RAISING THE BAR FOR TELEVISION
WEATHERCASTING
The coming transition period from the existing Seal
he television weathercaster is the "face" of the
meteorological profession, and the AMS Televi- program to the new CBM program will be a challenge
sion and Radio Seal of Approval has been one way for the Society. The Board on Broadcast Meteorology
for the public to identify those broadcast meteorolo- and the AMS Council worked to create procedures that
gists who have levels of educational background and are as fair as possible to current Sealholders and to those
experience that set them apart from other working toward qualifying for the Seal, even as the AMS
weathercasters. Over the past few decades, the AMS begins the CBM program that is meant to supercede the
Seal program has achieved many of its original goals aimedSeal over time. It is very important for anyone who is
at improving the field of broadcast meteorology, and has currently an AMS Sealholder—or anyone planning to bebecome so recognized in the industry that it is a condi- come one—to carefully read all the policy and procetion of employment in some markets. Beginning in Janu- dure documents that are on the AMS Web site
ary 2005, the Society will "raise the bar" in its broadcast (www.ametsoc.org) and understand the futures of both
meteorology certification programs with the new AMS the Seal program as well as the new CBM program. In
this column I am simply pointing out a few key issues
Certified Broadcast Meteorologist (CBM) program.
The new CBM program will require all new appli- that are discussed more completely in those documents.
It is anticipated that the new CBM will become the
cants to have a bachelor's or higher degree in the atmospheric sciences or meteorology (or the equivalent) industry standard for marking excellence in broadcast
as a minimum educational background to apply. In meteorology. Therefore, while it is certainly not readdition, applicants will have to pass a proctored writ- quired, it is also expected (and will be encouraged) that
ten examination before supplying sample broadcast many current Sealholders will want to upgrade to the
tapes for review by the Board on Broadcast Meteo- CBM level in place of their AMS Seal. This is where
rology. The test is being developed now under the the transition period begins sounding a bit more comdirection of the board, and "testing of the test" will plicated. As a means of encouraging current Sealholders
occur at the upcoming Broadcast Conference in New to upgrade to the CBM level, the only requirements
Orleans, Louisiana, in June. The CBM program will be- for current Sealholders to obtain the CBM will be to
pass the written examination—that is, they will not
gin accepting applications in January 2005.
Because the AMS Seal of Approval program does need to submit new tapes or meet the requirement
not require a bachelor's degree in atmospheric science, of a bachelor's or higher degree in atmospheric sciand because there are a number of individuals now ence. In this context, "current" Sealholders are those
working toward obtaining the necessary educational who successfully applied for their AMS Seal prior to
background and experience needed to apply for the the launch of the new CBM program, so only those
AMS Seal, the Seal program will continue to accept individuals who have their Seal now or who apply for
applications through 3 I December 2008. After that the Seal by 3 I December 2004, and who are successdate, no new Seal applications will be accepted. Any ful in that application, are eligible for this upgrade path.
individual who now has their AMS Seal, or who ob- The current Sealholders have until the end of 2008
tains it in the next few years while that is still possible, to take advantage of this easier upgrade option.
can retain the Seal indefinitely provided they adhere
When it formally approved the procedures for the
to the conditions set forth in the program procedures. new CBM program in January 2004, the AMS Council
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also approved modifications to the existing AMS Seal
program that implemented a continuing professional
development component in both programs. This
means that all AMS Sealholders and broadcast meteorologists who obtain their CBM certification will have
to carry out continuing professional development activities to maintain their currency in the field in order
to also maintain their Seal or CBM certification.
Creating an environment that fosters higher levels
of scientific competence and effective communication
skills in broadcast meteorology has been and continues to be a key role for the Society. The AMS Seal

has been an important part of this, and we expect the
new CBM program to take this role even further for
the benefit of the public and our profession. If you have
questions about the new CBM program or other Society programs, please feel free to contact me at
kseitter@ametsoc.org, or (617) 227-2426 ext. 220.

2L
KEITH L . SEITTER
DEPUTY EXECUTIVE DIRECTOR

MEET THE AMS

JOHN TOOHEY-MORALES

Commissioner of Professional Affairs
ohn Toohey-Morales thinks it's a great time to be
commissioner. With the groundwork laid for
implementing significant changes in the certification programs, he's looking forward to leading the
evolution. In the new Certified Broadcast Meteorologist (CBM) program, applicants will be required to
hold a bachelor's degree in the atmospheric sciences (or the equivalent),
and must pass a written test to demonstrate basic meteorological knowledge. In addition, just as in the
Certified Consulting Meteorologist
program, CBMs will demonstrate
continued professional development
by submitting a portfolio of activities
every five years.

J

"The new CBM program raises the
bar for all weathercasters," says Morales. "The end user—TV viewers and
radio listeners—will be much better
served by this prestigious group of
weather anchors." He adds that he is confident that
many broadcasters will strive to attain CBM status.
With the AMS acting as a facilitator for discussions between the private, academic, and public sectors of our community, with the objective of enhancing the weather and climate enterprise, Morales is
looking for the Commission on Professional Affairs
to work closely with committees and the proposed
766 I BAPI5- MAY 2004

new AMS Commission in achieving this goal. In addition, as a legacy to the commission, and to set an
example for future atmospheric science professionals, he'd like to increase the number of women and
minority members within the five boards of the Commission on Professional Affairs.
"Geoscience professionals need to
launch a grassroots effort to encourage women and minorities to join our
ranks," Morales comments, noting
that he offers this encouragement every time he visits elementary and
middle schools for career days.
"Providing opportunities for visible
leadership roles may open the doors to
more aspiring minority atmospheric
scientists."
Morales is both a CCM and an
AMS Sealholder. He first joined AMS
as a student member while attending
Cornell University. His career began
in the public sector at the NWS in San Juan, Puerto
Rico, where he served as forecaster-in-charge, and
later as chief of the South American Desk at the National Centers for Environmental Prediction. In the
1990s, he became more involved with the AMS as he
juggled the entrepreneurial responsibilities of his
small forecasting firm (ClimaData Corp.), consulting
and expert witness work at Climatological Consult-
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ing Corp., and daily television duties at Univision. At
the time, Morales became the first certified meteorologist on Spanish-language television in the United
States. Last year, he accepted the chief meteorologist
position on WSCV Telemundo 51, and the Spanish
newscast became the top-ranked news in Miami,
Florida, leading even the English-language newscasts.
In July 2003, Morales made television history again
when he became the first Latino meteorologist to air
live in English on NBC's "Today" show in New York. In
what he calls a marvelous opportunity, Morales appears on "Today" when the weekend weather
anchor is off.
In addition to his work in television, Morales is
heard, both in English and Spanish, on over 60 radio
station in the United States, Puerto Rico, the Dominican Republic, and the Virgin Islands. He is the author
of Huracanes: Conozca su Enemigo, a reference book
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on hurricanes. Morales believes that his varied background will bring important qualities to the Commission of Professional Affairs. "Having this diverse background in all three sectors of our profession has
allowed me to have a unique perspective, which I'm
sure will help me as commissioner."
—RACHEL S.

THOMAS-MEDWID

SEARCH COMMITTEE ESTABLISHED FOR NEW EXECUTIVE DIRECTOR
The Executive Committee has selected six members to serve on the official search committee for the AMS
executive director. The candidate will replace Ronald D. McPherson, who announced his intention to retire
from that post later this year. McPherson has been the executive director since January 1999.
The search committee consists of professionals who represent the research, private, government, and
academic segments of the Society.
The search committee is led by Robert Serafin, who will serve as the chairperson of the committee. Serafin is
a past president of AMS and NCAR director emeritus. He also currently chairs the Board on Atmospheric
Sciences and Climate (BASC) of the National Research Council. Committee members are Raymond Ban, Marie
Colton, George Frederick, Marvin Geller, and Peter Lamb.
Ban is executive vice president, Meteorology Science and Strategy, for The Weather Channel, Inc. (TWC),
in Atlanta, Georgia. Responsible for the integrity of T W C weather content, he also acts as the primary
interface between T W C and the broad atmospheric science community.
Colton is the director of NOAA's National Environmental Satellite, Data, and Information Service (NESDIS)
Office of Research and Applications, which conducts research and development leading to the implementation of
new geostationary and polar, ocean, land, and atmosphere satellite products for NESDIS. She is a current
member of the AMS Executive Committee.
Frederick is general manager, Wind Profiler, Vaisala Remote Sensing, Vaisala, Inc. He manages the Wind
Profiler unit of Vaisala, providing worldwide support and service to a broad range of users. He is a past president
of the AMS.
Geller is professor of atmospheric science at Stony Brook University. He teaches both undergraduates and
graduate students, performs research, mentors students, and does various committee work. Professor Geller is
a former AMS Executive Committee member.
Lamb is director, NOAA Cooperative Institute for Mesoscale Meteorological Studies, and George Lynn
Cross Research Professor of meteorology at the University of Oklahoma. He is also the former chief editor of
the Journal of Climate.
The committee will place ads seeking applications for this position in a number of publications, including the
bulletin. From the applications received, the committee will compile a short list of candidates. It plans to submit
the candidate list to the Executive Committee by its fall meeting. AMS President Susan Avery will forward the
resulting recommendation to the AMS Council.
AMERICAN METEOROLOGICAL SOCIETY

MAY 2004 BAI15- I 767

Unauthenticated | Downloaded 01/09/23 01:32 AM UTC

ABOUT OUR MEMBERS
Roger Barry, University of Colorado (CU) at Boulder geography professor, was recently named distinguished professor by the CU Board of Regents.
Barry, who is director of the National Snow and
Ice Data Center (NSIDC)/World Data Center for Glaciology (WDCG), headquartered at CU-Boulder,
joins only 19 other CU-Boulder faculty members who
currently hold the title of distinguished professor. He
also is a Fellow of the Cooperative Institute for Research
in Environmental Sciences, which oversees NSIDC.
The designation of distinguished professor is bestowed on faculty "who have distinguished themselves
as exemplary teachers, scholars, and public servants
and who are individuals having extraordinary international importance and recognition."
Barry is recognized internationally as one of the
top geographers and polar climatologists. His research
in cryospheric science and climate has provided leadership for NSIDC/WDCG since 1982. Barry also has
pioneered research in weather-pattern analysis, global climate modeling, ice age climates, and, more recently, on the impacts of, and changes in, mountain
climates and arctic environments. His work is con-

sidered fundamental to much of the recent debate
over the impact and mechanisms of global climate
change.
He has published 18 books and 210 journal articles
and book chapters, and has one of the highest paper
citation index scores worldwide in the fields of climatology and physical geography. Fluent in French, Russian, and German, Barry has been a visiting professor at nine prestigious universities overseas. His
contributions to climatology have been recognized
through a 1982 Guggenheim Fellowship award as well
as lifetime achievement awards by the Association of
American Geographers—for climate in 2001 and for
mountain geography in 2002. Some of his other
awards include being elected a foreign member of the
Russian Academy of Natural Sciences in 2001 and his
appointment as a Fulbright Teaching Scholar in Moscow in 2001.
Barry received a bachelor's degree with honors
from the University of Liverpool in England in 1957,
a master's degree from McGill University in Montreal
in 1959, and a doctorate from the University of
Southampton in England in 1965.

The Father James B. Macelwane Annual Award
AMS UNDERGRADUATE AWARD
The Father James B. Macelwane Annual Award was established by the American Meteorological Society
to honor the late Rev. James B. Macelwane, S.J., a world-renowned authority of seismology, who was a
geophysicist and Dean of the Institute of Technology, Saint Louis University, until his death in 1956. The recipient
of the Father James B. Macelwane award will receive a stipend of $300.
The purpose of this award is to stimulate interest in meteorology among college students through the
encouragement of original student papers concerned with some phase of the atmospheric sciences. The student
must be enrolled as an undergraduate at the time the paper is written, and no more than two students from any
one institution may enter papers in any one contest.
Submission of Papers:

To consider papers for the Macelwane Award, the AMS Committee of Judges must receive the following:
I) an original plus four copies of the paper; 2) a letter of application from the author, including contact
information, stating the title of the paper and the name of the university at which the paper was written; 3) a
letter from the department head or other faculty member of the major department, confirming that the author
was an undergraduate student at the time the paper was written, and indicating the elements of the paper that
represent original contributions by the student.
The above information must be received at the American Meteorological Society, Attn: Donna Fernandez,
45 Beacon Street, Boston, MA 02108-3693 by II June 2004. The evaluation of the papers occurs during the
summer. Announcement of the award recipient is made in October of 2004.
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Unauthenticated | Downloaded 01/09/23 01:32 AM UTC

ale F. Leipper died on 29 February 2004 in Reno, outlining a plan to investigate the generation of sea
Nevada, following complications from a stroke fog. The proposal was accepted in 1947 ($1800 for two
suffered several years earlier. He was born in years of research). In 1948, Leipper published the
Salem, Ohio, on 8 September 1914, and received his paper, "Fog Development at San Diego, California,"
early education in Ohio at Wittenberg University one of his outstanding research contributions.
(B.S., mathematics and education, 1937) and Ohio
In the late 1940s, the Agricultural and MechaniState University (M.A., mathematics, 1939). Leipper cal College of Texas (Texas A&M—now Texas A&M
was a protege of Harald Sverdrup and received his University), was tasked with investigating oyster
Ph.D. in physical oceanography from the Scripps In- mortality in the Gulf of Mexico. These concerns jusstitution of Oceanography (SIO) in 1950. He headed tified the creation of a department of oceanography
two new academic programs in oceanography and in 1949, and Leipper was offered the chairmanship.
was a pioneer in the study of sea fog off the West Coast He accepted the offer and developed an oceanograof the United States.
phy curriculum at Texas A&M that was faithful to
Leipper's entry into meteorology and oceanogra- Sverdrup's philosophy, a philosophy that coupled the
phy stemmed from recruitment into the cadet pro- basic sciences of the sea—chemistry, physics, biology,
gram during World War II. Upon completion of the and geology.
Leipper left Texas A&M in the late 1960s to start
nine-month meteorology training at the University of
California, Los Angeles, in May 1943 (110 graduates), another program in oceanography—this time at the
Dale and seven other gradu- Naval Postgraduate School (NPS) in Monterey, CaliDALE F. LEIPPER
ates were sent to SIO for fur- fornia. In addition to his duties as department chair,
|9I4—2004
ther training in oceanogra- he rekindled his interest in West Coast fog, and
phy. Sverdrup chose these worked with the Cornell Aeronautical Laboratory to
eight students based on their superior performance make important field studies of sea fog during the
in the oceanographic component of the cadet pro- entire decade of the 1970s.
gram. A photograph of the students and Sverdrup is
Dale retired from academic life in 1980. He mainshown in the accompanying figure. Following the tained an office at the NPS until he and his wife Virthree-month training that placed emphasis on wind ginia moved to Reno in 1990 to be close to his chilwave and swell forecasting, Second Lieutenant Leipper dren. He never exhibited any sign of serious
was assigned to the Navy Weather Unit at Adak, Alaska, retirement, however, and actively collaborated with
as an aviation weather forecaster.
Although Leipper was a
high school math and science
teacher before the war, his
wartime experiences inclined him toward a career in
meteorology or oceanography. Sverdrup encouraged
him to return to Scripps. So,
in 1946, along with 19 other
entering graduate students
(most of them graduates of
the cadet program), Leipper
began work for the Ph.D. at
SIO. To financially support
the graduate work, Sverdrup
gave Leipper two tasks: 1) supervise the bathythermograph group, and 2) seek
funding from the Office of Military oceanography students and Harald Sverdrup on the beach at Scripps
Naval Research (ONR). He Institution of Oceanography, May 1943. Dale Leipper is positioned to the far
wrote a proposal to ONR right in the back row.
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colleagues at the Desert Research Institute until suffering the stroke in 2001. To his last days, he was meticulous in ordering his files and had the ability to lay
his hands on an important document within minutes—and his library was extensive. He took great
pride in maintaining contact with his Scripps colleagues from the late 1940s, and he wrote about the
50-year archive of letters from his fellow oceanographers. His spirit was one of industriousness and he
was exceptional for his acceptance of difficult situations. His speech/memory therapist during the last

year of his life commented that, "Dale is one of my
most memorable patients from over two decades of
work in this field . . . in the presence of serious neurological problems, he would always say he was doing just fine, never a complaint, always upbeat. . .
He is sorely missed by his scientific colleagues and
his family. He is survived by his wife of 62 years, Virginia; children Diane and Bryan, of Reno; Anita, of
Eureka, California; and Janet, of Eugene, Oregon; and
three grandchildren.

illiam H. Raymond, senior scientist at the
University of Wisconsin—Madison, died unexpectedly of a heart attack at his home in Oregon, Wisconsin, on 5 February 2003.
He was born in Bunker Hill, Illinois, on 8 September 1941. He was a graduate of Southern Illinois University—Edwardsville (B.A. in geography, 1966; M.S.
in mathematics, 1973), the University of Utah (M.S. in meteoWILLIAM H.
rology, 1969), and Saint Louis
RAYMOND
University (Ph.D. in numerical
1941-2003
geophysical fluid dynamics,
1977). He held a postdoctoral
position at the University of Chicago before becoming a researcher at the University of WisconsinMadison (Department of Meteorology) in 1982. He
later joined the Cooperative Institute for Meteorological Satellite Studies (CIMSS) at the Space Science and
Engineering Center (SSEC), also at the University of
Wisconsin—Madison, where he was most recently a
senior scientist.
His love for mathematics and physics drew him
into a number of research areas. He studied the behavior of different atmospheric phenomena, from
large thunderstorms to individual clouds, and enjoyed
simulating their behavior using computers. He used
a number of sophisticated atmospheric computer
models in his research, and routinely contributed new
and innovative techniques to improve them.
Raymond routinely used observations from NASA
and NOAA weather satellites to study the atmosphere
and validate his theories.
At the time of his death, Raymond was completing work on an efficient method to convert data from
weather satellites into water vapor information that
may prove useful for processing data from a new sat-

ellite to be launched in 2005. He enjoyed writing computer software to simulate squall lines, cumulus
clouds, precipitation, and atmospheric turbulence. In
addition to his atmospheric studies, he also enjoyed
tinkering with basic mathematical problems and theories, and occasionally published those results as well.
He developed a numerical method to control artificial noise in computer weather models that is used by
operational weather services in Australia, Sweden,
Great Britain, and the United States.
Raymond had a great admiration and respect for
Hsiao-Lan Kuo, his mentor at the University of Chicago. In many respects, his style was akin to Kuo's—
fiercely independent, yet of a gentle demeanor and
nature, and always helpful to others. Remarkably, in
this age of widespread collaboration and multiauthored papers, 14 of Raymond's 40 peer-reviewed
publications (more than one in three) were singleauthored. Many of his contributions to understanding our atmosphere remain essential components in
the daily computer weather forecasts of the CIMSS
Regional Assimilation System (CRAS), displayed at
the following Web site: http://cimss.ssec.wisc.edu/
model/daily/daily.html.
Bill was devoted to his family—wife Sandy, son
Craig, and daughter Andrea—and continually sought
their happiness through his strong faith and by untiring efforts to provide them quality educational opportunities. Despite the heavily theoretical nature of
his life work, Bill's scientific curiosity about the physical world and how things worked nonetheless always
seemed well grounded in his practical rural roots,
never forgetting his early years on the farm in southern Illinois.
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AMS STATEMENT ON
METEOROLOGICAL DROUGHT
(ADOPTED BY A M S COUNCIL, 2 3 DECEMBER 2 0 0 3 )

The American Meteorological Society recommends
that appropriate institutions at the local, state, regional, federal, and international levels initiate or increase drought planning, drought preparedness,
drought warning, and drought mitigation efforts. Efforts must be made to increase knowledge and information about climate variability, drought impacts,
mitigation technologies, societal response (such as
conservation), and preparedness strategies. The following statement provides a brief background and
overview on drought and the challenge it presents.

ing at critical times. Other impacts, such as wind erosion and desertification, take place more gradually.
Surface- and groundwater shortages also develop
gradually but can still result in sudden and profound
impacts when water levels drop below critical thresholds. Droughts typically don't damage structures (except for the collateral phenomena of wildfires), and
their diverse and diffuse impacts are usually spread
over time and space. For these reasons, the provision
of disaster relief is a far more complex task than it is
for other natural hazards.

INTRODUCTION
Drought is a common feature of the American landscape and a phenomenon that quietly wreaks havoc
in many portions of the globe. It is the unavoidable
result of our climate's variability—variability that
sometimes leaves areas far short of their average water supplies for months or years at a time. It is more
than just a moisture deficit, however. It is the result
of a complex interplay between natural precipitation
deficiencies on varying time and space scales and can
be exacerbated by human water demand and inefficiencies in water distribution and usage. Drought affects various sectors of society in different ways, and
thus can be defined in many ways. One person's
drought is another's fair weather. Yet, it is the most
far-reaching climate-related disaster year in and year
out, causing hardship to millions of people. According to the National Climatic Data Center's "Billion
Dollar U.S. Weather Disasters" compilation, losses
from drought and related wildfires exceeded $150 billion during the period 1980-2003, accounting for
roughly 40% of all losses from major weather events,
including floods, hurricanes, and severe storms.

D R O U G H T TYPES AND DEFINITIONS
Drought is often grouped into four basic types: 1)
meteorological or climatological, 2) agricultural, 3)
hydrological, and 4) socioeconomic. Meteorological
and climatological drought is defined in terms of the
magnitude of a precipitation shortfall and the duration of this shortfall event. Agricultural drought links
the various characteristics of meteorological drought
to agricultural impacts, focusing on precipitation
shortages, differences between actual and potential
evapotranspiration, and soil moisture deficits. Agricultural drought is largely the result of a deficit of soil
moisture and is most commonly applied to
nonirrigated agricultural regions. A plant's demand
for water is dependent on prevailing weather conditions, biological characteristics of the specific plant,
and its stage of growth, as well as the physical and
biological properties of the soil.

D R O U G H T AS A N A T U R A L DISASTER
Most natural hazards are singular events that cause
structural damage and human injury. Drought is
much different in that it is the cumulative effect over
time of deficient precipitation and water supply that
is followed by a trail of impacts that occur on varying
time and space scales. Some agricultural and wildfire
impacts can be swift and severe when moisture is lack-
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Hydrological droughts are related to the effects of
periods of precipitation shortfall on surface or subsurface water supply, rather than to precipitation
shortfalls directly. Hydrological droughts are typically
out of phase with or lag the occurrence of meteorological and agricultural droughts. More time elapses
before precipitation deficiencies show up in these
components of the hydrological system. As a result,
impacts are out of phase with those in other economic
sectors. Where irrigation is necessary for agriculture,
agricultural drought is really determined by hydrological drought.
Socioeconomic drought is associated with the supply and demand of some economic good with elements of meteorological, agricultural, and hydrological drought. This approach to defining drought
suggests that the time and space scales of supply and
demand should be included in an objective definition
of drought.
CHARACTERISTICS OF DROUGHT
Definable characteristics of drought include intensity,
duration, spatial extent, and timing. Intensity commonly refers to the magnitude of the precipitation
deficit and how quickly it develops. History shows us
that each drought is unique, but common features of
the most severe droughts include long duration and
large moisture deficits with a large areal extent, particularly during a climatological wet season. These are
the droughts with the most far-reaching human and
ecological impacts.
IMPACTS
The impacts from drought tend to follow predictable
progressions that vary as a function of societal wealth
and socioeconomic activities. In the past, and in less
developed regions of the world, the primary impacts
were crop failures followed by food shortages, clean
drinking water shortages, and eventual related health
problems, famine, energy shortages, mass migrations,
and political unrest. In the developed nations of the
world, food shortages and severe health hazards are
less of a problem. Instead, the impacts are more economic-related, such as crop production losses, higher
food costs, higher costs of transportation and energy,
as well as reduced recreational opportunities, and
domestic and industrial water restrictions.
Ecological impacts also are very important, but
more difficult to track and quantify. Wildfire is the
one drought impact that is most like other natural
disasters in that the impacts are immediate and struc-
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tural and can affect both rich and poor in similar
ways.
The economic, social, and environmental impacts
suffered because of drought are the product of both
the natural event (i.e., meteorological event) and the
vulnerability of society to extended periods of precipitation deficiency.
The impacts of future drought occurrences will be
determined not only by the frequency and intensity
of meteorological drought, but also by the number of
people at risk and their degree of risk. The degree of
risk is a function of exposure, vulnerability, and response. As demand for water and other shared natural resources increases as a result of population
growth and migration to drought-prone areas, urbanization, environmental degradation, government policies, land use changes, technology, and other factors,
future droughts can be expected to produce greater
impacts, with or without any increase in the frequency
and intensity of meteorological drought. If projected
changes in climate because of increasing concentrations of greenhouse gases or other factors do occur,
there will be concomitant changes in regional hydrology, possibly aggravating the nation's sensitivity to
climate variability. Indeed, the 2001 Third Assessment
Report of the Intergovernmental Panel on Climate
Change states that it is likely that the frequency and
intensity of droughts will increase during the 21st
Century, especially over midlatitude continental interiors. In addition, the 2001 U.S. National Assessment of Climate Change finds that reduced water
runoff in summer and increased winter runoff coinciding with increased water demands are likely to
compound current stresses, including those to agriculture, water-based transportation, water supplies
and ecosystems.
MONITORING
Routine monitoring of all components of the hydrologic cycle is the basis for objective recognition of
drought and preparing to deal with impacts. Tracking precipitation departures from average over long
periods of time is an important first step. Unfortunately, the precipitation observational record is barely
more than a century long in most populated regions
of the United States, and much shorter in remote and
mountainous locations. This limits our ability to characterize trends and variations in average precipitation
over long time scales. Use of "proxy" data that are
related to precipitation variations, such as tree rings,
has been successful in extending the record up to sev-
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eral thousand years in some areas. Monitoring other
climatic variables, as well as streamflow, groundwater and reservoir levels; snowpack; and soil moisture,
provides a more comprehensive perspective. Vegetation conditions can often be monitored using satellite-derived data. Critical information can thus be
provided to decision makers in a timely manner. Our
ability to monitor and disseminate critical droughtrelated information has been enhanced by new technologies, such as automated weather stations, satellites, computers, and improved communication
techniques. Some of the deficiencies of previous
drought response efforts have simply been associated
with the lack of adequate monitoring.
PREDICTION AND WARNING
Intelligent monitoring of drought precursors and historical perspective remains the best tool for drought
prediction and warning. However, progress in understanding large-scale global and regional atmosphericoceanic phenomena continues to provide hope for
drought prediction and warning with longer lead
times. Droughts are manifestations of persistent largescale variations in the global circulation pattern of the
atmosphere. Drought typically results from a synergistic interaction between regional and remote influences. Forecast model experiments during the past
few years indicate that drought conditions themselves
may play a role in the perpetuation of the drought
through a feedback between the land surface and the
overlying atmosphere that reinforces drought-sustaining circulation features.
In a global context, extensive research during the
past two decades clearly indicates one important influence to be tropical Pacific sea surface temperature
variations, associated with the El Nino-Southern Oscillation (ENSO) phenomenon, in year-to-year global climate variations. The effect of these ocean variations is transmitted to remote areas of the globe
through recurrent, seasonally varying patterns of atmospheric circulation anomalies referred to as
teleconnections. These teleconnections affect the precipitation regime over much of the Tropics, and over
large areas of the extratropics as well, including Australia, eastern Asia, southern Africa, and regions of
both North and South America. Experiments with
coupled atmosphere-ocean forecast models (i.e.,
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models that predict the simultaneous evolution of the
ocean and atmosphere) provide promising evidence
that the ENSO cycle fluctuations may exhibit a useful degree of predictability for up to a year in advance.
Observational studies and model experiments have
also demonstrated a significant link between Atlantic sea surface temperatures and precipitation over the
drought-prone areas of the African Sahel and northeast Brazil. In addition, ocean-atmosphere oscillations at longer time scales have recently been recognized as leading to extended decadal and longer
periods of wetter or drier conditions in some areas.
PREPAREDNESS
We cannot avoid drought, and our predictions will
never be perfect, but we can reduce its impacts. One
way is to plan ahead. The impacts of past droughts
have been exacerbated by the absence of preparedness
plans. Plans can improve the coping capacity of local, state, and federal governments, reducing impacts
and the need for government intervention. Since
1982, the number of states with drought plans has
increased from 3 to 36, and several states are in the
plan-development process. Generally, these plans are
aimed at providing a more organized, better coordinated response rather than reducing long-term vulnerability to future drought episodes. These plans,
however, represent an important first step in recognizing that our ability to effectively cope with drought
is currently limited. Drought plans should include the
development of an integrated climate monitoring and
delivery system for distributing information to decision makers in a timely manner. Such a plan also
should include development of a drought monitoring system, based largely on meteorological, climatic,
and hydrologic information. An effective monitoring
system will aid in the development of improved
drought assessment methodologies by providing early
warning of drought impacts, and well as a context for
planning for drought events against the backdrop of
longer-term climate trends and variations. Policies
that promote the development and implementation
of regionally appropriate drought mitigation measures today will help to reduce the future costs of
drought, whether or not future changes in climate
alter the frequency and intensity of meteorological
drought.
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