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COMPTROLLER GENERAL OF THE UNITED STATES 

WASHINGTON DC 20548 

E-295158 

To the President of the Senate and the 
Speaker of the House of Representatives 

This report describes qa]or design problems and management 
deficiencies with the National Weather Service's Automation of 
Field Operations and Services (AFOS) prolcct. WC conclude that 
before NWS can proceed with national implementation it should 
complete a full economic assessment and thorough testing of all 
aspects of the system to determine whether natlonal lmplementa- 
tion is cost effective. 

We support the Service's plan to develop a new system to 
replace AFOS, but the Service has not adequately addressed the 
impact of a new systems development effort on its capacity to 
run AFOS and the current communications system. 

This review was undertaken in response to an April 11, 
1980, request by Congressman Wlllls D. Gradlson, Jr. At his 
request we examined the AFOS pro]ect's -Justification, technical 
adequacy, and management. 

Ve are sending copies of this report to the Director, 
Office of Yanagcment and Dudget, the Administrator, General 
Services Admlnlstratlon; and other interested parties and will 
make copies available to the public upon request. /\ 

ComptrolLer General 
of the United States 



COMPTROLLER GENERAL'S 
REPORT TO THE CONGRESS 

PROBLEMS PLAGUE NATIONAL 
WEATHER SERVICE ADP SYSTEM 

DIGEST ------ 
r  

> The NatIonal Yeather Service should halt Ample- 
"mentatlon of Its automated data processing and 

telecommunicatrons system until It more com- 
pletely resolves the system's problems and 
clearly establishes that the benefits of full 
operation are worth the substantral costs. 
The system ss called Aucomatlon of Field Opera- 
trons and Servsces (AFOS). 

.- 
GAO conducted this review at the request of 
Congressman Willis D. Gradsson, Jr., who was 
concerned that lmplementsng the system msght 
not be practical or feasible. 

OVERVIEW OF SYSTEM PROBLEMS 
AND GAO's RECOMMENDATIONS 

n 
I '-After 7 yeaLs of development and expendrtules of 

$100 mullion, the National Weather Sekvlce has 
implemented AFOS An two of Its foul. prlnclpal 

/ d Legions,' 'GAO's evaluation of the system found 
substantial problems An sts dessgn, operation, 
maintenance, and management. GAO found, An addl- 
tlon, that several of the design problems ale An- 
heLent An the system and cannot be Lesolved short 
of a complete redessgn. 

Because of system llm~tat~ons, the Weather Service 
had to freeze the development of AFOS--before 
functsons lnltlally planned could be added. As a 
result, AFOS IS not capable, for example, o-f trans- 
mAttAng radar smagery data to f&eld offrces from 
the radar systems currently berng burlt Also, st 
cannot transmit satellite imagery data to local 
field offlces. To perform these and other added 
functions, the Weather Service AS dessgnsng a to- 
tally new system which At expects to have An serv- 
xe by 1989 OL 1990. 

L%esprte the lrmltatlons of AFOS, the Weather 
Service plans to complete natLona1 lmplementatron 
and to use AFOS on an "as IS" basis from 1982 to 
1990: GAO recommends that the Weather SeLvlce 
proc&d with natlonal lmplementatlon only rf 
(1) thorough testsng of all crltlcal aspects of 
the system lndlcates that full operations are 
feasible and (2) the Weather ServAce undertakes 
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a cost/benefit analysis concluding that full 
implementation 1s cost effective. (See ch. 7.) 

GAO also recommends that the Weather Service= 

--Establish an oveLal1 pro]ect management 
office and asslgn personnel to it, lncludlng 
a prolect manager, on a full-time basis 
both for completing AFOS and for developing 
any new system. 

--Adhere to standard software development prac- 
tices in completing AFOS and in developing 
any new system. (See ch. 4.) 

--Replace completely all AFOS software, hardware, 
and telecommunlcatlons in developing any new 
system. 

--Contract out system development activities when 
they exceed in-house capabllltles. 

--Account for all costs, including the full peL- 
sonnel costs attributable to using AFOS and 
developing a new system. (See ch. 2.) 

' Unless the Weather Service resolves these manage- 
ment weaknesses and technical problems, GAO be- 
lieves that AFOS and the effort to develop a new 
system face continued difficulties and a risk of 
total failure. 

SPECIFIC PROBLEMS 

/ Originally planned to be completed by 1979, AFOS 
- IS currently not scheduled to operate until 1984 

without backup from the system It replaces. cost 
overruns approxlmatlng $22 mllllon have been in- 
curred in the development phase. Expected cost 
savings from ctutomatlon have not yet been 
generated. ‘(See ch. 2.) -' 
Delay and excess costs are the Lesult of the follow- 
lng problems: 

--AFOS hardware lacks sufficient coLe memory to 
accommodate current software or applications 
inltlally planned for AFOS; the Weather Service 
cannot tell how much more memory 1s needed. 

--AFOS computer's operating system cannot meet 
concurrent processing requirements origrnally 
specified. 
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--Software subsystems are integrated to the extent 
that modlflcatlons to one software segment may 
result In problems with other segments. (See 
ch. 4.) 

--Development of the softwaLe and changes made 
along the way are not sufflclently documented, 
making further development of AFOS dlfflcult 
and expensive. 

--Rellablllty of a fully opeLationa1 AFOS has 
yet to be shown. (See ch. 7.) 

-The "loop" design for AFOS telecommunlcatlons, 
which connects the maln weather forecast of- 
fices In four continuous chains, 1s sublect 
to system problems whenever dlfflcultles are 
encountered in any single link. It requires 
more unlformlty of procedures, system dlscl- 
plane, and centralized enforcement than has 
been the practice in the Weather Service. 
(See ch. 5.) 

--AFOS cannot Lecelve and process information 
from remote meteorological observing locations. 

--The Weather Service has removed some of the 
system's backup capabllltles to stablllze and 
simplify curlent operations. 

--Some AFOS hardware 1s already obsolete and 
maintenance 1s expensive because unavailable 
spare parts have to be specially made. (See 
ch. 6.) 

--AFOS hardware-- computers and spare parts-- 
was procured prematurely and was not updated 
as new technology was made available by the 
vendor. (See ch. 6.) 

OPTIONS FOR FUTURE 
OPERATIONS AND COSTS 

,(-The Weather Service 1s currently proceeding with 
national implementation of AFOS, which it expects 
to complete before the end of 1982. At the same 
time It plans to maintain the system AFOS Le- 
places, an FAA-owned set of teletype networks, 
for backup purposes, at least until 1984. GAO 
believes that operating these two systems in par- 
allel for 3 moLe years 1s an unusually long trial 
period for AFOS. Yet, the Weather Service be- 
lieves it needs the added security in the event 
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AFOS falls. OperatAng AFOS on thrs basis ~~11 
cost an estsyated $144 mllllon over the 1982 to 
1990 perrods (See ch. 2.) 

The Weather Service does not view relying solely 
on the exlstlng FAA teletype system as a vsable 
option. GAO estrmates that, If AFOS were to be 
abandoned, rt would cost the Weather Service only 
$28 mllllon to contsnue using the FAA system over 
the next 8 years. The Weather. Service disputes 
thss estimate, clalmlng that At ignores costs for 
required Lenovatrons of the FAA system. 

The Weather Service further states that abandon- 
lng AFOS and Leturnsng to sole Eellance on the FAA 
teletype system would be lmpractlcal If not lmpos- 
sible because of shifts sn operatAng procedures 
which are already An place. 

GAO and the Weather Servsce agree that a new system, 
targeted for 1989 OL 1990, must be developed. GAO 
doubts, however, that the Weather Service has the 
staff necessary to srmultaneously opeLate and maAn- 
tarn AFOS and do the woLk necessary to develop the 
new system.-\ 

.A 
AGENCY COMMENTS AND GAO's 
OBSERVATIONS OF RECENT TESTS 

GAO proposed An a draft versson of thss Leport 
provided to the agency An June 1981 that AFOS be 
abandoned altogether. The Weather Service dls- 
agreed and stated that At planned a valldatron 
test of AFOS An August-September 1981, to demon- 
strate the readiness of AFOS for national Ample- 
mentatlon. The House Approprratrons Committee 
asked GAO to observe these tests. GAO found that 
some rmprovements have been achreved but noted 
that the tests did not cover all operatrons that 
AFOS IS expected to perform. (See ch. 7.) 

These recent rmprovements do not address and were 
not Antended to Lesolve AFOS' basic design prob- 
lems, such as (1) the potentsal for malor mal- 
functions, (2) the lack of computer memory capac- 
lty, (3) the lnflexlbrllty and cost of, and the 
level of personnel support requrred by, the tele- 
communrcat~ons system, and (4) the fact that the 
system cannot meet all of the Weather Service's 
operational requirements. 

GAO still questions whether rmplementlng AFOS IS 
worth the cost In view of Its llmlted 1unLLlorlal 
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capabllltles and operational problems. AFOS does 
meet some of the Weather Service's planned oblec- 
tlves. It ~~11 increase the lnformatlon available 
to local weather offices, make lnformatlon avall- 
able much faster, and provide limited data proc- 
esslng capablllty to field offices. In light of 
these benefits, the recent improvements, and the 
expenditure of $100 mllllon to date on AFOS, GAO 
at this time does not recommend outrlght abandon- 
ment of AFOS. However, GAO belleves the burden 
rests with the Weather Service to show that bene- 
fits of using AFOS over the next 8 years exceed 
the costs, assuming that testing of all essential 
aspects lndlcates that AFOS can reliably perform 
Its remalnlng functions. 
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CHAPTER 1 

INTRODUCTION 

BACKGROUND 

The National Weather Service (NWS) was establlshed In 1970 
as the successor agency to the United States Weather Bureau. 
The Weather Service has evolved to its present state over more 
than a century of Government weather involvement House Joint 
Resolution 143, passed in February 1870, authorlzcd the Secrc- 
tary of War to take observations and warn of storms on the 
Nation's waterways. These responslbllltles were transferred by 
the Act of October 1, 1890 (26 Stat. 653), to the newly created 
Weather Bureau, a part of the Department of Agriculture. It 
was transferred to the Department of Commerce by Reorganization 
Plan Number IV of 1940 (5 F.R. 2421 and 54 Stat. 1236) and sub- 
sequently was made a part of the National Oceanic and Atmospheric 
Administration (NOAA). NWS provides services through Its head- 
quarters in Sliver Spring, Maryland; the National Meteorological 
Center (NMC) In Camp Springs, Maryland; and over 400 offices 
throughout the United States. Of its approximately 5,000 em- 
ployees, 1,000 are In the Washington area and 4,000 are in field 
offices. 

MISSION 

NWS is responsible for protecting public safety, health, 
and welfare and for promoting the comfort and convenience of the 
general public by providing lnformatlon on meteorological and 
hydrological condltlons. NWS 1s also responsible for meeting the 
speclallzed information needs of weather-sensitive segments of 
the economy, such as agriculture and aviation. This mission is 
accomplished by two types of services, basic and speclallzed. 

Basic services include 

--taking hydrological and meteorological observations, 
analyzing them, and preparing predictions of atmos- 
pheric, hydrologic, and marine condltlons and 

--dlssemlnatlng observations, forecasts, warnings, and 
other informatloq to the public. 

The public receives most of this basic weather information 
through two services, the NOAA Weather Wire and the NOAA Weather 
Radio, and through the mass media. These services transmit weather 
information to the public and other users. 

Specialized services in support of specific needs include: 

--The Fire Weather Forecast and Warning Services Programs 
provide speclallzed forecasts, warnings, and consulting 
services to Federal, State, and private fire management 
interests. 
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--The Marine Weather and Oceanographic Services Programs 
provide for safety and increased efficiency on the Na- 
tion's waterways. 

--The Agricultural Weather Service provides speclallzed 
services to help increase farm production, improve 
agricultural efficiency, conserve energy, and protect 
the environment. 

--The Domestic and Internatlonal Aviation Weather Programs 
provide information for safe and efficient flight opera- 
tions. 

ORGANIZATION 

The National Meteorological Center is the backbone of NWS 
operations. Its resources include large computer systems and 
forecast models to process weather lnformatlon. Virtually all 
meteorological data collected arrives at NMC where it is analyzed 
and processed Into a variety of forecast and guidance products, 
such as temperature and barometric pressure charts, that are 
then distributed to NWS field offices‘ private meteorologists. 
the public media, and governmental offices NMC's products cover 
the entire globe, and the office has been designated as the 
analysis and forecast arm of the World Meteorological Center, 
fulfllllng U.S. global responslbllltles as part of the lnterna- 
tlonal effort known as the World Weather Watch. 

Other NWS offices also have national weather forecasting 
responslbllltles. The National Severe Storms Forecast Center 
in Kansas City, Missouri, provides a single source for severe 
local storm watches. The National Hurricane Center serves the 
same function for hurricane watches in the Atlantic, the Carob- 
bean, and the Gulf of Mexico, and H~lrricane Warning Centers 'Ln 
Honolulu and San Francisco provide this service for the Pacific. 

NWS is organized into six regions-- four covering the contlg- 
uous United States, one covering Hawaii and the Pacific Islands, 
and one covering Alaska. The regions are designated as eastern, 
central, southern, western, Alaskan, and Paclflc. The field 
organization in the regions 1s a two-tier system. At the top are 
52 Weather Service Forecast Offices (WSFOs) that are responsible 
for a speclfled geographical area usually corresponding to a State 
boundary. They receive forecast guidance and atmospheric charts 
from the NMC, refine them, and prepare forecasts for their areas. 
In addltlon, most WSFOs take observations. 

Each WSFO also supports from one to eight smaller suboffices 
called Weather Service Offices (WSOs). WSOs constitute the second 
tier of the field system. Each WSO 1s connected to a WSFO and 
1s dependent on It for support. WSOs receive selected NMC pro- 
ducts plus the longer range forecast products prepared by their 
"parent" WSFOs. Further, WSOs prepare locally adapted weather 
forecasts, based on those prepared by the parent WSFO, which 
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generally cover shorter time periods and smaller areas. There 
are about 235 WSOs nationwide. 

River Forecast Centers are an addltlonal category of field 
offices. Thirteen River Forecast Centers nationwide collect and 
process data and prepare forecasts of levels and flow rates along 
river systems, water supply potential, and warnings of flood 
condltlons. 

Relationship to other Federal agencies 

The Federal Aviation Administration (FAA) and two Department 
of Defense services, the Navy and the Air Force, also have respon- 
slbllltles for collecting and dlssemlnatlng weather information 
in the United States and overseas. These three organizations and 
NWS, although different in structure and mission, are dependent 
on each other. The basic weather mission of each service involves 
collecting data, developing weather forecasts, and communlcatlng 
that information to users. Each of the services relies on the 
others in meeting some of these functions and for providing emer- 
gency backup. The exchange of information, observations, and 
forecasts among all services is essential for the operation of 
each system. 

FAA, through its network of Flight Service Stations, pro- 
vides weather information to the Nation's private and commercial 
pilots. Flight Service Stations collect weather data throughout 
the United States, relay it to the other services, and dlsseml- 
nate forecasts prepared by NWS. 

The Air Force's Air Weather Service provides weather 
information worldwide to U.S. military air and ground forces 
tailored to meet their operational and planning needs. It also 
shares observations and forecasts with the other services. 

The Navy's Naval Oceanographic Command meets the worldwide 
weather needs of the U.S. fleet. Its emphasis 1s on weather 
affecting the world's oceans, but it also takes observations 
and prepares forecasts that are shared with the other services. 

CURRENT COMMUNICATIONS SYSTEM 

The communications network that links NWS offices is a vast, 
complex, and aging network comprised of about 19 communications 
systems. Some of these are operated by NWS and others are the 
responslblllty of FAA and the Department of Defense. NWS' cur- 
rent effort to automate its communlcatlons and data handling, 
known as the Automation of Field Operations and Services (AFOS) 
system, was planned to result in savings by eliminating 10 of 
these systems. 

FAA and NWS have been sharing communications systems since 
1927. The three primary teletypewriter systems used by NWS for 
transmitting weather data between offices are ownecs and operated 
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by FAA. These systems are 20 to 40 years old. Graphic products 
for all the weather services are transmitted over two facslmlle 
networks owned and operated by NWS. FAA is developing Its own 
automated weather information system and expects to complete it 
by 1988. FAA intends to dlscontlnue its current teletypewriter 
service once a replacement system is fully operational. 

NWS' DECISION TO DEVELOP AN ADP -- 
AND TELECOMMUNICATIONS SYSTEM 

In 1973 NWS decided to develop a new communications and 
information processing system. The declslon was based on the 
results of studies NWS commlssloned In the late 1960's and early 
1970's to determine the feaslblllty of lntroduclng automatic 
data processing (ADP) capabllltles into field forecasting of- 
fices. NWS felt that It would be expected to meet increasing 
demands for services but that its staff resources would not In- 
crease at the same rate. (NWS' staff level has remained stable 
for 13 years despite the addition of new programs.) The studies 
showed that a large-scale effort toward automation would be 
required to solve antlclpated personnel shortages. Automation 
has the capability to free field personnel from time-consuming 
admlnlstratlve tasks associated with the current communlcatlons 
system, which 1s not automated, thus allowing more time tar pro- 
fessional actlvitles, such as developing and using local weather 
models and hlstorlcal weather analysis. 

NWS also believed that the use of advancements In meteorology 
would be accelerated by using computer analysis and predlctlon 
models at the local level In addltlon, automation promised sub- 
stantial improvements in response time and in providing warnings, 
savings by lowerlng operating costs, and reduced staffing problems. 

DESCRIPTION OF AFOS 

AFOS 1s a natronwlde telecommunications network of mini- 
computers designed to connect most NWS offices. The system 
will allow each field offlce to send and receive lnformatlon 
needed to meet forecasting and observation responslbllltles 
and provide local computer processing capablllty. AFOS, as 
designed, would work as follows. 

Local meteorological observations (wind, temperature, raln- 
fall, barometric pressure, etc.) are entered into the system by 
NWS field offices and transmitted to the NMC. The NMC takes 
this raw lnformatlon (the local meteorological obscrvatlons) and 
uses computer models to prepare detalled guidance and weather 
prolections (forecasts, maps, etc.). The NMC then sends these 
products over the telecommunlcatlons system to the field offlces. 

The local of1lces receive and store the NMC products for use 
in preparing local forecasts. The field forecaster, using both 
graphic and alphanumeric display terminals, prepares the local 
weather forecast by tailoring the NMC's general guidance and the 
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more speclflc forecasts of the WSFOs to local condltlons. AFOS 
would permit Improved analysis by overlaying graphically presented 
data on a display screen. This allows a forecaster to use more 
lnformatlon and a greater number of lnformatlon sources in pre- 
paring forecasts. In addition, AFOS would provide the information 
in a more usable form and would add the capability of local ADP 
processingc Local ADP processing would consist of running local 
weather models similar to those used at the NMC to tailor the 
large models to local requirements. 

AFOS requires a central office responsible for assessing 
system status, assisting in recovery from failures, maintaining 
system software, and driving the system. The System Monitoring 
and Coordination Center (SMCC) has been established for such 
purposes. 

The telecommunications system 1s designed to move infor- 
mation from the field to the NMC and back to the field. It 1s 
currently designed to be compatible with NWS' organlzatlonal 
structure. WSFOs in each of NWS' four contiguous regions are 
connected in a single continuous circuit and information passes 
in both directions around this circuit to every WSFO. This type 
of telecommunications design 1s called a loop. All four regional 
loops are connected at the SMCC, as is the NMC. WSOs are connected 
to their "parent" WSFOs by direct communication lines similar to 
spokes In a wheel. This type of communications design is called 
a star. The Alaskan and Pacific regions are connected to the 
SMCC by spur links. 

Each WSFO has two minicomputers so that one will remain 
operational if the other falls. The larger WSOs will have one 
minicomputer. The rest of the field offices will have a terminal 
connected to a WSFO which will allow them to enter and receive 
lnformatlon from the system. They will not be able to process 
data locally. NWS has not procured or rented the terminals for 
these offices and does not plan to do so until AFOS is fully 
operational 

The AFOS hardware configuration varies depending on the 
type and size of the field office in which it is installed. In 
addition to the computer, each field office has a control console 
and a number of work stations. The work stations consist of 
graphic and alphanumeric display terminals which look and func- 
tion like TV screens. A forecaster can put maps containing 
weather lnformatlon on the graphic screen and overlay additional 
maps with different types of lnformatlon. Alphanumeric terminals 
are used for message composltlon, to input lnformatlon into the 
system, and to display information. 

OBJECTIVES, SCOPE, AND METHODOLOGY 

Our review was performed at the request of Congressman 
Willis D. Gradlson, Jr., to determine the problems that have 
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caused delays in implementing the AFOS system. Our review in- 
cluded management Issues such as system planning, costs and ben- 
efits, coordlnatlon with external users, management adequacy, 
and technical issues related to ADP system development from sys- 
tem design through testing. We extensively studied. 

--NWS' requirements both now and in the future, and AFOS' 
intended impact on service to the public. 

--The basis on which ApUS was Justified--Lhe use of a 
distributed data base management and communications 
system L/ to meet NWS' needs. 

--NWS' organizational structure and its impact on ADP sys- 
tems development, including the role of the NWS field 
organization in developing and implementing AFOS. 

--Management's control of the system's development and its 
capability to develop an ADP system. 

--The system’s sortware, with emphasis on its design, to de- 
termine if It could effectively accommodate changing needs. 

--The adequacy of the telecommunications, hardware, and 
logistics systems. 

--The valldatlon/demonstratlon test plan for the AFOS 
August-September 1981 test. 

NWS staffs worked very closely with our staff during the 
study. We freely exchanged lnformatlon on a regular basis, 
including information on tentative conclusions and recommendations. 
This approach was encouraged by Congressman Gradison. 

Our rnethudology took into account the operational phllos- 
ophy of NWS. Because NWS has a decentralized management struc- 
ture, each region developed Independent management plans for AFOS 
operation and implementation. We addressed these differing ef- 
forts and actlvltles by performing indepth work in two regions 
and llmlted field work in two others. This work included dlscus- 
sions with senior offlclals and forecasters at local field offices 
in each region and extensive onslte observations. We reviewed NWS 
dlrectlves on the duties of field offices and the methods by which 
they are carried out. In addition, we reviewed the needs of three 
separate groups of users within each region: WSFOs, WSOs, and 
River Forecast Offices. Each has different requirements and end 
users of its services. 

&'NWS' distributed data base management system includes the 
distribution of a data base at remote locations and the use 
of programmable minicomputers to process data in 200 field 
offices. 



We performed detailed work in the central and western regions 
where the development of AFOS 1s the most advanced. Our work in 
the remalnlng regions provided sufflclent lnformatlon to address 
field operations as a whole. 

In addltlon, we performed lrmlted work at 

--the NWS Technical Tralnlng Center and Repalr Depot in 
Kansas City, Missourll on AFOS' logistics and training 
program; 

--the FAA Weather Messaqe Swltchlng Center In Kansas Clry 
Missouri, on NWS' current system, which 1s primarily run 
by FAA; 

--the Air Weather Service at Offutt Air Force Base, Omaha, 
Nebraska, on NWS' backup operational support in the event 
of a malor disaster to the NMC; 

--tne Ford Aerospace Commu~icatlons Corporation, the con- 
tractor which assembled the AFOS hardware, In Palo Alto, 
Callfornla, on the performance characterlstlcs of the 
AFOS system and future logistics costs and support; 

--the Data General Corporation, the contractor which supplied 
the AFOS minicomputers, in Westboro, Massachusetts; and 

--the Environmental Research Laboratory, the primary source 
of research for U.S. meteorological services, In Boulder, 
Colorado, on new techniques and services that would need 
AFOS support. 

In addltlon, we met with the malor contractors who have 
supported NWS in developing AFOS to obtain information on 
studies prepared to lustlfy AFOS and to gain a better understand- 
lng of how the system performs and 1s planned to perform. We also 
interviewed key personnel and reviewed pertinent documents ar; all 
mayor NWS headquarters support offices. The Director of NWS and 
the Director of our Community and Economic Development Division 
corresponded during the final phase of our review. This exchange 
addressed our concern that management and technical deficiencies 
were Impediments to implementing AFOS. The Director of NWS stated 
that improvements recently made support NWS' position that AFOS 
1s working satlsfactorlly and that it should be Implemented. After 
providing NWS with a copy of our draft report for official review 
and comment, we continued to perform onslte audit work. This ad- 
dltlonal work, performed In response to a request contained in a 
report of the House Committee on Appropriations, 1/ consisted of 
observing NWS' August-September 1981 valldatlon test of AFOS at 

L/House Approprlatlons Committee Report 97-180, July 16, 1981, 
p. 14. 

7 



selected sites In the western and central regions. We also 
reviewed the preliminary results of the validation test and dls- 
cussed our observations with the Director of NWS, the AFOS prolect 
manager, and other key officials. We met with officials of the 
National Oceanic and Atmospheric Admlnlstratlon and the Department 
of Commerce and obtained lnformatlon on their involvement In ap- 
proving AFOS and concerns over the prolect's development. 
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CHAPTER 2 

STATUS AND COST OF AFOS 

NWS began planning for the AFOS system In the 1960's and 
began developing it in 1974. AFOS was to be fully operational by 
August 1979 at a cost of $77.6 million. However, the prolect 
has been delayed by severe technical problems with hardware, soft- 
ware, and telecommunlcatlons. In addltlon, for various reasons 
AFOS will not realize expected cost savings. AFOS development 
costs have been understated because NWS did not use standard ac- 
counting procedures and controls. By our best estimate, as of 
September 30, 1980, NWS had spent $100 million on the pro]ect, 
and the earllest that AFOS could be fully operatlonal 1s 1984. 

Even if AFOS were fully implemented by 1984, the system 
planned to be made operational is not the AFOS originally 
designed but a system with limited capablllty. NWS lndlcates 
that it plans to design and develop a new system that will meet 
orlginal requirements. This system 1s estimated to be completed 
In 1989 at a cost of $125 to $150 million. If, as planned, NWS 
uses AFOS on an Interim basis until the new system 1s completed 
in 1989, AFOS could cost an additional $144 million. 

CURRENT STATUS OF AFOS 

AFOS has been phased into actual field operations over the 
past several months and 1s now being used as a primary tool by 
forecasters in the preparation and delivery of weather services 
in selected field offices. Currently, the sites using AFOS are 
located in two of the four contiguous NWS regions--western and 
central. By the end of fiscal year 1982, NWS anticipates full 
implementation of AFOS at all planned sites in all four contiguous 
regions. NWS plans to continue using the current communications 
system operated by FAA through the end of fiscal year 1984. 

All AFOS hardware, software, and telecommunlcatlons are in- 
stalled with all four reglonal loops being driven by the System 
Monitoring and Coordlnatlon Center. Based on the valldatlon/ 
demonstration test that was conducted in August-September 1981, 
NWS belleves that the performance of AFOS will continue to improve 
as field personnel gain experience and system deflclencles are 
corrected. 

Despite these improvements, AFOS still has problems with 
software, hardware, and telecommunlcatlons that prevent it from 
performing as originally planned and that make future development 
and enhancement dlfflcult. In early 1981 NWS conducted an opera- 
tional test to assess these problems. Following this test the 
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Director of NWS stated in a memorandum L/ that solutions to prob- 
lems affecting future development and enhancements of the system, 
such as integrating radar and satellite data, were not possible 
without a malor redevelopment effort, including replacing the 
software, hardware, and telecommunlcatlons systems. The Dlrector 
further sta-ced that the add;tlon of any further capabllltles 
needed to support current operations 1s riot possible, and in 
fact some capabll ltnes already In AFOS would have to be removed in 
order to stablllze It. For example, some of the disaster protec- 
tion and system recovery features have been removed. 

Other problems were disclosed in the memorandum that will 
prevent the system from operating reliably. Examples of these 
Include fault lsolatlon and ldentiflcat;on, the ability to monitor 
the status of the network, recovery from degraded modes of opera- 
tion, message composltlonl and the ability to send messages through 
the NOAA Weather Wire. The effect of these problems is a reduction 
In the qualrty of service NWS can provide, greater risk of field 
offices not being operational, and arl increase in AFOS operating 
costs. AFOS development continues In an effort to correct these 
and other deflclencles. 

In August and September 1981, NWS conducted a second mayor 
operational test on the basis of which NWS was to decide whether 
to continue developing AFOS or abandon it. The criteria against 
which AFOS was judged in this test were limited. (See ch 7 for 
further dlscusslon of test crrterla.) 

Regardless of the final results of the operarlonal test, 
strll being assessed at this date, NWS plans to develop a new 
system that should overcome the deflclencles of AFOS and meet 
future needs. Although planning for this system has gust begun, 
the Director of NWS estimates that it could be operational by 
1989 and that its costs of $125 to $150 mllllon would be com- 
parable to a completed AFOS system. 

ACCOUNTING PROCEDURES 

Some costs that should have been attributed to the AFOS 
program have not been included ln NWS' AFOS cost figures. We 
examined NWS' AFOS cost data and determined that AFOS program 
costs have been underreported by about $18 mllllon. Further, 
costs have not been classlfled or presented to management in a 
meaningful and useful format. These shortcomings occurred because 
NWS did not use prolect cost accounting techniques that require 
detailed cost ldentlflcatlon data and did not establish reporting 
or control mechanisms. Although we Informed NWS of these defl- 
ciencles, it still has not establlshed a good accounting system 

L/National Weather Service Director's memorandum to NWS regional 
and offlce directors regarding "AFOS Natlonal Implementation 
Decision," March 19, 1981. 
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for AFOS. Moreover, future AFOS development costs will continue 
to be understated. 

Two primary documents cover accounting procedures required 
for malor systems. These are Office of Management and Budget (OMB) 
Circular A-109, "Mayor System Acquisltlons," and Federal Govern- 
ment Accounting Pamphlet Number 4, "Guidelines for Accounting for 
Automatic Data Processing Costs." Both documents point out the 
necessity to identify slgnlflcant elements of costs directly re- 
lated to acqulrlng systems so that informed management declslons 
may be made at each phase In the entire life cycle of a system. 
These declslons include the most economical time to replace a 
system and alternatives in acqulrlng new systems. In summary, 
these documents state that accumulating the purchase cost of the 
system's components 1s only one step in determlnlng the system's 
total cost. An agency must further determlne the costs of all 
resources, including personnel involved in developing, procuring, 
installing, and testing the system, including the system's soft- 
ware. A system must also be assigned its share of the rent or 
lease expense of buildings, utllltles, and management overhead. 
Additionally, training costs are an integral part of a system's 
development expense. 

Life-cycle costing as required by OMB Circular A-109 re- 
quires an agency to accumulate all direct, lndlrect, and recur- 
ring costs of a system for each phase of Its life span. Under 
this practice a system remains in its development phase until 
it can perform the function for which It 1s Intended. 

The cost of personnel is the primary area in which AFOS 
development costs were not collected. For example, training 
costs included only the cost of providing the tralnlng, and 
not the higher salaries and travel costs of personnel receiving 
the tralnlng. Also, personnel costs for development, testing, 
and management have not been reported. Because NWS' devclop- 
ment approach to AFOS Included many people actively involved 
with the AFOS prolect, the magnitude of this personnel cost 
problem 1s slgnlflcant. For example, the western region re- 
ported that in one 5-month period, over 3,500 hours had been 
devoted to AFOS that were not charged to the AFOS prolect. 

Overhead is another area in which costs were not appl;ed 
to AFOS. A proportionate share of an agency's management and 
admlnlstratlve expense should be applied to a proJectIs costs 
in addltlon to overhead expenses such as utllltles and rent. 
These are significant expenses for a comprehensive ADP system 
such as AFOS. 

NWS has not accounted for other AFOS development expenses 
by transferring to operational accounts all maintenance and 
parts expense for the AFOS hardware. During installation and 
testing these expenses have been considerable. Further, because 
AFOS 1s not an operational system, these expenses should be 
considered developmental. 
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NWS accounting procedures did not accurately allocate or 
record expenditures in the following cost categories= 

--Increased utllltles (prlmarlly electricity) and space 
required to support AFOS. 

--AdditIonal air condltlonlng Installed at field sites to 
meet regional AFOS environmental conditions. 

--New facilities required for NWS field offices, in part 
due to AFOS, and modifications to facilities required 
to support AFOS hardware. 

--Management overhead at the field and headquarters level 
which was not applied to AFOS development costs. For 
example, the salary of the AFOS prolect manager was not 
charged to AFOS over the last 7 years of development. 

NWS has not corrected 
accounting deficiencies 

In November 1980 we informed the Director of NWS of the defl- 
clencies in prolect accounting. However, NWS still does not in- 
clude overhead and staff costs in computing future AFOS operating 
and development costs For this reason operating costs are under- 
stated by approximately $2.1 mllllon annually. As a result, AFOS 
operating costs from fiscal years 1981 through 1989 will be about 
$18.9 million higher than reported by NWS. 

Essentially, NWS regards personnel costs as a flxed expense, 
even though Government policy regards them as a variable expense. 
The cost of AFOS personnel to NWS is lost to other prolects to 
which their time could have been devoted. The Director of NWS 
indicated that it was unnecessary to charge these costs to AFOS 
because NWS would incur them with or without AFOS. Federal ac- 
counting regulations, however, require that personnel costs be 
assigned to the prolect. 

AFOS DEVELOPMENT COSTS TO DATE 

A partial accounting of AFOS development costs was available 
in the NWS accounting system, and NWS at our request provided 
a list of estimated unaccounted costs III ldentlfled areas. These 
figures place AFOS development costs through fiscal year 1980 at 
about $100 million. According to NWS, it received $77.6 mllllon 
In congressional approprlatlons sy%lflLally for AFOS; $5.9 mll- 
lion in additional NWS resources acknowledged by NWS; and $18 mll- 
lion, primarily for personnel, that has not been recorded by the 
NWS accounting system. The mlsallocatlon of these expenses to 
other NWS programs occurred primarily because NWS has not exer- 
cased management controls over AFOS development and costs. 

Our concern is the absence of cost information for NWS and 
the Congress to use in managing the project as the funds are 
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budgeted and expended. If NWS is to have needed information for 
managing the program in the future, complete AFOS cost collection 
procedures are required. This is particularly relevant in light 
of the additional $144 mllllon NWS plans to spend on AFOS and a 
potential $125 to $150 mllllon it plans to spend on developing a 
new system. We identified expenditures of about $18 mllllon that 
were unaccounted for in the areas of overhead, training, and some 
personnel costs. 

GAO Estimates of AFOS Costs 
for Fiscal Years 1974-80 (note a) 

Hardware $ 64,038,250 
Software 12,744,150 
Training 1,525,900 
Communications 871,900 
Uncollected costs 

(primarily personnel) 18,000,OOO 
Expenditures, fiscal 1974 

and fiscal 1975 (note b) 2,980,OOO 

Total $100,160,200 

a/These figures are rough approxlmatlons. 

&/The AFOS prolect did not appear as a 
budget item until fiscal year 1976 and 
costs were not separated before that 
time. 

Current NWS accounting procedures do not provide management 
with Lnformatlon and assurance that funds are spent effectively. 
Further, no system exists to compare allocated funds with actual 
expenditures. Once AFOS funds are allocated, actual expenditures 
are not tracked. Moreover, existing accounting procedures do not 
provide for establlshlng accounts for capital equipment costs. 
Software costs are not separated from other costs, and hardware 
costs include only procurement and not lnstallatlon or testing. 

AFOS COST SAVINGS 
WILL NOT BE REALIZED 

AFOS was originally planned and presented as a system that 
would, among other obJectives, pay for itself through increased 
efficiencies. These savings were to result from ellmlnated or 
avoided posltlons, removal of the current communications system, 
and greater employee productivity. The savings have been delayed 
and the efflclencles, In our oplnlon, will. not occur. Further, 
AFOS will not pay for itself through savings but will require 
at least $15 mllllon annually for operating costs as opposed to 
about $4 million needed annually to operate the current communl- 
cations system. 
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NWS estimates that AFOS' annual operational costs will be 
$13 mllllon and that $2.6 mllllon in savings can be achieved by 
removing part of the current system. We determined that the NWS 
estimate does not include $2 mlillon in annual overhead cost, 
brlnglng our estimate of AFOS' operatlonal costs to $15 million 
annually. We also belleve NWS cannot remove the current communl- 
cations system and will not achieve the $2.6 mllllon in annual 
savings It has estimated for this change. 

The current system which AFOS is to replace 1s operated prl- 
marlly by FAA; NWS pays only for direct support expenditures 
and the equipment it connects into the system. As NWS implements 
AFOS, it must not only support a vastly more complex system at 
the Eleld level but must also assume the cost of system develop- 
ment, management, and malntenance-- functions currently provided 
at no cost by FAA. 

Over a 7-year development period the AFOS system has changed 
in many ways. Changes in basic operating requirements for the 
system have been caused by operational and design conslderatlons. 
The current communications system AFOS was to replace in 1979 
will now remain in operation as a backup through at least 1984. 
NWS staffing levels have also changed, and many positions that 
AFOS was to ellmlnate have already been removed by budget cuts. 
NWS now recognlzes that AFOS will not produce cost savlnqs equlv- 
alent to or exceeding its development and annual operating costs. 
At the same time, the AFOS system as currently designed will pro- 
vide new services and greater capabllltles than the existing sys- 
tem. However, NWS has yet to perform a full cost-benefit analysis 
to compare the capabilities and benefits of AFOS, as it is designed 
today, against the total costs of contlnulng to rely on the current 
communications system without AFOS. 

POTENTIAL COSTS TO COMPLETE AFOS 

NWS plans to develop a new system to meet future needs and 
overcome the deflclencles of AFOS. NWS intends to operate AFOS, 
despite Its deflclcncles, whllc the new system 1s being developed. 
The future cost of the AFOS system shown below is based on data 
provided by NWS. 

Future Cost of AFOS 
Fiscal Years 1982-89 

(000,000 omitted) 

Operate present FAA communications 
system (note a) $ 6 

Complete AFOS and operate through 1989 138 
Develop new system 125 

Total $269 

a/NWS plans to remove the current communications system in 1984. 
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CONCLUSIONS 

AFOS will not generate the cost savings orlglnally envlsloned 
but will incur $15 mllllon in addltlonal annual operating expenses. 
The AFOS prolect is 5 years behind schedule; has cost $100 miiiion, 
$22 mllllon over budget; and has fewer capabllltles than its orlgl- 
nal design. Yet AFOS still falls short of meeting needed require- 
ments. Therefore, NWS needs a new system that can perform many of 
the Eunctlons for which AFOS was originally designed. 

NWS' current communlcatlons system 1s scheduled to remain in 
place to back up AFOS until at least 1984. 

NWS did not follow established Government regulations and 
guidance In accounting for AFOS costs. As a result, NWS does not 
take into account the true cost of AFOS development. Further, by 
not following these regulations, NWS is understating future 
operating costs by $2 million annually. 

RECOMMENDATIONS 

We recommend that the Secretary of Commerce direct NWS to 

--account for all AFOS costs, including the full personnel 
costs attributable to developing and using AFOS, and 

--follow accounting regulations prescribed in OMB Circular 
A-109 in accounting for system development costs, lnclud- 
ing life-cycle costs. 

AGENCY COMMENTS AND OUR EVALUATION ------- __- ----- - 

NWS disagreed with our conclusions that the AFOS pro]ect 1s 
5 years behlnd schedule and that its development stage will be 
completed when NWS has fully implemented AFOS and removed the 
current telecommunlcatlons system run by FAA. NWS has estimated 
that this process will be completed in 1984, 5 years after Its 
original estimate of 1979. NWS' position is that AFOS' develop- 
ment will be complete when all scheduled offices are using AFOS, 
which it expects to occur in 1982. 

AFOS will be fully operational, in our view, only when the 
current system is removed In 1984 and all stations are using 
AFOS. In its internal plans developed before responding to our 
report, NWS considered removal of the current system as the end 
of the development phase, Just as we do. Furthermore, in the 
private sector and In Government, the time of removal of previous 
systems 1s an accepted management practice for lndlcatlng the end 
of a development phase. By this measure, AFOS 1s 5 years behind 
schedule. 

NWS stated that we had overstated AFOS development costs 
by at least $11 million. NWS attributed this amount to (1) a 
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conceptual difference In applying overhead and (2) differences 
in applying costs for personnel involved in routine support 
functions. NWS further maintained that planned AFOS spending 
has bmen based all along on using personnel funds in con]unc- 
tlon with other reprogramed development funds. 

NWS maintains that its application of overhead is consis- 
tent with the NOAA financial system, which GAO approved. It 1s 
our contention that NWS did not use the GAO-approved accounting 
system and its method of applying overhead for the AFOS prolect. 
There 1s no evidence showing that the correct overhead was ap- 
plied to the future AFOS program cost estimates Also, the NWS 
resource management staff confirmed that overhead was not ap- 
plied to AFOS costs. 

A point of difference between NWS and us 1s the assignment 
of costs for all AIYOS developmental staff. WWS attributes many 
of these personnel costs to "routine cross utilization of 
support.' The magnitude of NWS' "cross utilization" is large, 
amounting to tens of thousands of hours. Further, the work 
performed by these personnel was the direct development, maln- 
tenance, and testing of the AFOS system. It should therefore 
be charged to the prolect. Further, in the 1976 Program De- 
velopment Plan, NYS speclfled the resource requirements for 
AFOS and did not Include the use of existing funding or repro- 
gramed funds. In its response NWS stated that it intends to 
begin charging appropriate direct labor costs to the AFOS pro- 
gram, including the prolect manager's salary. 

NWS stated that it is not necessary, as we recommend, that 
it follow accounting procedures prescribed in OMB Circular A-109. 
It stated that the Department of Commerce did not Implement 
A-109 until 1978 and that "at that point the acqulsltlon of the 
AFOS system was so nearly complete that it was not considered 
to be applicable." While it is true that the AFOS hardware was 
purchased by 1978, approximately $60 million has been spent since 
then on continuing development efforts. 

OMB Circular A-109 covers costs beyond the purchase of: 
components. Its approach 1s based on the principle that an ac- 
curate picture of system acquisition costs can be gained only 
by vlewlng a system's entire life-cycle costs. I,lfe-cycle costs 
would therefore include testing operating, and supporting the 
AFOS system. The requirements of A-109 should have been followed. 

NWS also stated that the recommendation to follow OMB A-109 
is unnecessary because "NWS will, as It has in the past, comply 
with Department of Commerce's accounting system." We believe 
our recommendation is still valid. As we note in the report, 
NW3 ' application of overhead and personnel costs to AFOS has not 
been in accordance with the Department's or NWS' own procedures. 
Further, as NWS noted in its response, it has been required by 
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(he Deparement of Commerce to use OMB A-109 since 1978. This 
requirement 1s still not being met. 

NWS also obJected to our estimate that developing a new 
system would cost $125 to $150 million. We based our estimate 
on AFOS development costs which, when completed, will reach 
$150 million or more. This is the only historical basis for 
an estimate. With the effects of inflation on personnel costs 
for software development (the mayor costs of an ADP system), 
it is very unlikely that a new system would cost less than $125 
to $150 million. Our estimate 1s also consistent with an NWS' 
estimate on March 19, 1981, of the approximate cost of a new 
system. 

Although additional funds may be required to maintain the 
current communications system, continuing to operate AFOS would 
be considerably more expensive. This is especially true in view 
of NWS' March 1981 technical assessment which states that be- 
tween $12 and $15 million will be required to upgrade AFOS to a 
minimum level of acceptability. This does not include any apend- 
ing to resolve basic AFOS design deficiencies and constraints. 

NWS stated that we did not offset the benefits of AFOS 
against the cost savings from not operating the system. During 
our review of AFOS we made clear our view that NWS should pre- 
pare a cost-benefit analysis of AFOS. Yet, NWS stated that this 
was unnecessary and that it had no plans to conduct such an analy- 
SlS. Without the needed benefit and cost lnformatlon, neither 
NWS nor any other reviewing organization, including NOAA, cogni- 
zant congressional committees, or our staff, can offset benefits 
against costs. However, we did find that the cost savings that 
NWS originally identified as AFOS benefits will not be realized. 

NWS stated that the cost to operate and maintain AFOS is 
close to the original proJections made in 1976. Since we did 
not review this aspect, we have no basis to accept or re]ect NWS' 
statement. Given the lack of cost data available from the NWS 
accounting system, we did not attempt to determine the cost to 
maintain and operate the system. Our review focused on the 
costs to develop AFOS. We have made use of NWS figures for 
operations and maintenance, making clear that they were provided 
by NWS. The only adlustment we have made was to allocate over- 
head to the NWS figures as required by NOAA and NWS accounting 
procedures. 

NWS stated that it disagreed with our position that over 
$100 million scheduled to be spent in small pieces over 8 years 
could be accumulated for the procurement of a new system. We 
do not assume or state that this 1s the case. A new system 
development prolect should be separately approved and funded by 
the Congress and not internally reprogramed from operations and 
maintenance funds. 
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Our contlnulng concern is that NWS has not adequately deter- 
mined the most cost-effective course of action. Further, NWS has 
not adequately demonstrated that splintering its scarce personnel 
resources across three separate prolects --maintaining and develop- 
ing AFOS, malntalnlng the current system, and developing a new 
system-- 1s cost effective and feasible. 

NWS' comments are summarized in appendix I and presented in 
their entirety in appendix II. 
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CHAPTER 3 

THE MANAGEMENT OF AFOS HAS BEEN INEFFECTIVE 

A direct cause of many AFOS technical and operational 
problems described In this report has been the absence of a co- 
herent approach to managing this large and complex effort. 
Most of the delays and increased costs associated wnth the AFOS 
prolect have occurred because NWS did not (1) establish clear 
responslbllrty for AFOS In a single, full-time manager, (2) use 
standard approaches to managlng complex ADP pro-Jects, and (3) 
recognize the need to seek addltlonal outside assistance in 
developing AFOS. NWS needs to address these management deflclen- 
cles regardless of the ADP system it deveiops and installs. 

BETTER PROJECT MANAGEMENT IS NEEDED 

For over 12 years we have reported on the problems associ- 
ated with developing software application systems in the Federal 
Government. About $300 mliilon in waste was ldentlfled in these 
development efforts. We reported that this waste of money and 
effort could have been mitigated through adherence to generally 
accepted management prlnclples such as the foilowlng: 

--Developing comprehensive prolect plans that address all 
aspects of the system and tie in with other agency 
software plans. 

--Assigning prolect managers as the cel>tral point of 
authority for maJor software development efforts. 

--Preparing reallstlc cost estimates and economic analyses. 

--Establishing effective procedures to compare a system's 
progress with the approved cost, schedule, and performance 
estimates. 

The AFOS prolect has not adhered to these principles. NWS 
made plans, but they were not often implemented or followed. In 
developing AFOS, NWS did not develop comprehensive plans address- 
lng all aspects of the system and its effect on other NWS systems 
and prolects, Also, NWS did not establish dn effective prolect 
management office or use economic analysis as an effective tool 
for managing and controlling AFOS development. 

AFOS has been directed and developed by staff members 
who are involved only part time and have not been relieved of 
their normal responslbllltles These part-time staff members are 
required to balance their primary duties against responslbllltles 
for AFOS. Acquiring the knowledge needed to develop a system as 
complex as AFOS, and then carrying out its development, demands a 
greater time commitment than AFOS staff members are able to pro- 
vide under present circumstances. This problem has resulted in a 
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lack of accountablllty, unclear lines of authority, and a staff 
that has at times worked at cross-purposes. 

Mayor AFOS declslons are left to the Director of NWS or his 
deputy, but these officials are occupied by wide-ranging respon- 
slbllltles and cannot be expected to manage the prolect on a day- 
to-day basis. The result is that AFOS' problems have not been 
addressed in a timely or effective manner. 

NWS 1s aware of these problems. In a March 19, 1981, 
memorandum, the AFOS pro]ect manager stated: 

"Many of our problems can be traced to failures of 
management and systems dlsclpllne. These have led 
to unrealistic plans, schedules and expectations. 
Prlorltles in allocation of staff and resources have 
been obscure, confusing and inconsistent throughout 
the organization. The flow of up-to-date, authorl- 
tatlve, honest information has been spotty and slow, 
and the exercise of management direction often has 
been weak and fuzzy. Colleglal declslon-making has 
promoted partlclpatlon at the expense of focus, 
clarity and decisiveness." 

NWS has used a decentralized 
approach to develop AFOS 

NWS normally operates under a decentrallyed management 
structure. It allows Its field offlces independence in carrying 
out their responslbllltles, and no NWS' malor headquarters or 
field office has authority over any of the others. The Office 
of the Deputy Director of NWS 1s the lowest level at which dls- 
putes can be mediated and NWS-wide policies established or 
enforced. 

AFOS was expected to produce substantial changes in NWS' 
day-to-day operations. For this reason, a well-Intentioned but 
ill-advised attempt was made to share responslblllty for AFOS 
development among as many people as possible. Thirteen mayor 
NWS offices were assigned various responslbllltles for devel- 
oplng AFOS. These responslbllltles were in turn often shared 
with several other offices. For example, 4 offices were re- 
sponsible for system development and experlmentatlon, 5 offices 
were responsible for coordinating AFOS with external systems, 
and 12 offices were responsible for training. In addltlon, 
several committees were established at NWS headquarters for 
program coordination and problem solving. 

The Deputy Director of NWS was initially responsible for 
dlrectlng the activities of all people and offices Involved 
with AFOS. However, high turnover In this position led NWS to 
assign the responslblllty to others during the course of the 
prolect. Currently, prolect management is assigned to the dl- 
rector of an NWS headquarters offlce, but this individual is 
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not sufflclently high up in the organlzatlon to enforce pollcles 
agencywide, and most of the staff members responsible for devel- 
opment do nor report directly to him. 

AFOS decentrallzatlon has created 
development problems 

Because of NWS' decentralized management approach to AFOS, 
key managers frequently lack the authority to carry out their 
responslbllltles or enforce their development declslons. An ex- 
ample of unclear lines of authority 1s NWS handling of the AFOS 
air condltlonlng. Field sites experienced systems failures which 
they attributed to heat problems When NWS engineers investigated 
the problem, they determined that field sites did not require spe- 
cial air condltlonlng, because defective internal fans were caus- 
lng the problem, and directed that air condltlonlng not be pur- 
chased. In spite of this decision, NWS regional managers proceeded 
to install air condltlonlng because they believed it. was necessary. 
In short, a dlrectlve issued by the office having responslblllty 
for englneerlng declslons had no effect on the regions' purchasing 
decisions. In addltlon, no NWS official short of the Director has 
sufficient authority to enforce AFOS development directives. 

Our primary concern is that offlces with responslblllty for 
AFOS declslons have no authority to enforce their policies. This 
lack of coordlnatlon has also prevented NWS from achlevlng poten- 
teal savings through a consolidated single-purchase contract. For 
example, management had no assurance that offices purchased suffl- 
clent and appropriate air condltlonlng to meet their needs. 

Without a strong central management office with sufficient 
authority, the NWS prolect structure precluded effective coordlna- 
tlon and accountablllty In systems development. Because of these 
problems: 

--Top management received inadequate and misleading lnforma- 
tlon on the time and resources required to complete 
development and on the quality of the system. 

-Development priorities were not clearly established and 
top prlorlty work was Ignored In favor of lower prlorlty 
work. For example. monltorlng software provides necessary 
controls over the status of all field office systems on 
each regional loop at all times. This information is 
critical to taking corrective actlon when a field office 
system malfunctions. Nevertheless, NW.5 programers were 
removed from developing the SMCC's monltorlng software, a 
critical AFOS requirement, and asslgned to the development 
of enhancements which are valuable but not critical to the 
system's operation. 

--Programers acted Independently of the system managers 
and developed software not approved for the system. 
For example, numerous enhancements requested by field 
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personnel were developed and incorporated into the 
system without being reviewed or approved by prolect 
management. 

-Resources were frequently wasted because declslons were 
based on unrealistic compietion dates. For example, 
the director of the western region informed the Director 
of NW5 In September 1980 that the western region had 
expended substantial resources preparing for a precom- 
mlsslonrng test based on assurances that the development 
staff at headquarters could meet promised completion 
dates. The test slipped because tne headquarters staff 
missed its completion dates and failed to provide the 
promised support. 

AFOS development personnel 
work at cross-purposes 

AFOS development personnel assigned to headquarters and 
field offices report to the heads of their respective offlces 
rather than to a central AFOS prolect manager. This reporting 
structure has resulted in work that was done at cross--purposes. 
For example7 the two regions most actively involved in deveiop- 
lng AFOS assngned a top prlorlty to maklng it operatlonal. Yet, 
during the past 3 years headquarters has stressed the importance 
of testing and validating the AFOS system prior to going opera- 
tional. The two approaches are contradictory: one attempts to 
determine status and problems; the other attempts to go opera- 
tlonal as quickly as possible and analyze the system later. 

Thus situation placed a significant burden on headquarters 
development staff, who had planned to test and document AFOS be- 
fore developing It any further. These indrvlduals were pressured 
by field personnel to develop new software and procedures required 
for operations. 

Another example of poor coordination occurred in developing 
key software. The western region believed a key cause of AFOS' 
problems was the lnabllity of the System Monitoring and Coordlna- 
tlon Center to monitor the status of the telecommunlcatlons 
network--that is, to know olhlch field offices are operational 
and which have failed and been cut out of the network. Aead- 
quarters development staff assigned this function a lower prlor- 
1ty. As a result, the western region expended considerable re- 
sources developing software designed to accomplish this task 
ard intended for use at the SMCC. When the SMCC attempted to 
use the software, rt did not work. The software will require 
a complete redevelopment to make it operational. 

The lack of success with this specialized software is not 
surprising. The programer developing it in the western region 
did not have access to SMCC personnel who were familiar with the 
equipment on which the software would operate. The programer 
lacked the required knowledge and experience of the SMCC's unique 
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monitoring and control operation and did not have the proper test- 
bed Tar developing the software. The same resources expended by 
a programer working at the SMCC rather than In a field office, 
and furnished with the required lnformatlon and test faclllties, 
would probably have produced a more useful product. 

NWS DID NOT APPLY ACCEPTED APPROACHES 
TO MANAGING LARGE PROJECTS 

The Natlonal Bureau of Standards has developed and issued 
guidance for Federal agencies ln developing ADP systems. These 
standards are slmllar to those used by the private sector In 
systems development. They are widely accepted. 

Although NWS recognized the need to use standard pro]ect 
development techniques, It did not properly utlllze these tech- 
nlques In developing AFOS. For example , management was not pro- 
vlded with timely and useful prolect status reports and adequate 
cost lnformatlon to aid in declslonmaklng, and most of the cost 
information available was in error. 

Slmllarly, the use of management reviews was of limited 
value because lnsufflclent lnformatlon was avallable to the 
prolect manager and the Director of NWS. For example, headquar- 
ters management recently reviewed the need to dedicate one person 
at each field office to work full time on AFOS maintenance and 
operation. However, the regions had already assigned a full- 
time staff member at each field office, In some cases as early 
as 2 years before the headquarters evaluation. We believe this 
lnformatlon on staff assignments should have been avallable to 
headquarters management since the action of regional management, 
in effect, dedicated over 100 staff members to the prolect. Head- 
quarters was aware of the heavy commitment of field resources 
but not the extent of that commitment. The absence of accurate 
information on actual condltlons severely reduces the value of 
central planning and management, the quality of the declslons 
made, and management efficiency In allocatlng resources. 

AFOS 1s among the largest nonmilltary distributed computer 
systems ever designed. Developing such a system requires a 
highly trained and experienced staff of managers, designers, and 
programers. In addltlon, developers should have the necessary 
hardware facllltles to test the system. However, due to lnexper- 
ience, NWS did not increase its staffing to accommodate the prolect. 
Many of the NWS headquarters and field people working on AFOS have 
other duties and are providing AFOS support only on a part-time 
basis. Further, NWS has shifted staff members from one ongoing 
task to another, thereby reducing the quality of their work and 
introducing confusion over responslblllty and accountablllty. 

NWS had not previously undertaken any ADP development pro]- 
ects of the size and scope of AFOS. Further, the lndlvlduals 
who have served as prolect manager and In other key management 
posltlons have had little or no experience in managing the 
development of large ADP systems. 
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The lack of experience with large ADP pro]ects was a sig- 
nlflcant cause of NWS' prolect management problems. NWS believed 
the key difficulty in developing AFOS was the system's hardware. 
In fact, with most systems the crucial dlfflculty 1s software 
development, and AFOS 1s no exception. Because NWS had experience 
with prolects like radar, It concentrated on developing hardware 
rather than software. Further, NWS' belief that the mayor AFOS 
development effort would be hardware contributed to its declslon 
to manage and develop the system in-house. As a result, AFOS 
has been managed and developed by people who are not sufficiently 
experienced rn ADP software development. 

NWS seriously underestimated the size of the AFOS develop- 
ment effort and as a result allocated inadequate resources to 
the prolect. Underestlmatlng time and ~ebour~eb resulLed In the 
following problems: 

--NWS installed some telecommunications lines earlier than 
needed. These lines had to be removed very shortly after 
installation to reduce costs. They were reinstalled later 

--The AFOS managers made several declslons based on arbitrary 
deadllnes, not needs. One of these declslons, not deslgn- 
lng and developing the SMCC subsystem to meet its speclal- 
lzed monltorlng and control needs, continues to prevent 
successful software development today. 

--NWS provided unrealistic completion estimates to the field 
resulting In increased costs, morale problems, and a loss 
of credlblllty. For example, NWS' plans allocated lnsuffl- 
clent time for developing, testing, and lnstallatlng the 
software and imposed unreallstlc deadllnes. Actual devel- 
opment time was about 4 years. Because of these unreallstlc 
deadlines, developers dlsregarded testing, documenting, and 
other development procedures in an effort to meet deadllnes. 

--NWS assigned responslbllltles to developers who lacked 
the tralnlng and experience to carry them out. For ex- 
ample, the programers who modified the hardware operating 
system, probably one of the most complex of software 
efforts, had ilmlted experience with wrltlng operating 
systems. 

INEFFECTIVE USE OF CONTRACTORS 

NWS has not made effective use of consultants and associated 
studies that It commlssloned in developing AFOS and has not made 
appropriate changes in its management structure when consultants 
advised it to do so. Had certain consultant recommendations been 
adopted, AFOS' problems could have been mitigated. For example, 
In 1979 NWS engaged one contractor to assess the AFOS software 
design and another to review the remainder of the AFOS program 
In greater depth. Its recommendations included: 
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--StoppIng the entire AFOS development and establishing 
a formal management structure before proceeding. 

--Developing only a lImited test network and, in parallel, 
redoing the AFOS system from the top down before 
going operational. 

--Reordering the priority of system development activities. 

In our opinion, it is dlffrcult for managers and staff who 
are primarily trained in meteorology to develop a complex, state- 
of-the-art, dastrlbuted minicomputer system. We have discussed 
these concerns with the Director of NWS and other agency offl- 
cials. It 1s our posltlon that contractors experienced in 
developing mayor ADP systems should be engaged for the new de- 
velopment effort, and NWS should contract out development work 
beyond its internal capabllltles and concentrate NWS resources 
on requirements analyses, system deflnltlons, and managing the 
contractor's performance. 

We believe that greater reliance on outside contractors 
could substantially improve NWS' success in developing a new 
system. This should also relieve the staffing problem because 
fewer NWS people would be involved as the contractor performs 
most of the tlme-consuming technical work. Further, contract- 
lng should improve the quality of the system because the actual 
developers will be personnel trained and experienced in ADP. 

The main thrust of recommendations 1rorn several studies was 
that NWS should establish a strong pro]ect management office, 
increase systems dlsclplrne, use standard prolect and software 
development procedures, and completely redevelop large portions 
of AFOS. The agencys however, finds it unacceptable to impose 
a strong pro]ect management office on NWS' decentralized manage- 
ment structure and has not adopted the consultantsD recommenda- 
tlons on the need for an improved structure 

CONCLUSIONS 

NWS did not establish an effective pro]ect management office 
with a full-tjme prolect manager having complete authority for 
development. ProJect personnel. were assigned part time and some- 
times worked at cross-purposes. NWS did not adequately assess 
the magnitude and complexity of the AFOS prolect and therefore 
did not assign a full-time manager with authority equal to the 
responslbllltles of the assignment. 

The result of this lack of clearly defined responslblllty 
for AFOS has been NWS' inability to effectively manage the prolect. 
NWS 1s a highly decentralized organlzatlon which permits wide 
latitude to headquarters and field staffs. Although this organl- 
zatlonal arrangemert may be acceptable for other NWS activitlesc 
it is lncompatlble with developing ADP systems such as AFOS. In 
developing a new system, NWS needs to address this problem if the 
development is to be successful. 
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NWS neglected to apply basic systems management prlnclples 
to AFOS. NWS' use of prolect manageme;lt techniques was lnef- 
fectlve because managers lacked experience, adequate enforce- 
ment, and feedback systems. 

RECOMMENDATIONS 

We recommend that the Secretary of Commerce direct NWS to 

--establish a prolect management office and assign all 
development personnel to that office on a full-time 
basis In completing AFOS development and in developing 
a new system; 

--appoint a prolect manager with clear authority for 
AFOS and for the planned new system; 

--select and enforce standard software development 
procedures, Including documentation and testing for the 
new system, and 

--contract out system development actlvltles which exceed 
in-house development capabllltles. 

AGENCY COMMENTS AND OUR EVALUATION 

NWS stated that it has already implemented the recommenda- 
tions in this chapter that apply to the current AFOS prolect and 
that its future plans related to managing the development of a 
replacement for AFOS reflect our recommendations. 

NWS stated that it has established a prolect management 
office for AFOS and that it has assigned all development person- 
nel to that office on a full-time basis. Further, It stated that 
it has appointed a prolect manager with clear authority for the 
AFOS prolect. In developing the new system, NWS plans to adopt 
and enforce standard software development procedures. These 
procedures would include documentation and testing of the new 
system. For the new system development prolect, NWS agreed it 
should engage a contractor with experience in complex and com- 
prehensive computer/telecommunlcatlons systems development 
pro-jects. 

In our view, the scope and magnitude of NWS' effort to 
automate requires even greater emphasis on strong centralized 
management than shown hy NW'3 to date. Speclflcally, the manage- 
ment of a prolect like AFOS should include lndlvlduals with 
experience in managing large and complex ADP telecommunications 
prolects. Having the pro]ect manager report to the Director of 
NWS does not in Itself adequately address the problem of manag- 
ing and controlling a complex and comprehensive prolect like 
AFOS. Our review disclosed that the AFOS prolect manager had 
only limited control over the resources critical to prolect 
development. Specifically, personnel reported to their normal 
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offices; were evaluated by managers other than the AFOS prolect 
manager; and, to a large extent, were asslgned to AFOS on a 
part-time basis. 

NWS also stated that AFOS pro]ect personnel continue to 
report to and be rated by their normal supervisors and not the 
AFOS prolect manager. This is a primary problem in NWS' man- 
agement of AFOS. If these personnel are in fact assigned to 
AFOS development on a full-time basis, they should report to 
the AFOS prolect manager and not to their normal supervisors. 

We agree with NWS' statement that management deflclencles 
are not valid reasons for not using a system after technical 
problems have been resolved. Our report concludes that NWS 
should defer implementing AFOS on the basis of technical defl- 
clencles and not because of management problems. However, our 
report also points out the extent to which management deflclen- 
cles contributed to the technical deflclencles. 

NWS ' statements regarding its reorganization of the AFOS 
management structure do not adequately address our concern for 
lack of centralized control over AFOS development. The leorganl- 
zation of AFOS management continues NWS' policy of the pLo]ect 
manager functioning as a coordinator of work performed In a num- 
ber of different offices. It still does not provide a single 
source for decisionmaking on AFOS and it does not assign full-time 
development staff to a prolect manager who can directly manage 
their actlvltles. Therefore, the need for a strong prolect man- 
agement office with complete authority to mate key declslons 
remains unfulfilled. 

The extent and effect of AFOS management deflciencles has 
been assessed several times during the life of the prolect. In 
1979 NWS contracted with two ADP consulting firms for comprehen- 
slve reviews of AFOS. Both reviews were completed in late 1979. 
The first report's assessment of NWS management and Its structure 
was as follows. 

"The AFOS program is of sufficient magnitude to warrant 
a dlstlnct prolect management office with sufflclent 
authority to obtain blndlng commitments from support 
organizations wlthln the NWS structure. Because of 
these organlzatlonal deflclencles, the day-to-day 
business of AFOS program management became diffused 
throughout the NWS, and program commitments became 
entangled with other NWS day-to-day business. There 
was no driving force-- a prolect management office--to 
maintain program momentum, to provide authorltatlve 
leadership, and to be accountable for the Job." 

The second review by a contracting firm summarized its 
concerns with AFOS management as follows. 
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"The most critical need is the establishment of a 
strong and permanent management structure for AFOS." 

Our review, lnltlated about 1 year after these reports, 
identified slmllar management and organlzatlonal deflclencles. 
In short, the AFOS prolect management structure provides little 
overall control and guidance to the system development actlvl- 
ties. These condltlons continue to exist, and their effect ham- 
pers progress toward developing a new system to meet agency 
needs. 

In this report we state the need for a contractor's exper- 
tise to develop complex technical systems such as AFOS. We still 
contend that the technical work of developing mayor ADP proJects 
should be accomplished with personnel who have ADP/telecommunica- 
tlons tralnlng and experience In developing complex systems, as 
opposed to using meteorologists who lack this experience. 

NWS noted In its response that it did use contractors for 
AFOS development. NWS did hire a number of contract programers 
who were used In AFOS development under the dlrectlon of NWS 
managers They were of considerable assistance to NWS. However, 
given the size of AFOS and the llmlted amount of outside asslst- 
ante used, it did not adequately address NWS' staffing problems. 
Mayor ADP development pro]ects simply require too much staff time 
to be developed without extensive contractor assistance or hiring 
01 1ull-time ADP development personnel. 

NWS also said that management must retain the responslblllty 
of NWS. We completely agree. However, using contractor personnel 
to perform technical tasks does not dlmlnlsh NWS' management 
authority. 

We note that NWS has taken steps to Implement two of the 
recommendations In this chapter and plans to implement the remaln- 
ing two when it develops a new system. We continue, however, to 
have reservations about the adequacy of NWS' changes to Its man- 
agement structure. There remains a crucial need, still not recog- 
nized by NWS, to develop a stronger central AFOS pro]ect manage- 
ment structure. 

NWS stated that different personnel are involved In develop- 
ing a new system and in operating AFOS. As a result, NWS be- 
lleves It can concurrently develop a new system, operate AFOS, 
and maintain the current system. NWS has not fully acknowledged 
that during AFOS' very lengthy and costly development phase, 
field operating personnel invested vast amounts of time In de- 
veloping, testing, and operating the system. This time expendl- 
ture is likely to be repeated when NWS is again Involved in a 
new system development effort. Managing and developing AFOS has 
already strained NWS field and headquarters personnel. Devel- 
oplng a new system, in addltlon to supporting AFOS and malntalning 
the current system, will place an unrealistic burden on both man- 
agement and technical personnel. Further, by not adequately 
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assessing the total personnel needs based on a system to properly 
account for personnel costs, NWS will continue to ignore the very 
real and heavy investment of its personnel In AFOS development. 

As we stated In chapter 2, NWS should follow the management 
and cost accounting procedures outllned In OMB Circular A-109. 
This minor change in itself would help management recognize the 
total cost of development and provide a sounder basis to deter- 
mine personnel costs for all development and operating actlvltles. 
Over the next several years, significantly more staff resources 
will be required to operate and malntaln AFOS than those needed 
to operate the current communlcatlons system. 

NWS' comments are summarized in appendix I and presented in 
their entirety in appendix II. 
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CHAPTER 4 

THE AFOS SOFTWARE PROBLEMS PERSIST 

NWS' problems with the AFOS software have been a malor cause 
of delays. The software to which NWS 1s commltted has not met 
all the requirements initially establlshed for AFOS. NWS' cur- 
rent and flnal attempt to remedy some of the software deflclen- 
cles cannot overcome its fundamental defects. NWS did not take 
advantage of generally accepted software development procedures, 
including documentation and basic testing, to validate the system's 
design and performance. 

AFOS SOFTWARE CANNOT MEET NWS' NEEDS 

Software 1s defined as a detailed set of instructions which 
controls hardware and enables the computer system to manipulate 
lnformatlon and carry out user tasks. As hardware costs con- 
tinue to decrease, software has become the most costly item in 
ADP systems. The AFOS software ~111 require continual mainte- 
nance and modlflcatlon to meet changing user needs and new 
requirements. 

In the AFOS system, software is divided into three categor- 
ies-- applications, operating system, and telecommunlcatlons. The 
application software includes a set of lnstructlons that produces 
products or outputs for end users. The AFOS operating system 
software is housed in the minicomputers to control and direct 
the computer to carry out various functions. The third type of 
AFOS software controls and directs the functions of the telecom- 
munlcatlons system to transmit data over the telephone lines to 
and from a weather statlo?. 

According to the AFOS functlonal specifications, the software 
was to meet three malor requirements: (1) take lnformatlon from 
the telccommunlcatlons system and store 1~ for developing fore- 
casts, (2) retrieve data stored in the system so that forecasters 
can analyze it, and (3) mlnlmlze the work involved in composing 
and sending weather information to users. In addition to meeting 
these broad requirements, AFOS was planned to include ocher 
characterlstlcs. The system was to 

--be highly reliable (NWS initially specified that the soft- 
ware should not malfunction more than once a year (see 
footnote on p. 39)), 

--be flexible enough to accommodate future system enhance- 
ments, 

--be able to provide backup capablllty in the event of a 
malfunction, 
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--support multiple users of the system at each site on a 
concurrent basis, 

--provide quick response time to users, and 

--be simple enough ln operation that It could be malntalned 
by forecasters with mlnlmal ADP experience and training. 

The software developed for AFOS does not meet these charac- 
teristlcs initially speclfled by NWS. Further, the software 
lacks the capabllltles to meet minimal system requirements, 
frequently falls, requires extensive staff time to support, and 
requires a trained computer speclallst onslte to maintain opera- 
tions at an acceptable level. 

We believe a primary cause of NWS' software problems 1s its 
inexperience with large software development prolects. In part, 
this problem is also caused by the changes occurring in ADP 
technology. In the early days of computers, the price of the 
equipment (hardware) was the mayor ADP cost. Also, the computer 
programs (software), which make the equipment operate, were re- 
latively inexpensive. However, software now costs conslderably 
more than hardware, which has steadily declined in price because 
of technological advances. We noted In our recent report, "Wider 
Use of Better Computer Software Technology Can Improve Management 
and Reduce Costs" (FGMSD-80-38, Apr. 29, 1980), that recent studies 
predict that by 1985, over 90 percent of the cost of ADP ~111 be 
attributable to software. Our dlscusslons with NWS managers and 
developers made clear that NWS believed the higher priority task 
in developing AFOS was the design and procurement of its hardware. 
As a result, procedures for software development and their enforce- 
ment were accorded a lower priority. 

The software is unnecessarily complex 

The AFOS software is complex and tightly integrated with 
the telecommunlcatlons and hardware operating system. Of neces- 
sity the software must have some complexity, but due to hardware 
and operating system llmltatlons, the software 1s much more com- 
plex than it needs to be. 

Software 1s normally developed in independent modules which 
are tied to other modules with a llmlted number of interconnec- 
tions. The point of lnterconnectlon between two modules is 
called an execution path; It designates the order in which the 
software performs a set of instructions. Modules are designed to 
be independent with very few lnterconnectlons so that changes in 
one module do not cause changes in other modules. Also, the use 
of independent modules greatly increases the ease of lsolatlng 
problems and program errors. 

However, to resolve operating system and capacity problems, 
AFOS programers used a highly integrated software design to con- 
serve core memory and deslgned software modules to perform mul- 
tlple functions. They also closely linked the mayor software 
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subsystems (that is, communlcatlons, data storage and retrieval, 
and message composition). Thus, the AFOS software is composed 
of subsystems made up of highly interdependent software modules. 
Consequently, the NWS programing staff has experienced problems 
when modifying one module or subsystem. Because of these flaws 
in the software design, it is most difficult to avoid problems 
with other parts of the system. 

Because the original operating system did not meet AFOS 
requirements, the NWS programing staff significantly modified 
the vendor's operating system to make it more compliant. How- 
ever, these modlflcatlons have also greatly increased the sys- 
tem's complexity, which contributed to rellablllty problems. 

AFOS consists of four mayor subsystems made up of over 300 
closely linked software modules. The NWS programing staff esti- 
mates that when the software system 1s operating, it has mllllons 
of potential execution paths. With this number of modules and 
potential execution paths, tracking software routines and tasks 
to resolve software problems 1s difficult and costly. 

The complexity of the software has created numerous unsolved 
deflclencles that affect all mayor subsystems. Foremost among 
these deflclencles 1s the deadlock problem. The system ex- 
periences deadlock when the computer attempts to process two 
or more tasks that need the same resources. This condition 
makes the computer incapable of processing other tasks, and 
therefore the system malfunctions. Because the computer is 
processing data from many sources simultaneously, the problem 
occurs frequently and unpredictably. 

Other software problems include the following= 

--When more than one forecaster at a site uses the system, 
the data retrieval and manipulation routines fail. 

--Of the four malor software backup routines, only one 
works reliably, but with extensive use it causes the 
data storage subsystem to malfunction. 

--When the message composltlon subsystem fails while a 
forecaster 1s preparing a forecast, the prepared mes- 
sage is frequently lost. The forecaster must then 
rewrite the forecast. 

NWS' attempts to correct software problems 

NWS has adopted numerous approaches in trying to solve the 
software deficiencies, but they are so integrated with the hard- 
ware capacity and operating system problems that solutions applied 
to date have been Inadequate. In February 1981, following a 2- 
month assessment of the system, NWS concluded that: 

--The AFOS software is unable to meet NWS' operational 
requirements. 
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--The software as developed does not provide an adequate 
basis for contlnulng development. 

--Any further software development would not be cost 
effective and probably would not result In slgnlflcant 
Improvements. 

NWS DID NOT ADEQUATELY USE STANDARD 
SOFTWARE DEVELOPMENT PROCEDURES 

NWS did not follow standard software development procedures 
established by the Natlonal Bureau of Standards for Federal 
agencies to ensure the development of quality, documented sys- 
tems that meet user needs and are efflclent and cost effective. 
For example, NWS did not (1) adequately ldentlfy and freeze the 
systemls functional requirements, (2) prepare design speclflca- 
tions, (3) Implement a change control process, (4) develop the 
system as independent modules, (5) document the system, and (6) 
develop a comprehensive testing program. 

As a result of not adhering to these procedures, NWS pro- 
gramers developed the software system wlthout a clear understand- 
lng of its performance requirements. The resulting system 1s 
poorly understood by the programers responsible for its develop- 
ment and is for all practical purposes completely undocumented. 
In addltlon, the subsystems are so Interdependent that attempts 
to Improve the software often result in unantlclpated problems 
elsewhere In the system. To resolve these new problems, further 
system refinements are required that in turn may introduce new 
software problems. As a result, the development has been time 
consuming and costly and has produced software that does not work. 
These problems could have been avoided or mltlgated by rigorously 
utillzlng standard software development procedures. 

Requirements were not defined and frozen 

Functional requirements identify the work a software system 
1s intended to perform and detail speclflc lnterrelatlonshlps 
among the system's separate parts When these requirements have 
not been properly defined, the software designers are hampered in 
developing software because they do not have an adequate basis 
to compare their results against needs. The developing organlza- 
tlon will experience dlfflcultles In managing the development 
process because the resources and time needed to accomplish the 
total task cannot be determined. Further, it becomes dlfflcult 
to establish milestones because there 1s no assurance that devel- 
opment estimates are reasonable. 

NWS has neither adequately Identitled nor frozen system 
requirements. The system requirements have been significantly 
changed since the prolect was lnltlated in 1974. From 1974 to 
1978, users identified new requirements and enhanced capabllltles 
that were subsequently Incorporated into the system. Since 1978, 
the developers have been reducing system capability In an effort 
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to achieve a stable system. In effect, NWS 1s now removing 
much of the software it has spent the last few years developing. 

As a result of NWS' changing requirements, two problems 
have occurred. 

--Completed development work had to be redone because 
of design changes. 

--The system designers have been unable to effectively 
develop the system because It is contsnually changing. 

This situation occurred primarily because NWS inltlally believed 
that the system had more than adequate capacity. As a result, 
management believed It could respond to the needs of the field 
and included desired enhancements. 

AFOS lacked adequate deslgrl specifications 
and a change control process 

A primary component of the development process 1s software 
design speclflcatlons. Design specifications translate require- 
ments into the detailed guidance needed by the programers. In 
addition, these speclfxatlons provide a system overview that per- 
mits an assessment of whether the design 1s feasible or desirable 
in relation to the total system ob)ecclves. 

Specifications detail what each part of the system will do 
and help manage the development in three ways. First, the specl- 
fications provide a system overview of all planned capabllltles 
for management analysis. Second, by comparing progress against 
plans, managers can monitor development. Third, the design 
specifications provide a baseline for testing. 

After developing design specifications, the organization 
should enforce a change control process. Basically, this process 
ensures that any change 1s thoroughly analyzed with respect to both 
specific and overall system requirements. Further, this control 
process should limit changes to the absolute mlnlmum. 

NWS developed AFOS without the benefit of either software 
design specifications or an adequate change control process. 
Consequently, programers prepared computer programs directly from 
functional requirements documents. Information from these docu- 
ments is inadequate because they lack the specifics required to 
write computer programs. 

As a result of not developing specifications and implement- 
ing a change control process, NWS lost control of the development 
process. Specifically: 

--Programers determined independently what programs to 
develop and what functions the programs would contain. 
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--AFOS developers do not have sufficient knowledge of what 
the program modules contain and how they work. 

NWS did not iecognlze the need for relatively precise design 
specifications. NWS understands very well what AFOS is to do; 
this understanding, however, 1s llmlted to a knowledge of the 
desired end result. NWS does not know in specific terms how 
the system 1s to perform these functions. For example, NWS 
wants all lnformatlon available to field offices within minutes 
of the lnformatlon entering the system. This general knowledge, 
however, In terms of the way the system meets the need, requires 
hundreds or thousands of detailed interactions between software 
modules in different subsystems. Precise design speclflcatlons 
are important because an ADP system's software will usually 
undergo almost continuous modlflcatlon and change. The programer 
maklng these changes must ciearly, fully, and accurately under- 
stand the system. Without design speclflcatlons, this knowledge 
cannot be achieved. 

In a 1981 software technical assessment, NWS concluded that 
further development, no matter what level of resources are 
expended, may not produce significant software improvements. l/ 
This is the basis of NWS' conclusion that the software must bg 
completely rewritten. The lack of design specifications is a 
key reason for that assessment. 

Lack of documentation 

Documentation 1s a detalled set of procedures which explains 
what the program does, how it performs the functlonc how the 
program interacts with other programs, and other information. 
This documentation must be kept current to make it possible to 
modify or maintain the program following the software development 
phase. Documentation also includes instructions and procedures 
for those operating the systemc such as forecasters at field 
sites. This documentation helps In training personnel to operate 
AFOS and helps the operator resume normal operations following 
system failures. 

Documentation is absolutely crltlcal to effective software 
development and operation. Without adequate documentation, 
development, maintenance, and enhancement become dlfflcult, if 
not lmposslble. In developing AFOS, NWS did not develop and 

A/The NWS assessment that further software development may not 
produce improvements is based primarily on the lack of docu- 
mentatlon and modularity in the original design. Because of 
these two problems, further development may produce unintended 
side effects which make the software worse, not better. The 
only way to resolve these two problems is by completely rede- 
veloping the software using a modular design and documenting 
the new sortware. This is in essence a complete software 
redevelopment effort. 
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enforce documentation standards and procedures. As a result, 
documentation was not prepared, and NWS to date has been unable 
to prepare documentation after the fact. 

In 1979 NWS lnltlated a go-day effort to document the system. 
NWS program offlclals acknowledged, and we concur, that this effort 
produced unsatisfactory results that at best provide a high-level 
system overview. The documentation 1s not an adequate base for 
system reviews, assessment, or development. Because of the size 
of the pro3ect and the loss of key personnel, NWS, in our oplnlonl 
cannot adequately document the system on a catchup basis As a 
result, NWS cannot completely understand the contents of several 
hundred thousand lines of computer program code. 

This deficiency occurred because NWS lnltially beileved the 
software development effort was a task which could be quickly 
accomplished. This belief is demonstrated by the lnsufflclent 
time initially scheduled for software development, Had NWS 
recognized the magnitude of the task and the time required (4 
years), we beileve it would have placed greater emphasis on 
documentation. 

During our review NWS Initiated action to document selected 
segments of AFOS' software by obtalnlng the services of an out- 
side contractor. As of October 1981, this material was not avall- 
able for review. Therefore, we are not in a position to comment 
on the adequacy of the documentation under development. However, 
it has generally been the case that after-the-fact documentation 
has been of limited value. 

Inadequate software testing 

Without a carefully controlled and thorough test program, 
management has little assurance that the system wail meet user 
needs. Further, management loses a crrtlcal checkpoint for 
ldentlfylng and correcting system problems and mlnlmlzlng 
pro3ect slippages. An adequate test program requires 

--an independent testing team with sufflclent authority to 
develop and enforce test procedures, 

--an adequate staff with tralnlng and experience In ADP 
system testing, 

---program and design speclflcatnon s which include oblectives 
and measurable performance goals, and 

--a reailstlc and appropriate test methodology. 

The NWS testing program lacked all of these requirements. 
The testing team had i;mlted authority, had mlnlmal experience 
wnth ADP systems, was assigned part time to testing, and had such 
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lImited resources that it was unable to effectively carry out 
its tasks. The team tested known problems on a pass/fall basis. 
If the program would execute, it was good; if not, It was defl- 
cient. The testers and developers lacked program speclficatlons 
showing the functions a module or subsystem should perform and 
how it fltted into the total system. Wlthout this performance 
criteria, test teams can only use an empirIca methodology (try 
it and see what it does). 

Cmplrlcal methodologies are not considered appropriate for 
system testing because they do not provide lnformatlon on how the 
program operates and Its effect on other programs. As a result, 
this approach provides Inadequate lnformatlon to serve as a base 
for further system development. The approach severely reduced 
the value of the limited tests performed. 

The NWS test manager was assigned two part-time staff members 
to perform all AFOS testing The team had minimal experience 
with ADP testing and lacked the training required for this func- 
tlon. Due to its size and complexity, AFOS required a large, 
full-time staff for an adequate test program. The test team 
should have had experrence and knowledge in deslgnlng (1) tele- 
communlcatlons, (2) software, (3) hardware, (4) operating systems, 
and (5) software testing methodologies. 

NWS SHOULD CONTRACT FOR 
SOFTWARE DEVELOPMENT 

NWS 1s an operational organization which normally 1s not 
involved in developing malor software prolects. As a result, 
NWS as part of its normal business does not require personnel 
tralned and experienced lr the various dlsclpllnes required by 
software prolects. In addltlon, as the Director of NWS has re- 
peatedly pornted out, NWS staff resources are stretched extremely 
thin even for meeting normal organlzatlonal requirements. 

Mayor software pro]ects such as AFOS require hundreds of 
staff years of developmental work. Because this work is done In- 
frequently, organlzatlons normally lack the in-house personnel to 
develop their own systems. As a result, It 1s normal to contract 
out the development with the agency retaining overslght, manage- 
ment, and approval responslbllltles Because NWS underestrmated 
the magnitude of AFOS development and wanted to hold costs to the 
minimum, It decided to develop AFOS In-house. This severely 
strained NWS resources. 

The Dlrector of NWS indicated that in developing a new sys- 
tem to replace AFOS, greater reliance, where appropriate, would be 
placed on contracting development. We belleve that contracting 
out large software efforts in the future will relieve staffing 
constraints and should result in higher quality products because 
the work will be performed by full-time, experienced ADP develop- 
ment personnel. 
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CONCLUSIONS 

The applications software developed for AFOS has serious 
problems which can be resolved only by a significant redesign and 
redevelopment effort. In developing the software, NWS falled to 
follow standard procedures. This deflclcncy was particularly 
evident In the areas of documentation and program testing. 

As we have previously reported to the Congress, development 
and maintenance of applications software for the Government is 
frequently not effective because management practices generally 
accepted In the lnformatlon systems profession are not usually 
followed. Agencies frequently do not prepare requirements analy- 
ses, cost-benefit studies, or comprehensive prolect plans, nor are 
fuil-time prolect managers with authority, responslblllty, and 
accountablllty always asslgned to software prolects. 

NWS' problems with software development were, in part, caused 
by a lack of inltlal understanding of the pro]ect size and com- 
plexity. As a result, NWS performed work In-house beyond its 
staffing and experience capablllty. The software development ef- 
fort should have been contracted out, and NWS should have hired 
staff members with the required tralnlng and experience. 

RECOMMENDATIONS 

We recommend that the Secretary of Commerce direct NWS to 

--adhere to standard software development practices In 
completing AFOS and In developing a new system and 

--fuliy document the AFOS software to meet the needs of 
the developing staff and operating personnel. 

AGENCY COMMENTS AND OUR EVALUATION 

NWS stated that AFOS software meets all essential requirements 
for field use and the original ObJectives as listed in the AFOS 
Program Development Plan and subsequently determined by lnteractlon 
with operatlonal personnel. However, AFOS does not meet a number 
of NWS' initial requirements prepared In 1974. Nor does it meet 
the updated requirements study completed in 1980p which stated the 
following system specifications for AFOS software: (1) It should 
be developed in a modular way to allow ready modlflcatlons and/or 
expansion of lndlvldual software functions, (2) it should be ex- 
pandable not only to permit an increase In the number of communl- 
cation lines and peripheral equipment being serviced but also 
to allow for an increase in the number and types of software 
functions under development, as well as data from the automated 
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meteorological observation system, and (3) to be reliable the 
software should not malfunction more than once a year. L/ 

NWS stated that the software capability has been reduced 
in an attempt to meet the specifications for a reliable and 
stable software system. Moreover, NWS maintained that the soft- 
ware 1s currently performlng satisfactorily and that the software 
design has been validated by a systematnc NWS test program inltl- 
ated in early 1980. Yet NWS agreed that AFOS software is complex 
and tightly integrated. We belleve this defrclency is the funda- 
mental flaw in the software, the cause of most other software de- 
ficiencies, and can be remedied only by a complete redesign. The 
tightly integrated software will be a problem to those who must 
design subsequent changes In AFOS, a factor NWS acknowledges. 
Further, AFOS is not expandable. For example, it cannot handle 
data from either tne automated meteorological observation system 
or the radar system. In addltlon, the current rellablllty level 
of AFOS does not meet original requirements. In the March 1981 
test of AFOS, the "best" weather station's system failed 5 times 
per day and the "'worst" site experienced crashes 36 times in 1 day. 
With the increase In volume of activity and products throughout 
the natlonwlde systemc coupled with the unreliable and untested 
system segments, AFOS 1s not likely to meet the speclficatlons of 
one malfunction per year and may be unable to meet the August- 
September test results of one to two times per day. 

NWS' claim that software problems have been corrected and 
that AFOS software works satlsfaccorily is not well founded. 
The magnitude and gravity of identified deficiencies cannot be 
corrected without extensive and costly modlflcatlons and a 
series of exhaustive tests. In particular, the operating sys- 
tem 1s not capable of meeting the requirements of the radar 
and satellite systems. In short, the AFOS software has been 
Improved to the point where it can automate the functions pro- 
vided by the current system. The software remains incapable of 
meeting the new, more advanced features it was intended to pro- 
vlde. 

L/NWS' original specification that the AFOS software should not 
fail more than once a year was identified In NWS' minimum re- 
quirements document for AFOS. This goal 1s unreallstlc con- 
slderlng the state of today's technology. We also agree with 
NWS' current contention that AFOS can fail more frequently 
than one time a year without disrupting operations. In its 
August-September 1981, validation test, AFOS software failed 
on an average of one to two times per day at each field site. 
This was a considerable improvement from March 1981 when the 
software failed from 5 to 32 times per day at each site. We 
continue to have reservations about the current failure rate 
of one to two times per day. 
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Essentially, NWS divided Its management of AFOS into two 
phases: (1) orlglnal development work occurring from about 1974 
to mid-1979 and (2) mid-1979 to the present. During the first 
phase NWS described its management approach as being an "iterative 
process.' NWS explalned that It had dlfflculty determlnlng user 
requirements because forecasters follow variable forecasting 
procedures and are generally unfamiliar with ADP. Therefore, 
NWS employed an iterative process to capture and define the more 
subtle software requirements. NWS claims that despite earlier 
problems, this process resulted In an effective system now In 
actual field use which satisfactorily performs essential tasks 
reliably and rapidly. NWS noted that this process often yields 
the most satisfactory systems performance. We agree that an 
iterative process can be useful and even successful. However, 
an effective iterative process must be planned and followed as 
such. We found no evidence In NWS planning documents that an 
iterative process was intended when AFOS development started, 
or 1s anything more than an after-the-fact explanation. 

The second management phase began when NWS management 
determined that the developers were having technical dlfflculty 
in developing and testing the system and there was a need 
to strengthen overall program management by lnltlatlng certain 
development dlsclpllnes. According to NWS, this strengthening 
Included invoking a software change control process, adequately 
documenting the software, and reestablishing a test program. 

NWS stated in Its response that contractor personnel were 
used in AFOS development. NWS did hire a llmlted number of 
contract programers to work under the direction of NWS managers. 
However, this use of outside contractors was not adequate to ad- 
dress the significant burden placed on NWS personnel of develop- 
ing AFOS in addltlon to their regular duties. We continue to 
believe that NWS should use contractors to perform technlcal work 
and concentrate NWS staff on pro]ect management. 

NWS stated that improvements have been Incorporated into 
AFOS and that improvements in performance and ease of software 
maintenance can be made in the future. We acknowledge the im- 
provements In AFOS' performance, which were in part demonstrated 
during the August-September 1981 valldatlon test. However, im- 
provement in AFOS' reliability was obtained at the expense of 
deleting features already built into the system In order to re- 
duce the strain on llmlted wmpukr core memory. Most of the 
improvements In AFOS were the substitution of one capablllty for 
another. In addition, the improvements to AFOS have been llmlted 
to lmprovlng the system's ability to automate the functions per- 
formed by the current system. Future improvements to AFOS cannot 
be made to the extent that NWS stated in its response because 
AFOS software, as NWS noted, 1s not modular in construction. If 
AFOS is to be significantly Improved, the system’s component parts 
(hardware, software, and telecommunications) must be replaced 
entirely. We therefore continue to have malor reservations about 
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NWS' lntentlon to Implement AFOS nationwide before a comprehen- 
sive rcappralsal 1s made. 

NWS' comments are summarized in appendix I and presented 
in their entirety in appendix II. 

41 



CHAPTER 5 

THE AFOS TELECOMMUNICATIONS SYSTEM IS INADEQUATC 

The teiecommunlcatlons system that is an Integral part of 
AFOS performs very important functions. It handles the entry 
of information into AFOS, the removal and storage of lnformatlon, 
and the transmlsslon of lnformatlon In the system. Since AFOS 
handles communications between more than 200 NWS field offices, 
the FAA, the Air Force, the Navy, and the NMC, and must do so 
In a highly reliable manner, these functions are crltlcal. Addl- 
tionally, the telecommunications system must be flexlbie so that 
other systems currently under development by NWS, such as remote 
area meteorological observing stations and satellite and radar 
data, can be incorporated. 

We found, however, that the AFOS teiecommunications system 
is unreliable, lnflexlble, and expensive to operate because of 
inappropriate design and poor software. NWS is aware of these 
problems and intends to design a new telecommunications system 
as part of Its complete new system but feels the current design 
will support AFOS operations. 

THE AFOS TELECOMMUNICATIONS DESIGN 

A reliable telecommunications system corslsts of two basic 
components: first, a telecommunications design, which encom- 
passes how the information is sent (satellite or cable) and 
how the various users are connected (each office connected dl- 
rectly to a central office or all offices connected in a clrcult); 
and second, communlcatlons software, which sends, receives, and 
stores the lnformatlon In the mlnlcomputer at each offlce. 

The telecommunications design that NWS selected for AFOS is 
known as a loop. In this design, WSFOs in each of NWS' four re- 
gions are connected In a circuit and lnformatlon passes in both 
directions around this circuit to every WSFO. All four regional 
loops and the NMC are connected at the SMCC. WSOs are connected 
to their "parent" WSFO by direct communication lines similar to 
spokes In a wheel. This type of communlcatlons design 1s called 
a star. 

The telecommunications software 1s modified specifically 
for each offlce to perform various functions. Individual modlfl- 
cations are made because each office has different requirements 
for information. All weather information passes around the loop, 
and each office must extract the lnformatlon it needs to support 
users In its specific area. AddItionally, field offices must in 
turn relay lnformatlon to other users, such as private 
meteorologists. 

Additionally, because NWS shares weather lnformatlon with 
other services, a central communlcatlons office that exchanges 
this lnformatlon 1s required. The System Monitoring and 
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Coordlnatlon Center, designed for this purpose, also monitors 
the entire telecommunlcatlons network to ascertain its status 
and helps offices to replenish their information bases in the 
event of a computer failure. 

AFOS telecommunications 
design 1s unreliable 

The AFOS loop telecommunications design 1s unreliable because 
a failure at any station in the loop affects every other station. 
Therefore, overall loop rellablllty depends on the number of sta- 
tions. Reducing the number of stations on a loop circuit increases 
overall reliability. The original AFOS telecommunications design 
connected all WSFOs in one large national loop. This design was 
changed into four smaller regional loops to increase rellablllty 
and allow better system management. 

An additional factor contributing to the low rellablllty 
of loops 1s their unsultablllty for a nationwide common-carrier 
system like AFOS. One leading telecommunlcatlons consultant 
described loops and their disadvantages as follows: 

"Ma]or disadvantages of loops are their relatively 
inferior rellablllty and response time properties 
when connecting large numbers of terminals at 
traditional common carrier speeds." 

* * * * * 

"loops are useful in limited distance applications 
where many individual terminal locations must be 
connected in a relatively small geographical area." 

This design was selected because NWS emphasized communica- 
tion line costs to the exclusion of other operational factors 
and characteristics. An advantage of loops 1s that they are one 
of the cheapest forms of telecommunlcatlons. However, the selec- 
tion has proven to be a false economy. 

NWS has added several features in an attempt to offset the 
inherent rellablllty problems of the loop architecture, however, 
each of these features creates an additional workload, increases 
system complexity, and compounds the chance for further errors. 
The workload imposed by these added features may be counter- 
productive because AFOS is at times very heavily loaded, which 
may result in further system instability. 

AFOS telecommunications 
software has problems 

An Important part of the telecommunications system 1s the 
communications software in the various AFOS minicomputers. This 
software controls the flow and storage of messages at field 
sites. 
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Normally, the communications software 1s designed as an 
independent module so that changes to the operating system and 
applications software do not affect, or require modlflcatlons to, 
the communlcatlons software. This 1s especially important in a 
system like AFOS which anticipates many changes, such as the addl- 
tlon of new capabilities. However, the AFOS communications soft- 
ware was closely coupled with the other software in an effort to 
conserve core memory. NWS' failure to design it as an independent 
module not only limits the system's flexlblllty but makes the 
identlflcatlon, lsolatlon, and correction of faults difficult be- 
cause changes in one software system will often have unknown ef- 
fects on the other software systems. 

Because of this lnflexlblllty, new capabllltles cannot easily 
be added to the system. These capabilities, made possible by 
advances in technology and changing user requirements, are ex- 
pected to be substantial In the next decade. An NWS study team in 
a January 1980 study 1,' analyzed these new requirements and ways 
that NWS could reorganize to meet them. The study concluded that 
NWS would have to rely increasingly on automating weather observa- 
tions and warning dissemination. This automation not only involves 
current manual observations but also Increases the use of remote 
sensing, from the ground and satellites, of the oceans and the 
upper atmosphere. Remote sensing greatly increases the data avail- 
able, its timeliness, and the accuracy of forecasts. Automating 
these observations would free personnel for new tasks. However, 
incorporating these capabllltles is dependent on a flexible com- 
munications system, currently nonexistent in NWS. 

The telecommunlcatlons software has other problems. 

--The software 1s Incapable of transmitting data to private 
meteorologists and other users of NWS forecasts and ob- 
servations and cannot be modlfled to perform this function. 

--Some of the backup capability for use in emergencies has 
been removed. 

--Three systems that should be able to interface with AFOS 
beginning zn 1985 cannot he added to the system 

--The use of these systems, which are currently under de- 
velopment, is dependent on their being tied in with 
AFOS. (See ch. 7.) 

TELECOMMUNICATIONS SYSTEM DOES 
NOT MATCH ORGANIZATIONAL PHILOSOPHY 

The loop structure of the AFOS telecommunications system 
conflicts with NWS' decentralized management practice and 

L/"A Proposal for the National Weather Service Field Organization 
in the 1980's." 

44 



philosophy. NWS field offices are intended to exercise a great 
deal of flexibility and independence to meet local needs; the 
actlons of one office have little effect on others. The loop 
architecture, however, makes field offlces dependent on one 
another in a way that causes system problems at one station to 
have an extremely adverse effect on other statlons. For 
example, if one station does not take corrective action follow- 
ing a software malfunction, a number of stations can completely 
malfunction. This condition has frequently occurred in the past. 
In a few cases almost an entire regional loop has been shut 
down because of a malfunction at one site. To maintain the loop 
architecture operationally requires highly standardized proce- 
dures and a strong enforcement policy. Because NWS is not 
organized to manage a high level of Interdependence and does not 
wish to impose the level of system discipline required to make 
the system work, organlzatlonal conflicts are created. 

TELECOMMUNICATIONS REQUIRES 
SUBSTANTIAL SUPPORT 

The telecommunlcatlons system requires a high level of manual 
intervention to operate, for two reasons. First, Inadequate hard- 
ware capacity and software stability problems forced NWS to aban- 
don many of the planned automatic features. Second, low rellabll- 
lty and system complexity forced offlclals to assign a full-time 
lndlvldual to monitor the system at every field office In which 
AFOS is installed. 

Because of the high degree of interdependence of statlons on 
the loop, failure of a communications line or statlon 1s of criti- 
cal importance, and therefore a number of recovery features were 
planned for AFOS. They were of two types, automatic and manual. 
Automatic features Included dialing a communlcatlons line to re- 
place a falled line. NWS has been forced to remove most of the 
automatic backup features, thus requiring greater manual lnter- 
ventlon for failure recovery than planned. For example, if a 
station on a loop fails, the failure must be flxed within 10 
minutes or a bypass switch must be manually thrown to cut the 
site out of the loop. Failure to do so can cause data to be lost 
and can create failures In ad-Joining stations. 

The designers of AFOS assumed the system would be so stable 
that it would practically run itself without manual lnterventlon. 
Based on this assumption, NWS did not initially give operators 
needed tralnlng In diagnosing problems and procedures to effect 
recovery. Because of reliability problems, NWS' assumptions about 
the system running itself have been inaccurate. The system re- 
quires a very knowledgeable and experienced person to work on it 
full time at every office to maintain operations at an acceptable 
level. 
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SYSTEM MONITORING AND COORDINATION 
CENTER HAS MANY PROBLEMS 

Since the SMCC is the heart of AFOS communications, the over- 
all quality of communications support is completely dependent on 
this unit's operation. All four regional loops and the NMC 
are connected here. Information from all sources flowing to and 
from the NMC passes through the SMCC, including information ex- 
changed with the other weather services (FAA, Air Force, and Navy). 
In addition, the SMCC monitors the status of all offices in the 
system and helps them reestablish their data bases following system 
failures. 

NWS has been working on making the SMCC operational but it 
still has many problems. These problems occurred because NWS 
seriously underestimated the resources needed. Problems such as 
insufficient equipment, inadequate software, and lack of monitor- 
ing have led to cancellation of planned tests, inability to sup- 
port malfunctioning sites, and serious concerns about the system's 
ablllty to support all four regional loops if AFOS becomes fully 
operational. 

NWS originally expected that the SMCC would need only two 
minicomputers. The SMCC now has 12 AFOS minicomputers. More may 
be needed because the workload and number of minicomputers are 
largely dependent on the telecommunications system's reliability. 
The lower the reliablllty, the more stations that must be sup- 
ported because of communications failures. 

SMCC software, originally developed by modifying the standard 
WSFO software, also has problems. This software was not designed 
for and does a poor lob of meeting the SMCC's requirements. For 
example, the SMCC software was not designed to perform system 
monitoring, build a data base on system malfunctions, readily sup- 
port the SMCC functions of data base backup and replenishment, and 
act as a remote support for malfunctioning sites. This condition 
contributes to the SMCC's current instability. The SMCC software 
still will not adequately perform many functions necessary for the 
system to be used operationally. 

A particularly important function that NWS initially neglected 
is the SMCC's monitoring function. This function should notify 
personnel of malfunctions so that corrective action can be taken 
and a historical record of events can be built for planning pur- 
poses. Recent network tests have shown the importance of monltor- 
ing and that the SMCC lacks this fundamental capability. Because 
these functions were assigned a low priority, AFOS pro]ect man- 
agers did not provide adequate staff to develop them. 

NWS assigned the SMCC a low priority because the original 
assumptions in developing the system included a high level of 
system reliability. Had this reliability been achieved, the 
SMCC's monitoring function would not have been as important 
as it has become. 
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Concerning the SMCC, in March 1981 NWS stated: 

"Among the largest remalnlng uncertalnties about the 
AFOS system are the adequacy of the design and per- 
formance of the SMCC. The questions are compounded 
by the Increased demands of full national operations 
with four regional loops, several spurs, network 
monitoring and backup functions. * * * It is clear 
that a carefully planned effort, probably substantial, 
1s required before a sufflclent level of confidence 
in the readiness of SMCC can be achieved." 

THE NEED FOR TELECOMMUNICATIONS ALTERNATIVES 

NWS recognizes the importance of a reliable telecommunica- 
tions system. Following tests conducted in January 1981, NWS 
program developers reported to management that: 

"The communlcatlon system must be made more reliable. 
The high rate of line faliures must be eliminated and 
the source of communications deficiencies that cause 
AFOS crashes must be found and corrected. * * * 
Failure to solve it will cause AFOS to fail." 

* * * * * 

"The communlcatlors design 1s deficient in that a 
station may destroy loop integrity by merely failing 
to go into by-pass during periods of computer outage. 
This is compounded by the inability of SMCC to know 
what statlons arc causing this problem." 

NWS has acknowledged that the system places "added demands 
for network monitoring and management dlsclpllne, conflguratlon 
control, and orchestrated implementation of changes 'I Further, 
because of the importance of telecommunlcatlons for meeting 
current and future needs, NWS intends to replace the telecommu- 
nications system as part of its new system development. 

NWS now acknowledges that the loop architecture is not a 
viable long-term approach and has contracted with a consulting 
firm for a comprehensive analysis of potential alternatives for 
use in the new system. This analysis also includes the potential 
impact of requirements outside AFOSr as well as the management 
implications of alternatives. 
has been completed. 

The first part of this analysis 
The consulting firm has made the following 

points about any future telecommunlcatlons architecture* 

--It must be very flexible to expand and contract with 
future needs. This flexlblllty 1s especially important 
because firm data on future requirements is lacking. 

--It 1s critical that the architecture selected require 
minimal management involvement. 
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CONCLUSIONS 

The AFOS telecommunications system is not appropriate for 
meeting NWS' needs. It requires extensive and costly onsite 
staff support. The system 1s Inflexible and unreliable and con- 
fllcts with NWS' organlzatlonal philosophy. The telecommLnlca- 
tlons system will need to be completely replaced, and in replac- 
lng the loop systeml NWS should adopt an alternative which 1s 
compatible with Its organizational structure. 

NWS' declslon to use the loop approach was based on a desire 
to hoid the system's cost to a mlnlmum. Reliablllty in telecom- 
munlcatlons 1s closely related to cost. Loops are one of, if not 
the least expensive form of telecommunlcatlons in terms of pure 
communications cost. However, the tradeoff is lower rellaolllty 
and less flexlblllty. 

RECOMMENDATION 

We recommend that the Secretary of Commerce direct NWS to 
replace the currene telecommunications system as part of Its 
development of a new system. 

AGENCY COMMENTS AND OUR EVALUATION 

NWS stated that the telecommunications system is flexlble 
and reliable and that it does not require a high level of manual 
intervention because of unstable software and Inadequate hardware 
memory capacity. 

It 1s important to note that a 1980 assessment of the AFOS 
loop architecture disclosed that the reliability of the AFOS 
telecommunlcatlons system continues to be a mayor problem. Fur- 
ther, a March 1981 test of AFOS showed that system performance 
was poor and chat AFOS was inadequate for operational use. It 
did not perform according to speciflcatlons, and It does not meet 
the agency's overall requirements. NWS is currently evaluating 
alternatives and has lndlcated that it plans to develop a replace- 
ment telecommunlcatlons architecture as part of a new system. 

NWS disagreed that AFOS requires a high level of personnel 
support. NWS used an inappropriate measure--the actual time 
to deal with a specific problem--as the basis for the statement, 
This measure 1s only part of the calculation of overall support 
staff needs. At each site, at least 50 percent of one person's 
time 1s devoted to training personnel to resolve technical prob- 
lems. This 1s a high level of investment in such resources. NWS 
has established a new software diagnostic course for AFOS malnten- 
ante personnel, prlmarlly so that they can diagnose the cause of 
software crashes. NWS has establlshed AFOS coordlnatlon groups 
of about 10 full-time people in each region. 
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Operating AFOS requires many more people than are required 
to operate and maintain the current system. This became evident 
as NWS added 119 positions for the AFOS prolect. NWS contends 
that AFOS has resulted in over 200 fewer positions to support 
the NOAA Weather Wire Service. This NWS statement 1s mlsleadlng 
because It refers to authorized personnel ceilings, which have 
never been filled, and not to people on NWS' payroll. In fact, 
NWS has been supportlng the Weather Wire Service without these 
positions for years using the current system, not AFOS. 

NWS should continue examlnlng the need to replace the AFOS 
telecommunications system as part of the new system proposed 
for development. A new telecommunlcatlons system would provide 
capablllty that the agency requires but cannot receive from 
the current loop architecture because of design and operational 
limitations. Further, a new telecommunlcatlons system would 
improve rellablllty and minimize failures in the telecommunlca- 
tlons network, which 1s crucial to the operation of the total 
system. More recent tests have shown improvements, but NWS 
recognizes the llmltatlons of loops and is studying alternative 
systems. 

NWS also stated that the SMCC is adequately performing 
Its functions. We note that NWS has apparently completed and 
1s using network monitoring software at the SMCC. We have nor 
verlfled or reviewed this information but believe it 1s accurate. 
This improvement should help NWS to monitor the AFOS network 
and should be of considerable assistance to the SMCC. However, 
since only selected segments of the SMCC functions and associated 
software have been tested, untested segments remain. NWS has 
little or no assurance that they meet requirements. Tests of 
the SMCC's software in terms of a fully loaded system would 
be necessary to assure system stability. Further, In performing 
its monitoring function, the SMCC must demonstrate its ablllty 
to adequately respond to system failures along the telecommunlca- 
tlons network. Before AFOS 1s Implemented, the SMCC operation 
and associated functions demand the successful completion of 
comprehensive tests. 

NWS' comments are summarized In appendix I and presented In 
their entirety in appendix II. 
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CHAPTER 6 

THE AFOS HARDWARE NEEDS TO BE REPLACED 

The hardware In the AFOS system includes 310 minicomputers. 
Each WSFO has two minicomputers so that if one fails, the other 
can provide backup. Each WSO in the AFOS network has one mlnl- 
computer. In addition to mlnlcomputers, each field office has 
a variable number of work stations for meteoroloqlsts. Also 
included 1s a control console for malntalnlng the operation 
of the station's equipment. The operation of this hardware 
and the functions It performs are controlled by the operating 
system, a software component. The operating system 1s critical 
to the effective use of the system and controls the functions 
of all hardware components. 

NWS has experienced serious problems with the operation 
and maintenance of its computers, the system's hardware, and 
the operating system. Further, the hardware does not adequately 
meet agency requirements. We are also concerned that NWS' logls- 
tics program for maintaining spare parts may not be adequate to 
support a fully operatlonal system. 

AFOS HARDWARE HAS PROBLEMS 

Two maJor problems prevent the hardware from meeting NWS' 
requirements. First, the performance of the hardware's operating 
system falls far short of its intended role in directing and 
controlling the computer, Second, the hardware has inadequate 
core memory capacity to store software and forecast data. In 
our opinion, correcting these problems of the current computers 
would not be cost effective As a result, NWS should replace 
the hardware as part of a redesign and development effort. 

Operating system is inadequate 

An operating system 1s highly specialized software developed 
by the system's manufacturer. It enables the hardware and appll- 
cations software to work together in accompllshlng user needs. 
The AFOS operating system controls each mlnlcomputer's central 
processing unit. It is integral to the operation of the mini- 
computers and 1s required for operating the hardware. The AFOS 
operating system functions much like the human brain in that It 
controls the independent parts of the system and causes them to 
act as a unified whole. Because of the speclallzed experience 
required to develop operating systems, they are usually built 
and modified by equipment manufacturers or software vendors. As 
a rule, user organlzatlons do not modify manufacturers' operating 
systems. 

NWS requires an operating system which can concurrently per- 
form a number of separate functions. The operating system ac- 
quired with the hardware 1s unable to perform these functions. 
When it purchased the AFOS mlnlcomputers, NWS was aware of the 
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operating system's limitations. However, at the time of the 
purchase, minicomputer operating systems which met NWS' requlre- 
ments were not available. Minicomputers were a relatively new 
product, dnd NWS believed the operating system could be modlfled 
to meet its needs. 

It should be noted that NWS made every effort to obtain 
an appropriate operating system. NWS initially found a vendor 
who agreed to provide a minicomputer and develop an operating 
system to meet its needs. Unfortunately, the vendor was unable 
to provide it, and NWS decided to go with its second choice-- 
the present mlnlcomputer and operating system. NWS then modified 
the operating system to meet its requirements. 

These modlflcatlons to the AFOS operating system were made 
contrary to the advice of independent contractors. Further, the 
changes were poorly documented and thelL effects not Fully 
understood. The following problems have resulted from these 
modlflcatlons: 

--Malntainlng the mlnlcomputers will be dlfflcult ard 
expensive. 

--The system's complexity has been Increased because 
the appllcatlons, telecommunlcatlons, and operating 
system software have been tightly Integrated. When 
any one of these is modified, changes to the other 
two are often required. This situation rncreases 
software costs and greatly reduces flexlblllty in 
modifying AFOS. 

--Hardware and software improvements made by the mlnl- 
computers' manufacturer cannot be incorporated Into 
the system without considerable cost and effort. 

NWS has been making a substantial effort to resolve the 
minicomputers' operating system deflclencles for several years 
wlthout flndlng an adequate solution. Not only has It modified 
the operating system extensively, but it has continued its at- 
tempts to procure an operating system suitable for the current 
minicomputer. As time passes the operating system problem be- 
comes more critical. For example, the computer's design will 
be 10 years old in 1984, the current target date for AFOS to be 
a fully operational system. Further, the original design of AFOS 
has not been updated to incorporate the significant technological 
advances that are available from the vendor that would help solve 
the system's problems and meet overall needs. Further, the cost 
of adding adequate capacity, redeveloping the appllcatlons and 
telecommunlcatlons software, and procuring a new operating sys- 
tem for 310 minicomputers would probably approach the cost of an 
entirely new system. 
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Hardware has limited caoacltv 

NWS did not adequately determine its requirements for AFOS 
and as a result purchased hardware with inadequate core memory 
capacity. The speclElc amount of the shortage cannot be deter- 
mined because NWS does not know (1) how much capacity it needs 
or (2) the current capacity of its hardware. NWS has concluded, 
however, that all available capacity is fully utilized. This 
shortage of capacity created problems during development of the 
system, and as a result: 

--The AFOS software could not be developed as lnde- 
pendent modules and had to be tightly integrated to 
conserve memory. 

--The smaller freld offices (WSOs) with extensive com- 
munlcatlon requirements have llmlted ablllty to per- 
form onslte data processing, a planned capablllty of 
the system. 

--Large field sites (WSFOs) lack sufflclent capacity 
to support external users. 

--Much of the system's disaster recovery and backup 
capablllty has been removed because of the core 
memory capacity problem. 

--The system cannot be expanded to meet current and 
future needs without a costly addltlon of more 
storage capacity. 

AFOS REPAIR COSTS ARE LIKELY TO BE EXCESSIVE 

In addition to the minlcomputeLs' performance problems, 
malntalnlng them ~~111 be dlfflcult and costly. System mainte- 
nance costs ~111 be higher than anticipated because NWS did not 
select an appropriate logistics approach to malntalnlng a spare 
parts inventory. 

A hardware loglstlcs program is usually implemented under 
two basic approaches: (1) buy all identical hardware systems and 
spare parts required for the system's entire life cycle or (2) 
buy enough parts to meet lnltlal needs, but continually update 
and malntaln all units to make them identical to the most current 
equipment the manufacturer 1s producing. NWS did not follow 
either approach. Instead, it bought identical new systems and 
the engineering drawings and speclflcatlons, as well as a llmlted 
inventory of spare parts, In the lnltlal procurement. NWS planned 
to have spares made as needed to preserve the system's orlglnal 
specifications, rather than to update them. As a result, main- 
tanning AFOS will be expensive, and the hardware cannot easily 
be updated to take advantage of new technology that would correct 
mdJor computer deflclcnclcs. 

52 



NWS' declslon not to Include ample spare parts with the 
original computer system purchase order has caused problems 
with the avallablllty of crltlcal parts. Slrce the manufacturer 
no longer makes many critical AFOS parts on a normal basis, 
special production runs for these parts will be required. In 
some cases NWS will need to find new subcontractors to produce 
parts that are no longer available from the original source. 
Because all parts must be produced on a special basis, NWS will 
be forced to pay a premium price. Further, the premium price and 
the number of needed spares are expected to increase significantly 
over time. 

Because NWS did not follow the second approach of updating 
and maintaining the AFOS hardware to make it identical with the 
manufacturer's current equipment, AFOS' capability and effective- 
ness have been limited. Generally, computer manufacturers intro- 
duce enhancements in computers they currently produce that improve 
reliability and lower operating costs. The manufacturer of the 
AFOS computer made numerous improvements to the computer's memory 
boards and other computer components it currently builds. Ninety 
percent of these changes could be considered enhancements that 
could have significantly improved AFOS Nonetheless, NWS has not 
been able to take advantage of these modifications and enhancements. 

Modifying the AFOS hardware to include such enhancements and 
to make AFOS identical to the manufacturer's current equipment 
may not be feasible at this time. Because NWS has made many 
changes to its AFOS equipment and these changes are undocumented, 
NWS cannot determine with any degree of accuracy the extent to 
which AFOS equipment differs from the manuEacturer's current 
equipment. Further, there is no assurance that the AFOS software 
will effectively and efficiently operate at the most current re- 
vlslon level of the equipment the manufacturer 1s currently 
producing. 

NWS' dlfflcultles in keeping up with the manufacturer!s cur- 
rent revlslon level for its computers resulted in part from the 
prolonged delays in completing AFOS and the rapid pace of techno- 
logical changes in minicomputers. If AFOS had been completed on 
schedule in 1979, all the hardware it needed might have been pur- 
chased by that date. 

NWS' MAINTENANCE AND LOGISTICS 
SYSTEM WILL NOT SUPPORT AFOS 

NWS' present maintenance and logistics system may be unable 
to support AFOS when the system is fully operational. NWS has 
already encountered problems with lnsufflclent spares, late de- 
liveries of spares, and extensive repair time. Additionally, the 
NWS repair center has had hardware maintenance problems that were 
caused by vacant staff posltlons, lack of adequate tools, faulty 
automatic test equipment, inadequate software, and inadequate 
skills to maintain the test equipment. 
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A key to effective maintenance capablllty is the use of 
automatic test equipment. This equlpment's purpose is to 
minimize repair time, which reduces the need for a large in- 
ventory of spare parts However, the benefits of the test 
equnpment have not been realized due to testing program errors 
and the InabilIty to malntaln the test equipment In good working 
order. The repair center estimates that 50 percent of the test 
programs are defective. 

Many problems with logistics would not have occurred 
had the automatic test equipment functioned as planned. To hold 
down costs9 NWS pared Its spare parts inventory to the minimum. 
It believed that the test equipment, coupled with organlzatlonal 
flexlblllty, would save money and meet requirements for spare 
parts. This approach has held down costsg but because of test 
equipment problems, it may be unable to meet NWS' needs. 

The problems NWS has experienced with Its loglstlcs and 
maintenance system could Jeopardrze fuil lmplementatlon of AFOS 
For example, field offices have experienced outages of up to 12 
days due to a single parts failure, resulting In severe reduc- 
tions in qervlce and an lnablllty to meet mloslon needs. 

CONCLUSIONS 

The AFOS hardware 1s inadequate for meeting NWS' requlre- 
ments. The system's primary problems are insufficient computer 
capacity and an operating system lacking the required level of 
capability. 

NWS and independent contractors have concluded that the 
operating system must be replaced, and NWS intends to do so as 
part of developing a new system. Replacing the operating system 
will require NF7S to rewrite its application software and to 
obtain additional core memory for the computers. We believe the 
most cost-effective solution to these problems 1s a complete 
replacement of the computer hardware and its operating system. 

The AFOS loglstnc support system is likely to encounter 
problems 1.f AFOS 1s fully implemented. The primary logistics 
problem resulted from PWS' declslon not to maintain the equipment 
at the manufacturer's current revlslon levels. In replacIng 
the AFOS hardware, NWS should acquire equipment and an operating 
system at the most current level produced by the manufacturer 
and should malntalr them at the manufacturer's current revlslon 
level. 

RECOMMENDATION 

We recommend that the Secretary of Commerce direct NWS to 
replace the AFOS hardware as part of developing a new, more ad- 
vanced system. 
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AGENCY COMMENTS AND OUR EVALUATION 

NWS oblected to our recommendation that AFOS hardware be 
replaced as part of a complete system redesign and disagreed 
with our conclusion that the design and capabllltles of the 
AFOS hardware and operating system are Inadequate. NWS stated 
that the system has more than adequate capacity and that the 
hardware's operating system 1s completely satisfactory for 
NWS' needs. 

In Its comments NWS said It plans to purchase addltlonal 
core memory for the AFOS hardware. Since memory 1s In fact the 
capacity lacking in AFOS hardware, it is inconsistent to state 
that the capacity 1s satisfactory and yet plan to purchase 
more memory. To further support the need for addItiona capac- 
ity, in March 1981 a mayor NWS evaluation of AFOS concluded 
that the system requires at least $4 mllllon in additional 
core memory. Also, in 1981 the AFOS prolect manager concluded 
that a number of features needed to meet minimal operational 
requirements could not be added because of inadequate capacity. 
We contend that NWS should procure additional computer memory 
if AFOS is to be the primary system. This additional computer 
storage would relieve some of the strain on capacity. 

This $4 million in added core memory capacity will improve 
only the system's ablllty to automate the functions provided by 
the current system. AFOS will remain unable to provide the 
addltlonal services and performance improvements which were 
originally intended for the system. NWS is sware of this and 
1s planning to develop a new system to provide this addltlonal 
support. 

In 1974, the NWS technical review team which approved the 
operating system purchased by NWS concluded that the operating 
system was inadequate. Since then NWS has contracted for a num- 
ber of independent technical reviews which hdve concluded that 
the operating system 1s Inadequate. In fact, NWS itself con- 
cluded in March 1981 that the AFOS operating system is inadequate 
and placed a top prlorlty on developing, contracting for develop- 
ment of, or purchasing an operating system. 

NWS stated that "the problems with the flow and avall- 
ablllty of spare parts have been resolved. However, previous 
assessments of the system have shown significant problems with 
the spare parts replacement program." In the last year AFOS 
sites have been closed down for as long as 4 to 6 weeks because 
of a single parts failure. In an earlier test, one site had to 
remain in a degraded operation for over 48 hours due to the 
parts problem. This performance level was lnltlally unaccept- 
able for minimal operational needs, and such problems resulted in 
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NWS' curtailing AFOS' performance criteria. In this context, NWS 
has slgnlflcantly increased the acceptable time allowed to repalr 
faulty equipment and for a site's system to remain lnoperatlve. 

NWS' comments are summarized in appendix I and presented 
in their entirety in appendix II. 
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CHAPTER 7 

ALTERNATIVE APPROACBES TO IMPLEMENTING AFOS 

NWS agrees with our view that AFOS should eventually be re- 
placed and intends to prepare a long-range plan for developing a 
new system. In the meantime, however, the agency plans to lmple- 
ment AFOS nationally on an "as is" basis to derive llmlted bene- 
fits from the work performed. 

AFOS should not be implemented nationally wlthout a thorough 
analysis of whether the system can produce benefits commensurate 
with Its costs. AFOS should be required to undergo a mayor re- 
appraisal before it 1s implemented on a national basis. This ap- 
praisal should include a study of relative benefits and costs as 
well as addItIona operational testing. We recommend such an 
appraisal because of ev:dence that the system as deslgned does 
not meet NWS' orlglnal performance requirements, will be expen- 
sive to malntaln and operate, and ~111 ultimately have to be 
replaced by a new system because of its lrmlted capabllltles. 

An alternatlve to full implementation of AFOS 1s to concen- 
trate resources on deslgnlng and developing a new system, using 
currently available off-the-shelf technology, that will come 
closer to meeting NWS' needs. 

CURRENT NWS PLANS 

Following a detailed technical review of AFOS, NWS concluded 
rn March 1981 that the posslblllty exists that the AFOS system 
is not viable. L/ NWS decided to correct a number of ldentlfled 
system problems and to conduct an AFOS valldatlon and demonstra- 
tion test in August-September 1981. The results of this test 
would determine whether NWS would proceed to implement AFOS 
nationwide or discontinue all use of the system 

NWS conducted the AFOS valldatlon test as scheduled and 
determined that the results were sufflclently positive to Justify 
proceedrng with natlonal lmplementatlon of the system. NWS cur- 
rently plans to implement AFOS by the end of 1982 in all four 
contiguous U.S. regions. This plan calls for leaving the cur- 
rent system in place until 1984 as a backup to AFOS In the 
event of system failures. 

In implementing AFOS, NWS plans to freeze the system’s 
software and operating procedures to the greatest extent pos- 
sable. NWS has stressed that all changes to the system would be 
minor and would be made In the most controlled manner possible. 
This approach should help stabilize the AFOS system. NWS also 

A/NWS Director's memorandum to regional and office directors 
regarding "AFOS National Implementation Decision," March 19, 
1981. 
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plans to purchase addltlonal core memory for the system at a 
cost of about $4 mllllon. 

NWS has also initiated plans for a new system to replace 
AFOS. This system, if approved and funded by the Congress, 
would be completed around 1989. NWS currently intends to develop 
the new system based on a new design rather than the AFOS design. 
The NWS declslon to develop the new system totally apart from 
AFOS reflects a broader declslon to defer correcting a number of 
AFOS' technical deflclencles. The new system 1s intended to re- 
place the current communications as well as AFOS. 

NWS' EFFORTS TO ADDRESS 
AFOS' LIMITATIONS 

NWS has addressed AFOS' llmltatlons by correcting problems 
in ways that produce short-term solutions rather than long-term 
improvements that would assure effective and efficient operations 
over the next 8 to 10 years. Results from various AFOS opera- 
tlonal tests, including the most recent test, indicate that AFOS' 
llmltatlons affecting the long term will continue because of 
inherent design constraints that preclude it from meeting the 
agency's requirements. For instance, to meet changing requlre- 
ments over the next several years, the AFOS system must be 
flexible to the extent that its hardware, software, and telecom- 
munlcatlons components can be effectively and efficiently modified. 

Interim steps to purchase additional core memory and to up- 
grade the AFOS telecommunications system, which is currently 
under assessment by a consultant, could Increase flexlblllty. 
However, the system still would not have sufficient flexlblllty 
because of the constraints in the software for processing user 
appllcatlons and performing prescribed functions. The software 
design was not structured under a modular design concept; it was 
poorly documented and tested on a llmlted basis. The software 
limitations are essentially embedded in the software design, and 
they preclude modifying the software effectively, economically, 
and efficiently. Consequently, this aspect of the software limits 
the flexlblllty of the entire system. 

To increase the system's flexlblllty, NWS also attempted to 
modify the operating system. (This software executes, directs, 
and controls the computer system's hardware and system functions 
and processes.) This modlflcatlon resulted In Improved perform- 
ance but did not succeed in increasing the flexlblllty to the 
extent required. Rather than taking further steps to address 
the problem of flexlblllty, NWS has now decided to forego software 
changes designed to increase flexlblllty by freezing all software 
design and development speclflcatlons. Freezing software essen- 
tially resolves the more immediate and critical problem of mlnlmlz- 
ing software malfunctions and system Failures. Yet, freezing the 
deslqn and halting basic design changes in software means that AFOS 
will continue to bc an Inflexible system, not capable of meeting 
prescribed requirements. 
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NWS' attempt to address another AFOS llmltatlon--the 
capability of handling future programs and systems, such as the 
weather observing satellite program, the new weather radar sys- 
tems, and automated weather observing systems currently under 
development --has not met with success. These programs are 
critically important for improving NWS' ability to forecast 
weather. AFOS' inability to meet future needs will become acute 
as the new radar and satellite systems become operational about 
1985 to 1987. 

Forecasting ablllty is often hindered by a lack of 
meteorological observations. Obtaining data from remote areas 
1s dlfflcult, and NWS forecasters must frequently do without 
this information. To help overcome this deficiency, NWS is cur- 
rently conducting experiments in which automated weather observing 
systems are established in remote areas to automatically relay 
data to a mlnlcomputer for analysis. 

During our visit with NWS officials in charge of one of 
these prolects, we noted that the prolect demonstrated the poten- 
tial to save mllllons of dollars in the areas of improved water 
resource management and flood control. Thus, remote observation 
technology could bring about significant improvement in weather 
prediction and mllllons of dollars in savings to the public 
and industry. However, to translate this technology from an 
experimental to an operational state requires a communications 
system with the ability to receive and analyze this data. Be- 
cause AFOS cannot handle these new systems now being developed, 
NWS' ability to realize the benefits of the ?ew technologies 
~111 be significantly reduced. 

THE AFOS VALIDATION TEST 

We monitored the August-September 1981 AFOS validation 
test. While we have reservations about the design of the test, 
addressed below, the following limited conclusions can be drawn 
from the test: (1) AFOS' performance has improved in the areas 
of stability, frequency of "crashes," user response time, and 
backup systems and (2) its ability to support the Weather Wire 
Service, a critical requirement, has also improved. Also, dur- 
ing the test we noted that AFOS operating personnel seemed 
more familiar with the system and better trained than they were 
in the spring of 1981 when we observed the earlier AFOS test. It 
appears that increased management involvement, NWS corrections 
to known SMCC problems, emphasis on standard operating procedures, 
and a significant increase in system dlsclpllne were largely 
responsible for the most recent improvements. 

However, we did note a number of negative results. For 
example, the frequency of system failure has remained high in 
relation to NWS' original standards for reliability. But re- 
covery procedures worked well, and the elapsed time to recover 
was less than that prcvlously noted. Also, we observed that NWS 
performed minimal testing of certain features and functions 
believed to be the sources of potential problems. This limited 
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use of "troublesome" features would not be acceptable If AFOS were 
operational throughout the Nation and the system were fully loaded. 
Another concern was NWS' extensive use of personnel at all levels 
of management and staff during the test. This intensive support 
was malntalned for a 2- to 4-week test and evaluation period, but 
It 1s unlikely that NWS could maintain this level of support on 
a day-to-day basis over the next several years of AFOS operation. 

Test llmltations 

The AFOS validation test conducted by NWS in August- 
September 1981 had deflclcncles In its design as well as in the 
results achieved. The results of this test therefore do not pro- 
vide a sufficient basis for a declslon to implement AFOS natlon- 
wide. 

The test was llmlted in a number of respects. First, it 
tested AE‘OS' ability to handle only a small subset of mayor pro- 
duct categorles-- a few hundred of over 33,000 products AFOS 1s re- 
quired to handle. Another mayor limitation was that the test did 
not provide results over a range of system load conditions. 
("Load" refers to the volume of messages in the system, which 
normally refiects the number of users.) AFOS is very load sensi- 
tlve, and Its performance can degrade under a heavy workload. The 
AFOS test was generally performed under a light-to-moderate work- 
load. As a result, the test did not measure the potential perform- 
ance of the system In full operation. The test also excluded an 
appropriate standard for system failures. The number of system 
failures occurring per day exceeded the original standard. 

Another llmltatlon of the test was that it did not include 
full tests of "live" information as specified in two critical NWS 
requirements. According to AFOS speclflcatlons, the system must 
(1) deliver products from the SMCC to field offlces, (2) transmit 
local meteorological observations to the SMCC, and (3) transmit 
this data from the SMCC to the FAA. During the test NWS attempted 
only llmlted transmission of live SMCC data to demonstrate SMCCrs 
ability to send data to FAA. As a result, NWS has insufficient 
information to determine whether AFOS can adequately perform 
the required function of transmitting data to FAA. Demonstrat- 
ing full performance of this feature should be critical to the 
final decision to either implement AFOS natlonwlde or dlscon- 
tlnue its use, but NWS chose not to emphasize this capablllty in 
the test. 

Moreover, lnsufflclent information was collected during the 
test to enable pro-Jectlons of the costs and benefits of implement- 
ing AFOS at 200 weather stations natlonwlde. Because of the vast 
difference between the oblectlves of AFOS and the system's actual 
performance, cost-benefit information on its current operation 1s 
critical. In particular, NWS did not collect information on a 
malor cost item, the personnel support required by AFOS. 

60 



l 

In addition, the statistical evaluation method used for the 
AFOS test was deficient. ADP system tests are normally conducted 
at three levels: best case, worst case, and most probable. The 
AFOS' test plan called for conducting most of the test under the 
best or most probable case condltlons As a result, the test did 
not demonstrate whether the system could adequately perform under 
a worst case condltlon, thereby identifying needed corrections 
to system components. Also, the test did not demonstrate that the 
system can perform satlsfactorlly under a worst case method If lm- 
plemented in 200 weather stations under fully loaded condltlons. 
AFOS should adequately perform under a worst case assumption be- 
fore lt 1s considered for natlonwlde lmplementatlon. 

NEED FOR A MORE COMPREHENSIVE 
PLAN FOR MEETING ADP NEEDS 

NWS continues to pursue two goals: implementing AFOS and 
concurrently developing a new system. NWS has not yet developed 
a detailed plan to carry out these ob-Jectlves. Further, the 
NWS approach has not provided needed information, lncludlng a 
comprehensive strategy In support of such plans. For example, 
NWS' plans do not include a schedule to (1) further valldate 
and test AFOS' performance , particularly for untested segments, 
(2) conduct a cost-benefit analysis of AFOS prior to full imple- 
mentation, and (3) resolve the system design constraints. 

A full test for AFOS should Include measurement data to 
determine the effect on AFOS' performance of design deflclenclcs 
that are inherent In its hardware, software, and telecommunlca- 
tlons components. By not focusing on the design issues, NWS is 
not ln a posltlon to estimate the effects of these deflclencles 
and/or evaluate the cost and reasonableness of correcting them. 
A full test should also provide lnformatlon to determine the ex- 
tent to which the software, hardware, and telecommunications are 
deflclent and to what extent they are correctable. In addltlon, 
the test should address the overlapping and discrete functions 
to be performed by two systems in parallel--AFOS and the current 
communications system. Because both systems perform the same 
basic function of providing lnformatlon to field offices and both 
systems will be operating in parallel for at least 3 years, AFOS 
should be tested in terms of this environment. The assessment 
should take into account other lnformatlon, such as benefits and 
associated costs, that would be needed to conduct a cost-benefit 
analysis. 

To adequately address the range of constraints, llmitatlons, 
and problems involved, NWS should develop a comprehensive ADP 
plan that includes: 

1. Both long-range and short-range approaches to data 
processing accompanied by strategies to carry out these 
plans. 
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8. 

We 

, . 

An economic analysis that defines goals and oblectlves, 
formulates appropriate assumptions, ldentlfles alterna- 
t1ves, and determines costs and benefits of Identified 
alternatives. 

An updated requirements analysis to reflect lnformatlon 
needs that are consistent with agency mlsslon and pro- 
gram ObJectlves. 

The impact of an advanced system development program on, 
and Its relatlonshlp to, other agency systems and other 
relevant programs that involve satellite and radar 
imagery and local appllcatlons. 

The application of new lnformatlon technology that would 
overcome the deflclencles of the current AFOS design. 

An assessment of the level of management involvement 
needed to effectively oversee and direct the various 
system development proJects. 

The appropriate organizational structure, including that 
of the prolect management office, needed for future 
systems prolects. 

The number and type of personnel required for three 
systems-- the current system, AFOS, and the new system 
to be developed. 

Results of various tests descrlblng both posltlve and 
negative results with a descrlptlon of corrective action 
required. 

believe that an NWS assessment of this information is 
a fundamental prerequisite to a decision whether to embark on 
national implementation of AFOS, as well as to begin a long- 
range effort to replace It. 

CONCLUSIONS 

The AFOS system has inherent design problems which preclude 
it from adequately meeting NWS' needs. Because these design con- 
straints are serious, AFOS 1s not, and is unlikely to be, a cost- 
effective or efficient system. 

During the past several months NWS has made a concerted ef- 
fort to correct some deflclencles and demonstrated during the 
August-September 1981 valldatlon test that AFOS' performance 1s 
now improved. Based on our observations at various test sites 
and other test information, we concur that AFOS has been improved. 
These recent improvements indicate that AFOS has at least the 
capabllltles of the current communications system operated for NWS 
by FAA. 
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In view of this demonstrated Improvement in performance and 
the expenditure of about $100 mllllon for the prolect, we conclude 
that NWS should be permltted to operate AFOS until 1989, but only 
if NWS completes a full economic assessment showing that lnterlm 
implementation of AFOS fez an 8-10 year period 1s cost effective. 
We emphasize that the recent AFOS valldatlon test does not provide 
sufficient information for a final determination to implement AFOS 
nationally. Without further testing, analysis, and planning, NWS 
cannot determlne the most effective course of action. 

RECOMMENDATIONS 

WC recommend that the Secretary of Commerce direct NWS to* 

--Conduct a detailed cost-benefit analysis before deciding 
on full lmplementatlon. 

--Conduct a test of the untested segments of AFOS before 
deciding to implement It nationwide. 

AGENCY COMMENTS AND OUR EVALUATION 

NWS' response to our report was based on a draft version of 
this report, dated June 29, 1981. In that draft we suggested 
that NWS should lmmedlately abandon the AFOS system. NWS dls- 
agreed with our position and believes that the exlstlng AFOS sys- 
tem should be implemented nationally during fiscal year 1982 as 
the primary weather lnformatlon system. As noted above, we no 
longer belleve that AFOS should be abandoned. In this report we 
are recommending that natlonal lmplementatlon be condltloned on 
a full assessment of AFOS and its alternatives. 

In commenting on our June 29, 1981, draft report, NWS stated 
that AFOS meets or exceeds the original system requirements as 
specified in the June 1976 program development plan. NWS' re- 
ference to the 1976 document as the original requirement is mis- 
leading. The 1976 document referred to by NWS 1s a general over- 
view description of AFOS. This document was prepared 2 years after 
the original speclflcatlons and 1s not a program specifications 
or requirements document. NWS developed a detailed set of program 
requirements In 1974 which became the basic design document for 
AFOS. AFOS still does not meet the NWS-developed speclflcatlons 
as cited In its original 1974 system requirements document. In 
fact, following Its 1981 technical assessment, NWS itself noted 
that AFOS could not meet its orlglnal program specifications. 

As a total pro-ject, AFOS was deslgned to accomplish two 
broad oblectlves: (1) automate the functions performed by the 
current system and (2) provide new capabllltles to allow NWS to 
take advantage of improvements In meteorology. With the recent 
improvements made by NWS, it appears that AFOS will be able to 
meet the first oblectlve --automating the current system. Fur- 
ther, AFOS has greater capablllty and capacity than the current 
communications system In terms of processing speeds, lnformatlon 

63 



storage, and the ability to use computer programs and process 
data in field offices. However, AFOS cannot provide the new 
capabilities it was intended to deliver to its users. There- 
fore, delivery of the additional capabilities NWS requires will 
be delayed until a new system is developed to replace AFOS. 

In response to our draft report and prior to the August- 
September 1981 validation test, NW.5 stated that AFOS had been 
tested and was fully capable of meeting "operational needs." 
However, in a January 1981 test of AFOS, the program test man- 
ager concluded that AFOS was unable to meet operational require- 
ments. Based on the test, he stated that, "Because of the prob- 
lems associated with using AFOS, most of the test monitors, 
operators and site managers felt that a severe weather incident 
would cause a total collapse of the AFOS operation." AFOS has 
not yet satisfactorily passed a complete system performance 
tesk under full load conditions, and until it shows it can do 
sor it is not feasible to state that AFOS is fully capable of 
meeting operational needs. 

NWS system specifications state that before AFOS can 
become an operational system it must accomplish four essential 
tasks: (1) deliver data to the field offices, (2) permit the 
manipulation of data by the forecaster, (3) transmit information 
from the field office to the SMCC, and (4) deliver the field data 
from the SMCC to the FAA system. Currently NWS is using AFOS to 
accomplish only the first two tasks. 

NWS stated that AFOS' backup system is perfectly acceptable, 
thoroughly tested, and meets all NWS requirements. The original 
design of AFOS had five system backups, and according to NWS 
specifications, all five are needed to meet the minimal require- 
ments of an operational system. Of the five AFOS backup systems, 
two work poorly according to actual test results, two have been 
removed, and the remaining system has not been adequately tested. 
Therefore, the backup systems provide little assurance that AFOS 
can effectively meet its requirement for a reliable and stable 
system. 

In its attempt to improve AFOS' reliability, NWS has con- 
ducted numerous tests of the field offices' ability to remain 
operational with only one computer instead of two. The assess- 
ment disclosed that normal operations at a field office cannot be 
supported by a single computer. Further, an independent contrac- 
tor concluded that because of the system's design, one computer 
cannot satisfactorily maintain a site's system. We agree with 
this assessment. 

NWS stated that it has corrected all the problems with AFOS 
and that the system now meets or exceeds all performance require- 
ments. However, many of our observed problems with AFOS are in- 
herent in its basic design and cannot be corrected in a period of 
a few months, if ever, short of replacing the entire system. 
Further, NWS did not attempt to correct any of the basic design 
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problems. As a result, NWS has not resolved and, as stated In Its 
response, does not intend to resolve any of the design problems 
identified by us and by NWS technical staff. NWS plans to resolve 
the system's basic design problems by developing a new system, 
which could be completed by the late 1980's. 

NWS plans to leave the current system in place as a backup 
to AFOS until 1984 to minimize service interruptions whenever 
AFOS falls to function. By this action AFOS will have been in 
parallel operation for about 5 years. This length of time to 
operate two systems in parallel 1s not in accordance with accepted 
management practices and strongly suggests that NWS still believes 
it needs more time to make essential improvements in the AFOS sys- 
tem. In Federal agencies and private industry a commonly accepted 
oblectlve 1s to have systems In parallel operation for the shortest 
possible time. This approach is used because parallel operations 
are usually expensive, place a slgnlflcant burden on operating 
staffs, disrupt operations, and delay effective use of the new 
system. 

The NWS declslon to continue parallei operations for an 
additional 3 years is indicative of AFOS' problems and supports 
our position that AFOS is not likely to become a fully operational 
system. We further contend that NWS will probably retain the cur- 
rent FAA system as backup until NWS develops a new system (sched- 
uled for completion in 1989) or until FAA drops the current 
system, whichever occurs first. 

Further, the overrun of 5 years for developing AFOS has 
extended the development period to 10 years. This lo-year 
development phase 1s twice the length of time the system will be 
in operation before it is completely replaced by a new system. A 
2 to 1 ratio of a development phase to an operational time period 
1s excessive and highly unusual. This analysis of years expended 

I on development 1s based on the starting date of the development 
phase, which began in 1974. It 1s expected to end in 1984 when 
NWS plans to replace the current communications system. The 5- 
year figure for operations 1s that period between 1984 and the 
scheduled 1989 completion of the new system design and develop- 
ment phase. 

NWS' comments are summarized in appendix I and presented In 
their entirety in appendix II. 
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APPENDIX I 

AGENCY RESPONSES AND OUR EVALUATION 

APPENDIX I 

After reviewing our draft report, NWS strongly disagreed with 
a substantial portlon of It. (NWS' response 1s presented In Its 
entirety as appendix II.) After analyzing Its comments, we deter- 
mined that NWS disagrees on 16 key issues. 

This appendix focuses on these 16 issues and presents NWS' 
comments and our evaluations. We have also summarized NWS' com- 
ments and our evaluation In the digest and at the end of each 
chapter, as appropriate. 

In reviewing NWS' comments to our report, we offer the follow- 
ing observations: 

--Much of the material presented by NWS 1s primarily factual 
In nature. Generally, we have not taken exception to this 
information. However, we did not confirm its accuracy. 

--NWS frequently stated in broad terms that information In 
our draft is either erroneous or trivial, but it provided 
no specific lnformatlon or evidence to support its posl- 
tions. We are therefore not in a posltlon to respond to 
these points. 

--NWS frequently summarized Its overall concerns and dls- 
agreements with our report. 

After observing NWS' August-September 1981 test of AFOS and 
based on preliminary test results, we modified our overall recom- 
mendation that NWS dlscontlnue all use and development of AFOS. 
This required modlfylng our recommendations In chapters 4, 5, 
6, and 7, which we have done. 'In essence, our modified recommen- 
dations acknowledge the recent improvements in performance and 
therefore provide a qualified "yes" for moving to the next step 
in the implementation of AFOS, which we suggest 1s to reappraise 
the new evidence of improvements in AFOS' performance. 

In our opinion, the NWS validation test of AFOS in August- 
September 1981, which was llmlted to selected products and opera- 
tions, does not ]ustify full implementation of AFOS on a nationwide 
basis. We continue to have serious reservations In terms of cost 
effectiveness and efficiency If AFOS were implemented nationwide 
in over 200 weather stations. Where appropriate, we have made 
changes in the final report to reflect changed condltlons, lm- 
provementsl and our modlflcd positions. Further, we point out 
that AFOS' basic design problems still exist and that NWS has not 
initiated appropriate actions to resolve them. 

1. AGENCY RESPONSE 

“NO mayor problems in AFOS software, hardware, or 
telecommunications remain that aftect its essential 
functional capabllltles." 

66 



APPENDIX I APPENDIX I 

OUR EVALUATION 

We acknowledge Improvement in AFOS' performance. It 1s 
operating and carrying out limited functions. 

However, deficiencies we have identified in those components 
are inherent in their basic designs. For example, the software 
component, which includes three malor segments--the operating sys- 
tem, the applications softwares and the telecommunications 
software--has severe llmltatlons. In particular, the software 
segments are so tightly integrated in the computer's memory that 
malor software malfunctions can be expected to occur. That is, 
the organlzatlonal structure of the software does not consist of 
independent modules that would permit changes to one module wlth- 
out affecting other modules. As the workload resulting from a 
fully implemented system significantly increases, the potential 
for software malfunctions likewise increases. The inappropriate 
structure of integrated software makes the entire software vulner- 
able. In particular, as one software segment falls, the remaining 
software segments will most likely fall. For example, the dead- 
lock problem with the software component persits. When the com- 
puter attempts to process two or more tasks which compete with 
the same resource, a system malfunction occurs and the system 1s 
incapable of processing other tasks 

Also, AFOS as currently designed 1s not capable of inter- 
facing with or incorporating other systems under development., 
For example, AFOS lacks the capability to either transmit radar 
and satellite imagery data to field offices or receive or 
process lnformatlon from remote area meteorological observa- 
tion stations. Consequently, AFOS meets lImited system require- 
ments, but It cannot meet all the malor needs specified in Its 
original requirements. 

2. AGENCY RESPONSE 

"ArOS is sufficiently stable and reliable to use 
as the primary system; the existing AFOS system 
1s now serv;ng as the primary system in two of 
the four contiguous BWS regions; and operational 
adequacy will be demonstrated during August and 
September 1981." 

OUR EVALUATION 

Through recent onslte observations and based on preliminary 
test results from the August-September 1981 test, we acknowledge 
an improvement in rellablllty. We note that NWS has (1) removed 
a number of system features to reduce complexity and minimize 
system failures and (2) declared a moratorium on changes to the 
software to help stabilize the entire system. 

However, AFOS does not qualify as a primary system until lt 
actually replaces the current communlcatlons system and performs 
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Its essential functions. To be the primary system, AFOS should 
operate as such for an acceptable period of time in parallel with 
the current system. But it plans to operate AFOS in parallel 
for nearly 3 more years, rather than several months. Not only is 
this lengthy parallel operation inconsistent with acceptable man- 
agement practices, but it has not been lustlfled on a cost- 
benefit basis. NWS has yet to demonstrate that AFOS can meet 
prescribed requirements and acceptable standards and practices in 
such areas as flexibility, expandablllty, reliability, backup 
capability, malntnlnablllty, and operability. 

3. AGENCY RESPONSE 

"The most important backup capabilities designed into 
AFOS have been implemented, and the pre-AFOS communi- 
cations arrangements will be retained as an added 
backup through FY 1984." 

OUR EVALUATION 

Althoclgh certain backup capabllltles have been tested and 
the procedures appear to work satisfactorily, llmltatlons and 
deficiencies continue to exist. For example, when the System 
Monitoring and Coordination Center's computer/telecommunications 
system fails, its backup procedures do not assure continuous 
operation with minimum lnterruptlons. Continuous operations are 
highly dependent on the SMCC, the heart of the AFOS telecommuni- 
cations network. All weather service information must be trans- 
mitted through the SMCC from the large computer system at the 
NatIonal Meteorological Center ro the 200 field offices and from 
field offices to the NMC. Also, information flowing to and from 
the NMC from all sources must pass through the SMCC, including 
information exchanged with other weather services (FAA, Air Force, 
and Navy). 

Further, the operation of computer systems dispersed 
nationwide 1s completely dependent upon the natlonwlde teiecom- 
munlcatlons network for all essential functions. If any of the 
WSFO computer systems fall to function for 10 minutes or longer, 
an operator must manually pull a bypass switch to cut the failed 
system out of the telecommunlcatlons loop. Failure to do so will 
result in lost data and operational problems in the adlolnlng 
stations on the network. 

In addition, particular llmltatlons and deflclencles with 
the backup procedures exist in WSFOs where the system has two mini- 
computers. When one computer fails, the second computer must COD- 
tinuc to perform its normal telecommunications function as well 
as nandle the other computer's load. In this instance, the second 
computer operating in a degraded mode results in slower processing 
of fewer functions. This condition is compounded by the computer's 
lack of core memory to handle the increased workload, thus result- 
ing in a high-risk situation. 
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4. AGENCY RESPONSE 

"Improvements in AFOS have been incorporated success- 
fully during the last year, and NWS believes that 
some Investment in selective improvements (not 
fundamental redesign and development), retalnlng the 
existing hardware and most of the software, ~111 
further improve system performance and facilitate 
future software maintenance and enhancement." 

OUR EVALUATION 

Based on our observation of NWS' August-September 1981 AFOS 
validation test, we agree that NWS has made improvements in AFOS. 
However, the improvements, In part, resulted from removing exlst- 
ing capabllltles to relieve a shortage of core memory to Improve 
reliability. The improvements have also resulted from the exten- 
sive use of personnel and management attention to increase system 
dlsclpllne and apply standard operating procedures. Nonetheless, 
we are concerned that this level of support cannot be sustained 
over the next 8 to 9 years. 

NWS stated that the current plan is to freeze the system "as 
1s" and hold all changes to a mlnlmum. APOS technlcal and man- 
agement personnel have determined, and we agree, that AFOS' prob- 
lems stem from fundamental design flaws which can be resolved only 
by a mayor redevelopment. In short, the potential for substantial 
Improvement in AFOS has been precluded by NWSe approaches to solv- 
ing immediate problems. By stating that It plans to freeze the 
system, NWS clearly states that the AFOS design will not be 
improved. 

5. AGENCY RESPONSE 

"The cost of operating and maintaining AFOS is close 
to the proJections made in 1976 when adlusted for the 
effects of lnflatlon on salaries and spare parts." 

OUR EVALUATION 

Since we did not review this aspect, we have no basis to 
accept or re]ect NWS' statement. Due to the lack of cost data 
available from the NWS accounting system, we did not attempt to 
determlne the cost to maintain and operate the system. In es- 
sence, our review focused on the cost to develop AFOS. NWS It- 
self provided the cost figure of $13 mllllon per year for opera- 
tions and maintenance that we have used. The only adlustment we 
made was to allocate overhead to the $13 mllllon as required by 
NOAA and NWS accounting procedures. 

6. AGENCY RESPONSE 

"The existing AFOS system meets all significant 
original requirements except for early withdrawal 
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of teletypewriter and facslmlle capabllltles, 
retained as backup, and substantially exceeds 
original expectations in some areas such as 
forecaster assistance." 

OUR EVALUATION 

NWS stated that AFOS meets or exceeds the orlginal requlre- 
ments as speclfled in the June 1976 Program Development Plan. 
NWS' reference to the 1976 document as the orlglnal requirement 
1s misleading. The 1976 document is a general overview descrlp- 
tion of AFOS. This document was prepared 2 years after the orlgl- 
nal speclflcatlons and does not meet the standards for a program 
speclflcatlons or requirements document. In 1974 NWS developed 
a detailed set of program requirements that became the basic 
design document for AFOS. We still contend that AFOS does not 
meet NWS speclficatlons as cited in its original 1974 system 
requirements document. In fact, following its 1981 technlcal 
assessment, NWS Itself concluded that AFOS is unable to meet the 
original program specifications. 

7. AGENCY RESPONSE 

"The lnitlal AFOS system was never intended or designed 
to meet all future requirements, and particularly not 
those cited by GAO." 

OUR EVALUATION 

NWS' original program specifications document of 1974 and all 
subsequent speclflcatlons documents have speclflcally stated that 
the use of radar and satellite data, as well as the new remote 
area meteorological observing systems under development, would be 
part of AFOS. Further, these requirements documents place a top 
praorlty on flexlblllty and the ablllty of AFOS to handle new 
systems and program changes. In addltlon, a top priority was as- 
signed to the reqLlrement that the meteorologists, inexperienced 
In ADP and telecommunications, would be able to operate and use 
AFOS wlthout intensive training. As NWS itself concluded in its 
March 1981 tcchnlcal assessment, AFOS is unable to meet these 
requirements. 

AFOS is also unable to meet NWS' original speclficatlons on 
frequency of software breakdowns, time to repair hardware and cor- 
rect software, backup levels of protection, and a number of com- 
puterlzed routines to support the forecasters. Our posltlon is 
also supported by NWS' assessment that AFOS is not capable of 
handling radar and satellite imagery data and other requirements 
nn its original specifications. Further support for our position 
is illustrated by NWS' decision to begin developing a new system 
to meet mission needs and to overcome AFOS' limitations and defl- 
ciencies. A new system fo replace AFOS by 1989 was one item which 
did not appear III LVWS requirements documcntn. 
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8. AGENCY RESPONSE 

"AFOS is extremely valuable to NWS operations; it 
sagnlflcantly speeds up warnings and forecasts as 
planned, saves iarge numbers of staff-hours annually 
through automation of routine tasks, liberates time 
and resources for service improvements, and estab- 
lishes a mode of operation amenable to future 
Improvements." 

OUR EVALUATION 

In spite of Its lnmltatlons, AFOS does, we agree, speed up 
warnings and forecasts. We disagree with NWS that AFOS has re- 
sulted In personnel savings. As we noted in the report, NWS has 
added 119 positions to develop and operate AFOS; it has no basis 
to attrlbute personnel reductions to AFOS. NWS continues to dls- 
count the slgnlflcant personnel costs for training, managing a 
telecommunication system, and providing the management and technl- 
cal support required by a complex ADP system. Most of these 
services were previously supplied by FAA at no cost to NWS. 

Until NWS beglns collecting and accounting for personnel 
costs as required by NOAA and NWS accounting procedures, NWS will 
continue to underestimate AFOS personnel costs. A key reason for 
establlshlng these accounting procedures was to provide manage- 
ment with the true cost of ADP systems development and operations. 
Without this lnformatlon management has no basis on which to 
determlne total personnel costs to its organization by speclflc 
prolects. NWS continues to neglect the collection and analysis 
of cost information for AFOS. 

AGENCY RESPONSE 

9. "GAO's estimate that $116 million could be saved by not 
operating AFOS for 8 years does not consider important 
costs of trying to turn back to operations without AFOS, 
and totally ignores the mayor capabllltles and efflclen- 
cles that would be lost." 

OUR EVALUATION 

As disclosed In our report, the cost savings originally 
ldentlfled by NWS as AFOS' benefits will not be realized. During 
our review of AFOS we repeatedly requested that NWS prepare a 
cost-benefit analysis. Yet, NWS repeatedly stated that it was un- 
necessary at this point in time and that It had no plans to conduct 
such an analysis. Without such benefit and cost information, 
neither NWS nor any cognizant organization, including GAO, NOAA, 
or congressional committees, 1s in a posltlon to compare the bene- 
fits against costs. 
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10. AGENCY RESPONSE 

APPENDIX I 

"Reverting to pre-AFOS systems involves much more than 
retaining connectlon to FAA's teletypewriter circuits, 
including refurbishing or replacing aging equipment 
of various types, substantially increasing field per- 
sonnel, and making other potentially expensive 
adlustments." 

OUR EVALUATION 

The current communications system, wlthout the AFOS system, 
has been operating for many years and continues to meet NWS' basic 
requirements in all six regions. 

Further, NWS stated that it plans to retain the current 
system until 1984. Although additional funds would be required 
to malntaln or replace the current communications system, con- 
tinuing to operate AFOS would be considerably more expensive. 
For example, in its March 1981 technical assessment, NWS lden- 
tlfied $12 to $15 million as the amount needed to upgrade AFOS. 
This does not include expenditures to resolve basic AFOS design 
deflclencles and constraints. 

11. AGENCY RESPONSE 

"Even current services could not be malntalned using 
pre-AFOS systems without a mayor investment and 
upheaval in NWS, if at all. The pre-AFOS systems do 
not meet even 1974 NWS requirements; that is why the 
AFOS program was initiated to provide many capablll- 
ties not included at all in the previous systems." 

OUR EVALUATION 

Current services can be maintained without AFOS as evidenced 
by the fact that NWS is providing all current services using its 
current communications system, not AFOS. In addition, NWS stated 
that It plans to retain the current communlcatlons system as a 
backup to AFOS. This backup plan, therefore, supports our posl- 
tlon that as AFOS fails to perform and does not provide needed 
services, the current communications system can provide these 
services. 

It 1s also Important to note that with the exception of 
limited data processing capability for local programing, AFOS 
does not have any malor capabilities not contained in the current 
system. AFOS basically performs the same major functions as the 
current system. The additional capabllltles planned for AFOS, 
such as handling radar, satellite, and remote observations, have 
been deleted from the system. NWS expects to include these re- 
quirements in the new system it plans to develop. 
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12. AGENCY RESPONSE 

"Totally different kinds of personnel are involved in 
operating AFOS and in developing a new system; NWS can 
accomplish both concurrently." 

OUR EVALUATION 

NWS does not adequately account for the agency's experience 
with AFOS during the very lengthy and costly development phase 
which began In 1974 and is continuing. Field operating personnel 
invested a significant amount of time in developing, testing, and 
operating AFOS. This time expenditure 1s likely to be repeated 
when NWS 1s again involved in a new system development effort 
and concurrently malntalnlng AFOS to meet its needs. 

Also, NWS does not adequately address the agency's severe 
lack of management and technical personnel who are experienced in 
ADP development. Developing a new system, in addition to sup- 
porting AFOS and mnlntnlnlng the current system, will place an 
excessive burden on both management and technlcal personnel. 
Further, by not adequately assessing the total personnel needs 
based on a system to properly account for personnel costs, NWS 
will continue to pass over the very real and heavy Investment of 
its personnel in AFOS development and operations. 

13. AGENCY RESPONSE 

"The cost of a new system meeting all present and 
future requirements recommended by GAO 1s unknown, and 
GAO’s estimate of $125 to $150 million is not based on 
any substantive analysis or knowledge of the requlre- 
ments; and 

"the assumption that more than $100 mllllon, now 
planned for expenditure in small pieces over eight 
years, can be gathered up for a procurement is at best 
doubtful." 

OUR EVALUATION 

NWS oblected to our estimate that the development cost of a 
new system would be $125 to $150 million. We believe that this 
estimate 1s reasonable in light of AFOS development, which when 
completed will have cost about $150 mllllon. With the effects of 
lnflatlon on personnel costs for software development (the malor 
cost of an ADP system), It 1s very unlikely that a new system 
would cost less than $125 to $150 mllllon. 

NWS also disagreed with our posltlon that over $100 million 
scheduled to be spent in small pieces over 8 years could be ac- 
cumulated for the procurement of a new system. We agree with NWS 
and would like to point out that we neither stated nor assumed 
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this was the case. It is our position that a new system develop- 
ment prolect should be approved and funded by the Congress and 
not internally reprogramed from operations and maintenance funds. 

14. AGENCY RESPONSE 

"The development of large, complex systems that break 
frontiers should be expected to encounter some prob- 
lems; NOAA's experience shows that proceeding In a 
series of ambitious but prudent steps results in fewer 
problems than making a single giant leap to a new sys- 
tem incorporating even more novel features than AFOS, 
as proposed by GAO." 

OUR EVALUATION 

We acknowledge the new frontiers penetrated by NWS in 
initiating the AFOS prolect. We also acknowledge NWS' position 
that it intends to replace AFOS with a new system. This new sys- 
tem 1s designed to meet requirements ldentlfled by NWS In 1974 
and to incorporate additional requirements to meet mission needs. 
Our report does not recommend specific capabllltles for AFOS, 
but it ldentlfles the areas In which AFOS lacks capabllltles 
prescribed for It in the 1974 requirements. Further, 0u1 reser- 
vations are dlrected toward the cost and advlsablllty of operat- 
ing AFOS. 

15. AGENCY RESPONSE 

"The schedule to complete AFOS slipped 2 years, not 5 
years." 

OUR EVALUATION 

AFOS will be fully operatlonal only when the current system 
is removed In 1984 and all stations are using AFOS as the primary 
system. In developing AFOS and In Its internal plans prepared 
prior to responding to our report, the development phase was to 
end in 1979 and the removal date of the current system was the 
termination date of the development phase. NWS' revised posltlon 
is that the development phase will end in 1982 when It expects 
all scheduled offices to be using AFOS, even though the current 
system will remain In operation until 1984. Further, in develop- 
ment prolects In the private sector and in Government, the date 
the current system is removed normally indicates the erld of a 
development phase. By this measure AFOS is 5 years behlnd 
schedule. 

16. AGENCY RESPONSE 

"NWS used management practices appropriate to the 
stage of development and the organlzatlonal realities 
of NWS." 
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OUR EVALUATION 

As we noted In our report, technical assessments by independent 
contractors as well as by us have noted mayor management problems 
in AFOS development. NWS has not followed standard Government 
guidance and acceptable management practices for system management, 
accounting, and software development. Such management deflclencles 
have significantly contributed to AFOS' delays and problems. 

In March 1981, following a detailed analysis of AFOS, the 
prolect manager in his final report summarized NWS' management 
problems as follows: 

"The consultants we retained in recent years, as well 
as the GAO team currently reviewing the AFOS program, 
have stressed that other organizations successfully 
undertaking automation programs of the scope and 
complexity of AFOS were forced to make significant 
organizational and management changes. These were 
necessary to accommodate this level of automation 
and to institute much higher levels of classical 
systems engineering and management disciplines than 
the NWS has invoked to date. We have been repeatedly 
warned that we risk continued problems and failure 
unless we exercise a higher degree of discipline 
in the establishment of requirements, development, 
operation, change management, documentation, support 
and program management than is exercised in the 
customary practices of the NWS. 

"Our experience during the past year seems to confirm 
these views. Many of our problems can be traced to 
failures of management and systems discipline. These 
have lead to unrealistic plans, schedules and expec- 
tations. Priorities in allocation of staff and 
resources have been obscure, confuslng and lncon- 
slstent through the organization. The flow of up-to- 
date, authoritative, honest lnformatlon has been 
spotty and slow, and the exercise of management 
direction often has been weak and fuzzy. Collegial 
declslon-making has promoted participation at the 
expense of focus, clarity and aeclslveness." 

We concur with this assessment. It should also be noted that 
NWS attempted to develop one of the largest distributed data base 
systems ever designed, in-house, without trained ADP personnel, 
without increasing staffing levels, and without modifying its 
organizational structure. Given these constraints, management and 
technical problems are not surprising. ADP development pro]ects 
require strong central management and heavy emphasis on systems 
dlsclpllne. 
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We recognize that NWS must retain full management respon- 
slblllty for ADP prolects. We believe, however, that by using 
contractors to perform technical tasks and concentrating NWS 
personnel on prolect management, the development of a new sys- 
tem could be Improved. This would permit ADP personnel to com- 
plete technical work they are trained for, and NWS could concen- 
trate on the management and meteorological issues which It 1s 
best able to address. 
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Mr Henry Eschwege 
Director, Community and Economic 

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

Dear Mr Eschwege 

This is in reply to your letter of June 29, 1981, requesting 
comments on the draft report entitled "The National Weather 
Service Should Abandon the Automation of Field Operations and 
Services System ' 

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

Sincerely, 

Insa/eCCor General 
f'or Auditin$ 

Enclosure 
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OVERVIEW 

APPENDIX II 

AFOS Status Update 

The technlcal problems that delayed operational lmplemel7- 
tatlon of the AutOrnatlOn of Field Operations and Services (AFOS) 
program now have been isolated and resolved. Tne performance of 
AFOS hardware, software, and telecommunlcatlons meets all func- 
tlonal and technlcal reyulrements establlshed by the National 
Weather Service (NWS) as essential for proceeding with the formal 
operational demonstration. Already two of tne four contiguous 
NWS regions are relying on AFOS for nearly all planned service 
operations. The system has been installed in all of the more 
than 200 field offices as planned, the communlcatlons links have 
been establlshed, and AFOS 1s supporting some crltlcal opera- 
tional needs at all of these siatlons. Tne NWS regions using 
AFOS as the primary system report that it slgnlflcantly speeds 
the preparation and dlssemlnatlon of severe weather and flash 
flood warnings, one of the mayor orlglnal goals of the program. 
Equally important, AFOS provides staff relief to NWS field 
offices by automating numerous time consuming manual tasks and 
simplifying many others. 

A formal operational demonstration has been designed to 
verify that full weather service operations conducted using AFOS 
as the primary weather information system meet rigorous, qban- 
titative standards of rellablllty and timeliness. The hardware, 
software, network maintenance and loglstlcs systems, and other 
support elelllents already are In their flnal conflguratlon for the 
demonstration; the field personnel of two entire NWS regions are 
fully trained and proflclent; and the demonstration ~111 be 
completed by tne end of Septemoer 1981 as scheduled. Assuming 
successful completion of this operational demonstration plus 
prior completion of an extensive technical valldatlon of the AFOS 
system covering the last 18 months and a comyrehenslve program of 
field tralnlny and verlflcatlon of oyeratlonal and support 
procedures, NWS plans to proceed with natlonal lmplementatlon of 
the system. The NWS plans that its reylons will be formally 
commissioned, one-by-one In a phased process, resultlny In all 
four regions operational by the end of FY 1982. 

BdSlC ISSUeS 

Two factors stand out In the basic conflict oetween the pre- 
ceding summary of the status and plans for AFOL im$lementatlon 
and the mayor conclusions and recommendations of the GAO draft 
report. First, there has been positive progress in the 
development, testing, and initial field use of the AFOS system 
since the GAO completed Its visitation and data collection 
actlvlties several months ago. Second, NOAA and GAO have slgnlf- 
lcantly different perspcctlves on the nature of wedther service 
operations and the requirements, relative importance, and value 
of varlous technical and service CdpabllltleS associated with 
AFOS. 
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In essence, there are two fundamental issues that separate 
NOAA and GAO. 

1. NOAA contends that the AFOS system ~111 meet the agency's 
requirements ior support of weather service operations in 
essential accordance with Its design and original program 
goals, and plans to implement the system operationally 
beginning this fall with phased extension across the country 
by the end of FY 1982. In contrast, GAO concluded that the 
system cannot nleet Its orlgrnal requirements and must be 
completely redeveloped. 

2. NOAA believes that AFOS should serve as the primary infor- 
matron system supporting NWS field operations for the next 
7-9 years, and plans to develop a new system incorporating 
malor added capabllltles for implementation near the end of 
the decade. In contrast, GAO recommends that NWS abandon 
further efforts to develop and use the existing AFOS system 
and concentrate its resources on the development of a new 
system to replace AFOS. In the lnterlm period, GAO proposes 
that NW5 should revert to total reliance on the systems and 
procedures in use prior to the introduction of AI'OS. 

Performance vs. Requirements 

The first issue outlined above involves two essential 
elements, a) the actual performance capabilities of the system, 
and b) the requirements of the agency. The performance of the 
system is observable, and in principle, sublect to agreement as 
"fact." Unfortunately, GAO observed the system at an earlier 
stage of development when a number of technical problems had not 
yet been resolved. In the last few months there has been marked 
improvement and stdbllzatlun In system performance. In fdCt, two 
of the four contiguous NWS regions currently are using AFOb as 
the primary weather information system supporting normal, aay-to- 
day service operations. Nearly all of the approximately 200 I&C3 
offices equipped with AFOS are depending on the system for some 
important functions such as preparation of forecast and warning 
messages. The test and demonstration activities of tne next 
2 months ~111 provide quantitative ObSeKVdtlOnS of the perform- 
ance of the system under real, operational conditions, 24 hours 
per day, over an extended period. 

The question of requirements is more subtle. It could 
reduce down into a legalistic argument, in a historical context, 
with reference to various documents associated with the proyram 
and system development process. This is a natural route for 
auditing. Inevitably, questions of interpretation, intent, 
changes, and the adequacy of documentation arise from this 
approach. The NWS belleves that the ArOb system does in fact 
meet the requirements set forth when the program was initiated in 
1974. A more fundamental argument, however, 1s that normally the 
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user agency 1s In the best position to Judge whether d system 
meets its reyurrements or not, whether they have changed or not, 
and whether they are adequately documented or not. In subsequent 
sections, speclflc capabllltles already in use and their rele- 
vance to weather service operations are summarized. 

We recognize that sys:em performance and associated requlre- 
ments comprise much more than functlonal capabllltles. System 
reliability, maintalnablllty, backup capability, flexibility, 
complexity of operations, cost of operations, and slmllar factors 
are important. After careful review and evaluation NWS has 
Judged the AFOS system design and performance satisfactory in all 
of these aspects. Justiflcatlons supporting this assessment are 
presented in subsequent sections. NWS Judgments of the tecn- 
nical performance and operatlonal sultablllty of the system are 
based on actual current experience with the system. In contrast, 
GAO's conclusions are based on observations only during earlier 
development stages when problems are normal and expected. GAO's 
maJor conclusions rest heavily on extrapolations based on general 
principles and experience with other ADP systems. 

This is not to deny that there have been significant 
problems with the system in the past, nor to suggest that there 
are no system characteristics that could be improved. 
Nevertheless, the existing AFOS system as designed, developed, 
installed, and used in the field, meets essential requirements of 
service operations. One notable devlatlon from our original plan 
is the decision to retain teletypewriter and facsimile capablli- 
ties at AFOS-equipped offices for the first 2-3 yeaLs of 
operation. 

The rationale for retaining these systems 1s threefold. 
First, they provide a proven backup in case of unexpected 
failures in the AFOS system. This backup approach was an 
integral part of the decision to streamline the design of the 
System Monitoring and Coordination Center (SMCC) near 
Washington, D.C., thereby limiting some built-in Al?05 backup 
capabilities. Details are presented later, but NWS considers 
this backup arrangement to obviate the concerns expressed by GAO 
about the deferral of some previously planned backup modes within 
the AFOS system. Second, other weather field offlces not 
equipped with AFOS must rely on these systems anyway uzl they 
are equipped with leased, remote terminals during the next 2-3 
years. Finally, It 1s prudent to retain the old familiar system 
for an interim perloa as d “bdie.y net" dhrlng the transition to 
an entirely new technology and mode of operation. 

Value of AFOS 

The second maJor issue identified above rests more on the 
different value systems in which the Judgments arc made. The 
contrasting conclusions result from different Judgments not only 
on what is needed oy NWS and when, but also on what is possible, 
what 1s practical, what 1s acceptable, and what is "worth it." 
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NOAA and GAO agree that eventually (we pro]ect possibly the 
end of the decade) N'VJS can and should develop a new system which 
lncorporat2s addltlonal capabllltles that cannot oe added to AFOb 
without rnalor deslyn changes. The orlglnal Program Development 
Plan for AFOS recognized that an addltlonal development phase 
would be needed, although it was somewhat optlmlstlc (ln 
hlndslght) in pro-Jectlng the mid-1980's for this stage. Much of 
the research and development work needed for an advanced system 
1s underway In NOAA, research institutions, and Industry. A spe- 
clflc planning effort directed toward acqulrlng such a system has 
been lnltlated by NWS. N&in recognizes that malor and time- 
consuming program and budget declslon processes in both the exe- 
cutive and leglslatlve branches will be reyulred before such a 
program could proceed beyond a modest planning effort. 

However, today and every day from now until a new system LS 
dvdlldbh, the Nation reyulres weather services. NOAA must pro- 
vide these services In the most efiectlve and efflclent way 
avdllable. We dre convinced that AFOS provides a slgnlflcantly 
more effective and efficient way of provldlny weather services 
tnan has ever oeen avallable. After coming this far with AFOS, 
lt 1s even dlff lcult to lmaglne how to conduct our operations 
without AFOS. The termlnatlon of AFOb, for whatever reason, 
would be d mayor set back to progress In weather services. 

Obviously, If the AFOS system falled to function In a way 
that is essential for service operations, lt not only shouldn't 
but couldn't be used as the prImdry operational system. We 
believe that we have shown that the system will demonstrably meet 
essential requirements. In this case, a question still remains, 
1s 1t "worth It. ' To answer this, we must answer what are the 
alternatlves and what are their comparative advantages and 
disadvdnta.Jes. 

The draft GAO report sketches out one ratlonale for such a 
comparison, based on the concept of "savings from not using APO5 
between now dnd the end of the decade." It 1s asserted thdt 

!j1161y would be saved, a number surely large enough to be 
impressive. However, it is based mainly on multIplyIng GAO's 
estimated annual "operating cost" by a large number of years, and 
thus could be made even larger by dcferrlng a new system even 
longer! Quite apart from disagreements on the precise amount of 
the cost estimates for operating AFOb, this approach 1s lnade- 
yuate In other respects. It assumes that the only other "cost" 
that should be consldered when provldlng weather services without 
AFOS 1s the current NWS cost of using the FAA teletypewrlter 
system multlplled by the number of years consldcred. Even th1.s 
cost factor 1s ~IIlSl2dding because FAA pays the bulk of the cost 
for the CUrr2nt system dnd plans t0 dlscontlnue it ln favor Of d 
systelil using AFOS-type technology during the proJected time 

interval. 
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Even more serious are the implied assumptions in such a 
rationale, e.g., that operating with AFOS and with the FAA tele- 
typewriter network are somehow equivalent (they aren't), or that 
lt is even possible to continue operations with the current tech- 
nology at any cost for this time period; or that the relief from 
manual tasks that automation provides is without value, or 
conversely, that NWS could maintain essential services without 
additional costs. Perhaps most crucially, malntalnlng services 
wlthout AFOS would require additional personnel, and they have 
become even more scarce, valuable, and costly than ever during 
recent years. 

Compounding these deflclencles In GAO's analysis is the 
complete neglect of the comparative quality of services using the 
two systems. We have demonstrated that AFOS significantly speeds 
the preparation and dlsscmlnation of weather warnings as compared 
to tne current system (one of the mayor goals of AFOS). This 1s 
an important value of AFOS, and Its loss should be an important 
cost in an economic analysis. Furthermore, AFOS increases the 
quality of analysis and forecast products In numerous ways by 
providing new tools to assist forecasters in analysis and 
interpretation of weather information. The Improvements in 
service quality ~111 grow with continuing use of the system and 
exploitation of its inherently new and powerful capabilities to 
process and display information. 

It is clear that it is a gross and sterile over- 
simplification to equate not using AFOS to a cost savings of 
$116M -- or any numerical figure quotable solely in dollars. 

Outline of NOAA's Detailed Comments 

The remainder of NOAA's comments followiny this overview is 
organized in accordance with the chapters of the draft GAO report 
with the exception of chapter 1. GAO's chapter 1 deals mainly 
with background and organization of the National Weather Service 
wlthout conclusions or recommendations. There are a few factual 
errors and NWb is working directly with GAO to correct these. 

At the beginning of chapter 2, we have pulled together in 
one place an up-to-aate summary of the current status of the AFOS 
system. This is especially important oe!~dus.e GAO gathered nearly 
all of the information used to prepare the draft report during 
the period between July 1980 and March 1981. A number OK the 
criticisms refer to situations or practices which have sub- 
sequently been altered. In particular, most of GAO's obser- 
vatlons concerning the actual per1ormance of the system, and 
Judgments derived from those observations date from a malor 
engineering system test conducted under field operating con- 
ditions during January 1981. Since that time, engineering 
testing has been completed, and problems that GAO staff con- 
sidered intractable have been overcome. The system performance 
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now meets all NWS primary functional and technical reyulrements, 
and we are beglnnlng to rely on AFOS as the primary weather 
lnformatlon system in a substantial number of NWS field offlces. 
AFOS telecommunicatnons, data organlzatlon and manlpulatlon, ana- 
lysls and forecast preparation, automatic dlssemlnatlon network 
control and backup capabllltles all now meet essential NWS 
requirements. The current levels of these capabllltles are 
oucllned at the beglnnlng of chapter 2. 

Chapter 2 also includes a section on costs and schedules 
which should correct several ,nisconceptlons that seem to exist on 
these topics. A confusion between early budget estimates 
referrlng to obllgatlonal authority (exclusive of overhead and 
routine cross-utlllzatlon of existing support functions) and 
accountable costs 1s clarified. This permits a more reasonable 
comparison of actual versus proJected costs. Similarly, the 
actual evolution of the AFOb schedule, some of It ln reponse to 
changes ln budget profile, 1s presented. The rationale that 
leads to GAO's surprising conclusion that AFOS 1s 5 years behind 
schedule 1s examined, and NOAA concludes that 2 years 1s a more 
reasonaole estimate. Finally, chapter 2 of these comments 
addresses the value that NOAA already derives from AFOS and 
expects to achieve Lrom future use of AF05, and compares these to 
early expectations when the proyram was launched. 

Chapter 3 addresses the management of the AFOS program. A 
summary of the current manayement structure, pollcles, and prac- 
tices 1s provided along with the ratlonale for them. Agdln, some 
significant adlustments have been made which may account for part 
of the large disagreement on management between NOAA and GAO, but 
we suspect the explanation rests more directly on the fact that 
NWS cannot limit Its inanagelllent conslderatlons so rlarrowly to ADP 
issues as GAO recommends. We corclude that the successful devel- 
opment of AFOS to its present level, ready for final operational 
demonstration, 1s a better measure of program management than the 
alleyed departure from general prlnclples of ADP management. 

Chapter 4 summarizes the nature and status of AFOS software. 
The facts presented refute the GAO claims that AFOb software 1s 
incldcyuatc ard cxplalno how sound technical and mcrnagcmcnt tcch- 
nlques were used to correct software problems encountered earlier 
in the progrdln. NOAA considers that successful development of 
reliable AFOS software that accomplishes such a wide array of 
concurrent functlorls 1s a slgniflcant achievement. The great 
complexity and tight integration of the software 1s acknowledged 
by NWb, along with the consequence that further changes and 
improvements are difficult and time consuming. However, these 
limitations do not affect the ability of the system to support 
weather service operations as planned. Furthermore, after the 
initial system has been commissioned, NWS plans to relieve these 
limitations and do so without additional resources beyond the 
level requested for FY 1982. 
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Chapter 5 summarizes the nature and status of AFOS 
telecommunlcatlons. Of all the technlcal issues related to AFOS, 
this one has proqoked comment and concerns of the most diverse 
character and origin. Perhaps this occurs because the super- 
ficial concepts of network structure can be understood by anyone, 
and most persons agree that network concepts exist that appear 
superior in one way or another to the loop design selected for 
AFOS. NOAA bases its program declslon on the fact that the 
selected design successtully meets all operational requirements 
for the system and does so with reasonable resources. NOAA will 
continue to review alternatlve posslbllltles and be alert for 
opportunities to improve performance or achieve economies, but 
trlere 1s no known basis for relectlng the exlstlng successful 
design. It 1s anticipated that malor extensions oT weather 
lnforrnatlon systems currently under lnltlal study for the end of 
the decade will likely require a more advanced design. 

Chapter 6 summarizes the nature and status of AFOb hardware. 
The facts clearly contradict the assessment of GAO. In addition 
to the timing problem of GAO's observations mentioned before, 
there are other possible explanations for this discrepancy. 
First, in the complex AFOS system, lt is never obvious to an 
observer whether a functional failure at a site is due to a soft- 
ware or a hardware problem or even to a problem within the 
telephone companies' line and switching systems. After comple- 
tion of validation testing, NWS has determined that nearly all of 
the "failures" observed during the period of GAO's visitation 
were caused by software "bugs" which were readily corrected. 
Second, the GAO report points out that the equipment used in AFOS 
does not take advantage of the most recent advances In electronic 
design. This deficiency exists in every mayor system procured by 
the government and would exist In the new system that GAO propo- 
ses be developed to replace AFOS, because advances in electronics 
occur rapidly while system procurement, integration, testing and 
introduction to service take several years. 
test is performance, 

Again, the proper 
and the AFOS hardware meets all speciflca- 

tlons for reliability and malntalnablllty. The criticism that 
the cost ol: operations and repair will be excessive 1s unsubstan- 
tiated and counter to NWS experience with AFOS to date and with 
analogous systems. 

Chapter 7 examines the validity of the composite assessment 
of AFOb. The basic tenets that are used to support GAO's conclu- 
sion that AFOS should be abandoned are considered and found to be 
invalid in the other chapters as noted above. 
concludes that the AFOS system cannot work. 

The GAO report 
In fact, the AFOS 

system already does work as shown not only by engineering tests 
but by actual reliance on the system by many NWS offlces to pro- 
vide primary operational support (even though the system has not 
yet been formally commissioned). Any remaining doubts about the 
adequacy of tne system to support operations should be settled by 
the oblectlve, tormal operatlonal demonstration scheduled to be 
completed by the end of September 1981. 
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The GAO also questions whether the lntroductlon of AFOb 1s 
Justlfled. This 1s not a new questlon and was consldered by 
NOAA, the Executive Branch, and Congress before the program was 
authorized. The current system as developed achieves the ob]ec- 
tives artlclpated except for the withdrawal of existing teletype- 
writer and facslmlle systems which would save an estimated $2.6M 
annually. NWS plans to achieve the latter savings by the end of 
FY 1984. Nearly all of the investment of resources (7 years of 
effort and nearJy $100M according to GAO) already has been made 
to achieve these ObJectlves. 

The only argument remalnlng might be that It costs too much 
to operate the system (about $13M annually by NOAA's estimate or 
$15M according to GAO lncludlng unrecoverable overhead costs). 
GAO compares this only to their estimate of $3.5M annually for 
NOAA to connect to FAA's teletypewrster circuits. Slgnlflcant 
additional costs would be required under this option In order to 
refurbish and replace equipment that would be essential with the 
"old system” but 1s being phased out with AFOS; to add approxl- 
mately 150 technicians to operate labor lntenslve services, such 
as NOAA Weather Wire; to assume the entire cost of operating 
national teletypewrlter circuits following FAA's planned ter- 
rnlnatlon of tnem In the mid-1980's and other costs associated 
with tcrminatlon of the RFOS personnel, facllitles, and 
equipment. These direct costs would be magnlfled by the loss in 
productivity of NWS personnel, degradation in the quality of 
service and lost opportunity to make planned improvements in 
services. The NVS allocates about $lOOM annually lust to pay the 
people who provide weather services, and a comparable amount to 
provide support, systems development, etc. NOAA belleves that an 
investment ln AFOb of tnls proportion, one that promises to 
modernize and improve the entire mode of operations of NWS, and 
one which provides the only known path to improved services 
wlthout increasing personnel levels, 1s worth It. 
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CHAPTER 2 

CURRENT STATUS AND COST OF AFOS 

CURRENT STATUS OF AFOS 

There have been improvements made in the performance, 
capabIlIty, and stablllty of the AFOS software, hardware, and 
telecommunlcatlons In the last year and a half. The system's 
capablllty to assist the forecaster meets or, in some cases 
exceeds original plans. This has been achieved through an lnno- 
vatlve and systematic test and desrqn valldatlon program and a 
phased introduction of AFOS into actual field operations. 

Contrary to the performance observed by the GAO team 
approximately 6 months ago, AFOS 1s being used as the primary 
tool by forecasters In the preparation and dellvery of weather 
services by two of the four contiguous NWS regions. NWS antlci- 
pates by the end of FY 1982 to have comm~ssloned AFOS operations 
at all planned sites ill all four contiguous regions. 

AFOS brings to Weather Service operations technological 
capabilities heretofore unavailable to weather forecasters. In 
addition to providing an advanced telecommunications capablllty 
far exceeding the capablllty of current teletypewrlter circuits 
in use at field sites, AFOS provides the capabllltles for 
sophlstlcated local data organlzatlon and manlpulatlon, powerful 
new analytical capabllltles, as well as slgnlflcantly enhanced 
forecast preparation features. AFOS brings to NWS operations the 
capabilities of automated dissemlnatlon of warnings and services. 
These unique capabllltles provided by AFOS directly improve the 
productlvlty and effectiveness of NWS personnel which results In 
improved tlmellness and quality of NV% warnings and forecast 
services. 

AFOS Telecommunlcatlons 

The AFOS communlcatlons system 1s proving to be signifi- 
cantly faster than the existing teletypewriter and facsxmile 
systems. It is being used today to dlsrrlbute on a routine, 
24-hour-a-day, 7-day-a-week basis, the products and data 
necessary for operatlonal use. This information is automatically 
transmitted with built In error-detectIon and retransmission 
capabilities. The products used In forecastlng arrive signifi- 
cantly sooner and provide addltlonal lead time for field fore- 
casters to interpret weather situations and formulate tnelr state 
and local forecast products. The Regional Distribution Circuits 
are carrying synchronous communlcatlons with fully satisfactory 
performance and reliability. Both alphanumeric and graphic pro- 
ducts are avallable on time or earlier. In the event of computer 
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failure or telephone line outage, both automatic and manual 
backup procedures are in place and proven under actual field use. 

Data Organization and Manipulation 

The AFOS system incorporates the feature of a distributed 
data base resident at each site. This feature coupled with the 
computer controlled and managed telecommunlcatlon system of AFOb 
accomplishes the automatic reception, storage, and updating of 
the station's data base. Station staff are being relieved of the 
reyulrement to handle the large, continuous stream of products on 
paper rolls used by the teletypewrlter and facslmlle systems. 
AFOS automatically alerts forecasters when any product of special 
Interest, such as warnings and watches for severe weather and 
flood events, enter the local office. Thus, the automated com- 
munication capablllty provided by AFOb 1s saving valuable time of 
field staff, preventlng oversights and errors, and permitting 
increased emphasis on service and productlvlty. The localized 
data base 1s tailored to each statlon's need and can be supple- 
mented by the high speed request/reply feature of AFOS making the 
master data base of over 30,000 products instantly available to 
the forecaster. 

Analysis and Forecast Preparation 

AFOS provides on-site processing capability for the first 
time to forecast and warning offices. A significant portion of 
the system's computing power is available for manipulation and 
formulation of data, analyses and products -- a capablllty that 
the Weather Service has never had before. Stations are now using 
AFOS to analyze and compute local river levels, analyze detailed 
moisture and wind conaltlons for severe weather forecastlng, plot 
surface avlatlon observations, plot and analyze local and 
regional temperature fields, plot and analyze data for fire 
weather advisories, 
and zone 1orecdbts, 

analyze upper air soundings, verify terminal 

applications. 
compute snow pack melt, and many more local 

The enhanced preformat and text composition and 
edltlng features of AFOS, 
keyboard, 

when compared to a teletypewriter 
are providing statlon forecasters the opportunity to 

directly improve the quality and tlmellness of their products and 
services. In addltlon, the data processing capablllty frees sta- 
tion personnel of virtually all routine manual plotting and 
analysis, resulting In additional efficiencies. 

Automatic Dlssemlnatlon 

AFOS automatically drives various external clrcults, notably 
the NOAA rJeather Wire Service (NWWS). The NWS devotes a maJor 
effort to dlssemlnatlon of Its products and services, and NWWS 1s 
an essential means of doing so, particularly for issuing watches 
and warnings of hdzardous weather. This has been a labor- 
lntenslve program -- tearing teletypewrlter tapes, preparing 
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messages for the nearly continuous NWWS transmlsslons, generatlng 
paper tapes to drive teletypewriter machines, and manually 
feeding the tapes Into reader/transmitters. AFOS automatically 
searches Its data base for those products scheduled for routine 
NWWS transmission, properly formats this lnformatlon, addresses 
the messages, and automatically transmits the products at sched- 
uled times over the weather wire with automatic priority for 
watches and warnings. AFOS now performs these functions automat- 
lcally and ellmlnates others completely. 

System Monitoring and Coordlnatlng Center (SMCC) 

The SMCC 1s deslgned to interface with the National 
Meteorological Center (NMC) computer, maintain the master data 
base of all weather service products transmitted over AFOS, and 
drive and service Regional Dlstrlbutlon Circuits (RDC's). 

Because of its key role in the operations of AFOS, the SMCC 
has a special system design which Incorporates the same computers 
used at field sites. This permits the shared use of the AFOS 
logistics systems. SMCC's design 1s modular with principal func- 
tions assigned to separate computer systems. Each mayor computer 
system is fully backed up with a second system and automatic 
switching equipment to convert quickly from one system to its 
backup. 

SMCC has been receiving NMC data and maintaining the AFOS 
master data base for several years. Having successfully 
completed the valldatlon tests at SMCC ahead of schedule, the 
SMCC 1s now fully configured and driving each RDC as it was 
designed to do, and is providing network monitoring and site 
assistance services. The operation of all computers LS stable 
and reliable. Two network services, master console dial-in (a 
third level backup) and site data base replenish, were deleted 
aster the comprehensive program review earlier this year, both 
having been Judged as not essertial for the national implemen- 
tation of AFOS. Their removal also reduced system complexity 
somewhat and contributes to improved stability. 

AFOS Back-up Capability 

AFOS has sophisticated, multiple levels of operational/ 
service, systems, and telecommunication back-up modes. 
Telecommunication backup 1s discussed in detail in Chapter 5. 
Since regional precommissloning efforts moved into full swing, 
the development of detailed operational/service back-up proce- 
dures began, and they have been tested in actual e&nergency 
situations. 

The initial AFOS design for system backup is as follows a 
WSFO's eyulpment complement includes dual computers and a Master 
Console. (Master Consoles are similar to "smart terminals" on 
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the market that contain microprocessors and telephone modem 
equipment in addltlon to the keyboard and CRT display.) In nor- 
mal operation, one computer 1s assigned primary communlcatlon 
responsibility and the otner 1s assigned processing 
responsibility. Each computer can perform either prlnclpal 
function, and with somewhat reduced capablllty, can perform both 
functions simultaneously. If both computers fall at once (this 
is proJected to occur once ln 2.5 years), the iqaster Console can 
dial Into a remote site and function like another console at the 
remote location. 

The operation protocol at a srte 1s as follows. (1) Normal 
mode -- dual computer operation, (2) back-up mode -- single com- 
puter operation (either computer), and (3) third level 
backup -- Master Console djal-ln to a remoee site. 

A WSO has a single computer and Master Console. Its opera- 
tions protocol ln event of a computer iallure 1s Master Console 
dial-in to a remote site. 

All modes of uackup have been tested and are in use today. 

AFOS permits NYS sites for the first time to quickly and 
effectively lnltlate operatlon/servlce backup wherein service 
responsibilities at a failed site (due to catastrophic types of 
failures like lightning hits, tornadoes, telecommunication and 
power outages, etc.) are assigned to another (one or more) site. 
For example, each WSFO hds primary responslblllty to drive a 
number 01 NWWS circuits in Its state. Using AFOS, servicing NWWS 
circuits is an automated procedure -- the directory of products 
and timetable for delivery of each are contained in the AFOS com- 
puters which automatically issue the prescrlbed products ln 
accordance with those schedules. In order for the backup WSO to 
assume responsibility to drive that state's NWWS circuits, WSO 
personnel need only issue a few commands to its AFOS computer and 
"hit a button” -- the computer which has a duplicate of the NEWS 
transmission schedule then takes over automatically. Other serv- 
ice operations dre similarly transferable to back-up stations. 

Summary of Current btatus 

In summary, there has been rel,ldrkdble progress since the GAO 
field visitations to tne NWS. All AFOS hardware and colnmunica- 
tlons are Installed wltn all tour regional loops being driven 
by the SMCC. The AFOS system is now being used in operations 
throughout the NWS and 15 the primary system for preparation of 
weather forecasts and warnings in the Central and Western 
regions, the two of the four regions most advanced in operational 
use of the system. Performance of the system is continuing to 
improve daily as field personnel gain experience In its operation 
and the improvements learned from the recently concluded test and 
evaluation efforts are applied. Its capability to assist the 
forecaster meets or exceeds, in some areas, original plans. 
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NWS is prepared to move forward to the Operational 
Demonstration of AFOS. Assuming a successful outcome, final com- 
missioning of the system for field operations would occur. The 
detailed test plan has been prepared for the Operational 
Demonstration and the arrangements for gathering and analyzing 
the demonstration data are in place. 

AFOS SCHEDULE AND COSTS 

NOAA perceives the AFOS program to be 2 years behind 
schedule, not 5 years as GAO contends. The S-year dlfferentlal 
cited by GAO is dersved using the escclmated operatlonal date of 
August 1979 ln the FY 1974 AFOS Program Development Plan (PDP) 
and the currently estimated date for the completion of the 
removal of exlstlng teletypewriter communlcatlons by the end of 
FY 1984. 

The 1976 AFOS PDP reflects the schedule for implementation 
of AFOS based on the approved funding level; the schedule in the 
previous 1974 PDP noted by GAO was based on proposed level of 
iundlng. According to the 1976 PDP, AFO5 would be operatlonal at 
all stations during the first quarter of FY 1981. Under the 
present schedule, AFOS will be implemented as the primary mode OF 
operation by the end of FY 1982, approximately 2 years later than 
planned In the 1976 PDP. 

NOAA considers AFOS to be operational at the time it is the 
primary mode of operation at all equipped stations (end of 
FY 1982) and not the protracted time used by GAO -- the date by 
which the standby teletypewriter and facsimile clrcults are 
removed (end OF FY 1984). 

The PDP for AFOb was based on three sources of support: 

1. New budget authority, as represented in the PDP that sup- 
ported the budget request. 

2. Development funds which existed in the NWS base budget, 
to support fully dedicated personnel. 

3. Use of existing personnel whose functional respon- 
slbllltles related to slmllar functional requirements 
within tne AFOS program; for example, training, 
facilities, procurement, and operations personnel at NWS 
Headquarters and at the regions, which is the standard 
practice in NOAA. 

GAO uses $77.6M as a base reference. This total is only the 
amount which appears under new budget authority (1. above) and 
does not include all the fundlng submitted to and approved by the 
Congress under the AFOS sub-activity for the years FY 76 through 
FY 80. During those years NOAA also included $5.9M reprogrammed 
base R&D funds to be used for AFOb development (2. above). 
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NWS estimates that the use of exlstlng personnel whose func- 
tlonal responslblll ties related to AI'OS (3. above) during the 
period FY 1976 thro ugh 1980 amounted to $3.5M. Therefore, wlthln 
the framework that the PDP for AFOS was prepared, NWS expended a 
total of $87.OM through FY 1980. In addltlon, development per- 
sonnel were asslyned to AFOS programs in the last 2 years to 
assist In the concentrated effort to solve technical problems. 
The salarles of these development personnel amounted to approxl- 
mately $2M which should have been included in the cost of AFOS 
but were not. In summary, the NWS estimates the cost of AFOb to 
be $89M through FY 1980. This leaves a difference of $llM be- 
tween the NWS estimated costs ldentlfled above and the $lOOM 
estimate of GAO that we believe stems from the substantially 
different accounting procedures used by NOAA and GAO to handle 
overhead. 

Accounting Procedures 

It is Important to note that the NWS, as a part of NOAA, 
must use NOAA's accounting systems. The NOAA system is a cost 
based system, was approved by GAO prior to lmplementatlon, and 
hds oeen In operation for a number of years. 

There is a basic conceptual difference between the NIVS and 
the GAO team In the handling of overhead. Overhead is identified 
dnd planned within the NOAA system and 1s then automatically 
distributed among all operating pro-jects on a direct labor dollar 
basis. The system has always made the appropriate distribution 
of overhead to AFOS based upon direct labor dollars incurred and 
identified to AFOS. Overhead is basically a fixed pool of 
dlstriLuLaLle costs, It doesn't vary markedly from year-to-ycnr; 
and it was not slgnlflcantly Impacted -- Increased -- by the 
advent of AFOS. Since the dlstrlbutlon of this overhead 1s not 
directly controllable -- it 1s a function of the ratio of direct 
labor worked on AFOS in any given year to total direct labor 
worked in the NWS -- and further was not a part of the funds 
appropriated speclflcally for AFOS, NWS management did not 
include It in the AFOS PDP and has not included It In Its ldentl- 
fication of resources available or expended for AFOS. 

In arriving at AFOS development costs, NWS AFOS flnanclal 
management has been, and continues to be, focused on the manage- 
ment of identifiable and controllable obllgatlons, relatiny these 
to funds s$eciflcally appropriated or reprogrammed to support the 
development, procurement, and installation of AFOS. This prac- 
tice is consistent, and therefore comparable, with the manner In 
which all financial data have been displayed within the various 
AFOS PDP's and have been represented to our various levels of 
review authority and to the Congress. The GAO's insistence, at 
this staye of the program, of including overhead in their total 
cost computation and then comparing it with the flnanclal pro]ec- 
tions of the PDP, creates an end result where the true variance 
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between planned and actual cost 1s greatly distorted. In other 
words, the allowance for overhead the GAO made in their estimate 
of costs should also be added to the resources identified In the 
PDP for AFOS. 

It should be noted that while OMB Circular A-109 was pro- 
mulgated in 1976, it was not Implemented In the Department of 
Commerce until 1978. At that point the acquisition of the AFOS 
system was so nearly complete that It was not considered to be 
applicable. 

VALUE OF AFOS 

The AFOS program had two basic ObJectives (1) increase the 
lead time of severe weather and flood warnings provided to the 
public; (2) enhance the quality of forecasts and services by 
freeing the station personnel from many of the manual routine 
tdsks now reyulred and by providing, for the first time, the 
forecaster with a local application processing capability. In 
contrast to the opinion of GAO, the present AFOS system performs 
all of these functions at least as well as originally planned. 

Warnings 

In a weather station, peak workloads arise for several 
reasons; certain times of the day when the forecasts are being 
updated on a scheduled basis (this schedule must adhere to the 
needs of users, not to the desires of the Weather Service); when 
the weatner 1s changing even In modest ways, and during severe 
weather and flooding situations. During each of these 
situations, the number of repetitive operations that require 
manual non-professional activity increases many fold and in 
addition, the forecaster needs the maximum information of the 
weather conditions in the local area, including special analyses. 
The value of saving the time of field personnel is most critical 
during these situations and In fact, it 1s precisely during these 
times that AFOS provides maximum assistance. 

The success or Failure of the Weather Service in providing 
severe weather, especially tornadoes, and flash flood warnings, 
depends on the lead time that is given to the public. For tor- 
nado warnings, the average lead time has been about 3 minutes. 
In the pre-AFOS period, the functions which are all done manually 
preceding the actual dissemination of warning included 

1. Recognition that a potentially hazardous condition did or 
would exist. 

2. Determination of the degree and extent of the danger. 

3. Determination of the geographic or political subdlvlslons 
exposed. 
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4. Formulation of the warning. 

5. Determine the routing of the message. 

6. Prepare the message into paper tape form. 

7. Transmlsslon of the warning on the clrcults. 

8. Relay of warning at ad]acent stations to other clrcults 
when watches or warnings cross state boundaries. 

With RFOS, steps 5, 6, 7, and 8 are completely automated. 
At the conclusion of the formulation (step 4) a single key entry 
enters the message to the local NWWS circuit and therl computers 
at ad-jacent vJbFO's automatlcdlly route the warning onto other 
NWb circuits. The time required to carry out steps 3 and 4 1s 
decreased substantially by the system's message composltlon 
capabilities, including preformat of warnings, and computer 
programs to assist in the determlnatlon of the speclflc affected 
counties. Steps 1 and 2 are enhanced by the automatic display of 
exlstlng weatner condltlons and guidance products that ~111 save 
valuable time for the Forecaster in monltorlng and watching 
rapidly changing mesoscale weather situations and in analyzing 
the potential need for weather warnings or special forecasts. 
This forecaster assistance plus automatic display and lden- 
tlficatlon of affected areas saves addltlonal time in getting the 
forecast and warning to the public. Depending on the speed with 
which the weatner sltuatlon 1s developing and its extent and 
complexity, the dutomdtlon of these functions by APOb can result 
in additional warning time of from 5 to 30 minutes. These mln- 
utes can be translated into additional time for the public to gro- 
tect itself and Its property from potential danger. 

Productivity 

AFOS's contribution to increased productivity is primarily 
in taking over the routine mechanics of forecasting duty which 
were discussed in more detail earlier in the chapter (map 
plotting, data posting, message composition, etc.) thus freeing 
forecasters to devote more time to more professional tasks. The 
vdlue of 1nCredSed capacity for production can take different 
iorms, e.g., analyzing the weather in finer detail, updating 
forecasts more frequently, responding to the public for 
information, or in meeting requirements for improved weather 
services. It is dlfiicult to express this value in quantitative 
terms. However, the 1976 PDP chose to use the amount of time 
saved as a measure of the value. Based on our experience to 
date, we dre confident that ArOS will provide at least 1 hour 
saving per forecaster day at our WSrO's and large WbO's and about 
one half hour per Weather Service Specialist day at the VJSO's. 
With approximately 1,000 forecasters and 1,500 service 
specialists, the value of staff time saved by AFOS will be over 
$8~ per year. When familiarity with AFOb CapdbilltieS becomes 
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fully lngralned In the work patterns of the staff and the 
teletypewriter have been removed, there ~~11 be addltlonal 
savings in staff time. 

The program development plan proJected a net savlngs of 
177 positrons. In addltlon, 119 posltlons would be reprogrammed 
to support AFOS. Presently 118 posltlons are being used to sup- 
port the AFOS program, and have been allocated to maintenance, 
network monltorlng, control, and management functions. 

The source of the proJected posltlons, including the positions 
saved and those needed for AFOS support, 1s the automation of 
NWWS -- a total of 296 positions. In 1976, the AFOS PDP lden- 
tlfled 218 NWWS positlons in service, plus 78 more required for 
the planned expaqslon of the NWWS systems to the remalnlng 
13 states. 

Given AFOS's present level of lmplementatlon, it has been 
possible to reduce the NWWS operations staff to 118, who are 
being cross-utilized to support other programs as well. Once 
AFOS is fully implemented nationally, the NWWS function will be 
eliminated entirely. The expansion of NWWS 1s proceeding as 
planned without addltlonal positions Thus, a total of 
100 positions have already been saved and applied to AFOS, and 
the remaining position savings ~111 be achieved as planned. 

The addItiona freed positions have already been anticipated 
in implementing the NOAA Wedther Radio program without new 
positions and in allocating personnel reductions the past few 
years. This has created an understaffing situation in the NWS 
that urgently needs correction, and AFOS provides the only know 
solution. 

The communications savings are realized through the con- 
centration of more information onto fewer circuits. Due to the 
anticipated delay in Al+Ob implementation, together with reyulre- 
ments for higher quality facsimile, we have discontinued two cir- 
cults (FOFAX and NAMFAX) in favor of a hiyher performance DIFAX 
system. In 1984, the savings will be realized from the removal 
of the facsimile and teletypewriter terminal equipment. We 
expect our orlyinal estimates ($2.6M) will hold up, although 
delayed somewhat in time. 

Thus, while the value or cost avoidance picture may not 
match precisely what was anticipated In the PDP 5 years ago, they 
are quite similar. In fact, even at this preoperational stage, 
we are already realizing significant value from the AfOS system. 

FUTURE SYSTEM 

With regard to the development of a follow-on system to 
AFOS, the PDP prepared in 1976 recognized that the AFOS system 
was the beginning oT an era in which data processing and display 
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technology would be used to enhance weather services by asslstlng 
the forecaster at the field office level of the Weather Service. 
Also, future needs and opportunltles for lmprovlng weather serv- 
ices would arise requiring modlflcatlons and expansion of the 
orrglnal system. The GAO has not separated original reyulrements 
from future requirements and opportunltles. For example, while 
the present AFOS system handles processed radar and satellite 
information, it 1s not capable of lnteractlvely integrating 
satellite and radar data nor was it intended to do so. Research 
in this regard 1s now oeing pursued in NOAA under the Prototype 
Regional Observing and Forecasting Service program approved In 
1980 by the Congress. The earliest time an advanced capability 
of this type could be introduced In the field would be about 
1990. To try It sooner would Involve high risk and crash effort. 
Since the deslyp oi: such a system 1s at a very early stage, no 
useful estimates of its cost can be made. The value attributed 
to the Director of the NWS, in the report, was not made in any 
numerical sense. He stated that the cost would be at least as 
great as that of the present system. 

Potential Cost of AFOS 1982-1989 

The GAO corilparison of operating the Weather Service with and 
without AFOS tnroughout the 1980's 1s mlsleadlng and erroneous. 
In the GAO analysis, it was assumed that AFOS will have zero 
value to the Weather Service. The above discussion has shown 
that there is substantial value to be derived from AFOS In the 
preparation of warnings and forecasts and in their dlssemnnatlon. 
In addition to the GAO analysis, the costs of operating AFOS are 
overstated by applying an overhead scheme which is different 
than the one used in NOAA. GAO also assumes that the FAA cir- 
cuits will be available through 1989; when actually, FAA plans to 
remove the circuits with their modernization program. 

CONCLUSIONS 

NOAA does not agree with the conclusion that AFOS is 5 years 
behind schedule and $22M over budget. As pointed out in tne 
above discussion of tne AFOS schedule and costs, the Al?OS program 
is 2 years behlnd the schedule set forth in the 1976 PDP with the 
operational date being end of FY 1982 when AFOS is the primary 
mode of operation at all equipped stations and not the latter 
date of September 1984 when the standby teletypewriter and fac- 
simile communications are removed. 

In arriving at the $22M overbudget conclusion, GAO mlsin- 
terpreted by $9.4M the initial new budget authority and the total 
congressional authorization for AFOb tnrough f‘Y 1980. Also, GAO 
was lnconslstant In not applyiny overhead costs to both plan and 
expenditures. vJhen properly applied, NWS estimates the amount 
over budget to oe of the order of $2M. 
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We do not agree with the estimated savings which GAO ascribes 
to malntalnlng the present system through 1989 versus using AFOS 
operationally while developing a new system for implementation at 
that time. GAO overstates the contlnulng cost of AFOb by 
including overhead, erroneously assumes FAA clrcults will 
continue, and falls to attrIbute value to the lnterlm operation 
of AFOS. 

With reference to accounting for AFOS costsl the NWS has 
followed an approved organlzatlonal accounting system. Some of 
the staff effort should have been attributed as a direct cost to 
AFOS. This will be corrected. 

NOAA does not agree that it has understated the future costs 
of AFOS. We contend that It 1s not appropriate to include 
overhead costs. The AFOS program has little impact on the basis 
for allocating such dlstrlbutable costs, 

RECOMMENDATION 

The action recommended is not considered necessary. The NvJS 
Will, as it has In past, comply with Department of Commerce's 
accounting system and, therefore, intends to apply A-109 
procedures. 
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CHAPTER 3 

MANAGEMENT OF AFOS 

APPEND,IX II 

_S~upe ul: AFOS Program Management 

The lntroductlon of AFOS ant0 the National Weatner ServLce 
substantially cnanges tne way thousands of personnel do their 
work. The system is pervasive and directly affects almost 
every organlzatlonal unit across the country. The system 1s 

v2ry different from the conventional centralized ADP faclllty 
staLfed and operated by ADP professionals. It is a 
decentralized, distributed processlrlg system In which tne local 
proczssors serve as ai1 IirLAmdte, lnteractlve extension of the 
field forecasters at eacrl field office. At ttie same time, the 
processors are integral elements of a unified tele- 
comnunlcations and lnformatlon storage system that spans the 
entire country. These latter functions require strong, 
centtallzed operational control. 

For tnese reasons# tne management arrangements for AFOS 
have to consider mucn more thar the development and testing of 
the nardware, software and support elements for tne dlstrlbuted 
processing system, even thougn that 1s an extremely large and 
co,llplex task for which few if any precedents exist. The 
management arrangements also have to motivate and facllltate 
t.le transltlon to a totally different mode of operation for the 
ma)orlty of the AWS workforce, ard also alter many slgnlflcant 
rrlatlonshJps with otner agencies and users. All this has to 
363 accomplished wltnout dlsruptlon to existing services and the 
activltles of external ubers, concurrently with tne expansion 
and improvement of service functions, and wltnout any increase 
In NWS staffing levels. Further, it had to be accomplished 
within an organization having more tnan a century-long tra- 
dILlon In tne previous mode of operation, with very llmlted 
prior exposure to computers and automatlon tecnnology in the 
field force. Finally, as tne program progressed througn 
various development stages, problems were encountered tnat 
required rranagement adjustments. 

The lnstitutlon and management arrangements must be 
responsive to the above sltuatlon. These arrangements have 
evolved during the course of the program in rcsponsc to the 
changing emphasis needed at dliferent stages, actual experience 
witn the arrangements chosen, and recommendations made by 
consultants retained by NWS to assist In areas where special 
expertise was available. The management schemes adopted by NhS 
were innovative and deliberately departed In sorlle ways tram 
classical, text-book prolect structures because the needs of 
the program extended far beyond the classical problems those 
structures were devised to address. NWS management OFtlclals 
feel that the general thrust of GAO's criticism of NWS 
management reflects a distorted empnasls on classical 
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"engineering" system development as practiced in development 
organizations and a rather shallow appreciation of the 
real-world problems of development and change within a service 
organization conducting day-to-day, time-critical operations. 
The priorities necessarily must be different. 

Nevertheless, NOAA recognizes the validity of most of the 
general management principles cited in the draft report, and a 
conscientious effort has bee11 and is being made to apply them 
effectively in the management of AFOS. In fact, in the inntial 
phases of the AFOS program the entire development - system 
dnalysisl hardware, software, and system experimentation and 
evaluation was organized under one single prolect manager 
reporting to tne Office of the Director of VWS. The pro-ject 
Tanager das an experienced systems engineer. It was during 
tLlis period that many of the decisions, repeatedly critized by 
GAO, on software, hardware and telecommunications were made. 
111 other words purity of organization does not, as GAO implies, 
necessarily lead to success. 

In hindsignt, we recognize that some decisions, actions 
and inactions resulted in problems that were not forseen at the 
time and might have been avoided had another path been 
selected. In general, NOAA does not agree with GAO that a 
large fraction of the problems encountered in AFOS were caused 
mainly by the lack of coherent management, but rather by the 
sweeping scope and inherent complexity of the program. While a 
diiferent management approach may have reduced or avoided some 
problems, it would have made other kinds of problems more 
llkcly. 

Current AFOS Management Structure 

NOAA belleVeS that the J!IWS has learned much from the 
problems encountered (and the successes achieved). A much more 
mature program structure LS now in place, and the technical 
knowledge needed to operate and sustain AFOS has been broaaly 
established throughout the organization. The existence of past 
pro;33 ems, whether attributable to management deficiencies or 
not, is not a rational basis for not using a system after the 
problems are resolved. 

lne current AFOS manaqement structure explicitly addresses 
tne current stage of transition of the initial system from 
development and testing into operational use. There is a 
single AFOS Program Manager, an SES member wno reports directly 
to tne Director of the NWS, and who has been delegated broad 
respon3ibility and authority for the program. In apparent 
contradiction to the draft GAO report, all staff responsible 
for dev=lopment of AFOS report to him (many through 
intermediate supervisors). While this contradiction may result 
partially from ad-justments made during the course of GAO's 
review, it may stem partly from confusion over the role of 
field personnel. As described in Chapter 2, AFOS includes a 
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powerful and versatile capablllty to support local appllcatlons 
concurrently with the telecommunlcatlons and other functions. 
The system capablllty for local appllcatlons has been developed 
and Xindqed centrally. However, many of the speclflc computer 
progiams (instructions) to carry out specific applications have 
been developed by field personnel with the full blessing and 
authorization of central management. Most of these appli- 
catlons tire tailored to the needs of local service offices, and 
local managers have been delegated responsibility and authority 
for asslglilng priorltles for use of the resources allocated to 
local processing wltnin the overall AFOS system. Central 
managemerlt provides and enforces wrltten guldellnes and 
standards for local applications programs, and malntalns a 
clearlngnouse function for documentation and natlonal exchange 
of applicdtions programs. 

The Alr'OS Program Manager has the auchorlty to make 
declslons dnd establish policies which bind all organizational 
elements 31 NWS, including the field elements. Obviously, this 
must be done ludlclously and with broad participation by man- 
agers of the aftected elements to insure that continuing 
service operations are not disrupted. It is true that the 
Directors of the NWS field regions don't report to the AFOS 
Program Manager and are not formally rated by him, nor do the 
Director of the National Meteorological Center or the Directors 
of the other three National Headquarters Offices. Such an 
arrangemellt would be tantamount to redefining the Dlrector of 
Nws. NeveLtheless, for AFOS program matters the Director 
relies on the AFOS Manager and has directed the other senior 
managers to follow his leadership unless an irreconcilable 
conflict occurs that must be resolved by the Director. No 
problems oi substance have occurred with this arrangement since 
lt was lnstltuted in March of 1980. 

The implementation of the initial AFOS System has been 
assigned In a prolect sense to a single prolect manager under 
tne AFOS Program Manager. All personnel involved in final 
development and testing, network monitoring and control, 
training, proLedura1 development and documentation report to 
him as part ot a Transition Task Team. The Team compromises a 
Development Task Group and an Operations Task Group, each 
headed by an baS member at the Laboratory and Division Director 
level. Tne Operations Task Group includes the entire, newly 
created AFOS Operations Division that will be responsible tar 
COntlnUing I’I’IandgeIIIent Of all aspects Of AFOS' OperatlOnS 
following the tormal commlsslonlng of AFOS. All managers in 
NWS field organization who are responsible for AFOS, down to 
the field statron level, take direction on AFOS matters from 
the AFOS Operations Manager who heads the dlvlslon. 

The maintenance, logistics and facilities support for AFOS 
is integrated with all similar functions in NWS, both at the 
neadquarters level in the Office of Technical Services wnere 
the overall programs are managed and in the tield organization 
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where technlcldns for local sites and service areas are 
located. 
the effort 

As AP'OS becomes operational, a growing fractionT;z 
in these programs shifts to support of AFOS. 

AFOS Operations Manager also 1s formally designated Deputy 
Director of the Office of Tecnnical Services, and therefore has 
actual line autnorlty over the key operational elements sup- 
porting AFOS as part of nationally integrated support programs. 

The AFOS Program Manager also has full responslblllty and 
authority for future system development, and all staff involved 
in this effort rltport to him. He also serves as chairman of 
the formal AFOS Cnange Management Board at the Office Director 
level which 1s chartered by the Director, with broad delegation 
of authority, to establish all pollcles and mechanisms nec- 
essary to control and promote orderly improvements 1~ the 
system and its operdtlons. To date, mechanisms have been 
chartered and estaullshed by the Change Management Board for 
configuration control; addltlon, deletion and change in 
priority Of AFOS products, and local appllcatlons development 
and exchange. 

A plan has been developed under the leadership of the AFOS 
Program Manager for completing development and lmplementatlon 
of the initial AFOS system; introducing enhancements to the 
system (e.q., to equip with remote terminals the smaller NWS 
stations not planned to have stand-alone AFOS computers, and 
withdrawing temporary, backup teletypewriter and facsimile 
systems); and developing ma-jar system improvements that 
incorporate data types dnd functlonal capab?lltles never 
planned for the initial AFOS system. This plan covers tne time 
period into the 1990's, with proportionally less specific 
technical and operational detail in distant years, but 
sufficient to define the overall strategy, guide budget and 
program development actlvltles, and establish priorities. 

NOAA belleves that the existing AFOS management arrange- 
ments are well-conceived and they consider not only the points 
raised by GAO, but many Other factors not even recognized oy 
GAO, some of them much more Important to the success of the 
AFOS Program. The NWS management personnel at all levels In 
tne organlzatlon are no longer InexperIenced in ADP system 
development and management, even if that were partially true at 
an earlier time. NOAA notes the success NWS has achieved in 
the difficult task of developing and introducing 
interactive,dlstrlbuted processing technology into a service 
operations environment. 

Comments on GAO Views - 

The specific comments on AFOS management my the GAO, 
unfortunately, contain misconceptions, over-simplication oi 
cause and effect. We hope chat the foregolng summary oi the 
current AFOS management arrangements dispels most of the 
confusion and clearly distinguishes facts. 
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In particular, the currerlt arrangement includes the key 
management prlnclples tnat GAO claims we have not followed, 
e.g. management focus, clear lines of authority, sufficient 
authority, balance between centralized and decentralized 
authority, use of pro]ect managers and pro]ect management 
dlsclpllnes, snd use of ,omprehenslve plans. 

It 1s dlfflcult to answer the hlstorlcal charges one by 
one wlthout allocating mdrly paragraphs. Suffice It to say tnat 
we consider it unlikely that the existing system could have 
been brought to the successful stage of development now 
achieved, If the program management were as lacking as claimed. 
NOAA admits that unforeseen problems did occur in the program, 
but they have been ldentlrled and corrected, and this success 
1s a better measure of future expectations. 

Contrary to the broacr generallzatlons by GAO, NOAA applied 
approprlate approaches to managlng large pro]ects. Certainly, 
not all approaches were applied because some are alternatlves 
to others. Similarly, concerning our use of contractors and 
consultants, not all recommendations were automatically 
accepted and implemented. NWS procured the entire hardware 
system through contractors, obtained malor pieces of software 
through contractors, and ootalned and applied a great deal of 
useful advlce from contractors. The performance of the system 
validates these uses of coIltractors. It is illogical to argue 
that each and every recommendation of consultants should be 
followed in detail. In fact, It would be impossible because 
consultants don't always agree. No contractor has the breadth 
and completeness of knowleuge about program Issues that the 
agency possesses, and all recommendations must be evaluated by 
the agency In the light OL all conslderatlons. (For example, -- 
an unquoted corollary recoinmendatlon to one of those quoted 1~ 
the GAO report, by the same consultant, suggested that we add 
lmmedlately a dozen softwdLe experts in real-time systems 
analysis ln order to complete a crltlcal Job ln the succeeding 
few months, a desirable but totally lmpractlcal action.) 

The GAO report repearedly stresses the lack of experience 
of hWS with ADP system development, criticizes on page 23 the 
expertise of NWS managers, urges contracting out mayor ADP 
system development, and then finishes by asserting the 
concurrence of the Director of NWS with (an unspeclfled portion 
of) the GAO position. In truth, the Director of NWS does 
concur in the approprlatz use of contractors. However, he 
reports having encountered far more problems resulting from ADP 
specialists who do not ulAderstand weather services and 
government procedures. The management staff must appreciate 
both weather services and systems development, and persons who 
are recognized among the top natlonal experts in both 
dlsclpllnes are rare or non-existent. 
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CONCLUSIONS - 

Referring to the summary conclusions, we belleve that GAO 
has exaggerated the influence of management deficiencies On 
AFOS development problems, and has falled to understand fully 
the reasons for the management approaches used. That not all 
problems were foreseen cannot be attributed primarily to 
management, but results largely from the complexity of the 
program and the dlfflculty everyone has ln predlctlng the 
future. The only real crlcerlon for evaluating management 1s 
the degree of success of tlie program, and the AFOS System 
successfully performs all essential functions and 1s used to 
support routine service operations even today. NWS now has a 
trained and experienced development team, operating force and 
management group. These accomplishments should be the basis 
for Judging the accuracy ant relevance of the GAO assertions. 

RECOMMENDATIONS 

The NWS already has implemented the speclflc GAO 
recommendations tl?at are applicable to the exlstlng system, and 
furture plans are ln concurrence with those referrlng to the 
new system. In particular, the following actlons have been 
taken 

1. An AFOS pro]ect management office has been 
established and all development personnel 
have been assigned to that offlce on a full-time 
basis. 

2. A pro]ect manager has been appolnted with clear 
authority for the pro]ect. 

For development of the new system, NWS plans Include: 

3. Selection and enforcement of standard soit- 
ware development procedures, lncludlng documen- 
tation and testing for the new system, and 

4. Contracting svstem development activities. 
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CHAPTER 4 

AFOS SOFTWARE 

APPENDIX II 

Software CapabilIty 

Advances In the science OI meteorology over the years have 
been substantial. Forecasters today have enhanced analytical 
techniques, computer models, and computer-generated guidance to 
aid them in tne formulation OL their products and forecasts. 
But, forecasts are still in part the result of the 
lndlvlduallzed appllcatron of experience, tne complex 
assimilation of current and hlstorlcal weather lnformatlon, and 
in some instances the “gut feeling" of the forecaster. This 
variability in procedur E coupled with a workforce generally 
unfamiliar with automation tecllnologies impeded the development 
of, and agreement on, detailed requirements in areas where 
personnel interact with the system. On the other hand, many 
system software requlrements were orlglnally speclfled In the 
design stages of the AI'OS program (mid-1970's) and have 
remained throughout. 

Orlglnally the AFOS software development involved designers 
and users in an lteratlve design, test, evaluate, and modify 
process that attempted to ca,+ure and define the more subtle 
software requirements. AFOS software development began in the 
mid-1970's and was scheduled to take place over the time frame 
of several years and not the 30 days the GAO contends. This 
form of development, If properly managed and controlled, often 
yields the most satisfactory systems performance. As the GAO 
points out, the NWS did encoclnter dlfflcultles managing this 
phase of the software development which affected the overall 
software development tlmetaule. But this process yielded a 
system whose functional performance and capabilities could be 
etcPctively used by field personnel and one which has been 
widely accepted throughout tne NWS. 

AFOS software meets the original ob]ectlves as listed in 
the AFOS Program Development Plan and subsequently determined 
by interaction with operational personnel. As described in 
detail in Chapter 2, AFOS receives information from the 
telecommunlcatlons subsystem clnd stores it for subsequent use 
by the forecasters; the system retrieves stored information for 
display In various useful ways; and it facllltates the 
composition and automatic tra~rsmlsslon of messages and carries 
out many meteorological and hydrological applications and 
services. The AFOS software now in actual field use 
accomplishes these essential tasks reliably, rapidly, and makes 
effective use of the computer, telecommunications resources, 
and other system features. 
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Software Development - 

A point that cannot be overstated is that AFOS is a complex 
system. AFOS software is also complex ands as the GAO states, 
1s tightly integrated. While the tightly coupled or integrated 
software 1s a problem to those who must design subsequent 
changes in AFOS, it does not affect the operational user. Even 
though the software performance is entirely satisfactory, NWS 
intends to make a few structural changes to the software to 
facilitate improvements as operational experience is gained. 
These changes would also Incorporate addltlonal computer memory. 

The NWS has demonstrated eftective software development 
management practices. For example, in April 1980 the entire 
asychronous communication subsystem, representing an additional 
one-third of the real-time computer code, was successfully 
integrated into the existing sortware, aebugged, and tested. 
This fact directly contradicts the GAO contention that "from 
1978 to the present the developers have been reducing system 
capability in an effort to achieve a stable system"--an 
unsupported and false allegation. The GAO report lists other 
software problems such as: the communications subsystem does 
not perform acceptably, more tnan one forecaster cannot use the 
system at a time, only one software back-up routine works 
reliably and message composltlon failures cause the loss of 
prepared messages. Currently the AFOS software permits the 
satisfactory use of all consoles at each field site (the 
largest station has 8 consoles), and message composltlon 
recovery is fully operable and prevents the loss of text. The 
system bacK-up capabllltles as aescrlbed in Chapter 2 are 
tested and in use today, and the AFOS telecommunication system 
functions satisfactorily as d?scrlbed in Chapter 5. 

In mid-1979 NWS management determined that the developers 
were having technical difficulty in completing development and 
tests of the system and there was a need to strengtnen overall 
program management. The new program management immediately 
instituted classically accepted development and testing 
dlsclpllnes. An interim software change management process was 
invoked and utilized until tne spring of 1981 when the NWS 
formally instituted an AFOS Change Management Board with a 
specific charter and delegations of responslbllity and 
authority from the Director, NWS. 

Prior to mid-1979 software was lnsufflclently documented, 
but GAO's strong crltlclsm of documentation 1s not valid now. 
Hardware documentation was fully established by the AFOS 
hardware contractor. An initial level of software 
documentation was establlsheJ by an Intense 5-month effort Of 
the entire software development staff. In 1980, the NWS 
contracted with a private contractor to develop a formal set of 
software documentation. This documentation, contalnlng more 
than 8,000 pages in 14 separate bound volumes, will start being 
delivered to NWS in September 1981. 
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Software Test Program - 

The AFOS test program was re-establlshed on a more firm 
technical base and systematically followed. Exactly how to 
accomplish this resulted from exLenslve dellberatlons internally 
and with private constiltants. lne general consensus was that 
the capabllltles and functional performance of the system had 
evolved to a satisfactory level, but system stablllty was 
inadequate. A path was chosen Lhat made maximum use of the 
lteratlve development process tiescribed earlier. To the 
developers thl 9 was translated LO the following concluslons- 
the fundamental algorithms and processes being performed by the 
software modules were satlsfaclory; the lnteractlons of the 
software modules alone and In aggregate numbers were most 
probably the cause of system lllstablllty; lesser software 
defects or "bugs" bould De uncovered and corrected. 

A highly speclallzed test methodology was then deslgned and 
Implemented. A test structure was laid over the exlstlng system 
which provided accountablllty and lntermedlate goals. A test 
management structure was implemented at that time using 
lndlvlduals who had no prevlatis Investment In the development 
process. This plan of attac& was reviewed and endorsed by a 
private contractor. 

The test program initiated in early 1980, while not fully 
orthodox in its design, was well consldered and has been 
successful. At that time system stablllty was relatively poor 
with statlons experlenclng system lnterruptlons almost hourly 
which required 6 to 10 mlnuLes to correct. The stability 
currently being reported by the field stations 1s less than one 
interruption per shift and Lequlrlng only 2 to 5 minutes to 
correct. This 1s a fully acceptable level for operatlonal use 
as demonstrated by the abll*ty of two of the four contiguous 
regions to use AFOS as the primary tool for the dellvery of 
weather services. 

CONCLUSIONS - 

NOAA does not agree with tne GAO conclusions that software 
developed for AFOS has serious problems which can only be 
resolved by a complete redcslgn. A systematic NWS test program 
has validated the software design. The current actual use of 
the AFOS software III day-co-day field operations demonstrates 
satisfactory performance. The NW.5 is planning to make some 
limited improvements to trlc software ln the future. We intend 
to make appropriate use of contractors for this effort. 

RECOMMENDATION - 

NOAA does not agree with the recommendation to redevelop 
AFOS software as part of a complete redesign and redevelopment. 
The exlstlng software meets all essential requirements for field 
use. 
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CHAPTER 5 

AFOb TELECOMYUNICATIONS 

APPENDIX II 

AFOS Telecommunlcatlon Design 

For decades the NWS nas been using multiple low speed 
teletype and facslmlle clrcults to deliver all of the alpha- 
numeric and graphic lnfor.natlon the forecaster needs to 
generate forecast products. A single AFOS telecommunication 
system is able to transmit 011 of these different alpha-numeric 
and graphic products rellabAy enough for forecasters to continue 
to provide warning and other weather services to the public. 
In addition, AFOS has demonstrated improvement to other aspects 
of NWS operations. AFOCI prldavld es warnings and other service 
products to the public and other users via NWWS. NOAA does not 
intena to provide basic meteorological data and lnformatlon to 
private users and other meteorologists on AEOS, but will provide 
separate communication facllltles for this purpose. 

AFOS communication spe?as are an order of magnitude faster 
than existing teletype spezas thus permitting the reliable 
delivery of weather lnformatlon at significantly earlier times. 
This affords forecasters valuable additional time to analyze and 
prepare warning messages. lne AFOS system automatically 
transmits, stores, and upddtes a site's local data base witnout 
human lnterventlon thus acnlevlng even greater productlvlty of 
NWS personnel. 

Contrary to the GAO interpretation, AFOS communication 
circuits are aligned with the decentralized organization of the 
NWS. Eachegional Distrlbutlon Circuit (RDC) is supplied tne 
same meteorological data by the System Monitoring and 
Coordlnatlon Center (SMCC) in Sultland, Maryland. All Weather 
Service forecast offices (WSFO's) within a Region, are connected 
on their own RDC. Each forecast office has associated with it a 
number of Weather Service Otfices (WSO'S) that are 
interconnected directly to InrSFO's by State Distribution Clrcults 
(SDC) which is In alignment with the area forecast management 
structure within a state. 

The data and information flowing into and out of the AFOS 
System 1s part of the world bide interchange of weather 
information that takes place at the National Meteorological 
Center (NMC) in Suitland, Maryland. The NWS has operated this 
communication hub reliably ror decades. 

The selection of the AFOS communications loop architecture 
was the result of extensive analysis by the NWS, private 
companies, and the National Bureau of Standards in the 
mid-1970's. A communication network did not exist that suited 
AFOS' purpose. As the AFOS communication system has been 
implemented and tested, numtrous improvements have evolved that 
have increased overall performance and reliability. The testing 
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has been performed largely by the NWS, but a private contractor 
was assigned to review, tear, and evaluate tne system also. 

Reliabilitv 

All AFOS communication circuits are installed and 
operating. Presently the S&C 1s in its final configuration, 
having recently completed a series of engineering and 
valldatlon tests. Each RDC is being driven from its asslgned 
SMCC computers. SMCC operations are meeting service 
requirements for rellabillty and timeliness of data flow 

As the evolution of the telecommunication system reached 
the levels of reliability ancl stability the NWS needs, the 
RDC's were implemented starting in 1980, and each region began 
the process of transition to full AFOS operations. Since that 
time the stability and reliauility of AFOS telecommunlcatlon 
has continued to Improve as management and operational 
procedures have been developea and refined. 

The reliability of AFOS communications depends on several 
factors, the principal ones being the dedicated telephone links 
connecting each node (WSFO), secondly the sites' computer 
controlled and managed synchronous communlcatlon subsystem, and 
thirdly the various backup modes designed into the system. All 
these components have been tested separately and as an 
integrated system The performance of the entire system in 
actual operations under all Lypes of environmental condltlons 
is satisfactory for NWS operational use. 

The telecommunication system back-up modes incorporate the 
following automatic and opertitor initiated processes: (1) the 
AFOS communication computers use an industry accepted 
communlcatlon protocol that incorporates automatic error 
detection and retransmission reatures. (2) Data 1s routed 
bl-dlrectlonally around each &DC thus ensuring that should a 
particular node or telephone line fall, all other nodes receive 
data. (3) In the event that Lie connecting link between 
adlacent nodes falls the communication computers automatically 
reconnect with each other using standard dial-up circuits. 
(4) Should a node experience a catastrophic failure, the 

computers at adlacent AFOb noues can be directed by statlon 
personnel to "dial around" the failed node. (5) As described 
in Chapter 2 either of the two computers located at a node can 
perform all telecommunication functions thus providing an 
additional level of back up. (6) the telecommunication 
subsystem for either computer has back-up equipment also. All 
back-up modes have been extensively tested and perform 
satisfactorily. In contrast to this level of sophlstlcatlon, 
the teletypewriter circuits used today, which are also loop 
networks, contain none of these back-up features. If a 
teletypewriter loop 1s broken, communlcatlons cease. 
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A slgnlflcant disagreement exists between the NW.5 and GAO 
on the level of support required for telecommunlcatlon. Given 
the overall current high level of stablllty of the AFOS 
hardware, software, and communication lines, the amount of 
operator intervention or attention to manntaln systems 
operation 1s currently reportea at less than 5 minutes per 8 
hour shift. This 1s slgnlflcantly less than the time required 
to service the multiple teletypewriter and facslmlle equipment 
at each site. It 1s also significantly less time than that 
which the GAO observed as late as January of this year. 

As described earlier, the sMCC plays a vital role in AFOS 
communication. It must interface with NMC and simultaneously 
drive the four RDC's. In addlclon, SMCC monitors the status of 
the RDC's, notifies station personnel of malfunctions, and 
advises them on the corrective action to be taken. At the 
point In time when the GAO inspected SMCC it had neither been 
reconfigured to drive four RDC's nor had it undergone the 
planned engineering and validation tests scheduled for it. 
Hence the GAO's pessimistic view on the adequacy of SMCC 1s 
understandable. Since March of this year however, scheduled 
tests have been conducted that verified the performance and 
rellablllty of the SMCC computers. The stablllty of the SMCC 
systems is now extremely high. Defects uncovered during 
testing have been corrected and retested. The SMCC is driving 
the four RDC's with live meteorological data from the National 
Meteorological Center. 

In January of this year, tne NWS conducted a mayor 
englneerlng test of the AFOS system on a test network that 
Interconnected several sites in each region. Station personnel 
were instructed to use their AJz'OS systems to the degree their 
training and experience permlcted. This was a test of the AFOS 
system in a near-operational setting under the random variables 
of environment, nationwide communlcatlon, and operator 
interaction. It was not a tetit of NWS service operation using 
AFOS. Perhaps the NWSid not adequately explain the purpose 
of these tests, nonetheless the GAO has incorrectly drawn 
conclusions from NWS test briefings and reports concerning the 
sultablllty of the AFOS system to perform satisfactorily in 
operational use. There were only two slgnlflcant englneerlng 
defects discovered during the Systems Operations Test. One had 
to do with delayed trarsmlsJlons from NMC to SMCC, the other, 
the presence of unnecessary Lrafflc on the test loop The 
latter problem was easily corrected and retested. The other 
defect has been corrected as part of the NMC-SMCC validation 
tests. 
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Telecommunication Aiternatlves 

The NWS has been examlnlng the current status of the 
telecommunlcatlon technologies. Apparently the GAO has 
interpreted this effort as a signal that the NWS did not 
believe the design of the AFOS telecommunlcatlon system to be 
viable. The NWS has been Lsing private contractors for the 
past year to assess the current state of telecommunications 
technoiogy from two vlewpolnts: first to identify an 
alternatlve system that could be implemented should testing 
reveal AFOS communication to be unreliable and, second, to 
ldentlfy trends in the tele<ommunlcatlon technology in 
anticipation of the developrlrent of the next generation system. 
The former was a programmatic plan to ensure continuous 
implementation of AFOS; however, this study reveals there 1s no 
off-the-shelf system to replace the AFOS communlcatlon systems 
economically. The latter 1s a contlnuatlon of the NWS practice 
of conducting periodic technology assessments. We feel these 
are prudent and responsible programmatic and agency planning 
activities. 

CONCLUSIONS: 

The GAO argues that AFOS telecommunication is not 
appropriate for meeting NWS heeds, is inflexible, unreliable, 
and conflicts with the NWS organlzatlonal philosophy. NOAA 
cannot agree with these conclusions and has demonstrated, by 
both engineering tests and actual operatloral use, satisfactory 
and reliable performance of trle telecommunication system in 
both its normal and backup nodes. The NWS agrees witn GAO that 
AFOS communication is the least costly of other possible 
designs. The NWS concludes t,lat the low cost of AFOS 
communication coupled with the proven satisfdLCory perIormance 
yields a truly cost-effective telecommunlcatlon system. 

RECOMMENDATION - 

NOAA does not agree with tne GAO recommendation that the 
AFOS telecommunclatlon system oe replaced wltn an as yet 
undefined and unproven alternative system. The present AFOS 
system is performing satlsfactorlly and any effort to replace 
It now would unnecessarily delay implementation of AFOS, add 
significant unnecessary cost and prevent the NWS from utilizing 
a very Important and effective tool In the dlscnarge of its 
public service responslblllty. 
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CHAPTER 6 

AFOS HARDWARE 

APPENDIX II 

Current Status 

The AFOS hardware consists of mlnlcomputers, display 
consoles, printers, magnetic discs, and telecommunication 
equipment. Tnls equipment was competltlvely procured against 
a technical speclflcation prepared by the NWS. The hardware 
speclflcatlon established requirements for system functional 
capabilities, malntalnablllty, and reliability. This 
procurement also required the contractor to perform analysis 
and specify logistic levels and geographical dlstrlbutlons that 
would ensure satisiactory and reiiable hardware maintenance. 
In addition, the contractor waJ to provide NW.5 speclfled 
computerized automatic test equipment and the necessary 
computer diagnostic programs to be used in the AFOS repair 
depot in Kansas City, MO. 

Acceptance of the hardware systems was based on a 
contractor generated and government approved test program that 
addressed systems performance, reliability, and malntalnablllty. 
Performance tests examined each required capability of the 
system while the hardware was subJected to specified extremes 
of electrical power and ambient temperatures and humidity. 
Hardware reliability tests for AFOS are basically equipment 
endurance tests conducted over a statistically significant 
period of time based on Mil-Spec reliability test procedures. 
The equipment malntalnablllty tests were establisned by the 
contractor and performed by N&S electronic technicians. These 
tests demonstrated that NWS factory trained technicians using 
contractor provided maintenance manuals, speclfled test 
equipment, and diagnostic aids were capable of restoring 
equipment operations within specified times. 

The AFOS equipment passed all required tests for 
performance, reliability, and maintainablllty. All other 
contracted deliverables were slmlllarlly accepted based upon 
approved test or inspection plans. 

Tne AFOS hardware lnstallatlon began in 1978 and was 
completed in 1981. As each svstem was Installed NWS maintenance 
and loglstlc reporting prograll,s were initiated to monitor and 
analyze significant aspects ot the hardware's rellablllty, 
maintenance and performance tnroughout its lifetime. The 
equipment is expected to meet the initial contract acceptance 
criteria throughout its use, and system maintenance costs to 
remain within planned levels. 
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AFOS 1;0glstic3 System 

The AFOS loglstlcs system &I~S effectively supported AFOS 
operations for some time now. It includes approximately 10,000 
Lowest Repairable Units (LRU's) i.e., repairable sub-assemblies 
and parts and about 30,000 non-repalrable parts that support 
approximately 45,000 LRU's in udily use at all AFOS sites. 
(The number of non-repairable parts ln dally use exceeds one 
million.) Contractor guaranteed-mean-time between fdllures 
proJected approximately 7,000 LRU failures per year. Currently 
NWS 1s recording actual fallurea rate of about 3,000 per year. 
The problems with the flow and availability of spare parts have 
been resolved. AFOS maintenance and logistics programs have 
gone through exhaustive and repdated evaluation by NWS and are 
more than adequate to support AFOS operations. The AFOS 
maintenance and loglstlc management and support actlvltles are 
in the forefront of technology and are effective In the 
operational support of the AFOs program. 

The AFOS equipment since lnstallatlon began, continues to 
meet and in most instances exceed speclflcatlons for 
performance, rellablllty, and rndlnta1nability. The original 
estimates of the need for 65 auclltlonal maintenance technlclans 
made in the mid-1970's are still valid today. Of course the 
technician salaries have increased substantially. The original 
pro]ectlons on the number of spare parts are still valid, out 
inflation has increased the cost of spare parts. 

Contrary to the position or the GAO, the NWS has through 
experience established effective pollcles that determine 
whether or not to maintain it= varied equipment systems at 
current manufacturers' equipment revision levels. Many of the 
manufacturers' revlslons are Antended to reduce manufacturing 
costs or modify certain performance characteristics and not 
necessarily correct specific problems. The NWS closely 
monitors AFOS vendor revisions and has selectively incorporated 
revisions to correct speclflc problems. In most instances 
these problems were ldentlfled during procurement acceptance 
tests or contract warranty periods. The costs to correct them 
are normally borne by the AFOb contractor. 

A point of confusion in the GAO's argument is that hardware 
and software improvements maae by the minicomputer manufacturer 
cannot be incorporated into Lhe system without considerable 
cost and effort. It has been the practice of the computer 
trade In general, and the ma,lufacturers of AFOb equipment In 
particular, to ensure that any manufacturing hardware revisions 
are fully compatible with its original system in form, fit, and 
function. This means that one need not incorporate every 
previous revision in order to take advantage of a later one 
that may correct a specific defect. 
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Modlflcatlons have been installed either by the contractor 
to correct latent defects or by the NWS to modify performance 
characterlstlcs. Equipment modlflca tlon 1s a routane type of 
activity ln all maintenance programs. NWS has considerable 
experience in the area of equipment maintenance and modlflcatlon 
since It malntalns more than 7000 pieces of equipment that 
support meteorological and hydrological service functions. 
The NWS has demonstrated repeatedly that AFOS can be modlfled 
efflclently, effectively, and at reasonable cost, and based on 
1tS experience expects that this will remain the case for many 
more years. Why GAO argues that AFOS equipment does not meet 
NWS requirements, has llmlted capacity, and 1s expensive to 
repair In light of the actual maintenance record 1s puzzling. 

AFOS Operating System 

The GAO contends that the computer's operating system is 
Inadequate, unsuitable for the purpose Intended, and must be 
replaced. The AFOS computers' operating system is software 
written by the computer manufazLurer. Computer operating 
systems being sold today are liltended to serve the widest 
possible spectrum of customer needs. In developing their 
operating systems, vendors trade off between highly speclallzed 
and efflclent software systems for more generalized, and In many 
instances, less efficient capabllltles that serve a wider market 
and thus yield a greater return on investment. The AFOS 
operating system is simlllar to others on the market In this 
respect. The NWS has modlfled the AFOS operating system to 
enhance Its efflclency apd data-handling capablllty in response 
to speclflc NWS requirements with a resultant improvement of the 
performance of the operating system. 

The computer's operating system oversees and manages most Of 
the functions of the computer. Wltnln the architecture of this 
operating system, a user generates and operates his own computer 
programs sulted to his specltlc requirements and In accordance 
with the rules and constraints of the operating system The 
AFOS programs contain more than 500,000 lines of computer code 
that satisfy complex requirements and perform sophlstlcated 
functions as discussed In Chdpter 4. 

The operating system satlsfles the basic requirements of the 
AFOS program. Naturally with its considerable experience in 
using the AFOS operating system, i.e., hlndslght, It's possible 
for the NWS to speculate on now an Improved operating system 
might be developed, but therz are no operating systems on the 
market today speclflcally designed to satisfy AFOS requirements. 
The NWS did attempt to obtain, in the lnltlal hardware contract, 
an Operating system built speclflcally for AFOS needs. Tnis 
path had to be abandoned in s976 because the company could not 
build and deliver this hardware on the time schedule prescribed 
in the contract. The NWS has chosen the most reasonable path 
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available to it by acqulrlng an off-the-shelf operating system 
that had proven performance and then speclflcally tallorlng It 
to the needs of the AFOS program. 

Hardware Capacity - 

In light of its repeatea and extensive tests of the 
performance of the system, the NWS does not agree with the GAO's 
comments on lnsufflclent hardware capacity. The system does the 
lob originally intended. That 1s not to say that the NWS cannot 
improve the performance or capablllty of the system. It can and 
1s prepared to do so in the suture. 

As described in Chapter L of these comments, the AFOS 
system's back-up and recovery capability 1s In place and 1s 
satisfactorily performing in actual field use. System bat kups 
occur on multiple levels, each with its own speclflc llmltatlon 
on performance of the system Not surprisingly, practical 
experience with the back-up maues of AFOS has identified areas 
to strengthen. The NWS intends to do so In the future. 

Hardware Replacement 

Contrary to tne assertion of the GAO, the AFOS system was 
not intended to satisfy all future requirements of the NWS. 
This 1s in accordance with the Federal ADP procurement pollcles. 
In general, new generations oL computer systems have been 
introduced every 5 to 7 years that prove to be more efflclent 
and effective with greater capabilities and at a lesser cost 
than previous ones. The presence of improved generations of 
equipment in itself is insufiicient reason to replace systems 
If they are still economlcalry supportable and effective tools 
in support of NWS operations. 

NWS policy in regard to acqulsltlon of equipment systems 
incorporates accepted prlnclgles of economic life planning. 
Each system 1s Intended to satisfy a specific set of agency 
requirements and not be so generalized (and more costly and less 
effective) as to satisfy new and different changing requirements 
over the years. This appears to be a point of philosophical 
disagreement with the GAO. As new requirements are developed 
the NWS attempts to utilize lxe latest technologies to satisfy 
them. Supportins systems maintenance programs are designed to 
provide cost effective and highly reliable systems performance 
and availability. Subsequent equipment replacement programs 
are generated as a result of closely managing the costs and 
effectiveness of systems maintenance and NWS operation 
requirements. 
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CONCLUSIONS 

NOAA does not agree with the GAO conclusion that the design 
and capablllty of the AFOS hardware and operating system dre 
inadequate. The AFOS hardware has successfully passed repeated 
tests and evaluations and the test of operational use. It 1s 
satisfactory for AFOS operations. The AFOS computer's operating 
system has been tailored to tne specific appllcaLion of AFOS 
required for successful AFOS performance. 

RECOMMENDATIONS - 

NOAA oblects to the GAO recommendation that AFOS hardware 
be replaced as part of a complete system redesign. It's NOAA's 
posltlon that to replace satisfactory operational equipment and 
discard a massive loglstlc a,ld repair system capable of meeting 
essential NWS requirements for. support of AFOS operations is 
not responsible use of public funds and human resources. 
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CHAPTER 7 

FUTURE OF AFOS 

APP2NDIB II 

Tne GAO recommends that furtner development and use of AFOS 
be abandoned; that resources be redirected to planning and 
developing a new system to replace AFOS and the current system; 
and that NWS should rely solely on pre-AFOS communication 
systems until the new system is developed. NOAA believes that 
the existing AFOS system should be implemented nationally during 
FY 1982 as the primary weather lnformatlon system supporting NWS 
field observations; that pre-AFOS communications be used as a 
backup Lo the AFOS communications subsystem, and to support 
field offices not equipped with AFOS, until the end of FY 1984; 
and tnat a next generation system lncorporatlng advanced 
capablllLles never intended for the initial AFOS system should 
be developed for lmplementatlon by the end of the decade. 

The GAO recommendations propose a radical departure from 
tne plans developed and substantially fulfilled by AFOS after a 
mayor investment of talent and at least $90M over a period of 
seven years. The payoff from this investment would be 
essentially lost. NOAA believes that GAO must assume a heavy 
burden of Justlflcatlon for such a drastic action. Tne 
preceding chapters of these comments have systematically shown 
that the basic conclusions supporting this recommendation do 
not correspond with current observable tacts, are logically 
inadequate and incomplete, and involve inappropriate and 
incorrect Judgments about the requirements of the NWS and the 
value of AFOS to NWS operations. Furtner, NOAA ob-jects to 
numerous mlsattrlbutlons to the NWS and its Director, especially 
In Chapter 7 of the draft GAO report, In the form both of 
inaccurate paraphasing and selective attributions seriously out 
of context. 

In order to provide coherent and systematic comments, NOAA 
has not responded in each case to repetitious statements and 
arguments An tne GAO report with which NOAA disagrees. The 
absence OF an explicit reJection by NOAA of a particular 
sentence or paragraph must not be taken as tacit acceptance by 
NOAA. However, to assist in sharpening the contrast in NOAA'S 
and GAO's assessments and their respective foundations, we have 
attempted to assemole a more concise and less redundant 
comparison in tnis section. We recognize that tnls may result 
in some loss of immediate context of GAO's arguments, but we 
have made an honest attempt to retlect them accurately, and the 
full text of tne GAO report is there to preserve the original 
context. 
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The following conclusions stated expllcltly by GAO (often 
with more or different words) seem to form the central 
foundation of the GAO's maln.recommendatlons. 

1. AFOS has mayor problems in Its software, 
hardware and telecommunications. 

2. 

3. 

4. 

5. 

6. 

7. 

a. 

9. 

10. 

11. 

12. 

AFOS 1s not sufflclently stable and reliable 
to use as a primary system 

AFOS has Inadequate backup capabllltles, and 
the most crltlcal ones in the original design 
have been ellmlnated. 

ImprsJcment of AI'CS 1s risky, costly and im- 
practical due to fundamental design flaws. 

AFOS 1s too expensive to operate and maintain. 

AFOS capabllltles do not meet orlglnal re- 
quirements, and a complete redesign and re- 
development 1s necessary to meet them. 

AFOS cannot meet future requirements. 

The value of AFOS is negllglble. 

Not operating AFOS would save $116M over 
the next 8 years. 

The only costs associated with reverting to 
pre-AFOS operations 1s the current cost of 
using FAA's teletypewriter circuits. 

NWS can operate satlsfactorlly and meet service 
requirements for the rest of the decade without 
AFOS. 

NWS has lnsufflclent staff and capablllty to 
both operate and malntaln AFOS, and plan and 
develop an advanced system. 

In addition, some key implicit assumptions underlying 
GAO's recommendations need to be considered: 

13. The resources previously available for AFOS 
can be diverted to developing a new system, 
would be sufflclent for the new system, and 
be available in the required time phasing. 
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14. A new system and Its development would not en- 
counter technlcal, cost, schedule or transltlonal 
problems as serious as those of AFOS, provided 
recommended management procedures are used and 
development 1s done by contractors. 

In contrast, the corresponding polnLs of NOAA's assessment 
are summarized as follows: 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

No mayor problems In AFOS software, hardware, or 
telecommunlcatlons remain that affect Its 
essential functional capabllltles. 

AFOS 1s sufficiently stable and reliable to use 
as the prlm'ary system, the existing AFOS system 
is now serving ab the primary system in two Of 
the four contiguous NWS regions; and operational 
adequacy will bz demonstrated during August and 
September 1981. 

The most important backup capabllltles designed 
into AFOS have been Implemented, and the pre-AFOS 
communlcatlons arrangements will be retained as 
an added backup through FY 1984. 

Improvements in AFOS have been incorporated suc- 
cessfully durlny the last year, and NWS believes 
that some lnvescment In selective improvements 
(not fundamental redesign and development), 
retaining the existing hardware and most of the 
software, will turther improve system performance 
and facllltate Future software maintenance and 
enhancement. 

The cost of operating and malntalnlng AFOS 1s 
close to the proJections made in 1976 when 
adlusted for the effects of inflation on salaries 
and spare parts. 

The existing AFOS system meets all significant 
original requirements except for early witn- 
drawal of teletypewrlter and facslmlle cap- 
abilities, retained as backup, and substantially 
exceeds original expectlons In some areas sucn 
ds forecdster assistance. 

The initial AFOs system was never Intended or 
designed to meet all future requirements, and 
particularly nut those cited by GAO. 
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8. 

9. 

10. 

11. 

12. 

13. 

14. 

AFOS 3s extremely valuable to NWS operations; It 
slgnlflcantly speeds up warnings and forecasts 
as planned, saves large numbers of staff-hours 
annually through automatlon of routine tasks, 
liberates time and resources for Service 
improvements, and establishes a mode of operation 
amenable to future improvements. 

GAO's estimate that $i16M could be saved by not 
operating AFOS for 8 years does not consider 
important costs of trying to turn back to 
operations wltriout AFOS, and totally ignores the 
mayor capabllltles and efflclencles that would be 
lost. 

Reverting to pre-AFOS systems involves much more 
than retaining connection to FAA's teletypewriter 
circuits, including refurblshlng or replaclng 
aging equipment of various types, substantially 
increasing field personnel, and making other 
potentially expensive adlustments. 

Even current services could not be malntalned 
using pre-AF3S systems without a mayor 
investment and upheaval in NWS, if at all. 
The pre-AFOS systems do not meet even 1974 NWS 
requirements; that 1s why the AFOS program was 
initiated to provide many capabllltles not in- 
cluded at all in the previous systems. 

Totally different kinds of personnel are involved 
in operating AFOS and in developing a new system; 
NWS can accomplish both concurrently. 

The cost of a new system meeting all present and 
future requirements recommended by GAO 1s 
unknown, and GAO's estimate of $125 to $150 
million is not based on any substantive analysis 
Or knowledge of the requirements, and the 
assumption that more than $lOOM, now planned for 
expenditure in small pieces over eight years, 
can be gathered up for a procurement 1s at 
best doubtful. 

The development of large, complex systems that 
break frontiers should be expected to encounter 
some problems; NOAA's experience shows that pro- 
ceeding in a series of ambltlous but prudent 
Steps results in fewer problems than maklng a 
single giant leap to a new system incorporating 
even more novel features than AFOS, as proposed 
by GAO. 
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As indicated by the length and detail of these comments, 
there are many conclusions by the GAO that directly contradict 
NOAA's assessment. Much of the contradlctlon on those aspects 
related to system performance could be explained by the fact 
that GAO auditors made their observations of the system during 
arl earlier period when development and testing were In progress, 
and many technlcal problems were evident. We can only assume 
that these dlfflcultles appeared more fundamental and fatal to 
the auditors than proved to be the case. 

We are troubled by the analysis of the alternatlves involved 
in GAO's recommendation to abandon AFOS. The simpllstlc 
assertion tnat $116M can bti saved over the next eight years by 
terminating AFOS is made without a thoughtful conslderatlon of 
the relative costs, advantages and disadvantages of operation 
with and wlthout AFOS. That the sole cost of operations 
without AFOS is considered oy GAO to be NWS' cost of using the 
FAA's teletypewrlter circuits (see table on page 14), while the 
comparative cost of operating AFOS includes all maintenance and 
support personnel, facilities, loglstlcs, communications 
documentation and even mllllvns of dollars of NOAA overhead, 1s 
not logical. That the dlffererlce In tne functional 
capabllltles of AFOS and teletypewriters were ignored 1s almost 
incredible. 

The preceding sections of these comments present the bases 
for NOAA's disagreements wit11 GAO's conclusions and 
recommendations. These base3 arc qualltatlvely different from 
those used by GAO. NOAA bases its conclusions upon thorough, 
up-to-date, first-hand experience in testing and using AFOs In 
support of weather service o,+ratlons, upon deep understanding 
of the requirements the system must satisfy and tnelr relative 
importance and urgency to weather service operations; and upon 
Its knowledge of the importance of various current and needed 
weather services derived from more than a century of working 
directly with NWS users. 
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