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PREFACE v

Preface

In a March 1995 contract Statement of Work, the National Oceanic and Atmospheric Administration asked the National
Weather Service Modernization Committee (NWSMC) of the Commission on Engineering and Technical Systems of the
National Research Council (NRC) to "review plans and progress, and assess the need for changes or improvements in the
hydrology and hydrometeorology products and services of the modernized National Weather Service (NWS), with particular
emphasis on the flash flood forecast and warning program.” In June 1995 the Executive Committee of the NRC authorized the
NWSMC to conduct the foregoing study and prepare a report. The NWSMC was asked to undertake the following tasks:

* Examine the adequacy of plans for modernization of the NWS hydrologic and hydrometeorological products and
services for the nation.

* Examine the progress made by the NWS in improving hydrologic and hydrometeorological products and services for
the nation.

e Assess the effectiveness of the NWS in incorporating new technology and science in hydrologic and hydro-
meteorological products and services for the nation.

¢ Identify possible unmet needs in NWS hydrologic and hydrometeorological products and services for the nation.

* Explore alternative approaches to incorporate scientific and technical developments into the modernized NWS
hydrologic and hydrometeorological products and services.

The NWSMC established a Hydrology Panel to gather information, make a detailed assessment of the status of hydrology
in the NWS organization and operations, and report its findings to the committee. In accordance with its charge, the
committee's report identifies the most critical tasks to be accomplished by the NWS to advance the modernization program and
provides recommendations to address deficiencies identified during the course of the study.

The Hydrology Panel focused on NWS flood and flash flood issues related to the planning and implementation of warning
and forecast products and services. These issues include operational procedures, new science and technology, quality control,
verification procedures, model deficiencies, staffing, training, and management functions.

The panel relied heavily on NWS internal documents, interviews, and correspondence at all levels of the NWS and
information collected from government and private-sector participants in the overall national hydrology activities. The panel
and the committee conducted their analyses and reviews in the broad context of the overall NWS modernization. The
committee's recommendations are intended to increase the effectiveness of the modernization program to meet all NWS goals
aimed at the improvement of hydrologic and hydrometeorological products and services.

The Hydrology Panel visited a carefully selected subset of field locations and interviewed staff members who provide
flood and flash flood products and services to a wide range of users, including the public, all levels of government agencies,
and specialized interests in the private sector such as emergency management, agriculture, and transportation. Staff members
interviewed were from all levels of support activity within the NWS organizational structure and who covered all aspects of
work processes, ranging from data collection to analysis, forecasting, interacting with users, and related research and
development efforts. A questionnaire about hydrology activities and interests was distributed internally to all NWS offices with
hydrology-related responsibilities. Responses were received from approximately two-thirds of those contacted. (The responses
are summarized in the appendix.) In addition, representative users of hydrology products and services were contacted or
interviewed to obtain their perspective on the NWS modernization of hydrology functions.

The committee reviewed the data gathered by the Hydrology Panel and analyzed it in the context of the NWS strategic
plan. The committee also reviewed documents related to the modernization of hydrologic and hydrometeorological
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PREFACE vi

functions. The committee presents its analyses, findings, conclusions, and recommendations in this report.

This study could not have been conducted without the full and willing participation of a wide range of NWS staff
members, in particular Mr. Louis G. Boezi, Deputy Assistant Administrator for Modernization, and Dr. Edward R. Johnson,
Chief, Hydrologic Research Laboratory, both of whom kept the committee abreast of the status of hydrology-related plans and
progress in the NWS modernization. I also thank the members of the Hydrology Panel, Drs. Ken Crawford and Dara
Entekhabi, for the considerable effort they devoted to this study on behalf of the committee, including visiting NWS facilities,
conducting interviews, pursuing the questionnaire activities with the help of Dr. Veronica Nieva, advisor to the panel, and
drafting the report. On behalf of the committee, I express our appreciation to Mr. Floyd Hauth, study director, and Mrs.
Mercedes Ilagan, study associate, for their expert organizational and logistical support, and to consultant Courtland Lewis for
his assistance in the preparation of the report.

ROBERT J. SERAFIN, CHAIR
NATIONAL WEATHER SERVICE MODERNIZATION COMMITTEE
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EXECUTIVE SUMMARY 1

Executive Summary

Floods are by far the most devastating of all weather-related hazards in the United States. The National Weather Service
(NWS) is charged by Congress to provide river and flood forecasts and warnings to the public to protect life and property and
to promote the nation's economic and environmental well-being (such as through support for water resources management). As
part of a modernization of its technologies and organizational structure, the NWS is undertaking a thorough updating of its
hydrologic products and services and the activities that produce them.

The role of the 13 River Forecast Centers (RFCs) is becoming more central in the provision of hydrologic services, and
the interaction of the RFCs with 119 newly restructured Weather Forecast Offices (WFOs) will be much closer and more
complex. All RFCs will now be collocated with a WFO. New technologies such as the Next Generation Weather Radar
(NEXRAD) and the Advanced Weather Interactive Processing System (AWIPS) will provide more detailed and timely data
and facilitate the processing of data into products.

A key feature of the modernization program is the integration of hydrology and meteorology in a new
hydrometeorological focus, which is expected to enable the provision of more efficient operations and more effective services.
As part of this integration, the NWS has established a hydro-meteorological analysis and support unit at each RFC to facilitate
the increased emphasis on hydrometeorology and the interaction with WFOs. The roles and responsibilities of existing
meteorological forecasters and service hydrologists at WFOs will change in accordance with this enhanced focus on
hydrometeorology.

The National Weather Service Modernization Committee of the National Research Council undertook a comprehensive
assessment of the NWS' plans and progress for the modernization of hydrologic and hydrometeorological operations and
services. The committee's conclusions and recommendations and their related analysis and rationale are presented in this
report.

The committee commends the NWS for the strides it has made in modernizing the NWS hydrology program. The effort
has been well planned and diligently pursued. The implementation of major new hydrologic and meteorological technologies
presents an opportunity to integrate and significantly improve NWS weather and hydrology warning and forecast services
(e.g., through an increased focus on hydro-meteorology).

Although the committee has identified a number of aspects of the modernization of the NWS hydrology program in which
improvements are needed, the overall results of its assessment are quite positive. The modernization is incorporating recent
technological advances into field offices and thereby laying the groundwork for major benefits to be realized from improved
hydrologic products and services. The availability of new tools and techniques is also having a strong, positive effect on the
spirit and outlook of NWS personnel.

Chapters 1 and 2 of this report provide an introduction and background information on hydrology and
hydrometeorological programs in the NWS. Chapters 3 and 4 contain the evaluation of the NWS program as well as its
management and operational support and present all of the conclusions and recommendations. The 40 recommendations in this
report cover a wide variety of topics. The committee has placed a relatively higher priority on 14 of these recommendations,
which are presented consecutively in this summary as found in Chapters 3 and 4 along with supporting discussion. However,
each of the recommendations in the report is important, and the reader is urged to review them all. It is important that each
recommendation be understood in the context of the committee's analysis; therefore, this summary provides the section
heading, and the chapter and recommendation number where it can be found. It should be noted that the order of presentation
does not imply any ranking or prioritization among the recommendations. Again, the reader is encouraged to review the entire
report, especially the conclusions, recommendations, and supporting information in Chapters 3 and 4.

Copyright © National Academy of Sciences. All rights reserved.
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EXECUTIVE SUMMARY 2

PRECIPITATION PROCESSING SYSTEM

Recommendation 3-1. The NWS should continue its efforts to incorporate additional real-time precipitation data (both
ground-based and remotely sensed) into hydrologic products and services. The methods used for multisensor detection and
estimation of precipitation should enable accurate characterization of precipitation patterns that span seasonal, geographic, and
range diversity. A capability to distinguish reliably between rain and snow must be developed. The Precipitation Processing
System (PPS) methodology should be upgraded to a more scientifically sound and dynamic methodology to improve seasonal
and geographic performance, especially during light rain and snow events and in mountainous areas.

One of the most important inputs to NWS hydrologic models is the spatial and temporal distribution of precipitation,
derived from a three-stage PPS. Weather radars, along with rain gauges, have long been used to estimate the amount of
precipitation that falls to the Earth's surface. Although radar technology and the associated computer processing have improved
immensely in recent years, our knowledge about the amount of precipitation that actually reaches the surface remains
primitive. As a result, the PPS provides inconsistent results for certain types of rainfall in different geographical areas and has
seasonal variations as well.

Successful modernization of NWS hydrologic services depends on the ability of the NEXRAD network to provide
accurate estimates of precipitation that benefit from improved spatial and temporal resolution. Furthermore, the current
approach for analyzing precipitation patterns is flawed and based on outdated research. It lacks the scientifically sound and
dynamic methodology needed to improve the seasonal performance of the PPS in light rain or snow and in mountainous areas.

PRECIPITATION FORECASTS

Recommendation 3-4. The NWS should accelerate its fledgling efforts to redesign, develop, evaluate, and verify
quantitative precipitation forecasts (QPFs) and probabilistic QPFs (pQPFs) and assess their use in hydrologic forecast models
across a range of geographic and seasonal conditions. The Office of Hydrology should determine the time and space resolution
of QPFs that hydrologic models require. Users of products that incorporate QPF data should be kept informed about these
developments and their potential impact on user operations.

QPFs and pQPFs represent, along with NEXRAD, an opportunity to improve significantly both flash flood prediction and
regional runoff estimates that, in turn, impact hydrologic forecasts for larger basins. Thus they are of great value for the
development of improved hydrologic services that have longer forecast lead times. However, the production of an accurate QPF
is considered to be among the most difficult challenges in operational meteorology. The challenge increases substantially when
hydrologists attempt to use the QPF as part of the precipitation input to their hydro-logic models, which require forecasts of
spatial coverage and amount of precipitation.

Significant efforts are required to coordinate the possible redesign, production, and use of QPFs and pQPFs. In addition,
the current QPF focus to forecast the areal coverage of precipitation needs to be reevaluated. The impact of a modernized QPF
and pQPF on hydrologic models in various geographic and seasonal conditions needs to be assessed. These sets of forecasts
need to undergo extensive verification studies to determine their proper design for a modern-day QPF (e.g., required time
projections and spatial resolution for hydrologic models of the twenty-first century before QPF input becomes routine).

FLASH FLOOD GUIDANCE

Recommendation 3-12. The NWS should improve the scientific basis that underpins the forecasting of floods that occur
in the zero to six-hour time frame. WFO and RFC staff should be enabled to contribute to this effort by facilitating their access
to adequate training, continuing education, and university cooperative programs. Furthermore, they should be able to access
state-of-the-art geographic information systems, digital elevation models, and drainage and land-use data.

The scientific foundations of both flash flood guidance and threshold runoff (another type of guidance product) are
derived from decades-old techniques that need significant revisions. Yet few of the existing NWS research programs are related
to operational flood forecasting. In addition, threshold runoff is currently estimated based on limited data. The Weather
Forecast Office Hydrologic Forecasting System (WHFS), with its capabilities for both site-specific and area-wide modeling of
the flash flood hazard, has great potential for dealing with the zero to six-hour flood problem if technical and scientific,
training, and operational procedures problems are resolved.

WEATHER FORECAST OFFICE HYDROLOGIC FORECASTING SYSTEM

Recommendation 3-14. The NWS should reevaluate the staffing needs of WFOs with regard to their hydrologic
responsibilities. The number of service hydrologists should be increased so that each WFO has a program leader for WFO
hydrologic operations, at least for the first year or two following implementation of the AWIPS at each field office. (A related
recommendation is provided in the Qualifications section of this summary.)

Overall, the NWS has done an excellent job of defining the requirements and planning the staffing needed in the
hydrology and hydrometeorology functions of the modernized
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EXECUTIVE SUMMARY 3

NWS. However, although service hydrologists will manage the hydrology programs at all future WFOs, only 80 of the planned
119 WFOs will have a service hydrologist assigned full time; these 80 service hydrologists will cover all 119 WFOs. WFO
service hydrologists are program leaders within their offices, not operational forecasters. But most WFO weather forecasters
currently do not perceive hydrology as part of their operational duties. Furthermore, during severe weather conditions,
hydrometeorological forecasting at WFOs may at times produce an excessive workload for the planned staffing; as a result, the
use of interactive hydrologic forecast programs might receive less attention than is warranted. Sufficient staff must be in place
who have the appropriate training to take advantage of these modernized capabilities.

The committee remains concerned about the vital and increasingly important role that the service hydrologist will play in
the modernized NWS. It is possible that most, if not all, WFOs may require a full-time position. At offices where operational
tests and evaluations are conducted, additional hydrologic expertise will be needed to ensure a thorough, effective test of the
new systems and techniques.

Recommendation 3-15. Guidelines and procedures should be in place to ensure that the hydrologic and
hydrometeorological forecasts meet NWS requirements (e.g., for accuracy and timeliness) even under the most challenging of
operational circumstances. Operational tests should be performed to confirm that these requirements are met.

A suite of powerful new software tools has been developed to assist in the development of guidance and forecast
products. However, during severe weather conditions, WFO forecasters are concerned primarily with generating severe
weather warning products, which result in the new interactive hydrologic forecast programs receiving less attention than is
warranted. There is a risk that RFC guidance products on flooding potential might sometimes be released to the user
community with little modification or enhancement by WFO forecasters. The potential is even greater when factors such as
hydraulic structures (e.g., dams), small-scale land-use patterns, and urban surfaces complicate the local hydrologic picture.

The full capability of an application such as the WHEFS can be realized only when WFO forecasters are prepared
adequately to deal with hydrologic forecasting during flood water crises and concurrent severe weather conditions. The WHES
in particular needs to be tested in the most challenging of operational environments, for example, during complex, severe
weather situations when forecast and warning workloads are heavy.

DATA ARCHIVING, VERIFICATION, AND QUALITY ASSURANCE

Recommendation 3-22. The suite of precipitation products produced by the NEXRAD network, along with
accompanying surface rain and stream gauge information, should be archived by the NWS for future use when new hydrologic
models require calibration before they can be implemented. The NWS should ensure that appropriate access, storage, and
visualization methods, such as those planned in the National Oceanic and Atmospheric Administration (NOAA) Hydrologic
Data System, are developed or adapted for use with the entire spectrum of hydrologic data.

An essential element of the foundation for future improvements in the NWS hydrologic forecast system is the availability
of a comprehensive data archiving and retrieval system. Although the NOAA Hydrologic Data System, now under
development, is expected to meet the data archiving needs of some NWS operational activities, nevertheless the current system
fails to archive and efficiently retrieve most of the data that will be needed for twenty-first century improvements in NWS
hydrology.

A lengthy archive of all basin data is essential to calibrate hydrologic models (old and new) and improve model
performance during critical high-water and low-water situations. For example, hydrologic models can be improved using data
on the distribution in space and time of precipitation that produced floods or led to drought conditions. Yet NEXRAD
precipitation estimates provide a unique opportunity to produce hydrologic guidance and forecasts with an unprecedented level
of detail.

With increasing demands for hydrometeorological data in an interactive forecast environment, efficient methods for
accessing, storing, and viewing these data are required.

Recommendation 3-23. The NWS should implement and provide the sustained support that is needed to continue the
development and operation of the National Hydrologic Forecast Verification Program.

An essential ingredient to improve hydrologic services is an adequate forecast verification system. Such a system must
provide a baseline that documents previous forecast skill levels and also detects small improvements in forecast skills that
result from new models being developed, calibrated, and implemented.

Currently the verification of hydrologic forecast products is inadequate. Hydrologic model development and the
incorporation of new scientific tools into a modernized work environment should be accompanied by a rigorous verification
program to document what progress has been achieved. The National Hydrologic Forecast Verification Program is a recent
initiative in the NWS and represents an important set of plans for overcoming verification deficiencies in the hydrology
program of the NWS.

DATA SOURCE RELIABILITY

Recommendation 3-25. The NWS, along with other federal agencies and local and state governments, should coordinate
hydrologic and hydrometeorological data requirements, data
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EXECUTIVE SUMMARY 4

collection, and processing. Priorities among these data should be set and appropriate funding allocated by the parties involved
to maintain a consistent, reliable set of data for national and local flood forecasting programs. The NWS should exert
leadership to forge an explicit partnership for sharing these data collection resources.

Data for use in hydrologic and hydrometeorological analyses and models are the lifeblood of NWS river forecasts and
flash flood guidance and warning products. Sources of these data include stream gauges, precipitation gauges, cooperative
observers, flood warning systems, satellite-relayed data, telemetered data and, most importantly, data from the NEXRAD
network. But ownership of these data sources is distributed across various federal, state, and local government or private
networks. Abrupt funding changes and uncertainties cause some data sources to be unstable, unreliable, or subject to short-
notice curtailment or elimination, sometimes with no apparent coordination or consideration for the impact of their loss on
NWS operations. It is essential that a shared ownership exist for the nation's water management and flood warning
infrastructure, lest this infrastructure lose its ability to meet growing operational demands.

Strengthening the vitality of the surface-observing networks is also essential; the modernization of NWS hydrology will
be hindered without the real-time availability of stream and rain gauge data from a larger number of locations.

PRODUCTS AND SERVICES

Recommendation 3-26. The NWS should continue to work with the user community to determine community needs. In
particular, the NWS should focus on user concerns that may develop in regions where political boundaries and basin
boundaries do not coincide. In addition, improved communication technologies should be employed to share data and to
disseminate warnings.

A service agency such as the NWS is known by the quality, relevance, and ease of access and use of its products.
Nowhere are these traits more critical than in river and flash flood situations where lives and property are threatened—
situations that often arise late at night and in rural areas. In these situations, a forecast and warning system provides an
unacceptable level of service when the forecasts and warnings are inaccurate or difficult to decipher or when they fail to reach
the population at risk. To achieve the dividends of modernization requires that the NWS and its myriad of users understand
each other's needs, capabilities and responsibilities, establish highly efficient telecommunication linkages, and support or
advocate mutually beneficial programs. The NWS forecast and warning system can be fully effective only if local communities
accept responsibility to acquire and act on the information.

PROGRAM RESPONSIBILITIES AND PERCEPTIONS

Recommendation 4-1. The NWS must communicate the objectives of the hydrologic and hydrometeorological aspects of
the modernization program and progress that has been made in the program more effectively to its employees as well as to
users of its services. In particular, the NWS should ensure that responsibilities for the integrated hydrology and
hydrometeorology programs are clearly assigned and understood at all levels of the NWS. Interdisciplinary advisory or
working groups such as the Service Hydrologist Working Group could be essential intermediaries in this communication
process.

In its contacts with field office personnel, the committee found considerable misunderstanding or distrust of
modernization activities relating to hydrologic and hydrometeorological functions, products, and services. In particular, the
benefits of the integration of certain hydrologic and meteorological duties and responsibilities are neither clearly understood
nor readily accepted in many field offices. These misunderstandings about roles and responsibilities— particularly with respect
to hydrometeorological duties— need to be resolved at all levels of the organization.

AVAILABILITY OF ADVANCED WEATHER INTERACTIVE PROCESSING SYSTEM

Recommendation 4-2. The AWIPS implementation program should be expedited to enable NWS offices to exploit the
use of data from new technologies and to realize improvements in the river and flash flood forecasts and warnings.

The AWIPS (Advanced Weather Interactive Processing System) is essential for data collection, quality control, and
processing and telecommunication of hydrologic and hydrometeorological data. The AWIPS is essential to the integration of
data, analyses, and models that enable improvements in river and flash flood forecasting programs. Despite consistent efforts
by the NWS, a variety of technical, funding, and political setbacks have slowed the AWIPS development and implementation
program. At this point in the modernization and restructuring, the absence of an AWIPS is preventing full realization of the
benefits of the modernization program. As data from other new technology systems have become available, the lack of AWIPS
workstation capabilities presents a bottleneck in data processing and data integration that will result in less accurate and timely
warnings than would otherwise be possible with the new work-station technologies.

RESEARCH AND DEVELOPMENT
Recommendation 4-5. The NOAA and the NWS should develop a formal, long-term plan for hydrologic science
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research that includes establishing priorities and is relevant to flood and flash flood forecasting. The NOAA and the NWS
should request sufficient funding to implement and sustain the research. The plan should be communicated to field personnel so
as to improve the overall NWS vision for hydrologic services in the twenty-first century. In addition, NWS headquarters should
disseminate regularly to its field offices updates on research and development activities, their specific objectives, and
timetables.

Considering its relatively small size, the NWS supports a significant research and development program that has produced
very useful results. For example, interactive hydrology forecast applications such as the WHFS and the NWS River Forecast
System are quite innovative. However, relatively little effort is under way on research issues related to the scientific
underpinning of hydrologic procedures and models used in day-to-day operations.

The committee concludes that although a modest amount of hydrology research is in progress or planned within the Office
of Hydrology, the overall objectives are unclear. Furthermore, the priorities, relevance, and cohesiveness of those research
activities are lacking to some extent. In addition, information on NWS research and development activities is not received at
field offices in a timely manner and often is not considered credible by field office staff.

ADVISORY GROUPS

Recommendation 4-8. The NWS should use internal advisory groups consistently throughout major planning,
development, test, and implementation phases of the hydrology modernization program. These groups should include field
office members and be encouraged to advise NWS headquarters on matters relating to research and development, operational
test and evaluation, and overall modernization implementation.

Early in the modernization planning, the NWS established various working groups, consisting of field office and
headquarters personnel, to review requirements and to develop plans to improve products and services in hydrology and
hydrometeorology. The contributions of these groups are seen almost universally as having been beneficial and effective in the
establishment of a sound modernization program. One or more similar advisory or working groups need to be reestablished
with respect to the hydrometeorological aspects of the modernization and restructuring. Such a group could provide important
feedback on data quality control, forecast verification, hydrologic modeling, and precipitation processing techniques.

QUALIFICATIONS

Recommendation 4-11. The NWS should review and, if warranted, modify its qualification standards for hydrology
positions. The NWS should require a degree or extensive formal education in hydrology for positions that involve a hydrology
emphasis.

Hydrometeorological personnel with duties that have a meteorological emphasis are required to have an extensive
education in meteorology. However, those personnel that have duties with a hydrology emphasis are not required to have a
comparable level of education in hydrology. NWS forecasters with a degree or extensive formal education in meteorology but
no comparable training in hydrology usually are not qualified for hydrologist positions. A more substantial educational
background in hydrology is necessary for personnel working in such positions.

OUTLOOK

Overall, the NWS hydrology program has taken a positive leadership role in the use of new observation networks and in
developing state-of-the-art interactive forecasting systems. To be sure, there are barriers that must be overcome— financial,
technological, operational, and organizational. However, the committee is confident that if the changes recommended in this
report are made, there is a high likelihood that the hydrologic and hydrometeorological goals of the modernization program
will be achieved.
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1

Introduction

FLOODS: A SIGNIFICANT NATIONAL HAZARD

Floods are the most devastating of all weather-related hazards in the United States (see Figure 1-1). Floods often produce
tragic and disastrous extremes in losses of both life and property. Over the past 30 years floods have claimed an average of 139
lives per year compared with 87 lives lost per year by lightning, 82 by tornadoes, and 27 by hurricanes (NOAA, 1994a). (In
recent years, the average annual flood-related death toll has risen to nearly 200.) During the same 30-year period, property
damage caused by floods averaged approximately $1 billion per year. This amount is nearly twice that associated with
tornadoes and hurricanes, and recently it has averaged nearly $2 billion per year. The continuing industrialization and
population growth of river valleys are increasing the economic cost and death toll of flood-related disasters. Flash floods are an
especially dangerous threat. A single flash flood in 1976 on the Big Thompson River in Colorado claimed 139 lives. After the
Great Midwest Flood of 1993, property damage was estimated at $15 billion. Since the 1993 Midwest Flood, seven other
weather-related disasters in the United States have each caused over $1 billion in damages; five of these seven disasters were
floods. Overall, 75 percent of all presidential disaster declarations are for flood damage, and more than 85 percent of disaster
declarations result from weather of all types (Chapman, 1992; NOAA, 1995a).

At the opposite extreme from floods, prolonged droughts also bring major economic and social disruption by losses in
agriculture and food production. Furthermore, low-flow conditions in streams and rivers associated with droughts have adverse
ecological effects on fish populations and riparian zone (river-bank) habitats. Low-flow conditions also impact navigation and
industrial activities that are dependent on water in the river network. For example, river commerce in the upper Midwest
literally bottomed out after the devastating drought of 1988, which had an economic toll exceeding $40 billion. Drought
conditions in 1996 have caused crop losses estimated in the hundreds of millions of dollars in central and southwestern regions
of the United States.

Many of the nation's watersheds are now managed and controlled through flood control reservoirs, storage reservoirs,
hydroelectric production, water quality and erosion control measures, and land management. The operation and optimum
management of these systems require forecasts on time scales that range from hours to seasons. The economic benefit of
providing accurate hydrologic projections for these activities is estimated by the National Weather Service (NWS) to approach
$1 billion or more annually (NWS, 1996a).

The NWS is charged by Congress to provide flood forecasts and warnings to the public to protect life and property. The
NWS mission in hydrology services also extends to the provision of basic hydrologic forecast information to promote the
nation's economic and environmental well-being (Stallings and Wenzel, 1995). Many types of hydrology products and services
support a wide range of user communities. User communities include the general public, the news media, emergency managers
at all levels of government, public works and safety agencies, and water resource and floodplain managers throughout the
United States.

MODERNIZATION OF THE NATIONAL WEATHER SERVICE

The NWS is currently undergoing a comprehensive modernization and associated restructuring program that is intended to
improve substantially weather and hydrologic warning and forecast products and services ! in the United States. The
modernization of the NWS, under way for over a decade, entails the deployment of proven observational, information
processing, and communications technologies and the establishment of an associated operational structure. The goal of the
modernization program is to ensure that the

!'In the context of this report, any technical output from the NWS, whether from one office to another or to external users, is a
"product." The term "guidance," also used often in this report, describes products used internally or between offices.
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major scientific and technological advances that have been made in the ability to observe and understand the atmosphere are
applied to the practical problems of providing weather and hydrologic services to the nation.

vq_,rm--’" L B e B Dearhs
Alaska Hawaii Puerie Rico | @ Damage >500,000

Figure 1-1
Notable floods and flash floods from 1987 to 1991.
Source: NWS (1992).

The new observing systems include the Weather Surveillance Radar 1988 Doppler (WSR-88D) Next Generation Weather
Radar (NEXRAD), the Automated Surface Observing System (ASOS), and the Next Generation Geostationary Operational
Environmental Satellites (GOES-Next). An Advanced Weather Interactive Processing System (AWIPS) will provide critical
information processing, interactive forecast environments at each field office, and a vital, high-speed communications link
among all the offices.

The associated restructuring of the NWS is driven by these new technologies. The premodernization field office structure
included 52 Weather Service Forecast Offices (WSFOs); approximately 200 smaller offices (mostly Weather Service Offices
[WSOs], which take manual weather observations and issue local-area forecasts based on guidance from the WSFOs as well as
warnings based on a local weather radar); and 13 River Forecast Centers (RFCs). The modernized structure of the NWS
includes 13 RFCs and 119 Weather Forecast Offices (WFOs)? at locations determined primarily by the coverage of NEXRAD
systems installed nearby.?

In January 1991 the NWS Office of Hydrology first published its Hydrometeorological Service Operations for the 1990s
(NWS, 1991, 1996a). This plan, most recently updated in March 1996, describes the activities at RFCs, WFOs, and regional
and national headquarters offices for the various transition phases that lead up to and extend into the era of the modernized and
restructured NWS. The plan includes the status of critical path decisions and policies, staffing

2 The original strategic plan (DOC, 1989) for restructuring of the NWS called for 115 WFOs. Staffing analyses by the NWS
led to the decision to assign a total of 78 service hydrologists to the WFOs. In the intervening years since the strategic plan was
published, various activities, the most recent being a study of NEXRAD coverage (NRC, 1995), have led to adjusted totals of
119 WFOs and 80 service hydrologists. Although final budget approval for this planning baseline is not complete, the
remainder of this report cites 119 WFOs and 80 service hydrologists.

3 The spatial responsibilities of RFCs are determined by physiographic boundaries (watershed basins) whereas WFO
boundaries are geopolitical (counties).
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analysis, a master training plan, and a hydrologic systems support plan. The 1990s plan has received wide distribution within
the NWS and reflects the policy, technical, and programmatic decisions coordinated by NWS headquarters, regional offices,
and field office managers.

SCOPE AND ORGANIZATION OF THE REPORT

With the implementation of a new network of advanced weather radars nationwide as part of the modernization program,
and with the concomitant availability of advanced communication and computation technologies, the NWS will have an
unprecedented opportunity to deliver highly improved hydrology forecast and warning products and services to the public. This
report addresses technical and management issues that affect the realization of that opportunity. The modernization of
hydrologic services in the NWS is considered in its entirety—tools and techniques, observation systems, operations, and
management are all discussed. Each component contributes to the issuance of hydrologic forecasts and warnings at some stage
in the life cycle of forecast preparation. Therefore all of these topics must be critically evaluated as part of an overall
assessment of the modernized NWS and its readiness to deliver advanced and improved hydro-logic forecast products and
services to the public and other user communities.

In Chapter 2 the interactions between hydrology and meteorology in the NWS, both before and after the current
modernization, are described. A particular focus is placed on the roles and responsibilities of the RFCs and WFOs in the
modernized NWS. Chapter 3 presents a discussion and evaluation of the various tools and techniques, observation inputs,
operations, and products and services that comprise the modernization of hydrologic services. In Chapter 4 management and
operational support issues such as leadership, research and development, operational test and evaluation, staffing, and training
are discussed. All of the committee's recommendations appear in Chapters 3 and 4. Finally, Chapter 5 presents a brief synoptic
assessment of the direction and outlook for the modernization of hydrologic products and services in the NWS.
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2
Background

HYDROLOGY AND METEOROLOGY PRIOR TO THE MODERNIZATION PROGRAM

The two primary operational responsibilities of the NWS are meteorology and hydrology. In the past, the hydrology and
meteorology components of the NWS provided different services and evolved along divergent paths. Meteorologists and River
Forecast Center (RFC) hydrologists often were located in separate offices. Moreover, the RFCs were intended to be insulated
from demands for special advice. Consequently, meteorologists and hydrologists had a limited first-hand understanding of the
needs of the other. The low levels of sophistication in early numerical weather prediction models and conceptually based
hydrologic models, as well as the lack of computational power and communication systems to receive and process large
amounts of data and produce support products, were technological barriers to a more meaningful interaction between the
meteorological and hydrologic components. The need to lower the barriers that inhibited working relationships has long been
recognized, but the requisite technology and resources were unavailable. Figure 2-1 describes the flow of products and
guidance through NWS offices and staff positions before the current modernization program.

Improved computer and communication systems, along with more powerful observational technologies and greater
scientific understanding, have begun to reduce some of the technological barriers between hydrologists and meteorologists.
Their respective computer forecast models have become more sophisticated, and real-time hydrometeorological data measured
over shorter time intervals have become more readily available. As a result, hydrologic forecasting stands on the threshold of
attaining major improvements in forecast accuracy.

Despite these advances, the interaction between hydrologists and meteorologists is still not optimal. Educational and
technological barriers are part of the problem. Also, NWS operations continue to be adversely impacted by RFC and Weather
Service Forecast Office traditions established in past decades.

HYDROLOGY AND METEOROLOGY UNDER THE CURRENT MODERNIZATION
PROGRAM

Advances in both the hydrologic and the atmospheric sciences have highlighted the interrelationship between the two
disciplines (NRC, 1991a). For example, reliable forecasts of precipitation as well as accurate characterization of current
precipitation fields' are critical to the preparation of hydro-logic forecasts (see Box 2-1). For this reason, the processing of
radar precipitation estimates, quality control of these and other environmental observations, and discussions of precipitation
forecasts and other impor