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SECTION 1-SUMMARY

The Disaster Warning System (DWS) is a conceptual system which will provide
the National Weather Service (NWS) with communication services in the 1980s to help
minimize losses caused by natural disasters. The communication services are grouped
into four functions: disaster warnings, spotter reports, data collection, and coordination
within the NWS.

The objective of this study is a comparative analysis between a terrestrial DWS
and a satellite DWS. Baseline systems satisfying the NOAA requirements were synthe-
sized in sufficient detail so that a comparison could be made in terms of performance
and cost including ten years of operation. Prior to syuthesizing these systems, an
investigation was made of the present and planned NWS structure, operation, and traffic
flow relevant to natural disasters. An estimate, based on past data, of the number of
warning messages in 1985 was used in a queueing model to obtain expected waiting times
as a function of the number ¢f warning channels.

Both the terrestrial and satellite baseline systems essentially satisfy the NOAA
DWS requirements. The exceptions are: the terrestrial system does not provide ocean
zoverage, and the satellite system provides only 5 rather than 50 simultaneous voice
channels to the spotters. The total system cost, including 10 years of operation is $1.00
B for the baseline terrestrial system and the baseline satellite system cost is $1. 62 B in
constant 1974 dollars. The home receiver costs are not included; their unit factory costs
are $17.60 and $31.20 in quantities of one million for the terrestrial and satellite systems,
respectively. The cost of both baseline systems is dominated by the disaster warning
and spotter reporting functions. The cost drivers for the disaster warning functions are
the required number of simultaneous broadcasts for the satellite system and the exten~
sive coverage for the terrestrial system. The major cost driver for the spotter reporting
function is the large number (100,000) of transceivers that must be purchased and main-
tained for ten years; this impacts the satellite system more since it requires a more
sophisticated (costly) transceiver. 4

An effort was undertaken to reduce system cost through lower-capacity, alter-
native systems generated by modifying the baseline systems. By reducing the number of
required channels and modifying the spotter reporting techniques, alternative satellite
systems were synthesized with total costs ranging from $1.32 B to $0.87 B. A terrestrial
alternative with the coverage reduced to an estimated 95 percent of the population was
considered; this reduced the total terrestria.lSystem cost to $0.84 B.

Further investigation of both the terrestrial and satellite systems is required to
develop an optimum configuration and more detailed system definition on which to base
a final system choice. Of particular importance is a reassessment of the DWS require~
ments in view of the cost and system performance sensitivities to the requirements.
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SECTION 2 - INTRODUCTION

Each year natural disasters exact an enormous toll in lives, economic loss,
and human suffering in the United States. These losses result, in part, from
deficiencies in our warning and preparedness programs. Several recent studies
(References 1, 2, and 3) identify these deficiencies and propose solutions and
courses of action. Many of these solutions require initiatives at the Federal level,
involving a number of Federal agencies working together in a coordinated program.

The evolving role of the Federal government in coping with natural disasters
is exemplified in the comprehensive Disaster Relief Act of 1970. This Act commits
the Federal government, on a permanent basis, to major responsibilities in disaster
preparedness planning and assistance. In addition, the Act directs that a full and
complete investigation and study be conducted to determine what additional improve-
ments could be made to prevent or minimize the loss of life and property due to
major disasters.

The National Oceanic and Atmospheric Administration (NOAA) of the Depart-
ment of Commerce has prime responsibility for detecting, predicting, warning,
and preparing for natural disasters and has been a leader in utilizing advanced
technology to improve their capabilities. As part of its planning for a future
natural disaster warning system, NOAA is currently investigating the potential of
various terrestrial and satellite communication systems to meet requirements of
the 1980's. Such a communication system is designated a Disaster Warning System
(DWS). NOAA has determined that the DWS should:

1. Achieve a significant improvement in existing disaster warning systems,
the supporting systems for collection of data and reports, and the coor-
dination essential to the preparation of effective warnings.

2. Expand the area covered by existing warning systems while simultaneously
developing a highly selective capability to warn specific groups or areas.

3. - Provide a single authentic and highly responsive channel between the
warning agency and the general public.

4, TFully exploit existing technology and make maximum use of existing
facilities of all participating government agencies.

5. Provide a means by which assistance can be given to individuals, com-~

munities, and responsible government agencies in implementing natural
disaster emergency readiness plans.

2-1



The objective of this study was to synthesize and compare an all~terrestrial
as well as a satellite warning system to meet the NOAA DWS requirements in the
1980's. For both the terrestrial and satellite systems, baseline systems are
synthesized in sufficient detail to enable an assessment of their technical feasibility,
performance, and cost. By varying these baseline systems, alternative systems
are generated for comparison purposes and to determine sensitivities to various
system requirements and major system cost drivers. Whenever appropriate, new
technology required to implement portions of these systems is identified.

Prior to the actual synthesis of systems to satisfy the DWS requirements,
an investigation was made of the present and planned NWS structure, operation,
and traffic flow. Also, the DWS requirements were assessed, and, if necessary,
expressed in terms of communicaticr system requirements, One of the more
critical requirements is the amount of warning traffic that is expected in the mid
1980's, Using historical warning traffic data supplied by the NWS and results of
previous analyses of the data by NOAA and NASA, estimates are made of the ex-
pected amount of warning traffic in 1985. Also, a queueing analysis was performed
to estimate expected waiting times for the issuance of warning messages as a
function of the number of warning messages, number of communication channels
available to send the messages, and time required to send the messages.

The communication requirements are combined into four functional require-
ments: disaster warning, spotter reporting, data collection, and coordination.
In the synthesis of the terrestrial and satellite systems, each of the functional
requirements are addressed individually and then combined in the total system
description. The major functional requirement is the broadcasting of disaster
warnings directly to homes. For the terrestrial system this is implemented using
terrestrial broadcasting techniques whereas the satellite system requires geosyn-
chronous broadcast satellites utilizing high-power spot beams.

A detailed cost estimate is made for each baseline system, including a 10-year
operational phase. During the first 5 years of the operational phase the system
will be gradually built up to a fully operational capability. Based upon these esti-
mates, the major cost drivers are obtained and the costs of alternative systems
are shown, Schedules for implementing the baseline systems are also shown.
From these schedules, funding schedules are generated for both time dependent
and constant year dollars.,

Satellite configurations (weight, power, cost) were generated using appro-
priate estimating relationships based upon historical data where feasible. Other
satellite system costs including ground terminals, land line interconnects, spotter
transceivers, etsz. were directly or analogously estimated as appropriate, as were
the terrestrial system costs.
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SECTION 3 - NATIONAL WEATHER SERVICE STRUCTURE AND
TRAFFIC FLOW

3.1 INTRODUCTION

The DWS will provide the communications for disaster warning for the NWS,
Since the DWS will be a part of the NWS, it must be compatible with other NWS func-
tions and communication systems, A discussion of the present NWS communications
systems is given in Appendix A, This section presents a brief summary of the present
and planned NWS structure and its traffic flow. Additionally, there are two warning
systems under development that may impact the DWS; these will be discussed individ-
ually. A new satellite system has alsc recently been initiated that has a data collection
capability specially designed for automatic collection of meteorological data from
remote platforms, This satellite system is discussed since it will impact the DWS,

3.2 NWS ORGANIZATION AND OPERATIONS
3.2.1 Present

The NWS, under the NOAA, operates a network of approximately 400 facilities
within the 50 states, at 13 overseas stations and on 21 moving ships. Altogether, the
NWS has about 5000 full-time employees working in meteorological and hydrological
operations. In pne year, approximately 3.5 million observations are taken and 2
million forecasts and warnings issued. Additionally, countless individual briefings and
services are provided on a routine but unscheduled basis,

The NWS facilities which are of concern to the DWS and the information flow be-
tween them are conceptually illustrated in Figure 3-1. Individual facilities are dis-
cussed in more detail in Appendix B, but their operations are also briefly described here,

The NWS preséntly receives data from an extensive network of observing facilities
throughout the United States and in other parts of the world, While the vast majority of
the domestic facilities are operated and maintained by the NWS, there are some which
are operated by other government agencies, commercial organizations, and private
individuals, In all cases, however, the data must meet certain NWS standards before
it can be introduced into any of the national meteorological data communications systems.

Collection and distribution of the observational data are accomplished primarily
via low-speed local, regional, and national teletypewriter circuits which deliver the
information to a variety of user groups within the meteorological community., Most of
the acquired data ultimately arrives at the National Meteorological Center (NMC) in
Suitland, Maryland, where it is correlated, analyzed, and scientifically processed into
a variety of products (analyses, prognoses, etc,), most of which are in graphic, i.e.,
map, form. Domestic distribution of the NMC graphic products is accomplished via
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several facsimile circuits, each of which provides national distribution of certain pre-
defined classes of products, In addition to the NWS field facilities, facsimile circuit
"drops' are available to virtually any organization or individual within the United States
who is willing to buy or lease a facsimile recorder and pay the cost of the "drop."

3.2.1.1 Weather Service Forecast Offices (WSFOs)

The existing NWS field structure consists of almost 50 WSFOs, each of which is
responsible for the generation and issuance of forecasts and warnings and other relevant
products within a specified geographic area, Although there are some exceptions, fore-
cast area boundaries generally coincide with state boundaries., Four WSFOs act as
Regional Warning Coordination Centers (RWCCs) for larger regions. The RWCCs moni-
tor and coordinate warnings of all hazardous weather and issue warning bulletins for
severe winter storms, Data available within the WSFOs consist, as a minimum, of all
local and regional teletypewriter circuit data, a limited amount of national teletype-
writer circuit data, and a selection of NMC graphics., The average WSFO receives
about 200 NMC-generated graphic products per day which are stored in hard copy form
(paper). In addition to teletypewriter and NMC facsimile circuit data, all WSFOs have
voice communications with both NWS and non-NWS area observers and may have a col-
located NWS data acquisition function, i.e,, surface, radar, upper air, or any combi-
nation. Some WSFOs also have a Weather Bureau Radar Remote (WBRR) receiver which
provides a near real-time facsimile image of the video data from a remotely located
NWS radar,

3.2.1.2 Weather Service Offices (WSOs)

Below the WSFOs in the NWS field structure are approximately 200 WSOs which
receive local and regional teletypewriter data and, in most cases, a limited number of
NMC-generated facsimile charts., Although the basic forecast responsibilities of the
WSOs are limited, they are responsible for preparation of local warnings and refinement
and/or revision of the WSFO products to render them more meaningful to the local popu-
lace, Like the WSFOs, the WSOs disseminate forecasts, warnings, etc., but their
service areas are much smaller, Some W30s have WBRR receivers and virtually all
have a data acquisition responsibility.

3.2.1,3 Weather Service Meteorological Observatories (WSMOs)

The lowest level NWS field station is the WSMO which normally has data acquisition
responsibilities only. WSMOs have a single teletypewriter "drop" for entering their
data into the system, and have no forecast or warning responsibilities,

3.2.1.4 River Forecast Centers (RFCs)

At essentially the same level as the WSFOs in the field structure are the 12 RFCs,
The RFCs collect and process hydrological and r:eteorological data and prepare river




forecasts and warnings for primary points along river systems, Like the WSFOs, the
RFCs receive area and regional teletypewriter data and selected NMC graphics. Weather
radar data are used extensively at RFCs along with data acquired from high density rain
gauge fields, snow depth measuring devices, etc,, which are established and operated
primarily for hydrologic applications, RFCs and WSFOs are normally collocated where
operational requirements permit,

3.2.1.5 River District Offices (RDOs)

Below the RFCs in the NWS field hydrologic services structure are about 80 RDOS)
which relate to the RFCs in much the same way as the WSOs relate to the WSFOs, The
RDQOs are collocated either with WSFOs or WSOs., RDOs collect data and forward it to
the area RFC, receive RFC products (forecasts, warnings, alerts, etc.), tailor them
for local application, and disseminate them within their assigned service area,

3,2.1.6 Other National Centers

The only remaining major facilities to be covered in the NWS field operations
structure are the National Hurricane Center (NHC) collocated with the WSFO in Miami,
Florida, and the National Severe Storms Forecast Center (NSSFC) in Kansas City,
Missouri. These two national centers function much like WSFOs except their areas of
responsibility are defined in terms of meteorological phenomena rather than geog-
raphy. The NHC is responsible for all technical matters pertaining to Atlantic hurricane
predictions and warnings, while the NSSFC has nationwide responsibility for preparation
and issuance of local severe storm (including tornado) forecasts, Both the NHC and the
NSSFC have on-site data processing capability and both have access to all local, regional,
and national teletypewriter and graphic data, The NHC also collects data directly from
the Caribbean and South Atlantic areas.

The Cooperative Hurricane Reporting Network (CHURN), consisting of about 100
stations along the Gulf of Mexico and Atlantic coasts, provides surface weather observa-
tions upon request by the NWS, These observations supplement the regular observations
in times of threatening weather; i,e,, hurricanes, tropical storms, and other storms
along the coast, One-third of the CHURN stations are Coast Guard stations.

Hurricane forecasts and warnings in the Eastern Pacific (east of 140 degrees west
longitude and from the Equator to 50 degrees north) are the responsibility of the Eastern
Pacific Hurricane Center, collocated with the San Francisco WSFO. The Central Pacific
Hurricane Center in Honolulu, Hawaii is responsible for the tropical cyclone forecast
and warning program in the Central Pacific (from 140 degrees west to the 180th meridian
and from the equator to 50 degrees north latitude).

Aerial reconnaissance of hurricanes is performed by the military services coor-
dinating with the various NWS hurricane centers.
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Several generalizations concerning traffic flow which are useful for analyses are:

e Data is usually collected by lower echelon facilities (WSOs) and transmitted
upwards,

® NMC prepares nationwide forecasts and graphics material which is frans-
mitted to lower echelon facilities (first, the WSFOs) for preparation of area
forecasts. Forecasts (and warnings) are then relayed to WSOs,

® Warnings may be disseminated to the public via mass media from several
echelons; however, the responsibility for dissemination of warnings rests
principally with the WSO,

® There is a great deal of collocation of facilities (e.g., the RDOs can be
either WSOs or WSFOs. )

These generalizations are particularly useful when one considers the implementation
of planned systems such as the Automation of Field Operations and Services (AFOS)
which is described in Appendix C. The projected impact of AFOS on the traffic flow is
described briefly in the following paragraphs.

3.2.2 Future N

Planning the DWS necessitates certain assumptions about the form of the future )
NWS. The most important aspect of the future configuration of the NWS involves the '
implementation of AFOS, The simplest and most likely assumption concerning the
implementation and operation of AFOS is that it will evolve as currently planned. The
following discussion of the DWS is based on this assumption,

The synoptic data which is transmitted to the NMC by WSFOs will be carried by
the National Digital Circuit (NDC), a closed loop configuration connecting the WSFOs,
the National Centers, and the RFCs. The NDC will replace the FAA Service A and C
circuits which presently perform this function; however, the FAA will still transmit
airport observations on their own circuits. NDC will replace Services A and C only as
far as the NWS is concerned. Pictorial data and other graphics will still be carried by
the facsimile circuits such as FOFAX due to the constraints on quantity and rate of
data to be transmitted on the NDC. Data transmitted to the WSFOs from the WSOs will
also be via automated links implemented as spurs from the NDC, There also will be
some automation of the delivery of data to WSOs from observing stations; in fact, this
process has already begun.

Interactions between the (future) NWS and DWS are illustrated in Figure 3-2. The
DWS functions may include:
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® Delivery of warnings to public

® Spotter alerting and reporting

® Data collection

® Coordination among NWS facilities

° Broadcast of routine weather information

The principal function envisioned for the DWS is the delivery of urgent data (that
which does not have time to traverse the NDC) such as observations concerning flash
floods and tornadoes, and the alerting and warning of the public through individual home
receivers, Secondary DWS functions may include relaying data from remote platforms
and continuous broadcasting of routine weather forecasts to be received by the home
receiver, The urgent data that DWS may carry includes observations from spotter net-
works previously alerted (either through DWS or by other means). This data is relayed
to the relevant WSO which accesses the DWS to broadcast a warning, if necessary.

The WSFOs and RFCs would also have the ability to access the DWS to issue warnings
as well as the WSOs, RDOs, and the NSSFC,

It is worth hoting that the DWS also provides the capability for the WSFO to alert
the WSO regarding the existence of hazardous weather. This capability may seldom be
needed but situations may arise in which it would be useful.

3.3 PLANNED WARNING SYSTEMS

3.3.1 NOAA VHF-FM Broadcasts

There are presently 656 VHF broadcasting facilities located near large urban and
coastal areas, Approximately 40 percent of the population is within the nominal cover-
age area of 65 kilometer radius from these transmitters, Each of these transmitters,
operating at either 162.40 or 162,55 MHz, is controlled by a local NWS Office (typically
a WSFO or WSO) which supplies a local forecast. This forecast is continuously sent 24
hours a day with the taped messages being repeated every 4 to 6 minutes. The forecasts
are updated as required, typically every 2 to 3 hours.

This system also has the capability to demute specially designed receivers by
sending the proper tone, thus providing a positive alert of hazardous conditions. This
alerting function is being used primarily to alert schools, hospitals, and other places
of assembly, public utility units, emergency forces, and news media, General public
use of this alerting function is expected as receivers containing this capability become
more readily available,



This system is presently being expanded and approximately 175 transmitters are
planned by 1978. Approximately 300 transmitters will be required to provide coverage
to 90 percent of the population,

3.3.2 Decision Information Distribution System

The Decision Information Distribution System (DIDS) is being developed by the
Defense Civil Preparedness Agency (DCPA) to provide a capability for simultaneous
nationwide issuance of attack warnings. Since this is an attack warning system, reli-
ability and survivability (particularly against an EMP threat) are emphasized rather
than factors such as broadcast area selectivity and high data rates, The system con-
cept is to utilize a small number of low frequency broadcasting terminals providing
nationwide coverage and a 24-hour a day capability to demute receivers and deliver
warning by voice, teletypewriter, and remote siren control. The primary users will
probably be located at national, state, and local emergency operating centers, Federal
and State agencies, national and local warning points, State adjutant and military head-
quarters locations, and broadcast radio and television stations. Additionally, inexpen-
sive DIDS receivers are expected to be available for purchase by the general public.

The presently planned DIDS will consist of three National Warning Centers (NWCs)
connected via leased wire services to two high power (200 kW), low frequency (61.15
kHz) control transmitters. A distribution system consisting of ten medium power (50
kW) low frequency transmitters (each at a unique frequency ranging from 160 to 190
kHz) will provide coverage to 99 percent for siren control and 96 percent for voice mes-
sages of the Continental United States (CONUS) population. Geographic selectivity can
be achieved by utilizing the available code in the demuting signal.

Under the Disaster Relief Act of 1970, the use of the DCPA warning system is
authorized to provide warnings of natural disasters., Under this authorization, a con-
figuration by which the NWS could access the DIDS has been formulated. This concept
has a control point (under NWS operation) at the WSFO closest to each of ten DIDS dis-
tribution transmitters., The other NWS warning facilities (247 facilities consisting of
most of the remaining WSFOs and WSOs) have access to the DIDS through these control
points. The number of accesses into each control point varies from 10 to 35, Whenever
a NWS facility initiates a warning message, a header record, in addition to the warning
message, is sent to the appropriate control point., The header will contain an originator
ID code, destination address code, priority code, and a code to specify whether the
warning message is voice or teletype. Upon receipt of the message at the control point,
the header code will be authenticated, formatted for transmission on DIDS, and either
sent to the DIDS transmitter via a dedicated leased line or taped for transmission at a
later time if a queue exists.



3.4 GEOSTATIONARY OPERATIONAL ENVIRONMENTAL SATELLITE

The collection of meteorological data from a large number of remote (unmanned)
ground platforms is one of the functional requirements for the DWS, This data collec-
tion function is soon to be performed by the Geostationary Operational Environmental
Satellite (GOES), scheduled to be launched in the last half of calender year 1974. The
basic purpose (in terms of impact upon satellite design) of GOES is to provide earth
imaging, both visual and infrared, from synchronous altitude. Since a large number
(perhaps up to tens of thousands) of data collection platforms (DCPs) will be implemented
for use with GOES, any new satellite data collection capability would most likely have to
be compatible with the DCPs to be deployed,

The DCPs' communication characteristics are given in Table 3-1, To meet the
interrogation signal requirements, a satellite EIRP of 16 dBW is required with an addi-
tional 6 dB for DCPs with low elevation angles. A satellite G/T of -21,5 dB/°K is
required to satisfy the data uplink requirements. The satellite multiple access is
accomplished by a combination of time and frequency multiple access.

DCPs are assigned frequency channels and time slots (either in response to inter-
rogation or self-timing). The satellite must have a receiver bandwidth of 300 kHz to
accommodate the 150 channels indicated in Table 3-1, These channels are used domes-
tically; there are 33 additional 3 kHz bandwidth channels for international use which
utilize the frequencies from 402, 0 to 402.1 MHz. In the GOES the UHF signals are
cross-strapped to an S-Band transponder for the link to the contro} station located at
Wallops Station, Virginia. The link to a control station is not constrained by the GOES
configuration; however, use should be made of the baseband equipment and control tech-
niques that have been developed for GOES,

3.5 SUMMARY

The conceptunl traffic flow of the future (~1985) NWS is illustrated in Figure 3-3.
The three major tynes of traffic are: data collection, forecasi materials, and forecasts
and warnings, Meteorclogical data flows from the lower echelons up to the NMC, fore-
cast material originates at ilie NMC and flows to the lower echelons, and the forecasts
and warnings originate at the middle and lower echelons and are passed to the general
public.

The primary communication configuration consists of a full access network
together with the lower echelon facilities connected to nodes of the larger network,
The full access network (AFOS), illustrated as circles connected in a loop in Figure
3-3, connects all the WSFOs, RFCs, and National Centers and all traffic is accessible
to all facilities, In Figure 3-3, two loops are illustrated; however, in the actual imple-
mentation, one network will carry all the illustrated traffic.
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Table 3-1.

Data Collection Platform Communication Characteristics

Characteristics

Interrogation Signal
from Satellite

DCP Signal to Satellite
(Interrogated DCPs only)

DCP Signal to Satellite
(Self-Timed DCPs only)

Frequency (MHz)
Number of Channels
Channel Spacings (kHz)
Modulation

Baud Rate

Message Duration (seconds}
Error Rate

Emergency Requirements

468, 825

1

N/A

+ 700 PSK, Manchester Coded
100

0.5

10-6

Time Slots Reserved for
Priority Interrupt

401. 850 to 402

100

1.5

+ 70° PSK, Manchester Coded
100

60

1076

401. 700 to 401. 850

50

3.0

+ 70° PSK, Manchester Coded
100

60

1076

Frequency Channels Reserved] Frequency Channels

to respond to emergency
commands and data that
exceeds preset threshold

Reserved to respond to
data that exceeds preset
threshold
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The lower echelon and facilities (e.g., WSOs), illustrated as triangles in Figure
3-8, are connected to their parent facility. Data generally flows from these facilities
and some of this data is then entered into the complete access network, Some of the
forecast material is passed down to the lower echelons along with the localized fore-
casts, One of the basic functions of the lower echelon facilities is to provide forecasts
and warnings to the general public, This information is passed to the public via the
mass media using facilities such as the NOAA Weather Wire Service (NWWS) and a DWS
directly to home receivers. This dissemination is illustrated by the hexagons in Figure
3-3.

Generalizations can be made concerning the traffic in the full access network; but
not for the networks connecting the lower echelons to their parent facilities, Each
facility must be treated individually since they are tailored to the particular locale,
Furthermore, all traffic within a particular spur network is not necessarily received
by all nodes of that network. For example, data may be preprocessed or only used
locally to adopt and refine forecasts received from the parent facility.

Some auxiliary traffic is also illustrated in Figure 3-3, Satellites will be used to
obtain meteorological data such as earth and cloud coverage images and data from re-
mote platforms, 'i'his data will go directly to the NMC; however, some of the data may
also be received directly from the satellite at some special facilities. The high resolu-
tion imagery will be sent over facsimile networks via the Satellite Field Services Station
to the WSFOs, RFCs, and the National Centers. Also, the RAWARC network will con-
tinue to provide radar data to selected facilities.

Table 3-2 summarizes the estimated traffic loading of the future NWS illustrated
in Figure 3-3. Other than the warning and satellite imagery traffic, the estimates are
from the AFOS requirements, No estimates were made of the (nonwarning) traffic to
and from the lower echelons since each facility must be considered individually. The
amount of traffic is most likely bounded by the values presented for AFOS and the
average is probably approximately 1/50 of those values,

The estimated satellite imagery traffic is based upon 19 sectors of either visual
or IR images plus four sectors of IR images being transmitted every 30 minutes, The
images are transmitted using analog signals and requires approximately 20 minutes
to transmit a single image over C5 conditioned land lines,

The estimated warning traffic is based upon the results of Section 4. Each warn-
ing message was estimated to be 1 minute long sent at a rate of 150 words per minute,
The effects of this traffic load upon a DWS is discussed in detail in Section 4 and will
not be repeated here.
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Table 3-2, NWS Traffic Loading

Messages/Day Data/Day

Data Collection

Surface 15,912 795, 600 Characters

Synoptic & Radar 2,424 244,400 Characters
Forecasts

FT-1, FT-2 2,268 203, 840 Characters

Winds Aloft 582 146,000 Characters

State, Zone & Local] 2,800 1,167, 500 Characters

Special 990 832, 000 Characters
Forecast Material

Graphics 225 3,870,000 Bits

Satellite Imagery 1,104 368 Hrs., on C5 line
Warnings **

HW 82 12,300 words

RW 101 15,150 words

TSSW 214 32,100 words

WSwW 212 31, 800 words

SCW 291 43, 650 words

ow 185

27,750 word_s

** Worst case month

* Estimated from available data.
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SECTION 4 - WARNING TRAFFIC PROJECTIONS AND QUEUEING

4,1 INTRODUCTION

One of the most critical system requirements is to have sufficient capacity to
ensure that warning messages are received with minimum delay. To ascertain
required system capacity, it is necessary to estimate the warning traffic loading and
traffic statistics for the DWS operational period (1985), and to develop a model for
handling and issuing warnings. Based upon the data provided by NOAA, traffic
estimates are presented in Paragraph 4.2. These were uscd in a queueing model to
estimate time delay (see Paragraph 4.3) incurred as a function of the number of
channels in the system. Additional data analysis and a refined queueing model are
being pursued by NASA Lewis Research Center, some of which is described in the
Executive Summary, Volume I, of this report.

4.2 WARNING TRAFFIC PROJECTIONS

At the present time, it is difficult to determine accurately an upper bound for
the disaster warning traffic for 1985. Perhaps the best method of estimating 1985
traffic is to monitor the warning traffic issued by a number of warning offices (WFSO
or WSO) situated in disaster prone regions having a large number of manned and
automated reporting stations. The monitoring operation would yield the average as
well as the busy time (peak) traffic per unit time per unit station. Knowing the num-
ber of offices issuing warnings, and accounting for future NOAA plans for monitoring,
analyzing, and reporting disasters, this data could be then used to directly estimate
an upper bound for the disaster warning traific. The advantage of such a method is
that it takes into account real-world factors as much as possible. However, this type
of data is not presently available and may not be for some time,

Future plans for improving the monitoring and reporting of disasters are
described in References 2 and 4, However, it is doubtful whether this information
alone can be used with confidence to estimate future warning traffic since the relation
between quantity and/or quality of monitoring and reporting stations and number of
warning messages is not known. Therefore, in view of the limitations, 1985 disaster
warning traffic was estimated by extrapolation using available warning message data
for the years 1966 to 1973, The method of estimating the warning traffic is described
in the following paragraphs.

Two types of warning data were analyzed: weather warning and river warning.
Weather warning data were provided for 87 months from January 1966 to March 1973.
River warning (RW) data were provided for 74 months from January 1967 to February
1973. The weather warning data included: tornadoes and severe storm warnings
(TSSW), hurricane warnings (HW), small craft and gales warnings (SCW), winter
storm warnings (WSW), and other warnings (OW). Forecasts for inland lakes,
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although included in the data, were not considered as warnings and therefore were not
included in the estimate.

A linear regression analysis was performed on the aggregate and each category
of the weather warning data (excluding hurricane warnings) and the river warning data
to determine trends and seasonal variations. Hurricane warning traffic was estimated
using the same procedure described in Reference 5. The upper 95-percent prediction
interval (see Reference 6) was used as a conservative upper bound for traffic estima-
tions for the aggregate weather and river warnings as well as each category of weather
warning data. The correlation coefficients of the regressions were also calculated to
obtain quantitative information about the linear growth with time of warning traffic.
Appendix D contains a description of the formulations used in estimating the natural
disaster warning traffic and the detailed results of the estimates.

To illustrate the estimation technique, the results for the tornado and severe
storm warning traffic are shown in Figure 4-1. As can be seen, as time increases so
does the estimation uncertainty and the corresponding margin to maintain the 95~
percent bound. A comparison of the aggregate weather warning traffic estimates with
those of its different categories (results contained in Appendix D) illustrates that the
whole is not equal to the sum of its parts. The rates of increased warnings varied
considerably for the different categories, but this information is somewhat masked
when the categories are treated collectively. Consequently, the traffic projections
must be done individually for each category and then added for the total weather
warnings.

Seasonal variations for river and each category of weather warning were esti-
mated on a monthly basis. The results were applied to 1985 traffic and are shown in
Table 4-1. The peak 1985 monthly traffic load occurs in December as a result of
seasonal contributions from WSW and SCW. The lowest traffic load occurs in August.
Figure 4-2 provides a comparison of monthly warning traffic between the 1985 esti-
mate (95 percent bound) and average traffic based upon the warning data. Due to the
large monthly variances, the system capacity was based upon the highest monthly value
(December). ’

4.3 QUEUEING RESULTS

The queueing model used was for Poisson arrival and exponential service distri-
butions. Both a first-come-first-service (nonpriority) and nonpreemption priority
service were considered. The detailed formulations and results of the queueing
analysis are contained in Appendix E.

In addition to the number of channels, the two parameters in the queueing model
are the mean arrival rate and the mean service rate, both expressed in messages per
minute. The worst case traffic loading (December) of 21, 405 messages per month is
used to obtain a mean arrival rate of 0.4955 message per minute. A nominal mean
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Table 4-1, Estimated Monthly Load of Disaster Warnings for 1985 (95% Bound)

MONTH| RW | Tssw WSW scw ow TOTAL
Jan 1535 308 6376 6220 5544 19983
Feb 1535 662 4286 6809 4243 17535
Mar 1535 1443 3508 7503 4412 18401
Apr 2139 4543 1977 7451 4241 20351
May 3018 5948 345 5365 4195 18871
Jun 2371 6420 36 4378 3563 16768
Jul 1795 3527 4 4409 3748 13483
Aug 1339 1940 45 3881 3979 11184
Sep 1250 1028 262 6069 4206 12815
Oct 1502 811 1391 7949 4398 16051
Nov 1480 363 2365 | 8434 4619 17261
Dec 1607 583 5521 8726 4968 21405
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