining uncertainty
should be an integral and ongoing part of what
weather and climate forecasters do and are essential
to delivering accurate and useful information." As an
example of communication of uncertainty, Mass suggests including forecast reliability/confidence as part
of a "revised IFPS." At the AMS Conference on
Broadcast Meteorology last year, we (Darr and Ryan)
showed that about 80% of respondents to an online
survey felt an indication of forecaster confidence
would be very or somewhat useful. The AMS has also
strongly endorsed the benefit of probabilistic methods to the weather enterprise. "In general, present day
weather forecasts do not contain a quantification of
the uncertainty that is inherent in them. Probability
forecasts based on the forecaster's thought processes
and/or available models and techniques would substantially benefit users of weather forecasts" (see "Enhancing Weather Information with Probability Forecasts," Statement of the American Meteorological
Society in the Bulletin, 83, 450-452).
Beyond the continued inclusion of statistically
based probability of precipitations (POPs) in the IFPS,
where does uncertainty and probabilistic methodology come into any sector in the forecasting enterprise
in the new digital world? Certainly not in the deterministic 7-day temperature forecast now widely disseminated by all sectors, nor worse, in deterministic
hour-by-hour temperature and sky condition "forecasts" out to 10 days being disseminated to the public and clients by some in the private sector. Is there
any more scientific justification for providing such information even if the user requests it, any more than
there is validity in reports of hail sizes to the hunAMERICAN METEOROLOGICAL SOCIETY

dredth of an inch when spotter estimates get translated in the digital world?
In addition to moving to ever more deterministic
forecasts, we are also moving rapidly from text-based
forecast information to graphic and icons—visual information that may itself be misinterpreted by the
public and even sophisticated users. In any given location, at any given time, it is possible for the public
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to see and try to interpret any number of forecasts,
each of which may offer different visualizations, icons,
and weather variables. Have we studied what these
various icons and other visuals mean to the public and
other users? How does the public interpret these visuals and icons to make decisions .. . and what decisions do they make? Most of the public knows what a
forecast of "rain" means. Do they know what the icons
now showing up on every television weathercast and
private and NWS Internet weather page mean to
them? Shouldn't we care? Both the NWS and private
(media) sectors have a responsibility to learn how well
the public understands this new visual communication
of day-to-day forecasts, and how and what decisions are
made based on this relatively new visual forecast world.
As an example of the challenges we face, in a very
trying winter in the east (for meteorologists and the
public alike), a local forecast generated by IFPS had a
deterministic graphic day-7 temperature forecast on
the NWS homepage while generating a text for 2448 hours of "Tuesday, rain, sleet or snow, probability
of precipitation 70%." One can only imagine what
Cleveland Abbe, "Old Probabilities," would think if

mm Moil
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AMS arid 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-submitagu.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.

he knew that almost 100 years after his death, our science is producing deterministic temperature forecasts
7 days in advance, yet can't provide any statement of
probability of precipitation type (and by inference
temperature) 24 hours in advance. Rather than rushing to implement what we can see is an imperfect system and publicly releasing "experimental" deterministic products, isn't it time for all sectors (public,
academic, and private) who have a stake in the forecast enterprise to reassess where we are and how we
can really partner to best serve the general public, the
primary "user" of these new digital tools/systems?
Here are but two suggestions. The internal NWS/
NCEP and local office discussions are now easily available to every interested meteorologist and weather enthusiast. Why not make a similar experimental discussion, which would discuss the uncertainty and
confidence in the forecast, in terms understandable
to the layperson, available to the general public? It
might require more of us to think about, or even study
more effective communication, but wouldn't such a
nondigital product foster better understanding and
decision making? Shouldn't the NWS, the government organization responsible for the integrity of the
data and representation of our science to the public,
provide temperature (and other meteorological variables) ranges rather than deterministic numbers out
to days 3-7? What value is there to the public and
other decision makers when we miscommunicate and
misrepresent the capabilities of our science, whether
we are in the public, private, or academic sector?
The implementation of digital forecast systems and
data by all sectors of our sciences makes this a critical
time for operational applications. The challenges for
communication and the implications for the public
and the economy are too important for one sector,
however well intentioned, to independently decide
what the operational future of our science will be. The
NWS should reach out to the external community
now and be prepared to implement suggestions and
act on outside advice to see that this significant change
in forecasting and communication is as successful as
possible. Recommendations 2 and 3 of the Fair
Weather report deal with the establishment of an independent advisory committee to the NWS and "seek
a neutral host, such as the American Meteorological
Society, to provide a periodic dedicated venue for the
weather-related enterprise as a whole to discuss issues
related to the public-private partnership." Such a
"dedicated venue" must also include the academic
sector. The communication, and miscommunication,
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CONFERENCE NOTEBOOK
A

N E W L O O K AT

ANTICYCLOGENESIS

Students of synoptic-dynamic meteorology are taught that the intensification of sea level cyclones and
anticyclones is primarily due to the
advection of vorticity aloft. Above
a sea level anticyclone, the advection of anticyclonic vorticity in the
middle troposphere is associated
with lower-tropospheric sinking
motion which, by mass conservation, is caused by upper-tropo-

spheric mass convergence. This in
turn leads to an increase in sea
level pressure and an intensification of the anticyclone.
However, lower-tropospheric
sinking produces adiabatic warming which, thermodynamically,
should lower the sea level pressure
and weaken the anticyclone. We
are investigating this apparent
paradox with a new conceptual
model for geopotential height tendencies near the Earth's surface

(i.e., at the 1000-mb pressure
level), developed from principles
of hydrostatic balance and thermodynamic energy. In this model,
the 1000-mb height tendencies
are due to a balance among vertically integrated advective, adiabatic and diabatic temperature
changes and upper-boundary (i.e.,
100-mb) height tendencies. The
advective temperature changes are
corrected for the motion of the
system.

Sea level pressure in millibars at (top) 1200 U T C 19 February and (bottom) 1200 U T C 20 February 1996.
AMERICAN METEOROLOGICAL SOCIETY
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This model was applied to two
cases of sea level anticyclogenesis
near North America. The first case,
from January 1985, was associated
with a severe cold-air outbreak.
The second case, from February
1996, was chosen by an objective
search for an extreme rate of anticyclone intensification; the sea
level pressure in the selected system increased by about 20 mb in 24
h (see accompanying figures).
In each case, the 1000-mb
height increases in the intensifying
anticyclone were largely due to
vertically integrated cold-air advection over the system. This effect
was partially canceled by the influence of adiabatic warming accompanying the sinking motion over
each system. The contributions
from upper-boundary effects and
from vertically integrated diabatic
temperature changes, estimated as
a residual or difference between
analyzed and calculated changes,
were mostly small in each case.
During the February 1996
case, studied in more detail, the
vertically integrated cold-air advection was concentrated in the
upper troposphere. The vertical
gradient of temperature advection
in this case was associated the advection of cyclonic potential vorticity in the upper troposphere
over the intensifying sea level anticyclone, whereas other nearby
sea level anticyclones (cyclones)
were associated with upper-tropospheric anticyclonic (cyclonic)
potential vorticity advection. This
case and others will be further
studied in an attempt to reconcile
these findings with contemporary
interpretations of sea level
anticyclogenesis developed from
the perspective of potential vorticity thinking.—STEPHEN J. COLUCCI
(CORNELL UNIVERSITY). " A

Look at Anticyclogenesis,"

sented at the 14th Conference on wave train and causing it to stretch
Atmospheric and Oceanic Fluid essentially around the globe.
Dynamics, 9-13 June 2003, San
Analysis of observations and of
Antonio, Texas.
simulations with atmospheric general circulation models (AGCM)
REMOTE RESPONSE TO
developed at NASA and NCAR
TROPICAL HEATING
suggests that this mechanism does
Why do some El Nino events have indeed allow local tropical events
truly global impacts while others to influence very distant regions.
do not? The answer may depend Using the waveguide, boreal winon (1) the position of the tropical ter SST fluctuations in the equatoheating anomaly induced by El rial West Pacific and Indian Ocean
Nino's warm water and (2) the dy- affect the circulation over much of
namical influence of the winter- the Northern Hemisphere. AGCM
time climatological subtropical jet experiments indicate that the atthat reaches from Africa to the mosphere is quite sensitive to the
West Pacific and from North position of the anomalous tropical
America into the Atlantic.
rainfall that results from an SST

FIG. I. Departure of the mean Dec-Feb circulation from normal conditions as simulated by the N A S A Seasonal-to-lnterannual Prediction
Project's A G C M in response to a heat source at (180°, 0°). Pictured is
the upper-tropospheric streamfunction at a contour interval of I06 m 2 s _l
with blue indicating negative values.

Conventional explanations of the
remote effect of tropical SST
anomalies rely on the associated
tropical heating exciting a wave
train of circulation features that
arches into midlatitudes. When they
occur in the vicinity of more or less
uniform westerlies the east-west
span of such patterns is at most half
the globe. Theory indicates, however, that if such a wave train enNew counters the subtropical jet, the jet
pre- will act as a waveguide, trapping the

disturbance. For example, rainfall
on the date line produces a Northern Hemisphere-wide response
that propagates through the waveguide (Fig. 1) while rainfall 30°
(longitude) to the east does not.
Since El Nino and La Nina events
occur near the date line, these findings suggest that which areas of the
globe will be affected by a given
event is partly controlled by the exact position of the associated tropical rainfall. And indeed, El Nino and
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FIG. I. Surface of constant vorticity magnitude (0.3 s _ l )
during the simulation of a circular heat source at the
ground in the presence of a crossflow, illustrating the
occurrence of two distinct cores of rotation above the
heat source. The crossflow is directed out of the page
and increases with height. The box dimensions are
960x480x640 m.

La Nina events that have occurred
farther to the west in the Pacific basin have tended to affect the entire
Northern Hemisphere midlatitudes,
including Asia, while those centered
more to the east have tended to affect only the North Pacific and
North America.—GRANT BRANSTATOR (NCAR). "Remote Response
to Tropical Heating via the Subtropical Jet Waveguide,"presented at the
14th Conference on Atmospheric and
Oceanic Fluid Dynamics, 9-13 June
2003, San Antonio, Texas.
B U O Y A N T PLUMES IN A V E R T I CALLY SHEARED C R O S S - F L O W

Buoyant plumes are important in
a wide variety of engineering and
geophysical contexts, particularly
with respect to air quality and pollution considerations, and they
AMERICAN METEOROLOGICAL SOCIETY

FIG. 2. Surface of constant potential temperature (303
K) during the simulation of a circular heat source at the
ground in the presence of a crossflow, illustrating the
split in the plume above the heat source. Colors indicate the magnitude of the vertical component of vorticity on this surface, whereby red shading corresponds
to positive values (i.e., anticlockwise circulation about a
vertical axis), and blue shading corresponds to negative
values (i.e., clockwise circulation about a vertical axis).

have been studied extensively
both with and without the effects
of a cross-flow in the ambient atmosphere. Although traditional
models for predicting plume rise
are effective at describing plumes
from low-intensity sources, they
often fail to accurately predict
plumes arising from high-intensity heat sources such as wildfires
or industrial fires. Indeed, plumes
from intense heat sources are
characterized by strong buoyancy
forces, and are capable of inducing
their own circulations that can interact with and influence the local
atmospheric circulations. Moreover, when the low-level atmosphere exhibits significant vertical
shear, the interaction between the
horizontal vorticity in the cross-

flow and the buoyancy-generated
vorticity in the plume may be significant. When this is the case, numerical simulations of the equations of motion may provide
valuable insight into the structure
and dynamics of such plumes.
We use a fully compressible,
nonhydrostatic numerical model to
investigate how plumes arising from
intense heat sources at the surface
interact with a cross-flow having
vertical shear near the ground. The
heat source is intended to provide
a rudimentary representation of a
wildland fire and is imposed in
terms of a constant rate of heat release per unit volume. In all simulations, the model grid spacing is
8 m in all directions.
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Plumes associated with circular
heat sources in the presence of a
cross-flow exhibit several interesting features, but are dominated by
an embedded counter-rotating
vortex pair (Fig. 1). This vortex
pair results in the splitting of the
plume into two distinct cores
above the heat source (Fig. 2), and
can often dominate the nature of
smoke and pollutant transport in
large or intense fires. In this regard, observations of split and/or
rotating plumes arising from such
fires are relatively common. Nevertheless, the details of the generation and evolution of this feature
are somewhat complex and still
under debate.
Ongoing and future work is directed toward describing the dynamical mechanisms responsible
for the behavior seen in the simulations, and the dependence of this
behavior on the intensity of the
heat source, the magnitude of the
shear of the cross-flow, and other
parameters such as the vertical
temperature profile of the surrounding atmosphere. Of particular interest are the implications for
smoke and pollutant transport
arising from prescribed fires and
wildfires. —PHILIP CUNNINGHAM
(THE FLORIDA STATE UNIVERSITY),
M . YOUSEFF HUSSAINI, SCOTT L.
GOODRICK, AND RODMAN R . LINN.

"Numerical Simulations of Buoyant Plumes in a Vertically Sheared
Cross-flow" presented at the 10th
Conference on Mesoscale Processes, 23-27 June 2003, Portland,
Oregon.
RAINFALL T R E N D S IN BRAZIL

The monthly rainfall data (195190) for two extreme regions of Brazil—northwestern Amazonia
(NWA) and southern Brazil
(SB)—show two interesting features. First, they exhibit opposite

c l i m a t i c

trends—a decline in rainfall
in NWA and an
increase in SB.
Second, the climate shift observed in the
mid-1970s appears to have
modified the
amplitude of
the rainfall an- FIG. I. Rainfall annual cycle variability (1951-90; shown
nual cycle in here for a representative station for each region), as
based on the monthly time series in (a) northwestern
both regions.
As shown in Amazonia (0.6°S-69.2°W) and (b) southern Brazil
(31.4°S-52.7°W). Smoothed time series (thick line), linFig. 1, the nega- ear
trend (thin line), and mean (dashed line) are shown.
tive trend in Linear
trend significance at the 95% confidence level
NWA and posi- are indicated by "S."
tive trend in SB
is consistent
throughout the four-decade period change in the rainfall occurred in
for both regions. These linear NWA in March and 1973 as the
trends seem to be related to the cli- shift for SB in September.
mate shift that occurred around
To explore the possibility that a
the mid-1970s in the Pacific Ocean teleconnection is a probable explaassociated with the interdecadal nation for the rainfall trend, a mulPacific oscillation (IPO).
tivariate statistical analysis was
The time series characterizing carried out between rainfall obserthe austral summer for NWA and vations for South America, global
spring for SB (Fig. 2) clarify the NCEP-NCAR reanalysis of sea level
character of climate shift. Both pressure, 500-hPa geopotential
time series show strong interan- heights and 200-hPa winds, and SST
nual variability,
with a positive
linear trend in
SB and negative
trend in NWA,
statistically significant at 95%.
The trend in
both regions
seems to be
caused by the
interdecadal
variability. The
Mann-Kendall
sequential test FIG. 2. Dots indicate values of (a) Mar rainfall totals for
indicates 1976 Northwestern Amazonia and (b) Nov rainfall totals for
as the year Southern Brazil. The smoothed times series (thick line)
when abrupt and the linear trend (thin line) are shown.
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for the global oceans. This analysis
shows that the rainfall shifts that
occurred in the mid-1970s over
both regions are strongly associated with SST changes in the Pacific Ocean, mainly the North Pacific, during the austral summer
months. There is also evidence that
the rainfall shift found in southern
Brazil may be related to the Antarctic Oscillation.
It is well known that interannual ENSO variability affects rainfall over South America. In particular, during the El Nino phase,
negative rainfall anomalies are observed over Amazonia and positive
anomalies are observed over
southeastern South America. Apparently, stronger and more frequent El Nino episodes occur during the warm phase of the IPO,
such as one from 1976 to 2000. If
that is the main mechanism responsible for the observed trend,
one would expect to see a reversal
of these trends during the next decades, since the IPO recently
changed its phase.
The relevance of this work lies
mainly in establishing a probable
linkage between observed climate
shifts over South America and
interdecadal climate variability in
the North Pacific. The mechanisms explaining how the climate
variability over the Pacific Ocean,
mainly the North Pacific, affect the
climate over Brazil are still lacking.
However, ongoing and future
studies to unravel such mechanisms hold promise for useful
decadal climate predictions
for parts of South America.
—GUILLERMO O . OBREGON (CENTER
FOR WEATHER FORECASTING AND CLIMATE STUDIES/INPE) AND CARLOS A .
NOBRE. "A Climate Shift in Mid-

1970s in Northwestern Amazonia
and Southern Brazil,"presented at
the Seventh Conference on South-

AMERICAN METEOROLOGICAL SOCIETY

ern Hemisphere Meteorology and using a regional climate model
Oceanography, 24-28 March, forced continuously in time by observed meteorological lateral
Wellington, New Zealand.
boundary conditions. The control
(real terrain) simulation (see figT H E R O L E O F T H E R O C K I E S IN
ure) agrees with the observed patL O W - L E V E L JETS
Because of their linkage to warm- tern: a well-defined ridging from
season precipitation over the Great the Bermuda high east of the
Plains, nocturnal low-level jets Rocky Mountains is accompanied
(LLJs) have
been the focus
of numerous
theoretical, observational, and
modeling studies. We introduced hypot h e t i c a1
modifications
of the topography in model
simulations
over the continental United
States in order
to evaluate how
topography affects the characteristics of
LLJs. These
simulations illustrate the influences of topographical
blocking,

leeside cyclogenesis, and
slope thermal
effects exerted
by the Rocky
Mountains on
LLJ formation.
We simulated a 45-day
period during
the 1993 summer flood in the
central United
States, when
strong LLJs
were frequent,

Simulated 45-day averaged geopotential height at 850
hPa (m) and wind velocity at -700 m above surface (reflecting typical height of LLJ maximum) at 0600 U T C ;
with topography ( C O N T R O L ) and without topography
(FLAT). Shading indicates that terrain height is above
1500 m.
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Aerial photograph of the aftermath of the 2 Jun 2002 Double Trouble State Park wildfire in east-central
New Jersey.

by troughing at the lee side. Intense flow is most pronounced in
western Texas, Oklahoma, and
Kansas with a maximum -16 m s" ,
consistent with the presence of
LLJs.
In the flat-terrain simulation,
lack of topographical blocking resulted in an expansion of the Bermuda high to the western United
States, while the leeside troughing
was eliminated. The orientation of
the geopotential contours turned
more zonal, while the geopotential
gradient over the central United
States was weakened, suggesting
large-scale conditions were less
conducive to LLJs. For the flat-terrain simulation, flow in the central
1

United States was much less intense than shown in the control.
However, in the absence of mountain blocking, noticeable penetration and strengthening of the easterly flow from the Gulf of Mexico
in eastern Mexico is evident.
Because topographic forcing,
particularly blocking on the westward extent of the Bermuda high,
is a significant factor in the formation of LLJs in the central United
States, accurate numerical prediction of the LLJ and its effect on precipitation over this region thus requires accurate representation of
the height of the Rocky Mountains.— ZAITAO PAN (IOWA STATE
UNIVERSITY), M O T I SEGAL, AND

RAYMOND W . ARRITT. "Low-Level
Jets in Altered Topography Simulations," presented at the 10th Conference on Mesoscale Processes, 2327 June 2003, Portland, Oregon.
MODELING WILDFIRE WEATHER

The 2000 and 2002 fire seasons revived concerns over severe wildland fires in the United States. In
response, Congress enacted the
National Fire Plan (NFP) to bolster the nation's ability to deal with
forest fires. As part of the plan, five
consortia were formed for mesoscale modeling of meteorology and
smoke in the United States. The
centerpiece of the Eastern Area
Modeling Consortium (EAMC) is
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an atmospheric modeling system
designed to improve understanding of interactions between weather
and fires and to develop better
smoke transport predictions.
The atmospheric modeling system, called the Pennsylvania State
University-National Center for
Atmospheric Research Mesoscale
Model version 5 (MM5), runs
twice daily in real time on a 32processor PC computer cluster located in East Lansing, Michigan.
One of the first research tasks for
the model was to simulate the
weather associated with the 2 June
2002 wildfire that occurred in the
Double Trouble State Park in eastcentral New Jersey (see photo).
The fire burned 1300 acres, destroyed or damaged 10 homes, and
forced the closure of the Garden

State Parkway for over 12 hours
due to dense smoke.
Results from the simulation
helped assess the role of weather
conditions in the rapid growth of
this fire. The simulation results
suggest that unusually dry surface
air and a surge in wind speeds occurred in south-central New Jersey
at the time of the fire. The simulation data allow us to trace the ultimate source of the dry air and the
wind surge with more precision
than observations alone. Interestingly, atmospheric processes occurring well above the ground
caused both the dry surface air and
the surge in winds. In fact, the
near-surface dry air had descended
from the stratosphere. The simulation results indicate that the temporal and spatial coincidence of

dry surface air and strong winds
helped turn a small, controllable
fire into a large, property-damaging fire that closed major roadways
during a peak travel time.
Model simulations carried out
by the EAMC provide a better understanding of fire weather and are
leading to the development of new
fire-atmosphere interaction indices. These indices will help forecasters anticipate and predict when
dangerous fire weather conditions
might occur.—JOSEPH J. CHARNEY
(USDA), XINDI BIAN, BRIAN E. POTTER, AND WARREN E. HEILMAN. " M e -

soscale Simulations during the
Double Trouble State Park Wildfire
in East-Central New Jersey on June
2, 2002, "presented at the 10th Conference on Mesoscale Processes, 2327 June 2003, Portland, Oregon.
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Forty-one years ago, the AMS published the Glossary
of Meteorology. Containing 7900 terms, more than
10,000 copies have been sold over four decades
through five printings. It is a tribute to the editors of
the first edition that it has withstood the test of time
and continued to be among the leading reference
sources in meteorology and related sciences.
Now, over five years in the making, the second edition
is available. The volume contains over 12,000 terms,
including those from "new" disciplines, such as
satellite meteorology and numerical weather
prediction. In addition, related oceanographic and
hydrologic terms are defined.
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The Glossary of Meteorology, Second Edition, was
produced by an editorial board comprised of 41
distinguished scientists and the participation of over
300 contributors. The CD-ROM version is compatible
with Windows, Macintosh, and most UNIX platforms,
and features hyperlinked cross-references.
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ISBN 1-878220-34-9, approx. 850 pp., hardbound. To place an
order, refer to the pricing chart below and submit your prepaid
orders to: Order Department, AMS, 45 Beacon Street, Boston,
MA 02108-3693; call 617-227-2425 to order by phone using
Visa, Mastercard, or American Express; or send e-mail to
amsorder@ametsoc.org. Please make checks payable to the
American Meteorological Society.
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$80 List
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$55 AMS Members
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