
REPORT BY' THE LJS. 

General Accounting Office 

Consolidating Federal Stream Forecasting 
Activities May Reduce Duplication 
Of Resources And Effort 

The Natlonal Weather Service and four 
agencies, lncludlng the Corps of Engineers, 
that operate federal water projects have 
Independent systems to rapldly collect In- 
formatton on stream flow and preclpltatlon 
andforecasttheflow, volume, and height of 
a stream along its different points 

Independent systems may result In dupll- 
cation of equipment, staff, and forecasting 
GAO recommends that the agencies study 
the feaslblllty of establishing joint stream 
forecastrng centers 

GAO/RCED-84-104 
JULY 24, 1984 



Request for copies of GAO reports should be 
sent to: 

U.S. General Accountmy Offrce 
Document Handhng and Information 

Services Facihty 
P.O. Box 6015 
Garthersburg, Md. 20760 

Telephone (202) 275-6241 

The frrst five copres of rndtvrdual reports are 
free of charge. Additional copies of bound 
audit reports are $3.25 each AdditIonal 
copies of unbound report (I e., letter reports) 
and most other publications are $1.00 each. 
There WIII be a 25% drscount on all orders for 
100 or more copies mailed to a smgle address. 
Sales orders must be prepaid on a cash, check, 
or money order basis. Check should be made 
out to the “Superintendent of Documents”. 



UNITED STATES GENERAL ACCOUNTING OFFICE 

WASHINGTON, D.C. 20548 

RESOURCES, COMMUNITY, 
AND ECONOMIC DEVELOPMENT 

DIVISION 

B-215655 

The Honorable James 0. Marsh, Jr. 
The Secretary of the Army 

The Honorable Malcolm Baldrige 
The Secretary of Commerce 

This report discusses the stream forecasting activities of 
the National Weather Service, the Army Corps of Engineers, and 
other federal water resources operating agencies. It points out 
that savings could be realized by consolidating these independ- 
ent activities into regional river forecast centers, 

The report contains recommendations to you on page 24. As 
you know, 31 U.S.C. 720 requires the head of a federal agency to 
submit a written statement on actions taken on our recommenda- 
tions to the Senate Committee on Governmental Affairs and the 
House Committee on Government Operations not later than 60 days 
after the date of the report and to the House and Senate Commit- 
tees on Appropriations with the agency's first request for ap- 
propriations made more than 60 days after the date of the 
report. 

Copies are being sent to the Chief of Engineers; the 
Administrator, National Oceanic and Atmospheric Administration; 
the Director, Office of Management and Budget; and other 
interested parties. 

Dlrector 





GENERAL ACCOUNTING 
OFFICE REPORT 

CONSOLIDATING FEDERAL STREAM 
FORECASTING ACTIVITIES MAY 
REDUCE DUPLICATION OF 
RESOURCES AND EFFORT 

DIGEST -----I 

Rapid, accurate forecasts of water flow in the 
nation's rivers and streams are important to 
federal water management and flood warning 
efforts. To be effective, these forecasts 
must be available rapidly +nough to allow 
changes 1n downstream flow by adjusting dam 
storage and releases and to provide adequate 
flood warning. Timely stream forecasts can 

--save lives and limit property damage by 
early warning of impendlng flood danger; 

--reduce property damage by lowering flood 
crests through optimizing use of the storage 
capacity in flood control reservoirs; and 

--increase other benefits from water projects 
such as hydropower revenues, recreation, and 
pollution abatement by improving routine 
water use. 

The systems needed to meet these time 
restraints-- called real-time systems--must 
rapidly collect, communicate, and process 
large amounts of data to permit the rapid 
forecasting of stream flows. (See p. 1.) 

Four major federal stream forecasters--the 
National Weather Service, the Army Corps of 
Engineers, the Bureau of Reclamation, and the 
Tennessee Valley Authority (TVA)--have inde- 
pendent systems that provide real-time stream 
forecasts and other information needed to 
operate water resources projects. (See p. 1.) 

GAO revlewed these ??e:r.c~e!s' streams forecast- 
ing systems to determine whether opportunities 
exist to consolidate actlvltles. GAO found 
that they have developed independent stream 
forecasting capabllity which results in dupli- 
cation of equipment, staff, and effort. The 
consolidated stream forecasting system in the 
Pacific Northwest and GAO's Ohio River Basin 
case study preszilLe6 il; thus report show that 
duplication can be reduced by consolidating 
stream forecastlng effort;. 

&~r Sheej i GAO/RCED-84-104 
JUNE 24, 1984 



INDEPENDENT STREW FORECASTING 
HAY RESULT IN DUPLICATION 

Several federal agencies have responsibility 
for forecasting, controlling, and using in- 
stream water resources. The Weather Service 
has had the responsibility for providing 
public flood warnings nationally for over 90 
years. In addition, agencies that operate 
federal water projects such as the Corps, the 
Bureau, and TVA are increasingly using real- 
time water data collection and forecasting 
systems to improve their day-to-day opera- 
tions. (See p. 2.) 

Daily, the Weather Service's 13 River Forecast 
Centers forecast stream height at population 
and industrial locations on the nation's 
rivers and streams. In addition, the Corps 
and other operating agencies have established 
independen t systems to forecast different 
points on the same rivers and streams using 
data similar to that used by the Weather 
Service. Officials of these agencies recog- 
nize that these data needs are similar; how- 
ever, they said that they must have control 
over their own information systems to meet 
their responsibilities for regulation of water 
projects. (See pp. 7 to 9.1 

While different agencies may not forecast the 
same points on a particular stream and may not 
use all the information collected by all the 
agencies in the area, maintaining separate 
data collection systems, multiple level net- 
works to exchange data with other agencies, 
separate computer facilities to process and 
store the same basic information, and separate 
capability to forecast different points on the 
same streams may represent a duplication of 
equipment, staff, and effort. 

GAO visited real-time operational systems in 
two major river basins--the Ohio and 
Missouri ---and found that duplication of equip- 
ment, staff, and effort occurs throughout the 
stream forecasting process. nor example, the 
following agencies operate forecasting systems 
in the Ohio River Basin: 
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--The Weather Service River Forecast Center 
forecasts the entire basin (excluding the 
TVA area) to prepare site-specific flood 
warnings for population and industrial 
centers. 

--Each of the three Corps districts has in- 
dependent systems to predict and control 
inflows and outflows from Corps structures 
and predict the down-stream effect of 
facility regulation. In combination, these 
systems encompass the same areas of the Ohio 
basin as the Weather Service River Forecast 
Center. 

--A fourth Corps district has a system that is 
responsible for the Cumberland River Basin. 

--The Corps Ohio River Division has a center 
that forecasts the Ohio River mainstream and 
monitors the interaction of its districts. 

--TVA has an independent real-tnme forecasting 
system for regulating the structures in its 
area and preparing flood warnings for streams 
with TVA dams. Forecasts and information are 
shared with the Corps and a Weather Service 
River Forecast Center that forecasts the 
remaining streams in the area. 

Because these centers also exchange rainfall 
and stream flow gauge readings extensively, at 
least two, and often three, of these centers 
duplicate receipt, processing, and storage of 
the same gauge readings and use this informa- 
tion to prepare independent forecasts. ( See 
PP* 10 to 12.) 

DUPLICATION OF REAL-TIME 
SYSTEMS CAN BE REDUCED 

GAO also visited a multiagency data collection 
and Joint forecasting system in the Columbia 
River Basin. The intensive water management 
requirements in the Pacific Northwest provided 
the impetus for a joint forecasting system. 
(See p. 15.) 
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Using a single data storage and processing 
system, eight federal agencies1 have routine 
access, in whatever format desired, to the 
real-time water data collected by the other 
participants. In addition, joint real-time 
stream forecasting by the Corps and the 
Weather Service River Forecast Center avoids 
the duplication of equipment, staff, and fore- 
casting effort while meeting the operational 
requirements of both agencies. (See pp. 16 to 
19.) 

GAO believes that the approach used in the 
Columbia River Basin could be used in other 
locations. To test the feasibility of such a 
system in other river basins, GAO devised a 
consolidated system for the Ohio River Basin 
to determine the benefits that would result. 
GAO found that such a system would not only be 
practical but would also provide the following 
benefits. 

--Centralizing the Corps system would reduce 
anticipated computer procurement costs by up 
to $452,000 and annual computer operations 
and maintenance costs by up to $208,000. 

--Consolidating Corps and Weather Service 
River Forecast Center real-time stream fore- 
casting systems would eliminate duplication 
of equipment, staff, and effort and would 
free Corps staff to concentrate on other 
activities. 

--Providing routine access to real-time fore- 
casts by other federal and nonfederal 
agencies in the area. (See pp* 19 to 23.) 

Corps Ohio River Division officials agreed 
that such a system was feasible and would meet 
their operational needs. However, they said 
that a more detailed cost analysis would be 
needed to define specific savings. Weather 
Service Ohio River Forecast Center officials 

'The federal agencies are the Weather Service, 
the Corps, the Bureau of Reclamation, Bonne- 
ville Power Administration, the U.S. Geologi- 
cal Survey, the soil Conservation Service, the 
Forest Service, and the Bureau of Land 
Management. 
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said that Forecast Center equipment needs and 
staff requirements would not change under such 
a consolidated system. (See pp. 21 and 22.) 

CONCLUSIONS 

The results of applying consolidation concepts 
to the Qhlo River Basin indicate that benefits 
would result from establishing a joint regional 
data center in this basin. Similar benefits 
may also be possible in other river basins 
where more than one agency has established a 
capability to collect and store information and 
prepare stream forecasts to meet agency speci- 
fic requirements. Each river basin, however, 
may present a different set iof factors, such as 
water use and characteristics and differing 
agency responsibilities, whicil must be con- 
sidered in developing a consolidated system to 
assure that all agency requirements are met. 
(See p. 24.) 

To realize the full benefits $15 consolidation, 
all agencies engaged in gathering, storing, or 
otherwise using water data within the basin 
should participate in the establishment of 
joint regional data centers. While the Corps 
and the Weather Service can provide a framework 
for regional cooperation, an active effort will 
be needed to solicit the participation of other 
agencies in each region. 

RJ3COMl4l3NDATIONS 

GAO recommends that the Secretary of the Army 
direct the Chief of Engineers and the Secre- 
tary of Commerce direct the Administrator, 
National Oceanic and Atmospheric Adminlstra- 
tion (which includes the National Weather 
Service) to study the overall feasibility of 
creating joint Corps/Weather Service stream 
forecast centers and establish such centers in 
those regions where the operational require- 
ments of both agencies can be met and duplica- 
tion eliminated. (See p. 24.) 

GAO further recommends that the Secretaries of 
the Army and Commerce direct the Chief and the 
Administrator, respectively, to actively 
solicit the input and participation of other 
agencies concerned with water data collection 
and stream forecastrng in thclse regions. 

Tear Sheet 
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AGENCY COWlENTS AND GAO'S EVALUATION 

Both the National Atmospheric and Oceanic 
Administration and the Army said that they 
generally agreed that opportunities may exist 
to consolidate stream forecasting activities 
and would explore the possibilities for joint 
operational centers and implement changes that 
would improve efficiency. 

The Army commented, however, that neither the 
feasibility nor the stated cost savings for 
the Corps/Weather Service consolidation in the 
Ohio River Basin have been adequately demon- 
strated or documented in the report and that 
the extent of duplication was overstated 
because the Weather Service does not forecast 
the same points on a river, In addition, the 
Army said that opportunities to consolidate 
stream forecasting are limited, in part, 
because Corps and Weather Service boundaries 
and facility locations are different. 

GAO believes that the report adequately demon- 
strates the potential cost savings by consoli- 
dating Corps and Weather Service activities in 
the Ohio River Basin. The system GAO devised 
for centralizing Corps activities in the Ohio 
River Division was based on anticipated Corps 
needs as well as additional capacity to con- 
solidate the Corps/Weather Service stream 
forecast effort. This system was reviewed and 
commented on by both Weather Service and Corps 
officials in the Ohio River Basin. Corps of- 
ficials said that the system was feasible but 
that more detailed study would be needed to 
define specific savings. Weather Service 
officials said that this consolidation would 
not increase the agency's staff or equipment 
needs. (See p. 25.) 

GAO agrees with the Army that the Corps and 
the Weather Service do not forecast the same 
points on a river. However, all forecasting 
points could be included in a consolidated 
system thus eliminating duplicate equipment 
and effort. GAO also agrees that agency 
boundaries and facility locations are not 
identical. Although this may pose some insti- 
tutional problems, it does not create techni- 
cal limitations on the ability to use a common 
information system, (See PP- 13, 14, 25 and 
26.) 

Vi 
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CHAPTER 1 

INTRODUCTION 

Rapid, accurate forecasts of water flow in the nation's 
rivers and streams are important to federal water management and 
flood warning efforts. To be effective, these forecasts must be 
available rapidly enough to allow changes in downstream flow by 
adjustment of dam storage and releases and to provide adequate 
flood warning. Timely stream forecasts can 

--save lives and limit property damage by early warning of 
impending flood danger, 

--further decrease property damage by reducing flood crests 
through optimizing use of the storage capacity in flood 
control reservoirs, and 

--increase hydropower revenues and other project benefits 
such as recreation and pollution control by improving 
water use during routine operations. 

Systems to collect and communicate stream flow and precipl-- 
tation data and prepare forecasts are becoming increasingly 
expensive as improved technology becomes available. A variety 
of data communlcatrons methods are available, but use of expen- 
sive, automated, real-time' data communications networks is 
increasing in stream forecasting, Similarly, while many fore- 
cast centers rely on manual calculations for portions of the 
forecasting work, use of computers is becoming common in fore- 
cast preparation. The ability to handle more information in 
less time not only increases the advanced warning provided by 
the forecast but also allows forecasting units to deal with 
large hydrographic areas as a single unit. 

FEDERAL AGENCIES THAT USE 
REAL-TIME STREAM FORECASTS 

The National Weather Service (NWS), the Army Corps of 
Engineers, and regional water project operators, such as the 
Bureau of Reclamation and the Tennessee Valley Authority (TVA), 
require immediate information on precipitation and stream flow 
to prepare the stream forecasts needed to perform their distinct 
but interdependent missions. 

1Information systems that collect and communicate data on 
conditions as they are occurring are generally referred to as 
real-time systems. Such systems can provide reliable forecasts 
of downstream events within 1 to 4 hours of a change in 
upstream conditions. 



National Weather Service 

The National Weather Service nas nad statutory responsibil- 
ity for providing flood warnings to the public for over 90 
years. Operating within the Department of Commerce's National 
Oceanic and Atmospheric Adminrstration (NOAA), I!JWS is the only 
federal agency authorized to issue public flood warnings. 
Thirteen regional River Forecast Centers, having no other 
weather forecast responsibilities, serve as a focal point for 
hydrologic data and expertise for NWS offices nationwide. In 
flood situations, River Forecast Centers transmit warnings to 
the appropriate local NWS office, which is responsible for the 
decision to issue them to the public. 

Corps of Engineers 

The Army Corps of Engineers is the nation's largest operator 
of water projects and has primary responsibility for federal 
flood control efforts. The Corps is directly responsible for 
day-to-day operation of over 530 federal water projects. Corps 
information systems provide the real-time water data needed to 
regulate these structures and to monitor the day-to-day oper- 
ation of over 1,300 federal and nonfederal structures. Because 
of its decentralized management approach, Corps real-time data 
systems are centered in the 36 Corps district offices to support 
facility operations. Ten Corps divisions in the continental 
United States have responsibility for coordinating the 
operations of the districts in their areas, 

Other federal agencies 

In addition to the two agencies with nationwide responsi- 
billties, other federal agencies, such as the Department of the 
Interior's Bureati of Reclamation and TVA, operate federal water 
projects In certain geographic regions. The Bureau of Reclama- 
tion is responslole for developing and conserving the nation's 
water resources in the 17 western states. The ;3ureau supervises 
330 storage dams and 145 diversion dams, but approximately half 
of these structures are operated and maintained by other water 
user organizations. TVA is an independent corporate federal 
agency that plans, builds, and operates water projects in the 
greater Tennessee River Valley for a variety of purposes, in- 
cludlng flood control, navigation, and nydropower generation. 
TVA regulates the operation of 47 government and 6 privately 
owned dams. 



CBJECTIVESr SCOPE, AND MJZTHODOLOGY 

The objectives of this review were to (1) determine how 
federal agencies collect real-time water quantity data and fore- 
cast stream flows and (2) identify actions that could improve 
the operations and management of these activities. 

The factors that govern stream forecasting requirements 
vary widely across the country. Principal among these are 

--geography, climate, and the amount of rainfall; 

--water use, availability, and water-related problems; 

--the role of state governments in dealing with water- 
related problems; and 

--the number of federal agencies involved in water manage- 
ment and stream forecasting. 

These factors combine to produce major differences between the 
water management environment in the eastern states, where water 
is generally plentiful and the federal role is limited, and the 
western states where water is scarce, competition for use is 
often intense, and many federal agencies are involved in water 
management decisions, 

Because NWS headquarters officials told us that River Fore- 
cast Center operations are relatively uniform nationwide, we 
based our selection of sites to be visited on Corps and Bureau 
operations. Corps and Bureau officials told us that because of 
their decentralized management, there were no division or proj- 
ect office forecasting systems that were representative of the 
variety of approaches used nationwide. Based on these discus- 
sions, we visited river basins that Corps and Bureau officials 
said represented varied operational approaches and stream 
forecasting systems. The basins we selected were: 

--The Ohio River Basin, because Corps operations in the 
Ohio River Basin include both a division real-time data 
collection and forecasting system and four district 
systems that Corps headquarters officials said were 
typical of decentralized Corps systems nationwide. 

--The Missourl River Basin, because in addition to the 
Corps and NWS, the Bureau of Reclamation operates a 
number of projects in the basin. Corps operations in the 
Missouri River Basin feature a single information system 
used jointly by the division and the two district 
offices. Bureau operations, however, are extremely 
decentralized, with little interaction or real-time 
information exchange between individual Bureau projects. 



During our initial conversations, both Corps and NWS head- 
quarters officials told us that the Columbia River Basin offered 
a unique example of cooperative efforts between the regional 
units of these agencies and other federal and non-federal agen- 
cies in the area. We also learned from Bureau officials that 
the Bureau's Northwest Regional Office had the only regional 
information and stream forecasting system in the Bureau. We 
therefore visited the operational stream forecasting systems in 
the Columbia River Basin to review the operations of the multi- 
agency data collection and stream forecasting system that exists 
in that basin. 

In each basin, we interviewed the hydrologists and reser- 
voir control center officials who manage and operate the real- 
time water data collection and stream forecasting systems. We 
observed the systems in operation and discussed the specific 
system requirements, operational procedures, and agency inter- 
faces at the operational level. We obtained budgetary data, 
estimates of capital equipment cost, and staffing levels for 
each operational unit to determine the relative level of effort 
involved in divergent operational approaches. 

To highlight common operations and minimize the impact of 
hydrologic and water use differences, our analysis concentrated 
on the operational process of the forecasting systems we review- 
ed p rather than the final product or specific system require- 
ments. While forecasting system information requirements and 
process (collection, communication, processing, and forecasting) 
are the same regardless of the use to be made of the forecast, 
hydrology, climate, water use, and the role of the federal 
government vary widely from one hydrographic region to another. 
These factors affect not only the timing and use of forecasts 
but also prevent direct comparisons of overall information 
systems and needs from region to region. 

To test the feasibility of consolidating Corps and NWS 
systems, we applied centralized operational concepts to the 
planned decentralized system in one Corps division. This alter- 
native approach was not intended to be a specific system recom- 
mendation to the Corps but was used to demonstrate the feasi- 
bility of an alternative that would provide additional benefits 
if implemented over the S-year period envisioned in the existing 
Corps plan. We obtained specific comments on the practicality 
of this system and an assessment of its potential advantages 
from both the Corps division and the corresponding NWS River 
Forecast Center, 

Our analysis was limited to areas where we believed a sig- 
nificant increase or decrease in either cost or system effi- 
ciency would result from centralizing current systems. The 



areas were computer operations-related personnel costs1 hardware 
acquisition and maintenance costs, and software acquisition and 
maintenance costs. Other areas such as application software 
development and maintenance, communications, and other operating 
expenses were considered but were not included in our cost com- 
parisons because specific performance criteria for these aspects 
of a centralized system would have to be defined by the Corps. 
Current Corps plans, however, will require expenditures in these 
same areas for each of the five components in their planned 
decentralized system. 

This review was performed in accordance with generally 
accepted government auditing standards. Our work was performed 
from February through August 1983 at the locations listed in 
appendix 1. 
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CHAPTER 2 

MlPLICATION OF EQUIPMENT, STAFFING, AND EFFORT IN 

FORECASTING SYSTEM FOR NOR RIVER BASINS 

Although the NWS River Forecast Centers prepare daily fore- 
casts of stream height at various population and industrial 
sites on the nation's rivers and streams for flood warning pur- 
poses, agencies such as the Corps that operate federal water 
projects have developed independent information systems that use 
the same basic information and the same process to forecast 
different points of interest to them on the same rivers and 
streams. In two major river basins we visited, we found that 
NW, Corpsr and regional. agencies such as the Bureau of Recla- 
mation and TVA maintain real-time data collection networks, 
computer facilities, and duplicative forecasting capabilities in 
the same river basins, Our discussions with these agencies' 
headquarters officials indicate that while the number of 
agencies and the specific organizational overlap may vary from 
region to region, duplication occurs nationwide. 

INTERDEPENDENT SYSTEMS 
HAVE THE SAME RBQUIREHENTS 

Stream forecasts prepared for flood warnings and for facil- 
ity regulation purposes require not only the same basic infor- 
mation and use the same forecastrng process, but also they are 
heavily interdependent. Regardless of the purpose for which a 
stream forecast is prepared, the basic process and information 
requirements are the same. Precipitation information is used to 
calculate the volume of water that will run off into a given 
stream basin. Stream gauge readings are used to verify this 
information and provide flow data in areas where adequate pre- 
cipitation gauges are not available. Once the volume of flow 
has been calculated, it can be used to (1) forecast inflow to 
reservoirs for facility operation decisions and/or (2) predict 
stream depth for flood forecasts based on channel character- 
istics at specific points. 

In addition to requiring the same information, forecastlng 
systems must also be organized to cover the same geographic 
areas because stream forecasting must be based on river drainage 
basins. Although the NWS River Forecast Center and the operat- 
lng agencies may forecast different points on the same streams, 
both must consider the entire drainage basin when preparing 
their forecasts. As a result, the boundaries of Corps divisions 
and the NWS River Forecast Centers are almost identical. 
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Because the NWS forecasts could be affected by how much 
water is released from upstream dams, the River Forecast Centers 
must know how dams will be operated. Under normal conditions, 
releases are based on known operating plans and manuals, and 
only major changes would effect the forecast accuracy. In flood 
situations, however, releases are based on actual conditions, 
and meaningful forecasts cannot be made until releases have been 
determined. As a result, once operational centers complete 
their forecasts and determine how the structures will be oper- 
ated, information on planned releases is provided to the River 
Forecast Center for use in preparing NWS forecasts and public 
flood warnings. 

RIVER FORECAST CENTERS 
PROVIDE FORECASTS NATIONALLY 

The NWS River Forecast Centers have extensive experience 
and expertise in stream forecasting and the day-to-day charac- 
teristics of the nation's rivers and streams. NWS centers pre- 
pare daily forecasts of stream height and crests for all major 
rivers and streams. Each NWS River Forecast Center collects, 
processes, and maintains water quantity information within its 
geographical area of responsibility. River Forecast Center 
personnel also provide technical assistance to other NWS facili- 
ties and local communities in a variety of functions, such as 
designing flash flood warning systems. 

The River Forecast Centers also have extensive expertise in 
computer applications to real-time data collection and stream 
forecasting. Since the late 1960's NWS has been developing a 
standardized data handling software package and a conceptual 
stream forecasting model that can be adapted to any stream 
basin. This system, known as the River Forecast System, is in 
various stages of implementation in 11 of the 13 River Forecast 
Centers. The other two Centers use similar systems that were 
developed locally and are tied into unique data systems. 

OPERATING AGENCIES HAVE 
INDEPENDENT FORECASTING SYSTEMS 

Because timely stream forecasts can increase the benefits 
from federal water projects, agencies responsible for regulating 
the flow through these facilities are making increased use of 
real-time stream forecasts to improve day-to-day facility oper- 
ations. Although information requirements are similar and flood 
forecasting and facility regulation are interdependent, operat- 
ing agencies have established independent stream forecasting 
systems that overlap the existing River Forecast Center network. 

Corps and Bureau of Reclamation headquarters officials told 
us that the wide variations in geography, climate, water use, 



and the nature of water-related problems across the country 
require decentralized management of water projects to assure 
that facility regulation decisions are responsive to local con- 
ditions. This decentralized approach means that operational 
decisions In the Corps are generally made at the district level, 
while in the Bureau they are usually made at the project 
offices. For stream forecasting, each of the agencies' opera- 
tional units has designed and developed Its own information sys- 
tems; purchased equipment to collect, process, and store infor- 
matron; and developed its own stream forecasting capability. 

While Corps and Bureau personnel at the field level are 
willing to use data collected by other agencres, they told us 
that they must control their own information systems and 
forecasting capablllty to Insure that they can meet their opera- 
tional responsrbilities. In addrtlon, they expressed a reluc- 
tance to consolidate their curl-ent operations to better 
integrate with other agencies' rover forecasting activities and 
said that such a change would reduce the integrity of individual 
agency functions. In contrast, the Department of the Army in 
commenting on the draft of this report said that the Corps was 
not reluctant to Integrate activities but that opportunities to 
do this in all field locations are limited. 

Corps of Engineers 

The Corps is currently engaged in a large-scale program to 
increase its water management capabilities that includes upgrad- 
ing its real-time forecasting capabllitles. Corps divisions are 
responsible for coordlnatlng this expansion by framing and moni- 
toring S-year improvement plans for each divisron's program. 

Corps headquarters officials did not know to what extent 
the drstrrcts' data collection and forecasting actlvlties for 
facility operations duplicated work performed by the divisions 
or by other agencies In each region, The officrals said that 
division forecasting efforts were generally intended to meet the 
divisions' responsibllltles for monltorlng district activities, 
forecasting mainstream rivers that flowed through more than one 
district, and coordinating actlvitles with other agencies. 
Because geographic boundaries are based on drainage areas, Corps 
dlstrlct data collection efforts usually include lndlvidual 
hydrographic subregions of the overall area covered by the Corps 
division boundarres and River Forecast Center. 

Corps dlstrlct and divlslon forecast centers are only 
beginning to develop the sophisticated forecasting capablllties 
currently used in most NWS River Forecast Centers. Corps heaci- 
quarters offlclals told us that while the Corps makes forecasts 
for selected points on most major rivers and streams in the 
country on a dally basis, relatively few Corps district and 



division forecast centers use proven hydrologic models, and such 
forecasts are generally prepared by computer-assisted manual 
calculations. However, these officials expect increased use of 
advanced hydrologic models and other real-time data collection 
and forecasting techniques as the Corps continues to upgrade its 
forecasting capability. 

Other agencies 

Other federal agencies use real-time stream forecasting 
systems to optimize their day-to-day operations such as water 
deliveries for irrigation and hydropower generation. For 
example, optimizing operations can result in increased hydru- 
power revenue by regulating water releases to increase flow dur-- 
ing peak electricity demand periods when the market val~:a of 
electricity is high. These systems, however, do not provide 
basinwide forecasts as do those of the Corps and River Forecast 
Centers. For example, 

--Bureau of Reclamation systems collect, store, and use 
real-time water data at about 40 project offices, Infor- 
mation is entered into a control system which, among 
other things, predicts flow and water use within a proj- 
ect for irrigation, hydropower scheduling, and other 
day-to-day operational decisions. Only one Bureau 
region, the Pacific Northwest, currently prepares 
basinwide forecasts at a regional center. 

--TVA has a real-time stream forecasting capability as part 
of the overall system it uses to regulate water ljr~,jects 
in the Tennessee River Valley. In addition to hydropower 
generation and transmission, this system is also used to 
meet TVA's flood control responsibilities in the valley, 

--The Bonneville Power Administration is the federal 
power marketing agency in the Pacific Northwest, It use:: 
its overall information system, which includes forecast 
capability, to regulate hour-to-hour hydropower gener- 
ation within daily release schedules provided by the 
operators of federal water projects (the Corps and tije 
Bureau). 

OVERLAPPING SYSTEMS 
DUPLICATE FORECASTING EFFORT 

We visited stream forecasting systems in two major river 
basins and found that federal agencies operate independent 
real-time data collection and stream forecasting systems to 
forecast different points in the same river basin. In both 
basins we found that agencies maintain systems covering the same 
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hydrographic area with overlapping gauge networks, multiple com- 
munications paths, and duplicative data storage facilities. 
Although these agencies exchange a large volume of lnformatlon 
daily, these common data are processed, stored, and used 
independently by each of the agencies' operating units. 

Ohio River Basin 

Three federal agencies operate seven real-time data storage 
centers and stream forecasting systems in the greater Ohio River 
Basin. At least two, and often three, of these centers dupli- 
cate receipt, processing, and storage of many of the same gauge 
readings. Because these centers also exchange gauge readings 
extensively, the same information is used to prepare independent 
forecasts. 

The following self-contained stream forecasting systems 
operate in the greater Ohio River Basin; 

--The NWS River Forecast Center forecasts the entire basin 
{excluding the TVA area) to prepare site-specific flood 
warnings for population and industrial centers. 

--Each of the three Corps distracts has independent systems 
to predict and control inflows and outflows from Corps 
structures and predict the down-stream effect of facility 
regulation. In combination, these systems encompass the 
same areas of the Ohio basin as the NWS River Forecast 
Center. 

--A fourth Corps district has a system that forecasts for 
the Cumberland River Basin. 

--The Corps Ohio River Division has a center that forecasts 
the Ohlo River mainstream and monitors the interaction of 
its distracts.2 

--TVA has an independent real-time forecasting system for 
regulating the structures in its area and preparing flood 
warnings for streams with TVA dams. Forecasts and infor- 
mation are shared with the Corps, and the NWS River 
Forecast Center in Sldell, LA, which forecasts the 
remaining streams in the area. 

*The Corps divlslon operates a ground station to receive data 
transmitted through a satellite relay from individual gauge 
locations in the districts. 
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Each of these operational units also has its own cwmmunl- 
cations network to collect gauge readings and to exchange infor- 
mation with other agencies ln its area. Because sharing agree- 
ments exist between the River Forecast Center and the Corps 
division, and between their local offices, information exchange 
occurs through a complex network of often duplicate paths- For 
example, a reading obtained by a NWS fneld office may be tele- 
phoned directly to both the NWS River Forecast Center and the 
Corps district offlces. The River Forecast Center will alc;o 
send this reading and other daily readings to the Corps dkvi- 
sion, which telephones pertinent 14~5 lnformatlon back to the 
district office. 

Unlike the NWS River Forecast l,ent.ex., which has a reqional 
data storage faclllty, the Corps has five separate, but Irmited, 
real-time data bases In the Ohio River Basin. The Corps divi- 
sion and each district office has is ro:nputer and related data 
handling equipment to store the I':? jrmation it collects. The 
division stores satellite 1nforma~-l~~n, data received from the 
NWS River Forecast Center, and data from the districts that are 
needed to forecast the mainstream <irId monitor the district's 
water management actions. Each dl'-trict stores information it 
collects directly, as well as sateiilte and NWS data transmitted 
from the division and Information received directly from NW.5 
field offices. 

Because of the complexity and rnformality of the sharing 
agreements, we were unable to precrsely define the extent to 
which the same information appears hn multiple data bases, but 
indications are It may be substantldl, For example, 

--readings from over 75 percent_ of the approximately 1,800 
stream stage and preclpitat?on gauges operatec1 in the 
basin are stored and used by both the River Foretyast 
Center and at least one Corps district offIce and 

--Corps officials told us that approximately 60 t.0 YJ(J per- 
cent of the Information in tne individual distrir-+ data 
bases 1s also stored at the Ilvlsion. This percentage 
could increase as the dnstrlrts use more satellite 
platforms. 

Because al1 the operating urtlts involved believe ttlclir 
operational responsibilities requrre them to do their own ff)re- 
casts, daily forecasts are prepared for the major r Lverc: ark? 
streams in the basin by both the Rover Forecast Center and at 
Least one of the Corps reservoir ctrntsal centers. Each day, a 
variety of forecast models, computer time, and staff effort are 
devoted to preparing these forecasts. While forecast points and 
the format of the forecasts vary,. :ImLlar effort and expense are 
incurred for each of the forecasts rirl the next paqe: 



--The Rover Forecast Center currently uses a locally gener- 
ated model to forecast both the tributaries and the Ohio 
mainstream and 1s currently Implementing the standard NW3 
model for its stream forecasting, 

--Each Corps district uses several self-generated models to 
forecast the tributaries feedlng the Ohio River main- 
stream in its area. 

--The Corps division office presently uses two models to 
forecast the Ohio mainstream and is experimenting with a 
conceptual model. 

--TVA uses four self-generated models to provide various 
types of forecasts. 

Missouri River Basin 

Duplication occurs In the data collection and forecasting 
operations in the Missouri River Basin, although it 1s not as 
extensive as In the Ohlo River Basin. Corps operations in the 
Missouri River Division are more centralized than in the Ohio 
River Division, but they still collect and store information and 
prepare stream forecasts for the same area covered by the NWS 
Missouri River Forecast Center. Bureau of Reclamation projects 
throughout the area collect and share data, but real-time stor- 
age and use of this data is generally restricted to the local 
project office. 

Both the Corps and the River Forecast Center maintain over- 
lapping gauge networks throughout the Missouri River Basin. The 
Corps and the River Forecast Center use basically the same com- 
munication methods in the Missourl basin as are used in the Ohio 
basin, with the River Forecast Center the center of a basinwide 
data collection system, and Corps efforts centered in the dis- 
tricts. Bureau prolects collect Information within each 
individual project area with little collectLon effort outside 
that area. 

As in the Ohio basin, forecasting units exchange gauge 
readings but store and use them separately. The Corps Kansas 
Crcy District exchanges lnfr;ri!;dtLm;c; ~jn =he lower Missouri River 
Basin directly with the River Forecast Center, which is located 
in the same building. The Omaha District, however, exchanges 
information with NW prrnciyally through the local NWS offices. 
Bureau lnformatlon LS collected at the project office and is 
generally telephoned to either the Corps or the River Forecast 
Center after It has been Input to the project office system. 
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The Corps in the Missourr River Basin maintains a single 
data base for the entire basin. Corps offices use remote termi- 
nals to input and extract data from the central data base. The 
same data base is used by the division office for regulating 
hydropower facilities on the Missourl mainstream and by the 
district offices for regulating facilities in their areas. The 
corps uses a timesharing agreement to provide data processing 
and computer services. 

Bureau projects in the Missouri River Basin do not maintain 
separate storage for water data they collect. Information 
received in the project offices is generally input to an overall 
system that monitors and controls the operation of the facili- 
ties in the project. This system includes facility operation 
data, water use requirements for project purposes, such as lrri- 
gation or hydropower, and other information needed to operate 
the project. 

Although the Corps and the NWS River Forecast Center sys- 
tems duplicate equipment and staff in the Missouri basin, there 
is less duplication of actual forecasting than in the Ohio River 
Basin. The Missouri River Forecast Center routinely forecasts 
the basin rivers and streams daily. Corps officials told us 
that while the division office generally runs mainstream fore- 
casts daily, under routine circumstances Corps districts use the 
forecasts generated by River Forecast Center for information 
needed to regulate their facilities. Districts run independent 
forecasts only during floods, or if there is need for some type 
of special operation. A Corps-generated forecast model 1s main- 
tained on the contractor's computer and can be used by the 
division or district offices as needed. 

AGENCY COWMENTS AND OUR JWALUATION 

The Department of the Army said that the report overstated 
the degree of duplication between real-time data collection and 
stream forecasting systems, because forecast points and data 
requirements differ from system to system. (See app. 11.) TVA 
said that there was no duplication between TVA forecasts and 
those of the Corps and the NWS River Forecast Centers. (See 
43. v-1 The Bureau of Reclamation agreed there was duplication 
of forecasting effort, but said that this resulted from differ- 
ences in agency functions and specific forecasting require- 
ments. (See app. Iv.) 

We believe that while different agencies may not forecast 
the same points on a particular stream and may nat use all the 
information collected by all the agencies in the area, maintain- 
ing separate data collection systems , multiple level networks to 
exchange data with other agencies, separate computer facilities 
to process and store the same basic information, and separate 
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capability to forecast different points on the same streams 
represent a duplication of equipment, staff, and effort. 

While systems in the Ohio and Missouri River Basins 
indicate that duplication of equipment, staff, and effort 
occurs, we also found an operational system that demonstrates 
that such duplication is not necessary. This system and its 
implications for other federal agency systems are discussed in 
the next chapter. 
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CHAPTER 3 

ACTION IS NEEDED TO REDUCE DUPLICATXON 

OF STREAM F'ORECASTING EFFORTS 

The intensive water management requirements of the Pacific 
Northwest provided the impetus for eight federal agencies3 to 
develop a single , multiagency system that meets the water infor- 
mation needs of each agency. Among other things, this system 
features a central computer facility used by all agencies and a 
joint Corps and NWS stream forecasting system. We found that 
this consolidated approach to meeting common information 
requirements reduced not only duplication of equipment and fore- 
casting effort but also provided improved information services 
to the participants. 

To test the applicability of a consolidated approach to 
other hydrographic regions, we used the basic concepts of this 
system to formulate a consolidated real-time data collection and 
stream forecasting effort for the Ohio River Basin. We found 
that a consolidated system would be practical and could reduce 
the Corps' anticipated computer equipment purchase by up to 
$452,000 and annual operation and maintenance cost by up to 
$208,000. While the savings at this one site cannot be directly 
projected to other regions across the country, we belleve that 
similar savings would be possible in many of the major hydro- 
graphic regions where consolidated systems do not currently 
exist. 

CONSOLIDATED SYSTEM IN 
TBE COLUMBIA RIVER BASIN 

Although federal agencies in the Columbia River Basin 
operate within the same decentralized management approach used 
by their agencies in other parts of the country, the intense 
water management requirements of the basin have prompted devel- 
opment of joint approaches to meeting their real-time water 
information and stream forecasting needs. In addition to multi- 
ple federal water projects in the basin 
power development, 

, privately owned hydro- 
active state participation in water Issues, 

and other factors, such as fish migration needs, have compli- 
cated water management. Mechanisms to coordinate these various 

3The federal agencies are the National Weather Service, the 
Corps, the Bureau of Reclamation, Bonneville Power Administra- 
tion, the U.S. Geological Survey, the Soil Conservation 
Service, the Forest Service, and the Bureau of Land Management. 



factors have developed into close operational coordination that 
reduces much of the potential duplication between agency 
efforts. 

An important factor in the development of the consolidated 
system in the Columbia River Valley was the increased hydropower 
revenue avallable from precise water management. The need to 
coordinate flow for hydropower generation without detracting 
from other project purposes such as flood control, irrigation, 
and environmental protection has required a high degree of co- 
operation among the many federal, state, and private agencies in 
the Pacific Northwest. Coordination of releases from multiple 
structures in the same stream must be carefully controlled to 
both maximize peak power generation and equitably distribute 
flow between the various public and privately owned facilities. 

The Corps' North Pacific Division and NWS' Columbia River 
Forecast Center have been the principle architects of joint 
approaches to common needs for over 20 years. Among the 
features of the current Columbia River Operational Hydromet 
Management System (CROHMS), which became operational in 1978, 
are: 

--A single, regional data base used by all agencies to 
store and process real-time data collected by each 
agency. 

--A single computer system, owned by the Corps, used to 
collect and process the data and provide the specific 
information needed by each agency. 

--A joint stream forecasting system, established by NWS 
and the Corps, to provide real-time forecasts for all 
points required by both agencies. 

Consolidated data base 

In the Columbia River Basin, both data collection and 
exchange are coordinated through a single, centralized computer 
sys tern. The various agencies collect data from designated areas 
of the basin and place it in a central data base. Readings from 
over 1,300 real-time precipitation and stream gauges are proc- 
essed and used to update the data base. Once the raw data file 
has been updated with new readings, the computer uses the infor- 
mation to create a series of special reports. Both gauge read- 
ings and special reports are available to all participating 
agencies by access to the central computer. 

The central computer report file provides specialized 
information reports tailored to the requirements of the individ- 
ual user. Among the approximately 200 reports produced daily by 
the CROHMS system are: 
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--Basin condition summary reports of stream flow and pre- 
cipitation in particular stream basins. 

--Information needed for hydropower planning and 
scheduling. 

--Reports that list inflow and outflow from individual 
water projects. 

Direct access to the information in the CROHMS data base can be 
obtained either automatically or on an as needed basis. Parti- 
cipating agencies in the CROHMS system have computer terminals 
that can access either reports or gauge readings. 

Direct computer links automatically exchange water data 
with more comprehensive data systems operated by two of the 
participating agencies, Water quantity data is one of several 
types of information stored by the Bonneville Power Administra- 
tion in its complex, computerized system that regulates genera- 
tion, transmission, and marketing of hydropower. Similarly, the 
Bureau's Pacific Northwest Regional Office located in Boise, 
Idaho, maintains its own real-time data base for scheduling 
hydropower and irrigation releases from Bureau facilities. 

Joint forecasting 

Joint real-time forecasting by Corps and NWS River Forecast 
Center personnel is another unique feature of CROHMS. These 
agencies share the same personnel, equipment, and offices to 
provide a single forecast that meets both agencies' information 
needs. The CROHMS data base and a single, jointly developed 
model are used to forecast all points on the rivers and streams 
in the Columbia River Basin that are needed by the Corps and the 
River Forecast Center. The most current forecasts are placed in 
the CROHMS report file for access by all participants and are 
used to generate specific special reports for all participating 
agencies. 

The joint forecasting system In the Columbia River Basin 
does not change the responsibilities or duties of either the 
Corps or the River Forecast Center. In routine situations, the 
same forecasts are used by NWS to meet its forecasting respon- 
sibilities and by Corps division and district personnel to regu- 
late Corps structures. In flood situations or other nonroutine 
operations, Corps personnel utilize the system to make the 
necessary facility operational decisions, which are automatical- 
ly reflected in the NWS flood warnings. 

Joint forecasting represents a major reduction in the Corps 
real-time forecasting efforts compared to the other locations we 
visited. As the automated system became operational and the 
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forecasting model was completed, Corps participation in the day- 
to-day real-time operations decreased. Currently, one Corps 
staff member is assigned to the forecasting unit for routine 
liaison with the division and districts. Corps personnel have 
complete access to the entire CROHMS system for any additional 
forecasting for flood control studies or other regulatory 
purposes. 

Consolidation provides additional benefits 

The joint system in the Pacific Northwest reduces not only 
the duplication of equipment and effort between the Corps and 
the River Forecast Center, but it also provides other benefits. 
In addition to access to a large volume of information gathered 
by other agencies, participants benefit from the automated data 
processing and communications capability of the CROHMS. Fi- 
nally, the interagency cooperation needed to develop and main- 
tain the system continues to provide indirect benefits in terms 
of closer contact and communication between each participating 
agency's personnel. 

Both Corps and NWS River Forecast Center officials in the 
Columbia River Basin said that their joint efforts provide them 
improved capability at reduced costs. NWS personnel cited the 
increased amount of information available under CROHMS and the 
reduced time needed to produce accurate, up-to-date forecasts as 
the principal benefits of their participation in the consoli- 
dated system. Corps personnel identified improved forecasting 
and reduced staff effort for data collection and real-time fore- 
casting as major benefits. Both Corps and River Forecast Center 
personnel said that the consolidated system met their opera- 
tional requirements for real-time water information and stream 
forecasts without detracting from their other operational 
responsibilities. 

Similarly, other federal and nonfederal agencies in the 
region benefit from their participation in CROHMS. Representa- 
tives of these agencies cited a number of advantages to partici- 
pation in the consolidated system, including 

--access to information from over 1,350 gauges each day 
although most participants operate less than 125 gauges; 

--routine access to specifically tailored, processed, and 
formated reports; 

--routine access to real-time stream forecasts; and 

--elimination of multiple level communication for data 
exchange. 
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The consolidated system in the Columbia River Basin has 
also produced indirect benefits as a result of the cooperation 
between the agencies involved. For example, different formats 
for collecting, transmitting, and storing information have 
always complicated or even prevented timely exchange of infor- 
mation between agencies nationwide. The agencies involved in 
CROHMS developed and refined a standard format for such infor- 
mation to facilitate data exchange. In 1983 NWS, the Corps, and 
other agencies collecting real-time water information agreed to 
adopt this format as a national standard for exchanging water 
information. 

MULTIPLE SYSTEMS IN THE OHIO 
RIVER BASIN COULD BE CONSOLIDATED 

To test the feasibility of using consolidated real-time 
forecasting systems in other hydrographic regions, we applied 
the basic concepts used in the CROHMS system to the performance 
requirements shown in the Corps' Ohio River Division's S-year 
master improvement plan to provide a more centralized alterna- 
tive to real-time data collection and forecasting in the Ohio 
River Basin. Because Corps systems in the Ohio River Basin are 
currently decentralized, the first step in consolidating Corps 
and NWS efforts must be a centralization of Corps systems that 
preserves the districts access to the information and forecast- 
ing capability needed to regulate their structures. The 
principal features of this system are: 

--Centralization of Corps real-time water quantity data in 
a single regional data base. 

--Use of this data base by the NWS Ohio River Forecast 
Center. 

--Modification of current Ohlo River Forecast Center pro- 
cedures and models to forecast all points needed to meet 
the real-time operational requirements of both agencies. 

--Routine access to the data base and forecast capability 
by the Corps, including remote access by Corps districts, 
to obtain information needed for facility regulation and 
operational studies. 

Because transition to such a system would have to be gradual to 
insure that operational requirements are met, we assumed that 
full implementation would occur over the same 5-year period 
covered in the original Corps plan. 

We belleve that transitlon to a consolidated real-time 
approach by the Corps and the Ohio River Forecast Center would 
provide a number of benefits. Our analysis indicates that such 
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an approach would reduce the computer equipment procurement and 
maintenance costs of planned Corps systems. We also believe 
that joint real-time forecasting would free Corps hydrologists 
for other tasks, while providing the information needed by both 
agencies to meet their operational responsibilities, 

We discussed the consolidated forecasting approach for the 
Ohio River Basin with officials of the Corps Ohio River Division 
and the NWS Ohio River Forecast Center. Corps officials said 
that due to differences in the hydrology and nature of water 
problems between the Columbia River and the Ohio River, there 
was no guarantee that the system in the Columbia River Valley 
would be successful in the Ohio River Basin. While both agen- 
cies agreed that benefits could be obtained from consolidation, 
each expressed concerns that a consolidated system might detract 
from the performance of their individual responsibilities. They 
acknowledged, however, that Corps and NWS experience in the 
Columbia River Basin demonstrated that institutional restraints 
could be overcome and that a consolidated system could meet the 
operational requirements of both agencies. 

Savings would result if 
Corps systems were centralized 

At some time during consolidation of the Corps and NWS 
forecasting efforts in the Ohio River Basin, Corps decentralized 
forecasting would have to be centralized to avoid continuing 
duplication. We believe that, over the next 5 years, this 
centralization would reduce the cost of the Corps' currently 
planned expansion. Our analysis of the potential savings avail- 
able from centralizing Corps operations in the Ohio River Basin 
indicated that planned computer procurement costs could be 
reduced by up to $452,000 and computer operation and maintenance 
costs could be reduced by as much as S208,OOO annually. 

To test whether the centralized processes and concepts of 
the CROHMS operation in the Columbia River Basin would be feas- 
ible and cost effective if implemented in other river basins, we 
applied these concepts to provide a basic centralized alterna- 
tive for the Ohio River Basin. This alternative to the Corps 
Ohio River Division approved decentralized 5-year improvement 
plan was admittedly a basic plan, but we believe that actual 
cost reductions from design and procurement of a centralized 
system would differ little from our analysis. 

Ohio River Division officials agreed that this system would 
provide the same basic capability available in the existing 
5-year plan. They said, however, that additional computer capa- 
bility would be required if NWS River Forecast Center personnel 
were to use Corps facilities for real-time forecasting. While 
our review of the CROHMS system indicates that additional 



computer capacity would not be needed, we calculated computer 
equipment savings based on two alternatives: a capability com- 
parable to current plans usLng two central processing units for 
the basic computer capability and an increased capability 
configuration utilizing a cluster of three central processing 
units. 

Our analysis indicates that centralizing Corps real-time 
data collection activities could be easily accomplished over the 
next 5 years by redirecting existing procurement plans. In 
addition, both of our alternative approaches showed considerable 
potential for cost reductions over the Corps' decentralized 
plan. Depending on the size of the processing capability, these 
savings range from about $186,000 to $208,000 annually for com- 
puter operations and maintenance and about $208,000 to $452,000 
in computer equipment procurement costs. 

Our analysis was limited to areas where we could measure an 
increase or decrease in either cost or system efficiency from 
centralizing current systems. The areas were computer opera- 
tions-related personnel costs, hardware acquisition and mainte- 
nance costs, and software acquisition and maintenance costs. 
Other areas such as application software development and 
maintenance, communications, and personnel requirements to oper- 
ate the information collection operations were considered but 
were not included in our cost comparisons because specific per- 
formance criteria for a centralized system would have to be 
defined by the Corps. Current Corps plans, however, will 
require expenditures in these same areas for each of the five 
components In Its planned decentralized system. Therefore, we 
belzeve that a centralized approach will not increase costs in 
these areas and could provide additional savings over develop- 
ment of five smaller centers. 

Although Corps Ohio River Dlvislon officials agreed with 
the feasibility of centralizing Corps efforts, they said that a 
more detailed cost analysis would be needed to define specific 
savings. Corps officials in the Ohio River Division reviewed 
our concept and said that such a centralized data base could 
meet their operational needs and reduce the computer costs of 
their planned expansion. They said that they will review their 
current 5-year plan to define a specific divislonwide system 
that will provide a more definite idea of the total cost-saving 
potential of this approach. 

Consolidated forecasting would 
provide additional benefits 

Once Corps data collection systems are centralized, forma- 
tion of a consolidated Corps and NWS stream forecasting center 
would provide additional benefits. As demonstrated by the 
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CROHMS system in the Pacific Northwest, such a joint effort can 
forecast all the locations needed by both agencies to meet their 
real-time operating requirements. In the Corps, consolidated 
real-time forecasting could actually enhance facility operation 
by releasing hydrologists to perform beneficial studies of 
facility operation improvements. 

Joint forecasting between NWS and the Corps in the Ohio 
River Basin would require development of a mutually acceptable 
forecast model to meet the operational needs of both agencies. 
NWS personnel told us that the reservoir inflow data, additional 
forecast points, and other information needed by the Corps 
could be added to the existing River Forecast System model to 
provide the information the Corps needs for daily facility regu- 
lation decisions. Corps personnel would supply reservoir opera- 
tion plans for input to the forecast. Corps personnel would 
review the initial forecast, make any changes needed in planned 
operations, and input the new operations to the forecast model 
to produce an accurate, up-to-date forecast for NWS purposes. 
After daily forecasts are completed, the central data base and 
computer capability of the system would be available for special 
hydrologic or engineering studies. 

Once the joint model was developed, implementing a joint 
forecasting center would have minimal operational impact on the 
NW Ohio River Forecast Center operations. Our discussions with 
NWS personnel indicate that it is unlikely that River Forecast 
Center equipment needs would change because most existing equip- 
ment interfaces with NWS meterological services, and the current 
computer provides needed data links to other NWS meteorological 
and information systems. Similarly, because there would be no 
change in responsibility for preparing public forecasts and 
warnings and other hydrological services, it is unlikely that 
staff requirements would change. 

Joint forecasting with NWS would provide not only the Corps 
the real-time information needed for facility operations but 
also would free Corps personnel for other efforts. Currently, 
Corps personnel in each district and the division office perform 
the data collection and forecasting functions for facility 
regulation purposes each day. Once a joint system is in opera- 
tion, the routine tasks associated with forecast preparation 
would be handled by NWS personnel as is currently being done in 
the Corps' North Pacific Division. In the CROHMS system, only 
one Corps staff member is assigned to the forecasting unit on a 
full-time basis. Transition to joint real-time forecasting, 
therefore, would release Corps personnel to perform other 
hydrologic tasks such as revision of facility operating plans 
and studies to improve and coordinate basinwide operations. 
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Consolidated system could help 
meet future Corps needs 

Consolidating data collection and forecasting could also 
help the Corps meet future operatIona needs. As Corps water 
management tasks have become more complex, operational units 
have become Increasingly aware of the need to deal with multiple 
facility river basins as a single interactive system, rather 
than operating structures independently. The need for this 
approach will increase as hydropower generation becomes more 
widespread on federal structures. 

Recent federal Initiatives to encourage private development 
of hydropower at federal facilltles could have a major impact on 
Corps and other federal agencies' water management require- 
ments. Although few federal structures in the Ohio River Basin 
currently have hydropower capability, almost every federal 
structure has either a permit or a license application pending 
with the Federal Energy Regulatory Commission. Experience lndl- 
cates that about 30 to 40 percent of these applications will 
eventually result in licenses. Such an increase In hydropower 
facilities in a single, interdependent river basin would consid- 
erably increase the Corps' water management task. 

A preliminary Ohio River DivlSlOn study of hydropower's 
impact on its real-time water information system was completed 
rn 1983. The study cited a need for more information, equip- 
ment, and precise data collection and forecasting in both divi- 
sion and district reservoir control centers. Specifically, the 
study cited the need for 

--regulating faclllties as a single, interrelated system 
rather than individual structures; 

--improving modeling capability; 

--improving communlcatlon capability; and 

--collecting more precise data. 

While this inltlal study did not quantify these needs or esti- 
mate the cost of the improvements, it did anticipate that more 
equipment and additional district and/or dlvlsion personnel 
would be required to meet forecasting needs. These increases 
would be in addition to the currently approved 5-year plan we 
used as the Corps baseline for our comparison. 

The type of performance capabilities identified in the 
study are operational today in the centralized CROHMS system In 
the hydropower-rich Pacific Northwest. Transition to a jointly 
operated regional forecast center could meet the needs identi- 
fled in this study, possibly without personnel increases. 
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The results of our application of consolidation concepts to 
the Ohio River Basin indicate that benefits would result from 
establishing a joint regional data center in this basin. We 
believe that similar benefits may be possible in other river 
basins where more than one agency has established a capability 
to collect and store hydrometeorological information and prepare 
stream forecasts to meet agency-specific requirements. 

Each river basin, however, may present a different set of 
factors, such as water use and characteristics and differing 
agency responsibilities, which must be considered in developing 
a consolidated system to assure that all agency requirements are 
met. 

To realize the full benefits of consolidation, all agencies 
engaged in gathering, storing, or otherwise using water data 
within the basin should participate in the establishment of 
joint regional data centers. While the Corps and the Weather 
Service can provide a framework for regional cooperation, an 
active effort will be needed to solicit the participation of 
other agencies in each region. We believe that the benefits 
cited by CROHMS participants will provide the incentive needed 
to enlist other agencies , particularly if they are given the 
opportunity to participate in the planning and implementation of 
the regional system. Such a multiagency effort can also provide 
an effective vehicle for dealing with other regional water 
issues. 

RECOMMENDATIONS 

We recommend that the Secretary of the Army direct the 
Chief of Engineers and the Secretary of Commerce direct the 
Administrator, National Oceanic and Atmospheric Administration, 
to study the overall feasibility of creating joint Corps/Weather 
Service stream forecast centers and establish such centers in 
those hydrographic regions where the operational requirements of 
both agencies can be met and duplication eliminated. 

We further recommend that the Secretaries of the Army and 
Commerce direct the Chief and the Administrator, respectively, 
to actively solicit the input and participation of other 
agencies concerned with water data collection and stream 
forecasting in those regions. 

AGENCY COf'¶I'lENTS AND OUR EVALUATION 

The Army and the National Oceanic and Atmospheric Adminis- 
tration agreed that opportunities may exist to consolidate 
stream forecasting activities. Because there is merit in 
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bringing data collection, streamflow forecasting, routine 
reservoir regulation, and water supply forecasting activities 
closer together, NOAA recommended the formation of a study team 
by the Corps and the Weather Service. The Army also said that 
it would explore the possibilities for joint operation centers 
with NWS; an initial joint meeting, at the technical level, has 
been scheduled. We are encouraged by the actions the Army and 
NOAA are taking to explore the possibilities of establishing 
joint operational centers. 

In commenting on this report, however, the Army said that 
neither the feasibility nor the stated cost savings for the 
Corps/Weather Service consolidation in the Ohio River Basin 
have been adequately demonstrated or documented in the report 
and that the extent of duplication was overstated because the 
Weather Service does not forecast the same points on a river. 
In addition, Army said that opportunities to consolidate stream 
forecasting are limited, in part, because Corps and Weather 
Service boundaries and facility locations are different. (See 
app. II.) 

We believe that the report adequately demonstrates the 
potential cost savings by consolidating Corps and Weather 
Service activities in the Ohio River Basin. The system we 
devised for centralizing Corps activities in the Ohio River 
Division was based on anticipated Corps needs as well as 
additional capacity to consolidate the Corps/Weather Service 
stream forecast effort. This system was reviewed and commented 
on by both Weather Service and Corps officials in the Ohio River 
Basin. Corps officials agreed with the feasibility of this 
system but said that a more detailed cost analysis would be 
needed to define specific savings. Weather Service officials 
said that consolidation was feasible and would not increase 
staff or equipment needs. 

We agree with the Army that the Corps and the Weather 
Service do not forecast the same points on a river. However, 
all forecasting points could be included in a consolidated 
system thus eliminating duplicate equipment and effort. 

We also agree that agency boundaries and facility locations 
are not identical. Although this may pose some institutional 
problems, it does not create technical limitations on the abil- 
ity to use a common information system. While a particular sub- 
basin may be included In one division by the Corps and a differ- 
ent geographic region by NWS, the sub-basin must be treated as a 
distinct entity by both. Under current arrangements, the Corps 
exchanges information on these basins with the cognizant River 
Forecast Center, With modern communications capabillty, equlp- 
ment needed to operate a joint system could be physlcally 
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located in a Corps district, or evc?~~ autsidc the division bound- 
aries. For example, the Corps Misso:lrl Rover Division and 
district offices 3se the North PaClflC Blvislon's large computer 
in Portland, Oregon, for their COIIUTU:~ delta base and forecasting 
capablllty. 

The partnership established in CROHMS prcvides both real- 
time forecasts and other capabilities needed by the Corps and 
the NWS. The Corps owns the computer ;xrhich contains the CROHMS 
data base, forecasting model, and r+!ated software and provides 
more than adequate capability to meet the Corps' other Eacillty 
regulation requirements. The NWS River Forecast Center computer 
(which is identical to the computers in other River Forecast 
Centers} links CROHMS to the extensrve NtJS hydrometeorological 
data network and provides the cagabllity to meet other River 
Forecast Center needs. Both agenclcs provided the personnel and 
information needed to develop the )oznt forecasting model and 
related software, This system 1s operated by a normal comple- 
ment of NWS personnel in routine circumstances, but knowledge- 
able Corps personneb are available to both supplement NWS staff 
in nonroutine circumstances and t0 carry out other Corps regula- 
tory functions. Therefore, the CHOHMS system demonstrates not 
only that even the most complex water data management problems 
can be handled jointly but also provides a general framework Eor 
maintaining the Integrity and missions of the agencies involved. 

The Bureau of Reclamation agreed that in some cases a con- 
solidation of stream forecasting efforts could be effective and 
reduce overall costs and cited the iolorado River Forecasting 
Service as an additional example of consolidation. It cau- 
tioned, however, that such consolidation be done on a 
case-by-case basis to ensure that Ihe aqencies specific 
forecasting requirements continue to be fully met. The Bureau 
said that it will cooperate with the NWS and Corps in any 
efforts resulting from our reco~~mrndatlons. (See app. IV.) 
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APPENDIX I 

LOCATIONS GAO VISITED 

APPENDIX I 

Army Corps of Engineers 

Office of Chief of Engineers, Hydrology and Hydraulics 
Branch, Washington, D.C. 

Ohio River Division, Reservoir Control Center, 
Cincinnati, OH 

Louisville District, Hydrology & Hydraulics Branch, 
Louisville, KY 

Huntington District, Hydrology & Hydraulics Branch, 
Reservoir Control Section, Huntington, WV 

Pittsburgh District, Hydrology & Hydraulics Branch, 
Reservoir Regulation Section, Pittsburgh, PA 

Nashville District, Hydrology & Hydraulics Branch, 
Reservoir Regulation Section, Nashville, TN 

Missouri River Division, Reservoir Control Center, 
Omaha, NE 

Omaha District, Hydrologic Engineering Branch, 
Reservoir Regulation Section, Omaha, NE 

Kansas City District, Hydrologic Engineering Branch, 
Hydrology & Hydraulics Section, Kansas City, MO 

North Pacific Division, Reservoir Control Center, 
Portland, OR 

Portland District, Reservoir Regulation Section, 
Portland, OR 

U.S. Department of Commerce, National Oceanic and 
Atmospheric Administration 

National Weather Service, Office of Hydrology, 
Washington, D.C. 

Ohio River Forecast Center, Cincinnati, OH 
Louisville Weather Service Forecast Office, 

Louisville, KY 
Missouri River Forecast Center, Kansas City, MO 
Denver Weather Service Forecast Office, Denver, CO 
Columbia River Forecast Center, Portland, OR 

Department of the Interior 

Bureau of Reclamation, Staff Assistant for Operations, 
Washington, D.C. 
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Lower Missouri Regional Office, Water and Land 
Operations Branch, Denver, CO 

South Platte River Project, Water Scheduling 
Division, Loveland, CO 

Nebraska-Kansas Projects, Water Control Field 
Branch, McCook, NB 

Pacific Northwest Regional Office, Reservoir and 
River Operations Branch, Portland, OR 

Tennessee Valley Authority 

Field Operations Branch, Knoxville, TN 
Data Services Branch, Knoxville, TN 
Reservoir Operations Branch, Knoxville, TN 

Bonneville Power Administration 

Hydrometeorological Branch, Portland, OR 
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APPENDIX II APPENDIX II 

DEPARTMENT OF THE ARMY 
OFFICE OF THE ASSISTANT SECRETARY 

WbSHINGTON. DC 20310 

Mr. J. Dexter Peach 
Director, Resources, Community, and 

Economic Development Division 
U. S. General Accounting Office 
Washington, D. C. 20548 

Dear Mr. Peach: 

This is in response to your March 15, 1984 letter to 
the Secretary of Defense requesting comments on the draft 
GAO report, "Consolidating Federal Stream Forecasting 
Efforts Could Save Money," GAO/RCED 84-104 (OSD Case No. 
6471). 

Specific responses to the relevant findings and 
recommendations contained in the draft report are enclosed. 

Sincerely, 

William R. Gianelli 
Assistant Secretary of the Army 

(Civil Works) 
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APPENDIX I I 

DEPARTMENT UF DEFENSE RESPONSE 
GAO DRAFT GAO/RCED-84-104 

"CONSOLIDATING FEDERAL STREAM FORECASTING EFFORTS 
COULD SAVE MONEY” 

GAO CODE NO, 085653 

OSD CASE NO. 6471 

FINDINGS 

FINDING A: Stream Forecasting Is An Important Part of Federal Water 
Management. GAO found that rapid, accurate forecasts of water flow in the 
nation’s rivers and streams are an important element of Federal water 
management and flood control efforts. GAO further found that systems to 
forecast stream flow and precipitation data are becoming increasingly 
expensive, as better technology becomes available and as use of expensive, 
automated, real-time data communications networks grows in stream 
forecasting. (p” 1, GAO Draft Report). 

RESPONSE : DOD concurs 

FINDING B: Several Agencies Share Federal Responsibility for Stream 
Forecastln&. GAO reported that several Federal agencies share responsibl- 
lity for stream forecasting. The National Weather Service (NWS) of the 
Department of Commerce maintai s 13 regional river forecast centers which, 

9 having no other weather forecast’ng responsibilities, serves as the focal 
point of NWS stream forecasting and expertise nationwide. GAO found that 
despite having similar data requirements, the Army Corps of Engineers and 
other operating agencies, such as the Bureau of Reclamation and the 
Tennessee Valley Authority, have established independent forecasting 
systems in local or regional offices. GAO further found that these four 
major Federal stream forecasters have $4? rnlllion invested in stream 
forecasting systems and spent $61 million to operate and maintain these 
systems in FY 1983. GAO also found that the Corps and NWS plan to spend 
at least $46 mlllion to modernize their systems over the next 5 years. 
(See pp. l-2.) 

RESPONSE : DOD partially concurs. On iy a portion of the Corps and NWS 
data requirements overlap. NWS does not forecast at all points required 
by the operating agencies. Therefore, to meet operational requirements, 
the operating agencies have developed some capability of their own. The 
NWS data base includes far more meteorologic data, while operating 
agencies include considerable amounts of project and system operational 
data. NWS does not have a need for archiving data. Other software makes 
up the complete system, thus, funding amounts are questioned. It should 
be noted that the GAO cost data for the Corps on page 2 are for Corps-wide 
water control system operation rather than for stream forecasting only, 

GAO Note: Page references In tYr,!s appendix have been changed to 
correspond with page flumhers in the final report. 
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Relatively small amounts of water control funds (less than 20 percent) are 
expended for solely forecasting activities. In fact, some districts and 
divisions are wholly dependent on NWS for forecasting information. Most 
funding shown in the report is related to facility regulation 
responsibilities. 

[GAO m: While the National Weather Service does not currently fore- 
cast all points required by the operating agencies, a joint system in each 
hydephic region could. Similarly, while the Service and the Corps each 
require information not needed by the other , a joint data base containing 
all data could meet the needs of both while eliminating duplicate conmunica- 
tion and information storage expenses. Changes were made in the report to 
clarify the nature of Corps and NWS River mrecast Center stream forecasts. 
While less than 20 percent may be required for actual preparation of fore- 
casts, the vast majority of the Corps' data collection expense results frcxn 
the requirement for real-time data which is not necessary for nonreal-time 
regulatory activities. However, because of the lack of information on the 
actual investment and costs for these systems we have deleted the table on 
page 2.1 

FINDING C: The Corps Of Engineers Decentralized Approach To Stream 
Forecasting. GAO found that, because of its decentralized approach to 
management, the real-time hydrologic data system needed to support the 
Corps’ operation of water projects and its responsibility for Federal 
flood control efforts are centered in the 36 Corps district offices. In 
addition, the 10 CONUS divisional offices of the Corps have responsibility 
for coordinating the stream forecasting and other operations of district 
offices within their respective areas. (See p. 2.1 

RESPONSE: DOD concurs. Although the real-time water control data systems 
in the Corps have been developed based on an overall division Master Plan 
approved in OCE, the Corps data systems have been developed division-by- 
division to address varying needs. 

FINDING D: Interdependence Of River Forecasting System. GAO found that 
stream forecasts prepared for flood warning use the same information and 
forecasting process and are heavily interdependent with those prepared for 
facility regulation. GAO reported that all forecasting systems must be 
organized to cover the same geographic areas since they must be based on 
river drainage basins. (See p. 6.1 

RESPONSE : DOD concurs. Stream forecasts do use much of the same 
information; however, it is important to note that the NWS River Forecast 
Centers do not forecast at all points required by the operating agencies. 
Timeliness and extent of detail also are important. Finally, NWSls River 
Forecast Centers and Corps f division offices are generally not responsible 
for identical geographic areas nor are they located in the same cities. 

[GAO m: 
points. 

See our cmnent under finding B above concerning forecast 
See Agency Comnents and Our Evaluation on pages 25 and 26 for 

discussion of boundary differences and lack of m-location.] 
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FINDING E: RWS Provides National Forecast Coverage. GAO found the NWS 
has developed a standardized data softuare package and a stream 
forecasting model that can be applied to any stream basin and is being 
implemented in 11 of 13 NWS Centers. GAO also found that despite having 
nearly identical informatlon and forecasting requirements, the operating 
agencies have established independent stream forecasting systems that 
overlap the existing NW Centers. GAO concluded that duplication of 
equipment, staffing and forecasting effort occurs in many phases of 
Federal stream forecasting, and that the incidence of duplication varied 
from region to region but exists on a nationwide basis. (See pp. 7-8.) 

RESPONSE: DOD partially concurs. The Corps and NWS do not have Identical 
information and forecasting requirements. In fact, NWS forecasts do not 
provide national coverage. Less than one-third of the locations of 
interest to the Corps are forecast by the NWS's River Forecast Centers. 
The Corps and NWS do not collect common data to perform agency functions. 
Bydrometeorologlcal data collected are shared and exchanged between the 
two agencies. The existing NWS stream forecasting package is not 
adaptable for all Corps uses. The Corps is presently working closely with 
the NWS to adopt the NWS software for inclusion in and application with 
the Corps real-time regulation models. 

[GAO COMMENTS: See our ccarsnent under finding B on page 31 ancerning fore- 
cast points. Current Corps and Nws efforts to adapt NW software concen- 
trate on automating exchange of raw data, This data, once exchanged, is 
processed, stored, and used separately by the various Corps and NWS data 
centers, Under current conditions, mOre successful data exchange will 
expand the respective data bases and increase the duplication between the 
agencies' multiple data bases.1 

FINDING F: The Corps and Bureau of Reclamation Believe They Require 
Independent Forecasting Systems. GAO reported that both the Corps of 
Engineers and the Bureau of Reclamation belleve management of water 
projects must be decentralized and that they must control their own 
information systems and forecasting capability in order to meet their 
operational responsibilities. GAO found that both agencies expressed a 
strong reluctance to integrate their operations with other agencies' river 
forecasting activities. (See p. 8.) 

RESPONSE: DOD partially concurs. The Department agrees that water 
control management must be decentralized; however, DOD does not concur 
that a strong reluctance to integrate activities exists. Integration of 
activities has been accomplished in the Pacific Northwest as was noted by 
GAO. The problem is that opportunities to do this elsewhere are limited 
by the fact that NWS's River Forecast Centers and Corps' division offices 
are not co-located (Cincinnati and Atlanta are exceptions). Furthermore, 
areas of geographic responsibility are not compatible, so without 
realignment, use of common facllitiea would be very difficult. For 
example, Southwestern Division would have to coordinate data management 
with NWS's River Forecast Centers in Ft. Worth, TX, Tulsa, OK and Slidel.1, 
Ms. Conversely, the Cincinnati Hover Forecast Center must coordinate with 
North Central Divlsaon and TVA In addition to the Ohlo River Division. 
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[GAO CWd~Elsr : 'he nave ccbed h stutence 011 r;lqe t?, to reccq~ze this PSI- 
tion. However, field level personnel who muld ultrli\ately mplement any 
agreed upn consolldatlon air! express a reluctance to slgnlflcantly change 
their current opratlons. Accordin+y, lntt?njlve n:anagerrent attention will 
be needed to offset this reluctance if the plroqrarft 1s to De successful. See 
qency CIXmWnts ana 0X Waluatlon on paqes 25 ati 26 on ldcK of 
co-location.] 

FINDING G: Decentralization of Corps of Engineers Stream ForecastIng 
Nationwide. GAO found that the Corps is pursuing a program to increase 
real-time stream forecasting capabilities, but that decentralized 
management leaves control of system design, procurement and operational 
decisions in the hands of the 36 district offices. The result 1s wide 
variation in system capabilities at both the division and dastslct levels. 
GAO also found that Corps Headquarters officials did not know to what 
extent the data collection and forecasting activities of the district 
offices duplicated work performed by either the Corps dlvlsion offices or 
by other agencies in a given region. (See pp* 8-9.) 

RESPONSE : DOD partially concurs. The Corps is not pursuing a program to 
increase real-time forecasting capabilities. Rather, the Corps is 
pursuing a program to increase water management capabilities, i.e., 
facilities regulation. It is the Corps belief that decentralized 
management is desirable for timely and reliable regulation of Corps 
projects.Control of system design and procurement, however, rests with 
the 10 CONUS division offices through the OCE approved Water Control Data 
Systems Master Plans. (Also see response to Finding F), 

[GAO Ccx.JPNT: Changes were made to page 8 to clarify that upgraded stream 
forecastmq capablllty LS part ot tnls prcqrti,, not nec?ssarlly the 
oblective, and to recognize tnat the dlvismns are the responsible offices.] 

FINDING H: Duplication of Forecasting Efforts In The Ohlo And Missourl 
River Basins. GAO studied stream forecasting systems in two major river 
basins said to be representative of nationwide efforts (the Ohio and 
Missouri River Basins) and found independent systems covering the same 
hydrngraphic areas. The overlapping Corps and NWS systems were found 
generally to forecast the same rivers and streams on a daily basis. For 
the Ohio River, GAO was unable to determine the extent to which the same 
information appears in different data bases but found indications that it 
may be substantial. GAO found less duplication in the Missouri than the 
Ohio River Basin , but concluded there was dupllcatlan of equipment and 
staff through all phases of the real-time stream forecasting effort ln 
both regions. (See pp. 9-13.) 

RESPONSE : DOD partially concurs. Missouri River and Ohlo River Divisions 
are not “representative .‘I Rather, along with the Nortn Paclflc Division, 
they Indicate the degree of division involvement in real-time water 
control management. These divisions are not typical of Lower Mississippi 
Valley, North Atlantic, North Central, South Atlantic or the South Pacific 
Divisions where division involvement is minimal and facility regulation 
considerations are quite different. The degree of duplication is 
overstated ; however, some savings may be possible. Corps forecasting 
activities are the result of either a need not met by the NW.5 (e.g., many 
reservoir inflow polnts) or evaluation of facility regulation effects. 
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[GAO cmtim: Corps headquarters offlclals tolu us that ~~~cause of the wlcle 
difference 111 approacnes to real-tale aatd coluxtum arlu strewn forecastinq 
In the Corps I?ivislons, there were no alv151ons treat coulu be consiuerti 
representative of Corps etiforts ndtlonwloe. &K se~ectlon w&3 therefore 
based on revlewlng basins t&at representea varies oFeratLond1 approaches ati 
stream forecastlnq systems. Changes were mnade to page 3 of the reprt tc, 
clarify tne ~~1s of our selectron. hi also revised the conclusions on page 
24 to state that our f~-~dlngs relative tc duplication reter only to tne tin10 
River Basin, and we have ,tiifred our recor,menu'atlon (see our mmnt on 
page 36 on l?ecom~~ ndation 1) to stray the feaslbllity of centralrzrng 
operations elsewhere. See also our conanents under flndlng i3 on page 31 
concerning forecast points.] 

FINDING I: Consolidated Forecasting System Works In the Columbia River 
Basin. GAO found a multi-agency operational system in one region, the 
Gic Northwest, uhich demonstrates that an integrated system can meet 
common information and forecasting needs without the duplication existing 
in other regions. GAO found that the intense water management 
requirements of the Columbia River Basin have stimulated development of 
close operational coordination of hydrographic data collection and 
forecasting, which eliminates most of the potential duplication of agency 
efforts. GAO concluded that the increased hydropower revenue available 
from precise water management is an important factor in the consolidated 
approach. (See pp. 15-16.1 

RESPONSE. DOD concurs. 

FINDING J: Consolidated System Reduces Duplication In Columbia River 
Basin. GAO found that the Columbia River Operational Hydromet Management 
System [CROHMS), designed primarily by the Corps and NW, provides coordi- 
nation of data collection and an integrated report file operated through a 
central computer, plus joint real-time forecasting by Corps and NW3 
personnel. GAO also found that the Corps and NW.3 share the same 
personnel, equipment and offices to provide through CROHMS a single fore- 
cast which meets the information needs of both agencies. GAO concluded 
that the joint system not only reduces duplication of effort but also 
provides Improved forecasting capability with reduced staff effort and 
cost. (See pp. 16-19.) 

RESPONSE : DOD concurs. It should be noted that the CHROMS system is much 
broader than Just the forecast mission in that it includes real-time 
facilities regulation. It also should be emphasized that forecasting and 
regulation cannot be separated. 

FINDING K: CHROHMS Leads To Interagency Agreement. GAO found that Corps 
and NWS participation in CROHMS led to an effort to have such a system 
adopted nationwide, and the result was an agreement among NSW, the 
Corps and other agencies collecting real-time water information to adopt 
the CROHMS format as a national standard for exchange of water 
information. (See p. 19.) 
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RESPONSE : DOD partially concurs. NO effort has been made to adopt a 

CHROMS type system nationwide. The interagency agreement was limited 
simply to a data format for real-time data exchange. This data format 

agreement now may be in some jeopardy since there are indications that the 
U.S.G.S. may not participate. 

[GAL) CW: Page 19 has been revised to clearly state that the effort 
referred to in the report addresses only the adoption of a amn format for 
exchange of information.] 

FINDING L: Centralization of Corps System In The Ohio River Basin Would 
Produce Savings. GAO found that a necessary first Step in multi-agency 
consolidation of forecasting in the Ohio River Basin is a centralization 
of Corps systems in the region. GAO concluded that centralizing Corps 
Ohio River operations could reduce planned computer procurement costs by 
up to $452,000 over five years and computer O&M costs by as much as 
$208,000 per year. (See pp. 20-21. > 

RESPONSE : DOD partially concurs. DOD concurs that some potential savings 
may result from centralization or consolidation of the Corps real-time 
facility regulation system with NWS forecasting efforts UI the Cnio River 
Basin from computer equipment procurement and the associated O&M costs. 
However, neither the feasibility nor the stated cost savings for the 
Corps/NWS consolidation in the Ohio River Basin has been adequately 
demonstrated or documented in the GAO report. Because of the significant 
potential savings that have been noted, DOD believes that additional 
studies to determine the feasibility and cost effectiveness of Corps/NWS 
consolidation in the Ohio River Basin are warranted (see response to 
Recommendation 1). 

[GA0 COMMENT: See Agency Comments and CXlr Evaluation on page 25.1 

FINDING M: Ohio River Basin Systems Could Be Consolidated. GAO applied 
the multi-agency CROHHS approach to the Ohio River Basin as a test of 
whether it would be cost-effective in other river basins. GAO concluded 
that consolidation of the Corps Ohio Division forecasting system and the 
NWS Ohio River Center would benefit both agencies, GAO further conciuded 
this approach would not only reduce computer procurement and maintenance 
costs but also provide other benefits. GAO reported that while both 
agencies acknowledge such a consolidated system could meet their 
operational needs, it would require development of a mutually acceptable 
forecast model to do so. (See pp. 19-22,) 

RESPONSE : DOD partially concurs. See response to Finding L. 

FINDING N: Consolidated Forecasklnff In The Ohlo R I-:X- Basin Would Provide 
AddItIonal Benefits. GAO found that moving to a Joint forecasting system - 
with the NW would release Corps personnel from current data collection 
and forecasting functions and enable then to focus on other hydrologic 
tasks. GAO concluded that consolldatlng the data collectlon and 
forecasting function In the Ohio River 3as1n could assist the Corps In 
meeting operatIona needs in the future, when It is likely to face a much 
increased water management load In the lydropower area. (See pp. 21-33.) 

RESPONSE : DOD partially concurs. See response to Flndlng L. 
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FINDING 0: CROWS Concept Can Be Extended Natlonwlde. GAO reported that 
the Columbia River experience, and rts test of CROHMS on the Ohlo River 
Basin, andlcate that substactlai benef;tz can be rezllz:ed by establlshlng 
Joint reglonal data centers nationwide. GAO concluded that experience 
with CROHMS shows that consolidated operations can be consistent with the 
need of operating agencies to be responsive to local ccndltions. GAO also 
concluded that agreement to establish Joint regional centers by the two 
national agencies involved In stream forecasting, the Corps and NWS, would 
provide a national organizatnonal framework that could be used In each 
region by other operating agencies as well. (See p. 24.) 

RESPONSE: DOD partially concurs. The application of the CROHMS concept 
on a natlonwLde basis has yet to be proven feasible or cost effective. 
However, it may be practicable in certain regions. DOD concurs that the 
concept deserves further study by both the Corps and NW.5 (see response to 
Recommendation 1). 

[GAD COMMENT: See Fitiing L.] 

RECOMMENDATIONS 

RECOMMENDATION 1: Dlrectlve To Create Joint Corps/NWS Operational 
Centers. GAO recommended that the Secretary of the Army and the Secretary 
of Commerce direct the execution of a Memorandum of UnderstandIng creating 
Joint Corps of Engineers/National Weather Servxe operational centers for 
real-time data collection and stream forecasting to meet the operational 
requirements of both agencies. (See p- 24.) 

RESPONSE : DOD partially concurs. The Corps and NWS will explore the 
posslbilitles for joint operational centers and implement changes that 
would improve efficiency. initlai contact for a Joint Corps/NWS meeting, 
at the technical level, has been made. The meeting ~111 be held In early 
May 1984. 

[GAO COMMENT: We have modified the report and now recommend that the corps 
and the Weather Service study the overall feasibility of creating joint 
stream forecasting centers and implement changes, where appropriate. See 
also Agency Ckments and Our Evaluation on page 25.1 

RECOMMENDATION 2 : Corps and NWS Should Seek The Partlclpatlon of Other 
Agencies In Consolidated Systems. GAO recommended that the Secretaries of 
the Army and Commerce also direct the Corps and NWS to actively sollclt 
the input and participation In the Joint regional systems of the other 
agencies concerned with water data collection and stream forecasting In 
each region. (See p. 24.) 

RESPONSE: DOD concurs. 

36 
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UNITED SPATES DEPARTMENT OF COMMERCE 
The Aarirtrnt Secrrtery for Administration 
Washmgton. 0.C 20230 

MAY 041984 
Mr. J. Dexter Peach 
Director, Resources, Community, and 

Economic Development Division 
United States General 

Accounting Office 
Washington, D.C. 20548 

Dear Mr. Peach: 

This is in reply to GAO's letter of March 15, 1984, requesting 
comments on the draft report entitled ConsoLi&Q&x Federal 
Stream Forecastins Could Save Monev (GAO code 085653). 

We have reviewed the enclosed comments of the Deputy 
Administrator for National Oceanic and Atmospheric Administration 
and believe they are responsive to the matters discussed in the 
report. 

Sincerely, 

Kay BUow 
Deputy Assistant Secretary 

for Administration 

Enclosure 
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APPENDIX ITI IIPPEXUIX III 
WNITED STATES DEPARTMENT OF COMMERCE 
National Oceanic and Atmospheric Adminktration 
Washmgton 0 C 20230 

OFFICE OF THE ADMINISTRATOR 

@R 6 1984 

Mr. J. Dexter Peach 
Director, Resources, Community, and Economic 

Development Division 
General Accounting Off ice 
Washington, D. C. 20548 

Dear Mr. Peach: 

This is in reply to your letter of March 14, 1984, 
requesting comments on the GAO draft report entitled 
Consolidating Federal Stream Forecasting Efforts Could Save -- 
Money. 

We have reviewed the report, and we are pleased that GAO, in 
its overall findings, stresses the vital national role and 
capability of the National Oceanic and Atmospheric 
Administration’s National Weather Service (NWS) in meeting the 
real-time flood hazard and water resource forecasting needs of 
the country. Also, we support the concept of GAO’s 
recommendations for the Corps of Engineers and National Weather 
Service to create joint operational forecast centers. We 
disagree, however, that all this can be accomplished with 
existing staff and computer resources. 

Although regionalized joint centers are feasfble and may be 
desirable based upon our experience in Portland, Oregon, there 
are other major considerations that must be taken into account 
before going ahead with a comprehensive consolidation effort. 
For brevity, 1 will list our more vital concerns: 

1) The NWS presently provides inflow forecasts for 
approximately one-third of the 1340 reservoirs owned or operated 
by the Corps. Assuming forecast responsibility for the remaining 
900 reservoirs without a commensurate increase in staff wfll 
seriously overburden the River Forecast Centers, particularly at 
a time when forecasts for the public are competing timewise with 
forecasts for the Corps. 

2) Interactive computer capability will be essential to 
meeting multiple user needs from a joint center. Present NWS 
computer capability is not adequate for this type of operation. 

3) Current staffing in the River Forecast Centers is 
adequate to provide one full g-hour shift a day with limited 
coverage on weekends and holidays. Extended hours of operation 
up to 10 p.m. Monday through Friday are covered at a few 
centers. The increased workload generated by creation of the 
joint centers and 900 additional forecast points can only be 
achieved with additional staff. 

IOTH ANNIVERSARY 1970-1980 

National Oceanic and Atmospheric Administration 
A young agency with an htstor~c 
tradlcm of service to the Natlon 
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4) Expanding the proposed Corps/National Weather Service 
joint center would by necessity have to involve the Soil 
Conservation Service, U.S. Geological Survey, Bureau of 
Reclamation, power bureaus such as the Bonnevdlle Power 
Administration, and Tennessee Valley Authority, if it is to be 
truly an interagency center. 

5) Requirements for meteorological input were not 
addressed, but a joint center would not be complete, from a 
hydrometeorologlcal viewpoint, without the products from one or 
more Weather Service Forecast Office(s). This requires major 
considerations by the Corps and National Weather Strvice on 
collocations. 

6) Two major issues will be to procure additional 
computer resources and the integration of forecast procedures. 
Given the inherent delays in the procurement process and the 
complexity of forecast procedures and software of the agencies, 
it fs doubtful the 5-year implementation time frame is realistic. 

Because there is merit in bringing data collection, 
streamflow forecasting, routine reservoir regulations, and water 
supply forecasting activities closer together, I recommend the 
formation of a study team by the Corps and the National Weather 
Service to prepare a report on the overall feasibility of 
accomplishing part or all of the recommendations to create joint 
forecast centers. Qollowing this it would be necessary to expand 
the effort to include other agencies. 

[GAO COMMWT: Because of the uncertainty associated with the amount of 
staff and ccmputer resources needed to implement joint forecast centers in 
all locations, we have modified the report and now remmnend that the Corps 
and the Weather Service study the overall feasibility of creating joint 
stream forecasting centers and implement changes, where appropriate. !t%e 
specific time frame for implementing these changes should be determined as 
part of this study effort.] 

Sincerely, 

Deputy Administrator 

39 



APPE”:DlX IV 

United States Department of the Interim 
BUREAU OF RECLAMATION 

WASHINGTON, D.C. 20240 

Ii-4 REPLY 
REFER TO; 430 

Af’R 13 1984 

Mr. J. Dexter Peach 
Director 
General Accounting Office 
Washington, D.C. 20548 

Dear Mr. Peach: 

As you requested, we have reviewed the GAO Draft Report to Congress - 
Consolidating Federal Stream Forecasting Efforts Could Save Money (job 
code 85653). While the report contains no specific recommendations 
for the Department of the Interior, we do have some concerns over the 
conclusions made in the report. 

The report fails to fully explain the different functions of the 
various Federal agencies, and we believe that those differences are 
largely responsible for any duplication of forecasting effort that may 
exist . The National Weather Service (NWS) has, as stated in the 
report, the statutory responsibility for providing flood warnings. 
Those warnings must be issued for all waterways, whether small streams 
with no water control structures, or large regulated rivers such as 
the Ohio, Missouri, or Columbia River. NWS therefore needs extensive 
forecasting capability in order to adequately provide flood warnings 
for all rivers and streams. The Corps of Engineers (Corps) has the 
primary responsibility for directing flood control operations at Corps 
as well as other Federal dams, along with operating major rivers for 
navigation purposes. The Corps thus needs forecasts or forecasting 
capability only for those streams or rivers on which flood control 
projects or navigation projects are located. The Bureau of Reclamation 
(Bureau) has the primary function of providing adequate water supplies 
for irrigation and municipal and industrial uses in the arid Western 
States. The Bureau is therefore more concerned with monthly, seasonal 
or annual runoff conditions than with daily flow forecasts, and the 
forecasting needs and capabilities of the Bureau focus on predicting 
runoff from existing snowpack in the western mountains. 

[GAO COMMENT: We believe that the report provides sufficient information to 
enable the reader to understand the dlfferent functions of the various 
agencies. (See pp. 2 and 7 to 9.1 

The report is correct in stating that forecasting system information 
requirements and processes are the same regardless of the use to be 
made of the forecast, but that factors such as hydrology, climate, 

See GAO note on page 42. 
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water use, and the role of the Federal Government may vary widely from 
one river basin to another. The report should go one step further and 
recognize that the unique functions of the various Federal agencies 
require different forecasting efforts in terms of forecast location, 
forecast frequency, and type of forecast. While we agree that in some 
cases a consolidation of forecasting efforts could be effective and 
reduce overall costs, we would caution that any such consolidation be 
done on a case by case basis to ensure that the agencies’ specific 
forecasting requirements continue to be fully met after the consolida- 
tion. 

[GM COMMENT: See Agency Ccmnents and &r Evaluation on page 26.1 

We believe that a great deal of cooperation in forecasting efforts 
currently exists among the Federal agencies, and that consolidation of 
those efforts has already occurred in areas of greatest feasibility 
for such consolidation. In addition to the Columbia River example 
cited in the report, we would point out the Colorado River Forecasting 
Service (CRFS) as a primary example of consolidation. The CRFS 
involves the NWS, Corps, Bureau, Soil Conservation Service (SCS), 
Geological Survey (GS), and Western Area Power Administration. The CRFS 
was formed in 1979. Prior to that time the various agencies had made 
independent forecasts of Colorado River runoff and streamflow to suit 
their agency needs. Now the CRFS uses the data from SCS and WWS snow 
surveys along with GS stream gaging data and Bureau reservoir data to 
make the needed forecasts to meet all agency requirements. 

In other western river basins, the Bureau relies primarily on joint 
NWS and SCS snowpack data and runoff forecasts in operating projects 
for water supply functions. In some areas, however, the Bureau does 
perform its own stream forecasting for smaller tributary streams that 
directly affect project operations and for which detailed forecasts 
are not generally issued by the NWS. Even in those instances, the 
Bureau relies as much as possible on data obtained and developed by 
other agencies to avoid duplication of effort. 

We have the following specific comments on the report: 

1. On page ii, the report cites the high cost of Federal stream fore- 
casting systems. We believe that the costs are small in com- 
parison to the benefits provided, and some indication of that fact 
should be included in the report. 

2. On page 9 , the first sentence under “Other Agencies” is 
misleading in that it implies the principal function of real-time 
stream forecasting systems is to increase hydropower revenue. The 
Bureau uses real-time forecasts to optimize project operations, 
which includes water deliveries for irrigation and other uses as 
well as hydropower generation. On Bureau projects hydropower 

[GAO W: The reference to high cost on page ii has been deleted.] 
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generation is generally incidental to water supply deliveries and 
thus is not the principal function. We suggest that the sentence 
be revised accordingly. 

[GAO Cm: Changes were made on page 9 to reflect the Bureau's cmcern 
regarding the use of real-time forecasting.] 

We appreciate the opportunity to comment on the report, and will 
cooperate with the NWS and Corps in any efforts resulting from the 
recommendations made in the report that would involve Bureau projects. 

IGAC) (XYNENT: See Agency Cmnents and CUr Evaluation on page 26.1 

Sincerely yours, 

GAO Note: Page references in this appendix have been changed to 
correspond with page numbers in the final report. 
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TENNESSEE VALLEY AUTHORITY 
KNOXVILLE TENNE5SEE 37902 

OFFICE OF THE BOARD OF DIRECTORS 

United States General 
Accounting Office 

Regional Office 
8112 Federal Office Building 
Fifth and Main Street 
Cincinnati, Ohio 45202 

Gentlemen: 

Thank you for the opportunity to review the draft of the proposed report, 
"Consolidating Federal Stream Forecasting Efforts Could Save Money." 

In the Tennessee Valley, TVA has established a gaging network {rainfall 
and streamflow) to help us operate the reservoir system as efficiently as 
possible, consistent with recognized priorities by which we must operate 
the system. We have a very good working relationship with both the United 
States Army Corps of Engineers (USACE) and the National Weather Service 
(NWS) for exchange of data useful to all three agencies in carrying out 
their designated responsibilities. TVA gathers almost all the rainfall 
and streamflow data in the Tennessee Valley on a real-time basis. 

In the Tennessee Valley, there is no duplication between USACE and TVA. 
Streamflow and rainfall data are collected by TVA and shared with USACE. 
NWS maintains some data collection stations at TVA streamgage locations 
to record historical data to aid in developing future forecasting models. 
The TVA gages report rainfall and streamflow data on a real-time basis. 

The NWS River Forecast Center responsible for Issuing flood warnrngs 
in the Tennessee Valley is located in Slidell, Louisiana. Information 
obtained by TVA is provided to them daily by computer and on an as-needed 
basis. Because of their national responslbillty, they issue flood warn- 
ings on uncontrolled streams (those having no dams). For storms during 
which operation of the TVA reservoir sys'~ Lcm affects river stages in the 
Tennessee Valley, TVA prepares stage forecasts at strategic points in 
the Valley and furnishes them to the NWS for dissemination ro the gen- 
eral public through their established means. Although TVA prepares 
storm volume forecasts for streams in order to operate the reservoir 
system efficiently, we do not issue crest stage forecasts to the general 
public. This policy avoids duplication .Ind the possibility of conflict- 
ing or different crest forecasts for the <ame location. 

See GAO note on page 44. 

1983-TVA 50T” ANNIVERSARY 
An Equal Opportuwty Employer 
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We also have some specific comments about references in the report to 
USACE and TVA forecasting activities. The third paragraphs of page IV 
and page 10 state that a fourth USACE district (Nashville) is respon- 
sible for the Cumberland River Basin and part of the Tennessee River 
Valley. The Nashville District forecasts flows for its operations in 
the Cumberland River basin, but it does not forecast flows in the 
Tennessee Valley. TVA forecasts flows for operation of all reservoirs 
in the Tennessee River Valley. The Nashvi1l.e District's activities in 
the Tennessee Valley are limited to other regulatory functions. 

[GAO cm: Changes were made to pages iii and 10 of the report to 
clarify m's interface with other agencies operating in its area.] 

Fiscal year 1983 operation and maintenance costs for TVA are shown on 
the table on page 2 as $2.1 million. The estimated cost of real-time 
stream forecasting (gages, communications, and data processing equip- 
ment) should be about $1.2 million. 'Je cannot determine where the $2.1 
million figure might have come from unless it is a typographical 
transposition or includes the cost of other functions in addition to 
stream forecasting. 

[GAO cm: Costs were provided by VA reservoir operations personnel to 
reflect the cost of real-time data collection and stream forecasting. 
Ekmwer, because of the lack of information on the actual investment and 
costs for these systems we have deleted the table on page 2.1 

If we can be of further assistance, please let us know. 

Sincerely, 

C. H. Dean, Jr. 
Chalrman 

GAO Note: Page references in this appendix have been changed to 
correspond with page numbers In the final report, 

(085653) 
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