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INTRODUCTION
Hydrometeorology is the branch of

meteorology that focuses on the "ups
and downs" of water in the atmos-
phere, with particular interest in the
where, when, how, and how much,
regarding precipitating water.
Hydrometeorology is the science of
how atmospheric water in all its forms-
water vapor, liquid, or solid-interacts
with the land and with energy fluxes to
deliver precipitation (or not deliver it)
onto the land below.  Whereas tradi-
tional hydrology studies what happens
to water after it falls out of the sky,
hydrometeorology wants to understand
and predict the details of this initial
"down side" in the global hydrologic
cycle.  The boundaries of hydrometeo-
rology are not clear-cut, and the prob-
lems of the hydrometeorologist over-
lap with those of the climatologist, the
hydrologist, the cloud physicist, and
the operational meteorologist.  But
with its focus on atmospheric water
becoming water on or in the ground,
hydrometeorology and the products
and services it provides are particularly
important to managing water
resources, including managing the
growing risks to our water supply,
water quality, healthy stream flows,
agriculture, and ecosystems.  These
products and services are needed to
design roads, dams, and waterway sys-
tems; manage flood plains; plan and
conduct emergency management oper-
ations when flooding threatens; and
ensure the safety and preparedness of
activities ranging from recreation to
aviation, construction, and surface
transportation system use and manage-
ment.

The purposes of this article are to: (a)

explain what hydrometeorological
products and services are and why they
and the research that supports them are
important; (b) highlight the hydrome-
teorological products and services
available and the collaborating agen-
cies responsible for the collection,
maintenance, and operation of the
meteorological and hydrological data
collection network; and (c) engage the
users of this information to ensure we
understand their needs.  Even though
the Federal government is committed
to improving the quality and accuracy
of hydrometeorology warnings that the
public receives, the Federal agencies
implementing this commitment will
have to work with many public and
private organizations to expand exist-
ing capabilities and to develop new
and innovative ways to further
improve public safety.

THE VALUE OF HYDROMETEO-
ROLOGY

The natural processes studied by
hydrometeorology influence our eco-
nomic and social lives in many ways.
These processes and the "weather
events" that result from them affect the
revenues and profits of businesses,
large and small.  They can disrupt and
disorganize communities.  As our
Nation's population grows and infra-
structure costs increase, natural disas-
ters stemming from precipitation pat-
terns can undermine social and eco-
nomic infrastructures at local and even
regional levels.

Our ecosystems are subject to many
pressures (e.g., land-use change,
resource demands, and population
changes); their extent and pattern of
distribution is changing; and land-

scapes are becoming more fragmented.
Climate change constitutes an addi-
tional factor reflected in hydrometeo-
rological processes - a factor that could
change ecosystems and endanger the
many benefits they provide to popula-
tions and economic activities that
depend on them.

Water quality is a critical environ-
mental factor, partly due to the tremen-
dous growth of the Nation's demand
for clean water in the context of con-
tinuing urban expansion and develop-
ment.  Hydrometeorological processes
affect the water resources of the Earth,
which makes those processes of inter-
est to both the meteorologist and the
hydrologist.  Measurements of rainfall,
stream flow, and water loss as a result
of evaporation-all of which are obser-
vations used by hydrometeorologists to
issue precipitation rates, stream flow,
flood predictions, and drought out-
looks-are essential for various applica-
tions in connection with water
resources planning, drainage design,
water quality control, reservoir design
and operation, and flood control.

The single hydrometeorological
event that has resulted in the largest
loss of life is storm surge: rapid rises of
sea water and flooding associated with
landfalling hurricanes.  Storm-surge
height can exceed 20 ft (6 m) when
strong hurricanes strike a coastline
with shallow water offshore.  In recent
decades, large losses of life due to
storm surge have become less frequent.
However, the rapid growth of U. S.
coastal populations and related infra-
structure and the increasing complex-
ity of evacuation have increased the
vulnerability of coastal communities.
Improved building codes in hurricane-
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prone regions have greatly reduced
fatalities from wind damage, but many
fatalities continue to result from tropi-
cal cyclone-induced inland flooding.
To provide reliable scientific informa-
tion, the hydrometeorologist measures
tide levels, wind direction and speed,
barometric pressure, and rainfall rates
to describe and forecast inland flood-
ing events.

Landslides (debris flows and debris
avalanches) triggered by heavy rain
occur in all 50 states and are wide-
spread in the U.S. island territories of
Puerto Rico and the U.S. Virgin Islands
(Figure 1-1).  In the conterminous
United States, the areas most seriously
affected are the Pacific Coast, the
Rocky Mountains, and the
Appalachian Mountains.  Areas where
wildfires or human modification of the
land have destroyed vegetation on
slopes are particularly vulnerable to
landslides and debris flow during and
after heavy rains.  Flash flood-produc-
ing rains falling on steep terrain can
weaken soil and trigger catastrophic
mud slides that damage homes, roads,
and property.  Monitoring landslide-
producing conditions typically
requires extensive networks of ground-
based rain gauges and hydrometeoro-
logical instruments.

Soil moisture has many possible
applications in hydrometeorology, but

the primary areas are in runoff and
evaporation modeling.  Moist ground
can have an effect similar to open
water in that it can easily absorb solar
radiation, with some of the absorbed
energy taken up in evaporating water.
As a result, neither the ground nor the
air above it heats up as much as it
would if the ground were dry.  How-
ever, the evaporated water now
becomes part of the atmospheric water
content that can feed into subsequent
hydrometeorological processes.
Runoff and evaporation modeling sim-
ulates water infiltration and movement
in soils, evaluating precipitation and
runoff, drainage, evaporation from the
soil surface, and transpiration by vege-
tation.

Flash floods occur very quickly after
the precipitation event that causes
them (Figure 1-2).  Flash-flood dam-
age and most fatalities tend to occur in
areas immediately adjacent to a stream
or arroyo. Flash floods are very strong
- they can roll boulders, tear out trees,
destroy buildings and bridges, and
scour out new channels. Rapidly rising
water can reach heights of 30 feet or
more.

Excessive rainfall that causes rivers

and streams to swell rapidly and over-
flow their banks is frequently associ-
ated with hurricanes and tropical
storms, large clusters of thunder-
storms, supercells, or squall lines.
Other types of flash floods can occur
from dam or levee failures, or a sudden
release of water held by an ice jam
(Figure 1-3).  Heavy rainfall in the
mountains can cause downstream
canyon flooding.  A deep snowpack
increases runoff produced by melting
snow.  Heavy spring rains falling on
melting snowpack can produce disas-
trous flash flooding. Densely popu-
lated areas, in particular, are at a high
risk for flash floods.  The construction
of buildings, highways, driveways, and
parking lots increases runoff by reduc-
ing the amount of rain absorbed by the
ground, increasing the flash-flood
potential.  Flash Flood Guidance is
used to predict the occurrence of flash
flooding in a specific area based on
specified rainfall amounts within a
given duration of time.  Flash Flood
Warnings are issued as needed and
focus on specific communities,
streams, or areas where flooding is
imminent or already in progress.

Some examples of hydrometeorolog-

Figure 1-2.  Flash flood in Las Vegas, NV, August 19, 2003.  (Photo courtesy of
Las Vegas Review Journal.)

Figure 1-1.  Landslide in La Conchita,
California, 2005.  (USGS photo)



ical products and services that provide
a vital foundation for numerous appli-
cations and users, including transporta-
tion, agriculture, water supply and
flood control, are flood watches and
warnings, drought outlook, water sup-
ply outlook, ice forecasts, and quanti-
tative precipitation forecasts (QPF).
Federal, state, and local agencies are
working together to improve these
products and services which help miti-
gate the socioeconomic impacts of
hydrometeorological events.  Under-
standing the importance of these prod-
ucts and services requires understand-
ing of how the information is created,
communicated, and used.  The differ-
ent perspectives of the hydrometeoro-
logical community and its stakehold-
ers, regarding the use of these products
and services, are a key consideration as
well.

COLLABORATORS AND PART-
NERS

Many Federal, state, and local agen-
cies collaborate (in many ways) in pro-
viding accurate and updated informa-
tion to produce these hydrometeoro-
logical products and services while
avoiding duplication of efforts.

Collaboration enables the National
Oceanic and Atmospheric Administra-

tion's (NOAA)
National Weather
Service (NWS), an
agency under the
U.S. Department
of Commerce, to
fulfill its mission
objectives of pro-
viding forecasts
and warnings for
the protection of
life and property
and of enhancing
the national econ-
omy. The NWS
data and products
form a national
information data-
base and infra-
structure that can

be used by other governmental agen-
cies, the private sector, the public, and
the global community.

The United States Geological Survey
(USGS) is an agency within the
Department of the Interior.  The USGS
Water Resources Division collects and
publishes stream flow data.  It also pro-
vides other hydrologic information to
enable better use and management of
water resources.  The USGS owns and
maintains many of the river gages that
provide the data needed for the NWS
to accomplish its mission.  The NWS
often installs telemetry devices on
USGS river gages to access data
remotely which is then shared by the
two agencies.

The United States Bureau of Recla-
mation (USBR) in the Department of
the Interior primarily operates dams,
power plants, and canals in the 17
western states of the country.  The
Bureau's mission is to assist in meeting
the increasing demand for water in the
West while protecting the environment
and public investment.  The USBR
provides the NWS with rainfall and
river data along with information about
daily outflow from reservoirs.  It uses
NWS river forecasts and water supply
forecasts in operating dams and plants. 

The United States Army Corps of
Engineers (USACE) provides engi-
neering, management, and technical
services to the Department of Defense
and other Federal agencies.  It is
engaged in planning, designing, and
operating water control structures
(river and harbor navigation, flood
control, water supply, hydroelectric
power, etc.), and other civil works
projects (environmental restoration,
wildlife protection, recreation, disaster
response, etc.).  The USACE provides
the NWS with current and forecast
reservoir outflows.  The NWS also
exchanges river stage and precipitation
data with the USACE.

The Natural Resources Conservation
Service (NRCS), a Federal agency
within the U.S. Department of Agricul-
ture, works with local, state, and Fed-
eral agencies and with private groups
to conserve, improve, and sustain natu-
ral resources and the environment.
The NWS and the NRCS share and
coordinate water-supply forecasting
responsibility.  The NWS provides
hydrometeorological and snow cover
data and receives data from the SNO-
TEL network operated by the NRCS.
This network, consisting of 732 auto-
mated and 935 manual stations, pro-
vides valuable snow depth, snow-
water equivalent, and temperature data
for high-elevation sites. Many of these
remote stations are inaccessible during
winter time, but are essential to fore-
casting snow-melt runoff, which is the
largest contributor to river flows in the
western United States.

The National Park Service (NPS) of
the U.S. Department of the Interior is
entrusted to preserve the natural and
cultural resources and values of the
national park system for the enjoy-
ment, education, and inspiration of this
and future generations.  The NPS
cooperates with partners to extend the
benefits of natural and cultural
resource conservation and outdoor
recreation throughout the Nation.  The
park system consists of 378 areas cov-
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Figure 1-3.  Ice jam around Big Island in Richford, Vermont,
March 15, 2007.  (Photo courtesy of Richard Heurtley,
http://www.richfordvt.net/icejam/index.html)
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ering more than 83 million acres in 49
states.  Many national parks are part of
the Cooperative Observer Network.
Cooperative Observer data includes
24-hour precipitation totals, snowfall,
soil temperature, evaporation and other
parameters important for hydrometeo-
rological products and services.  There
are many gages located in the parks,
and these data are exchanged with the
NWS.  The NPS use hydrometeorolog-
ical forecasts for park safety and plan-
ning.

The mission of the Bureau of Indian
Affairs (BIA) is to enhance the quality
of life, to promote economic opportu-
nity, and to carry out the responsibility
to protect and improve the trust assets
of American Indians, Indian tribes, and
Alaska natives.  BIA is part of the
Department of the Interior.  Native
American lands are spread across the
United States.  Cooperation with vari-
ous tribes is important when dealing
with hydrometeorological issues such
as flooding, rainfall, and water quality
in areas under tribal jurisdiction.
Often special consideration will be
required to obtain data and disseminate
hydrometeorological forecasts or prod-
ucts for these areas.

The Tennessee Valley Authority
(TVA) operates the Tennessee River
system to provide a wide range of pub-
lic benefits that depend on accurate
and timely hydrometeorological prod-
ucts and services.  Among these bene-
fits are year-round navigation, flood
damage reduction, affordable electric-
ity, improved water quality and water
supply, recreation, and economic
growth.  TVA operates the dams, locks,
and reservoirs of the Tennessee River
and its tributaries as one integrated
system in order to provide these multi-
ple benefits to the region.

The Joint Agricultural Weather Facil-
ity (JAWF), which was created in
1978, is a cooperative effort between
U.S. Department of Agriculture
(USDA) World Agricultural Outlook
Board and NOAA to collect, on an

ongoing basis, global hydrometeoro-
logical data and agricultural informa-
tion to determine the impact of atmos-
pheric conditions on crop and livestock
production.  JAWF reports are fol-
lowed closely not only by producers,
but also by commodity traders.

The International Boundary & Water
Commission (IBWC), established by a
1944 Treaty, is responsible for the dis-
tribution, regulation, and conservation
of the Rio Grande between Mexico and
the United States.  As a bi-national
commission, the commission is also
responsible for the joint construction,
maintenance, and operations of inter-
national storage dams, reservoirs, and
hydroelectric plants on the Rio
Grande.  In addition, the IBWC uses
hydrometeo-
r o l o g i c a l
products and
services to
regulate the
water allo-
cated to Mex-
ico from the
C o l o r a d o
River, protect
the lands sur-
rounded by the
two rivers by
main ta in ing
river and levee
projects, and
strive to pre-
serve the inter-
national boundary between the two
countries in a sensitive, timely, and fis-
cally responsible manner.

The hydrometeorology community's
strengths are derived from strong col-
laborative ties among its programs and
with its partners and customers. By
working together, the members of this
community can reach more people
more effectively and achieve the core
results of their collective missions: to
save lives and protect property.

HYDROMETEOROLOGICAL
OBSERVATIONS

The NWS owns and operates impor-
tant components of the Nation's envi-
ronmental observing capability-radars,
data buoys, upper air observing sys-
tems, surface observing systems, data
collection and distribution systems -
which provide real-time hydrometeo-
rological data and contribute to the
Nation's climate record.  The NWS
approach to observing systems explic-
itly recognizes the multiparty, multi-
disciplinary, multiplatform, and multi-
purpose nature of environmental
observations and seeks to maximize
the effectiveness of all participants
through the Global Earth Observing
System of Systems (GEOSS).  GEOSS

will help all involved produce and
manage their hydrometeorological
information in a way that benefits the
environment as well as humanity by
taking a pulse of the planet.

Historical stream flow data are
essential for the NWS River Forecast
Centers (RFC) to calibrate the rainfall-
runoff models in the National Weather
Service River Forecast System (NWS-
RFS).  Output from NWSRFS is the
basis for NWS river forecasts and
flood warnings.  A long-term historical
record that includes extreme wet and
dry periods allows forecasters to define
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rate-dependent watershed parameters
that govern the watershed response to
the full range of possible hydrologic
conditions.  Hydrometeorological
monitoring, communications, and
computer technology used in stream
flow forecast systems have advanced
rapidly over the last few years.  For
operational forecasting, real-time
stream flow data allows river forecast-
ers to adjust model states or the pro-
jected hydrographs to match observed
flows.  Projected hydrographs at head-
water points are routed downstream
along with reservoir releases and inter-
vening local flows.  The routed flows
must be converted to a stage at each
forecast point.  Stage-discharge rela-
tionships developed and maintained by
the USGS and other partners are based
on periodic on-site stream flow meas-
urements and are essential to NWS
hydrologic forecast and warning oper-
ations.

The USGS operates and maintains a
nationwide streamgaging network of
about 7,000 gages (Figure 1-4).  These
gages help produce accurate and
timely identification of floods and

flash floods and their impacts on the
ecosystem.  The network is supported
by funding through the USGS' Cooper-
ative Water Program, the USGS
National Streamflow Information Pro-
gram, other Federal water and environ-
mental agencies, and approximately
800 state and local funding partners.
Data from this network are used by a
large number of public and private
users, including government agencies
responsible for water management and
emergency response, utilities, environ-
mental agencies, universities, colleges,
consulting firms, and recreational
interests.  Likewise, these users access
the data for a wide variety of uses,
including decision making related to
water supply, hydropower, flood con-
trol, forecasting floods and droughts,
water quality, environmental and
watershed management, research, nav-
igation, fishing, and water-based recre-
ation.

Flood mapping studies are extremely
important since the Federal Emergency
Management Agency (FEMA) uses
floodplain maps to establish flood risk
zones and require flood insurance,
through the National Flood Insurance
Program (NFIP), for properties within
the 100-year floodplain.  Many areas
subject to development in the near
future are unmapped or have outdated
maps.  Preventing new development in
floodplains, which reduces future
flood damage, is the cornerstone of
floodplain management.

The Global Precipitation Measure-
ment (GPM) mission (Figure 1-5) is
one of the next generations of satellite-
based Earth science missions that will
study global precipitation (rain, snow,
and ice).  The Tropical Rainfall Mea-
suring Mission (TRMM) was the first
satellite dedicated to rainfall measure-
ment and is the only satellite that car-
ries a weather radar. GPM can improve
climate prediction through better
understanding of surface water fluxes,
soil moisture storage, cloud/precipita-
tion microphysics, and latent heat

release in the Earth's atmosphere.  It
will advance precipitation measure-
ment capability from space through
combined use of active and passive
remote-sensing techniques.  These
measurements will be used to calibrate
dedicated and operational passive
microwave sensors with the goal of
achieving global sampling. GPM will
advance numerical weather prediction
(NWP) skills through more accurate
and frequent measurements of instan-
taneous rain rates with better error
characterizations and improved assim-
ilation methods.  It will advance
knowledge about the global
water/energy cycle and fresh water
availability.  Improved measurements
of the space-time variability of global
precipitation will close the
water/energy budget and elucidate the
interactions between precipitation and
other climate parameters.  GPM will
improve flood-hazard and fresh-water-
resource prediction capabilities
through better temporal sampling and
spatial coverage of high-resolution

Figure 1-4.  Stream gage at the
Suwannee River above the Gopher
River near Suwannee, Florida (7.6
miles upstream from the mouth of the
Suwannee) (USGS photo)

Figure 1-5.  GPM is a cooperative
mission between NASA, the National
Space Development Agency
(NASDA) of Japan, and other interna-
tional partners.  Building on the suc-
cess of the Tropical Rainfall Measur-
ing Mission (TRMM), GPM, via a
constellation of small satellites, will
continue measurement of global pre-
cipitation, a key climate factor.
(NASA Goddard Earth Sciences Data
and Information Services Center web
site)
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precipitation measurements and inno-
vative designs in hydrometeorological
modeling.

HYDROMETEOROLOGICAL
MODELS AND PREDICTIONS

The National Weather Service River
Forecast System (NWSRFS), designed
for use in an operational environment,
provides stream flow forecasts under a
variety of hydrometeorological condi-
tions in river basins, ranging from
small systems to large and complex
basins.  The NWSRFS is used opera-
tionally at all thirteen NWS RFCs in
the United States and has been imple-
mented in many countries.  Some of
these implementations consist of more
than a thousand data collection stations
and hundreds of forecast points.  Pro-
viding both deterministic and proba-
bilistic forecast capabilities for short-
term and long-term forecasting, the
NWSRFS offers flexibility in the
hydrologic and hydraulic models that
can be used to model a basin.

Predicting the precise location,
severity, and timing of flash-flooding
events from predictions of precipita-
tion or direct observation of rainfall
rates is a key goal of hydrometeorol-
ogy.  The Flash Flood Monitoring and
Prediction (FFMP) system is an inte-
grated suite of multi-sensor applica-
tions which detects, analyzes, and
monitors precipitation and generates
short-term warning guidance for flash
flooding automatically within
Advanced Weather Interactive Infor-
mation Processing System (AWIPS).
FFMP will provide forecasters with
accurate, timely, and consistent guid-
ance and will supplement forecaster
event monitoring with multi-sensor,
automated event monitoring.  The
intended benefits are: longer lead times
on warned events, fewer missed
events, increased forecaster situational
awareness, and reduced forecaster
fatigue during warning situations.
FFMP is a collaborative effort involv-
ing the NWS, the National Severe

Storms Laboratory (NSSL), and the
National Center for Atmospheric
Research (NCAR).  The focus of
FFMP is on improving the accuracy
and timeliness of warnings (severe
thunderstorm, tornado, flash flood, etc)
issued by NWS forecasters, through
the development of automated warning
guidance.

The Hydrometeorology Testbed
(HMT) is a concept aimed at accelerat-
ing the infusion of new technologies,
models, and scientific results from the
research community into daily NWS
and RFC hydrometeorological fore-
casting operations.  Unlike typical
research field projects, the HMT will
operate as a demonstration with fore-
casters and researchers joining forces
in an operational setting.  An HMT
plan now being formulated, under the
auspices of NOAA's Weather and
Water mission goal, targets California's
flood-vulnerable American River
Basin for the first full-scale deploy-
ment of this highly instrumented facil-
ity, (starting in the second half of this
decade).  Following the California
demonstration, HMT facilities will be
sequentially deployed to other regions
of the Nation to address additional
serious hydrometeorology problems
that are unique to those locations.
Hydrometeorological products and
services are improving predictions of
California's heavy winter rains, moni-
toring air, water and soil; to help water
resource managers prevent cata-
strophic flooding in the Sacramento
region.

INFORMATION DISSEMINA-
TION

Hydrometeorological products, such
as Quantitative Precipitation Forecasts
(QPF), heavy snow forecast, soil mois-
ture, and snow-water equivalent just to
name a few, reach a broad spectrum of
customers, including emergency and
water resource managers.  Emergency
managers use this information for both
strategic, long-term planning and tacti-

cal, short-term planning.  RFCs also
provide river forecasts to water
resource managers, who make critical
decisions that affect flood control,
water supply, water quality, river and
lake transportation, irrigation,
hydropower, and recreation, as well as
maintain the ecological health of the
rivers.

The NWS' Advanced Hydrologic
Prediction Services (AHPS) suite is a
new and essential component of cli-
mate, water, and weather services.
AHPS is a web-based suite of accurate
and information-rich forecast products.
They display the magnitude and uncer-
tainty of occurrence of floods or
droughts from hours, to days and
months in advance.  These new prod-
ucts will enable government agencies,
private institutions, and individuals to
make more informed decisions about
risk-based policies and actions to miti-
gate the dangers posed by floods and
droughts.  AHPS provides better
hydrometeorological information to
water managers and city officials,
helping them make water-allocation
and economic-related decisions, such
as when and where to evacuate, how to
use reservoir storage capacity and
releases, and when to reinforce levees
and to what level.

The Hydrometeorological Auto-
mated Data System (HADS), is a real-
time data acquisition and data distribu-
tion system operated by the NWS
Office of Hydrologic Development.
HADS exists in support of NWS activ-
ities of national scope, specifically the
Flood and Flash Flood Warning pro-
grams administered by the weather
service forecast offices and the opera-
tions performed at RFCs throughout
the United States.  The hydrometeoro-
logical data acquisition aspect of
HADS involves the receipt of raw
hydrological and meteorological
observation messages from Geosta-
tionary Operational Environmental
Satellites (GOES) Data Collection
Platforms (DCPs).  Raw DCP mes-
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sages are received in a nearly continu-
ous flow from Wallops Island.  Every 3
minutes (beginning on the hour) the
HADS processor program translates
raw information into Standard
Hydrometeorological Exchange For-
mat (SHEF) products.

ALERT (Automated Local Evalua-
tion in Real-Time) and IFLOWS (Inte-
grated Flood Observing and Warning
System) are automated flood warning
systems which provide real-time pre-
cipitation data in many parts of the
country.  Basically, both systems use
line-of-sight radio communications to
transmit data via networks of transmit-
ters, repeaters, and base stations.  Both
ALERT and IFLOWS use tipping-
bucket gages which measure rainfall in
1 mm (about 0.04 inch) increments.
The higher capacity tipping bucket
performs better during heavy rainfall
events than smaller mechanisms.  The
purpose of these systems are to reduce
the annual loss of life from flash
floods, reduce property damage, and
reduce disruption of commerce and
human activities.

The National Integrated Drought
Information System (NIDIS) is a
Drought Early Warning System.  The
system provides water users across the
board - farmers, ranchers, utilities,
tribes, land managers, business own-
ers, recreationalists, wildlife managers,
and decision-makers at all levels of
government - with the ability to assess
their drought risk in real time and

before the onset of drought, in order to
make informed decisions that may mit-
igate a drought's impacts.  Recognition
of droughts in a timely manner is
dependent on our ability to monitor
and forecast the diverse physical indi-
cators of drought, as well as the rele-
vant economic, social, and environ-
mental impacts.  NIDIS will coordi-
nate and integrate a variety of observa-
tions, analysis techniques and forecast-
ing methods in a system that supports
drought assessment and decision-mak-
ing at the lowest geopolitical level pos-
sible.  The tools allow users to access,
transform and display basic data and
forecasts across a range of spatial and
temporal scales most suited to their
individual needs.

IMPROVING HYDROMETEO-
ROLOGY: CURRENT AND
PLANNED RESEARCH

The National Oceanic and Atmos-
pheric Administration's National
Severe Storms Laboratory (NSSL)
continues to be a pioneer in the area of
research and development.  NSSL
research serves society's needs for
weather and water information by
developing methods to monitor and
predict floods and flash floods.  For
many years, the lab has researched the
use of dual polarization radar to
improve precipitation measurements.
The more precise measurements of the
spatial distribution of precipitation
rates made possible by this technique

will help forecasters
provide more accurate
and timely warnings for
flash floods--the num-
ber one severe weather
threat to human life.
NSSL researchers are
also adapting phased
array radar, a state-of-
the-art radar technology
used by the military, to
perform multiple
observing tasks simulta-
neously and to detect

the types of severe weather of interest
to hydrometeorologist.  For example, a
phased array radar can do a full-vol-
ume scan in less than one minute, com-
pared with 4-5 minutes for the current
generation of weather radars.  At the
same time, this new radar can focus in
on local storm conditions that may pro-
duce the heavy precipitation likely to
cause a flash flood or landslide in a
small part of the radar's search area.
The next-generation quantitative pre-
cipitation estimates (QPE) (Q2) con-
tinues NSSL's departure from radar-
centric precipitation estimation and
moves toward a multi-sensor approach
focused on high-resolution integration
of radar, satellite, model, and surface
observations to produce very high-res-
olution precipitation estimates.  NSSL
manages and maintains a national
flash-flood-scale hydrologic geo-
graphic information system (GIS)
dataset in support of the NWS AWIPS
Flash Flood Monitoring and Prediction
(FFMP) system for assisting forecast-
ers in flash-flood warning decisions.

In support of the mission of the U.S.
Geological Survey (USGS), its
National Research Program (NRP)
conducts basic and problem-oriented
hydrologic research.  The program has
grown to encompass a broad spectrum
of scientific investigations.  The sci-
ences of hydrology, mathematics,
chemistry, physics, ecology, biology,
geology, and engineering are used to
gain a fundamental understanding of
the processes that affect the availabil-
ity, movement, and quality of the
Nation's water resources.  The NRP
encompasses a broad spectrum of sci-
entific investigations and focuses on
long-term integrated studies related to
water resource and environmental
problems.  The NRP provides an infra-
structure within which the USGS can
develop new information, theories, and
techniques to understand, anticipate,
and solve water-resource problems,
facing managers of Federal lands and
the Nation.
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The Coastal and Inland Flooding
Observation and Warning (CI-FLOW)
Project consortium is focused on the
Tar-Pamlico River Basin in North Car-
olina.  CI-FLOW is working with
North Carolina State University
(NCSU) to couple its existing estuary
model, a watershed water quality
model, and an estuary water quality
model to the NSSL multi-sensor pre-
cipitation estimation system and the
NWS distributed hydrologic model.
The resulting CI-FLOW demonstration
program will facilitate the evaluation
and testing of new technologies and
techniques to produce accurate and
timely identification of coastal, estuary
and inland floods; flash floods; and
their impacts on coastal ecosystems.

NOAA's Community Hydrologic
Prediction System (CHPS) will enable
NOAA's water research and develop-
ment enterprise and operational service
delivery infrastructure to be integrated
and leveraged with other Federal water
agency activities, academia, and the
private sector.  CHPS provides a new
business model in which members of
the hydrometeorological community
operate more collaboratively through
the sharing and infusion of advances in
science and new data, without each
member having to build or take owner-
ship of the entire system.

EDUCATION AND OUTREACH
Hydrometeorological training at the

University Corporation for Atmos-
pheric Research (UCAR) Cooperative
Program for Operational Meteorology,
Education and Training (COMET®)
covers a wide range of topics related to
precipitation, atmospheric moisture,
and watershed processes.  COMET's
mission is to serve as a premier
resource that supports, enhances, and
stimulates the communication and
application of scientific knowledge of
the atmospheric and related sciences
for the operational and educational
communities.  The working profes-
sional in hydrometeorology can enter

at a very basic level to learn about the
hydrologic cycle and the rainfall runoff
process.  More advanced topics
include hydrologic models, stream
flow routing, flash flood processes,
unit hydrograph theory, and more spe-
cialized topics, such as snow hydrol-
ogy and river ice.  To assist the learner
in moving through the material in a
logical and effective order, case sce-
narios are used to tie the various topics
together.  Case scenarios are structured
around real events for long-term
floods, short-term flash floods, warm
and cool season concerns, and impacts
in both urban and non-urban water-
sheds.

There is an opportunity to strengthen
the connection between the weather
enterprise and the larger science com-
munity through scientific education
and outreach pro-
grams.  To encour-
age the type of inter-
disciplinary interac-
tion necessary for
successful large-
scale experiments,
scientists entering
into hydrometeorol-
ogy from the univer-
sities and other
institutions must
grasp the complex-
ity of the issues
linked with regional
water and energy
cycles.  Little of this
knowledge is dis-
seminated through
t r a d i t i o n a l
w o r k / s t u d y
approaches.

Public education
and outreach pro-
grams can also play
a role in strengthen-
ing the links
between the
providers and users
of weather and
hydrologic services

so that individuals, communities, and
organizations can make effective use
of the available products and services.
Education and outreach activities must
be undertaken together with partners,
such as educational institutions, emer-
gency management agencies, and the
media (Figure 1-6).  An informed and
educated public will have a better
appreciation for the information pro-
vided as science and technology
advance, and they will be better
equipped to make decisions related to
their life needs.  A broad range of peo-
ple use hydrometeorological products
and services, and education and out-
reach programs must be carefully tai-
lored to meet the needs of these vari-
ous groups.

Figure 1-6.  NOAA weather hazard public awareness edu-
cation on the web.  Would you stop, or go on through this
flooded roadway?  Turn Around...Don't Drown!
(NOAA web site)
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SUMMARY
Integrated, improved, and an

increased number of observations are
key to improving our understanding,
analysis, and prediction of the Earth's
environment - from space to the
atmosphere to water.  Gaps in the
observing architecture must be
addressed to ensure continuity of
observations and establish cost-effec-
tive approaches to establishing a truly
integrated observing capability-the key
to improving our hydrometeorological
forecasting capability.

Clearly, the public is best served
when the governmental, academic, and
private sectors work together to take
advantage of their different capabilities
and to avoid duplication of effort.
Together, the participating entities in
all three sectors can reach more people,
more effectively, and achieve the core
results of our collective missions: to
save lives and protect property. Inter-
nal and external partnerships allow
these sectors to leverage resources to
get the job done.

Public education is vital in preparing
citizens to respond properly to
hydrometeorological threats.  Only an
educated public will know how to
respond to hydrometeorological warn-
ings, how to recognize potentially
threatening situations, and how to act
appropriately.  Through improved out-
reach and communications, the part-
ners in providing hydrometeorological
products and services can improve
awareness and delivery of these serv-
ices and develop products designed to
best serve the needs of all users.

To that end, the OFCM plans to con-
duct, in coordination with the OFCM-
sponsored Committee for Environ-
mental Services, Operations, and
Research Needs, a crosscut assessment
of hydrometeorological products, serv-
ices, and supporting research across
the Federal meteorological commu-
nity.  While the approach focuses on
the roles and contributions of Federal
entities, effective coordination also

requires attention to the roles of state
and local governments, the private sec-
tor, the academic community, and pub-
lic-private partnerships.  The assess-
ment, which will consider the end-to-
end system from observations to mod-
eling and data assimilation for analysis
and prediction, to end-user education,
has the following objectives:

• Define the needs and requirements
for hydrometeorological products,
services, and supporting research for
the Federal agencies and the customers
they support.

• Investigate agency plans and alter-
natives for satisfying new require-
ments.

• Create more efficient and effective
partnerships among the agencies to
better leverage subject-matter expert-
ise and resources to meet the growing
needs for better hydrometeorological
products and services.

Decision makers need to receive
hydrometeorological-related informa-
tion any time, without delay.  To better
support stakeholders and decision
makers, we must have a well-devel-
oped information system, allowing
free exchange of data among the vari-
ous agencies and avoiding duplication
in data collection.  We must increase
the Nation's environmental observing
capability and undertake joint activi-
ties with operational hydrometeorolog-
ical services. We must collaborate at
all levels (Federal, state, and local) and
produce research of consistently high
quality.  Finally, we need to improve
our products and services to help clar-
ify the uncertainty of events such as
floods and flash floods, resulting in
short-term forecast and warning
improvements and improved public
response to the decisions of the emer-
gency management and water resource
communities.
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