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A New Real-time Wegather Monitoring and Flood Warning Approach

Thesis directed by Professor Frank Barnes

A caszisdeveoped for implementing a highly effective, integrated local and
regiond red-time weather monitoring, data dissemination and flood warning system
using standard computer systems and software, data formats, network and
telecommunications technologies. The gpproach incorporates private enterprise as a
funding base into today’ s primarily government-funded gpproach. Success will
require cooperation among the National Weather Service (NWS) and other federa
agencies, software and telecommunications vendors, and loca and state emergency

managers. The new architecture will serve both the private and the public sectors.
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CHAPTER I: INTRODUCTION

Floods are “acts of God,” but flood losses are largely acts of man.

White, Human Adjustment to Floods

Weather monitoring is one of the oldest human activities, if not the oldest
profession. Severe weather consequences range from changing our weekend plansto
triggering other disasters, widespread injury, death and destruction of property due to
flooding, fires, disease and famine, and devastation of local or regiond economies.

People have dways dedlt with floods, and flood warning has aways been
critical. Judeo-Chrigtian religious history recordsin the Book of Genesis the story of
Noah and the great flood, alegedly the first flood attended by humans, shortly after
their inception (Genesis 6:6-8, The Holy Bible, Revised Standard Version). The story
chronicles what was dso as early use of flood warning; God was upset with the
corruption He perceived in the humans He' d created, so He decided to wipe them all
out by arranging a40-day rain sorm with consequent flooding. God thought Noah
was not so bad, however, so He warned Noah about the flood and told him how to
preserve himsdf, hisfamily, and members of each of the other species by building an

ark and preparing to ride out the flood. 1n this case, Noah required quite a bit of



warning for success, but God' stiming alowed for that and the Ark venture succeeded
as planned.

The ability of organizations to receive rdevant, red-time (in this context, redl-
time means within afew minutes) information about the weather in their area
empowers them to react to impending danger in an effective manner. “Mission
criticd” type users have some very specid needs. Their primary job isto get people
out of harm’sway. In the case of public safety organizations and emergency
managers, having red-time wesather information alows them to effectively plan their
resource deployment and to decide as quickly as possible whether, when and where it
IS appropriate to escalate their response.

Receiving red-time weether information allows other types of operationd
organizations (e.g., private companies, hospitals, school systems, public utilities and
transportation entities) to prepare and use plans that minimize potential damage and
optimize the use of resources. Their primary job isto keep chaosand cost to a
minimum while protecting the people who rely on their organization for products and

sarvices.

Warning systems caveat

Any technology used for early warning must be viewed in light of the human
consequences of itsuse. A system that givesits usersimperfect information about
current or future conditions (unlike God' s warning) is one that may do more harm
than good. A flood warning system, for example, can be concelved as having three
components. a weather monitoring component, a forecasting component, and a

decision component. If these three components together produce ether not enough



warnings (misses) or too many warnings (fase darms), then the system can actudly
be detrimenta to the communitiesrelying on it. An gpproach to quantitatively
esimating the reliability of awarning system is presented by Krzysztofowicz, Kely
and Long (1994).

With this caveat in mind, the following thesis explores a new gpproach to
provide integrated weeather data servicesin red time on aregiona basisfor the

primary purpose of flash flood warning.

Thesisorganization

Chapter 11 contains an examination of some of the chalenges brought by flash
flooding. Chapter I11 reviews and assesses existing automated monitoring and
forecadting technologies. Chapter IV reviews the organizationd and economic
agpects of exigting flood warning systems, including economic and humean factors that
congrain the success of current weather monitoring systems.

Chapter V proposes a new method and architecture for data collection and
dissemination based on standard technologies. The proposed method of funding isto
leverage the secondary market of non-mission critica users as aprimary economic

driver. A caseis madefor an dternative, public-private partnership approach.



CHAPTER Il. USEFULNESS OF FLOOD WARNING

A flood can be defined as the presence of “too much water in areasthat are
not normally under water” (Ludlum, 1995, p. 538). Fooding is anatura
consaquence of rainfall and snowmelt. A flood event’simplications for acommunity
depend on the degree to which people are prepared for it.

Some floods are annud and largdly predictable. In the United States over the
last hundred years, mitigation structures such as dams, levees and flood channels have
been built to manage and divert the “main channd” floodwaters brought by large
rivers and seasond runoff, largely the misson of the U. S. Army Corps of Engineers
(COE).

Flash floods are “ sudden rises and fdls of streams, usualy resulting from
brief but intense rainfalls over locdized areas’ (Ludium, 1995, p. 538). Fash floods
are inherently more difficult to manage because of their unpredictability and
relatively short lead times, and structurd mitigation gpproaches by themsdlves are
lessuseful. The use of warning systems in flash flood- prone areas is very important.

The annua flooding of big riversthat are fed by large snow and rainfall
catchments traditiondly has provided a resource of enormous vaue to humans.

Agriculture firg thrived in fertile flood plains that were washed with new soil and



nutrients every year by rivers tha were huge and reliable in their flooding. The
resdents of such areas have dways had to strike a balance between the risk of being
caught in the flood plain in high water years, and the convenience and desirability of
living near the river. Occasiondly people find their settlements in the path of the
river and experience tremendous |osses as a consequence. The potentid for damage
is great, but the rdliability and time course with which seasond flooding can be
predicted has enabled many communities to mitigate the flood danger today.

A different sort of flood potentid is presented to communities that are located
in or near hills or mountains with smaller, faster-responding streams. Often the hilly
terrain is steep and rocky so water from rainfall runs off more quickly and
thoroughly. The ground surfaces of areas recently burned by wildland fires actualy
take on hydrophobic qualities and virtudly no water is absorbed before it runs off. In
these scenarios the flooding potentid is closdly tied to the location and intendty of
specific weather events. Thistype of flood event inherently provides amuch shorter

time of preparation for flooding than does alargeriver valey or plain.

Flood danger hasincreased with human developments

The degtruction due to flooding in generd has been increasing over the years.
In the United States, according to the U. S. Department of Commerce, annua flood
damages nationdly are now about $4 billion and risng. Some of the increase is due
to the increased population and higher value of associated settlements, but other

factors are more directly causal.



“Why does anybody live there?’

“They're not well informed. Most folks don’t know the story of the

fire-flood sequence. When it happens in the next canyon, they say,

‘“Thank God it didn’t happen here.’” (McPhee, 1989, p. 229)

Modern urban development crestes large areas of asphalt and concrete that are
much more impervious to water than were the naturd surfaces, and agiven rainfal
event today produces much more runoff than it would have when the cities were less
developed. Finaly, more people are building in flood-vulnerable locations chosen for
their natura beauty, such asin and at the mouths of mountain canyons and arroyos.

Other areas are becoming more prone to flooding because of forest destruction
and consequent eroson of pervious materids. Heavy deforestation of large
catchment areasin recently controlled larger basins has resulted in an enormous

increase in the Sze and frequency flood events, indluding alarge increase in shorter

concentration-time inundation events — larger basins are now flashier.

Theroleof global warming

Globa warming due to vastly increased carbon dioxide emissons may ill be
treated as a political controversy in the United States, but in the very pragmatic
worldwide insurance industry there is no controversy about its exisence. The
discussion today surrounds how to address the now rapidly accelerating rate of annua
losses being observed throughout the world due to natural catastrophes caused by
globa warming.

One estimate isthat current effects of awarmer cimate have had an average
(across economies) annud impact of 1-2% of gross nationa product (GNP), with the

impact at 10% GNP or greater for some countries, and that these numbers will be



much higher in the 21% century (Berz, 1998, p. 405). A report released by the
Worldwatch Ingtitute and Munich Re (M iinchner Riickversicherung, the world's
largest reinsurance firm) estimated that the worldwide [osses due to storms, floods,
droughts and fires in the first 11 months of 1998 (US $89 hillion, inflation-adjusted

for comparison a US $82.7 billion) exceeded those for the entire decade of the 1980s
(US $55 hillion) (c.f. Abu-Nasr, 1998).

In a 1998 year-end press release, Munich Re reported that windstorm events
(240) and flood events (170) together accounted for 85% of the economic losses and
90% the insured losses experienced globaly in 1998. In the same press release they
meade the following statement:

“Comparing the figures for the 1960s and the last ten years, Munich Re
has established that the number of great natural catastrophes was three times
larger and cost the world' s economies — after adjudting for inflation — nine
times and the insurance indudtry fifteen times as much. The main reasons for
this dramatic increase are the concentration of population and vaues (SC) in
an ever growing number of larger and larger cities, which are often located in
high-risk zones, the greater susceptibility of modern industrid societiesto
catastrophes, the accel erating deterioration of natura environmenta
conditions, and a0, as far as insured losses are concerned, the increase
insurance dengity in the sector of natural hazards. A changein the trend is not
insght.” (Munich Re, 1998)

Every year there are degths due to flooding in the United States. The sudden
transdformation of placid streams, mountain rivulets or dry washes into raging torrents
occursin al regions and can happen at any time of year. Most of the deaths occur
because people ether underestimate or are unaware of the danger until it istoo late to
escape.

Warning about main channd flooding has very different characteristics from

flash flood warning, and is usualy much more effective in preventing fatdities Main



channd floods have along lead time, on the order of days or weeks. The areas that
are the source of flooding are large and relaively flat, the water velocities are low,
and the time of mdlt or rain collection long. Snowpack can be measured in advance,
and the melt rate can be estimated by seasona and short-term temperature forecasts.
Large-scale westher tools such as satdllite photos and radar are effective in predicting
future rainfdl and modifying forecasts in advance of therain itsdf.

The flood forecasts derived are reasonably accurate in predicting both the size
and the time of peak flow at particular locations dong therivers, wel in advance of
the event. Individud, locaized weather events don’'t have a Sgnificant impact on the
outcome.  Sometimes unavoidable property damage may il be incurred and smdll
errors can have large effects (e.g., the Grand Forks, ND, flooding in 1997, in which
the river depth peaked just above rather than just below the 50 feet forecast and had
devadtating results). Nevertheless, people have a chance to prepare for the flooding,
emergency managers and the media have time to educate the community about public
safety issues, and organizations have time to make choices to protect their
investments.

Flash flood events have a different time course, on the order of hours or even
minutes, and effective warnings are much harder to achieve. The area affected is
much smaller and the primary source of revant information is red-timelocd
westher data. The accuracy of satellite and radar tools for small specific areasis not
asgood asfor larger areas. Thereislittle time in which to prepare aforecast, and the
accuracy of the forecast may be poorer. Even with an accurate forecad,, there often

iVt adequate time to let people know what to do. The most vauable tools are those



that can increase the forecast accuracy and advance notice time of aflash flood,

combined with unambiguous, effective and practiced response plans.

Thecritical value of flash flood war ning

In aflash flood Stuation, it’s often the case that the first warning received by
affected individudsisthe event itsdlf. Asaconsequence, they ether make bad
decisons or they are smply caught by surprise and helplessto escape. For example,
people too often make the lethal choice to drive their cars across city Streetsthat are
acting as sgnificant waterways during an intense raingorm.  They do this because
they underestimate the danger of the water’ s depth and power; to the driver’s
amazement, the vehicle is swept away by the torrent and the occupants drown.

These types of fatdities occur on aregular bassin cities such as Houston,
Ddlas, and Phoenix, where intense storm water runoff is channded into usudly dry
areasthat are dso roads. In those aress, flood warning is provided by road signs and
light agnds that identify the locations of “low water crossings’ (meaning it's safeto
cross during low water) and ingtruct drivers not to cross when water is present. But
fatalities have aso been recorded in areas where such events rardly occur such as
Minnegpoalis, and drivers had no warning information. With no additiond
information or experience they are more likely to make a bad decision.

Other times the location and the intendty of a slorm event are such that
normally ample mitigation structures are overwhelmed or fail catastrophicaly and the
runoff is delivered as alarge and uncontrolled pulse, wresking widespread destruction
initsdirect path. Even with warning, property loss may be unavoidable in these

cases, but damage can be mitigated and loss of life can be prevented and if people



have time, for example, to turn off the machinesin asmdler flood, or to escape the
flood' s path for the big one.

For organizations willing and able to prepare for floods, adequate warning
time may mean having the chance to move va uable products and equipment out of
the water’ s path thus saving their business, re-routing shipmentsto avoid costly
deays, or cdling the baseball game well in advance of disaster. Those people who
attended a now infamous basebal game in Kansas City in the summer of 1998 sat
helplessly and without shelter as the water poured down the stadium steps. There had

been no warning (Miller, 1998).

A prototypical modern event

A large storm occurred near Estes Park, Colorado, on July 31, 1976. TheBig
Thompson River flows from Lake Estes 25 miles east and down through the foothills
into Loveland. There are severd smdl communities dong Highway 34 in the
canyon, and many tourists were camping and staying at motels that Saturday. That
evening an intense, stationary thunderstorm over the western watershed of the Big
Thompson dropped as much as 12 inches of rain in less than five hours, severa times
the average rainfd| for the entire month of July. The resulting runoff produced awal
of water that gathered force and debris on its way down the canyon. Normd flow at
the mouth of the Big Thompson &t that time of year is on the order of afew hundred
cubic feet per second (CFS), asit was before the storm. The peak flow recorded that
night was 31,200 CFS, four times the previous maximum flood vaues recorded over

88 years, and dmost twice the flow expected for a 100-year flood.
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Theflood toll included 316 homes, 45 mobile homes, 52 businesses and much
of Highway 34 swept away or destroyed by debris. Eighty-eight people were injured,
139 werekilled, and five were never found (McCain et d., 1979).

There was no warning process in place, and a Colorado State patrolman who
drove up the canyon to warn people was among those killed. Despite the catastrophic
outcome, the death and damage costs of this flood were much lower than they would
have been had the storm staled out just afew miles to the south over the Boulder
Creek drainage. The city of Loveland was largdy unaffected, lying four milesout in
the plains, but downtown Boulder is a the mouth of Boulder Canyon.

This sorm, now more than 22 years padt, is till the most recent flood event to
cause more than 100 deeths anywhere in the United States.  As aresult of thisand
severa other catastrophic events (Hurricane Camille, VA, 1969; Hurricane Agnes,
NE United States, 1972; Rapid City, SD, 1972; Buffalo Creek, WV, 1972), federd,
gtate and loca emergency management agencies devel oped technologies and
methodol ogies to provide more effective local flood warning systems (Gruntfest,

1986).

The Challenges of Flood War ning Systems

There are a least two chalenges to meet in designing an effective flood
warning sysem. Thefirgt challenge contains the technology issues, how can we
collect and present the information human observers need to make flood warning

decisons? The second challenge involves decision making tools and human
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behavior; what are the design factors that enable humans to use the information
effectively and make good decisons?

Thisthesis addresses specific aspects of the technology issues, in particular,
the telecommunications channd's and data architecture by which relevant information
can be presented to users. The human behaviora aspects, however, are equally
important in developing the information products thus presented, with particular
emphasis on the ease of use and rlevancy of the information to the user.

Recently, modern telecommunications and e ectronics have combined forces
to enable widespread dissemination of information about the weether. The ongoing
success of The Wesather Channel on cable televison serves to demondtrate the strong
interest of many people in the weather, loca and remote. Media and network
providers web pages dwaysinclude links to avariety of westher sources on the
Internet. Radio dations broadcast severe weather information, a special NOAA
weather radio band broadcasts weather information 24 hours per day, and most
broadcast televison network affiliates carry “crawlers’ with severe westher
information of locdl interest.

The information requirements of decison-makers overlap with, but aren't the
same as, those of the generd public. People with ordinary weeather-watching interests
can peruse available weather information from severd broadcast and Internet sources,
with many of the resources offering data in between ads and other material. Most of
us condder it acceptable, even advantageous, to be able to learn different things from

avariety of sources.



However, publicly-accessed Internet weather web sites are not intended to be
mission critical and they often dow down or even crash during mgor events due to
extreme traffic loads. These sites do not carry the latest information, but rather make
available information that is updated rdatively rarely, or only after it isno longer
“red-time’. Thischoice of timeframe is a bottom:-line decision for the providers, as
the misson-critical customerswill pay for timdly, frequently-updated data.

Thereisaso agreat ded of westher information on the web that has not
undergone any qudity control. The data offered may be inaccurate (i.e., read from
uncaibrated or poorly-located weether instruments). Asfor content, the primary
purpose of public web sites, broadcast and cable TV programsisto present
advertisng adong with other compelling materid to consumers. Mogt of the
“content” on these channels has nothing to do with weather data.

Misson-critica users cannot afford to lose data access during a severe
wesgther event. They need the latest and highest qudity information, with no
irrelevant accompanying materiads. During a severe westher event, an emergency
manager must continually receive, process and integrate large amounts of generd and
gpecific information about the westher, in addition to other reports on community
datus and resources. The more incoming information channds he or she must attend,
the harder it isto accomplish the task of making correct and timely decisons.

Watching the Weather Channd and local TV dations, listening to the NOAA
wesather radio and looking at some web sites presents an unacceptably large number
of channelswith lots of irrdlevant material to amission-critical user. These users

should be provided afew information channdls carrying highly relevant data, as

13



gpecific as required and in a summary form that enables quick integration across
domains.

In summary, weather information users who have misson critica needs
require accurate, real-time, integrated weather data products to accomplish their
gods. Thereisn't currently awesther data system that does agood job of this. There
are, however, many data sources that could be integrated to produce the required

information Sream.
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CHAPTER Il. REVIEW OF EXISTING TECHNOLOGIES

Hydrology, the science of water and its movement on land, and
hydrometeorology, the study of the interrelationships between the atmospheric and
land phases of water (U. S. Department of Commerce, 19974), have experienced
tremendous advances since the advent of automated remote sensing technologies. In
particular, remote sensing techniques have enhanced the accuracy of models used to
accomplish rainfal modding, estimation and forecasting (Foufoula- Georgiou and
Kragewski, 1995) and surface water hydrology (Engman, 1995). Remote sensng
techniques include rainfal, snow and stream gauges aswell as radar and satellite
imagery. Such information and associated modes form the information core of a
flood warning system.

The National Weather Service (NWS), a branch of the Nationa Oceanic and
Atmospheric Adminigtration (NOAA), has as its primary mission to protect life and
property. They do this by providing flood forecasts and warnings to emergency
managers and to the public. They took the lead in the development of the firgt
automated locd flood warning systems, with the most important work occurring in
the middle and late 1970s, when the NWS Cdifornia-Nevada River Forecast Center
(RFC) firg developed the Automated Locad Evauationin Red Time (ALERT)

system (U. S. Department of Commerce. 1997b).



At thistime, many of the other tools available today did not exist or were
primitive (radar, satdlliteimagery). The development of ALERT was an innovative,
cost effective approach to enabling loca emergency and flood plain managersto
control their own destinies, so to speak, by having access to locally relevant weather
changes as soon as they occurred. Today, radar and satellite imagery products have
managed to expand the set of tools available, but having access to loca weather
variablesin red time, “ground truth” data, has not yet been replaced by the more
sophisticated techniques that do offer better coverage. The current trend isto
combine data from these sources to enhance the accuracy and/or coverage of each.

ALERT-based automated flood warning systems use equipment that can
measure environmenta variables at selected locations and report data autometicaly
by broadcast radio (RF, either VHF or UHF bands) signas.  The transmitters are
programmed to transmit on an event bas's, meaning that whenever a given varigble
surpasses some pre-programmed threshold for change, afour-byte data report is sent
containing the sensor’s 1D and current value. This minimizes radio treffic yet assures
that any change will be noted. Transmitters can aso be programmed to send data on
aregular interval. A PC base station receives the broadcast transmission viaan
antenna, receiver and decoder connected to a serid port.

These sysems are relatively cost effective. A new sensing Site can be
ingaled for afew thousand dollars. The only recurring costs are for Site and sensor
mai ntenance (nevertheess too often ignored). The sensor and data communications
systems are quite low-tech by today’ s remote sensing standards, yet the impact of

having red-time data has been invaluable.



The most commonly deployed sensor types measure precipitation or water
level, the two most basic pieces of information required for rainfal monitoring and
flood warning. Modern systems are now capable of measuring many other weather
variables, including air and water temperatures, wind speed and direction, relative
humidity or dew point, barometric pressure and more. The same technology is being
used increasingly often for monitoring water qudlity in red time,

In cooperation with state and local disaster and emergency services aswell as
the COE, the Federd Emergency Management Agency (FEMA), and the U. S.
Bureau of Reclamation (USBR), local flood warning systems based on this type of
technology have achieved fairly extensive coverage in flood-endangered areas
throughout the United States. Systems based on ALERT technology have aso been
deployed in other parts of the world, primarily in Ada, Audtraiaand South America.

The two primary architectures currently deployed are described in the next sections.

The | FLOWS Automated Flood Warning System (AFWYS)

The NWS supports a computer software and network application designed to
ass g state and local emergency services as well as NWS offices in detecting and
managing flash flood events. The software receives and disseminates data from a
network of real-time weether sensors, primarily rain gauges, that covers part of the
eastern region of the United States. The system as awhole is known as the Integrated
Flood Observing and Warning System (IFLOWS). The software/network application
in usetoday is cdled PC/IFLOWS, produced by Jack Peterson at Horizon Data

Systems.
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|[FLOWSraw data collection

The remote sensorsin the IFLOWS system use the ALERT data protocol.
Today, many of those base stations are running PC/IFLOWS to process the incoming
data and store them in aloca file of proprietary desgn. Associated PC/IFLOWS
gpplication programs alow usersto display or print data from the database. The
PC/IFLOWS software was originally designed for a Digita Equipment Corporation
PDP-11 machinein 1981. It was updated to run in Microsoft DOS on IBM PC-

compatiblesin the late 1980s, and today it runsin Windows 95.

Data exchange on the IFLOWS networ k

A centra purpose of IFLOWS s to provide red-time rainfall and stream flow
observations to local warning agencies for the basins and headwaters that affect the
public in their area of operations. Where possible, the warning jurisdiction receives
the sensor telemetry signd directly because this offers the most robust architecture.
However, the rugged terrain of flash flood prone mountain areas often precludes a
direct radio path between the sensor and its warning agency base station. This means
it is necessary to share data among data collection points.

Thus, in addition to storing directly received datalocaly, the PC/IFLOWS
program transmits data to, and receives data from other IFLOWS computer systems
in the network (see Figure 1). It does this viaa second serid port connection and an
attached modem (usualy an RF modem) on the data collection PC base stations. The

data exchange protocol is proprietary and internal to the PC/IFLOWS software,
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ALERT sensor signals

NWS IFLOWS System (eastern region)
Existing system architecture

Control node for
Red subnet, Bridge
node to Gray

ALERT / \

ALERT

ALERT sensor sigh]ls

Control node
for Gray subnet,
Bridge node to Red

=

\ Remote Nodes

ALERT

Figure 1. A schematic of the IFLOWS network depicts how bridge
nodes interconnect the subnets for data exchange. The control node on the
gray network is just another remote node on the red network, and vice versa.
In thisway data are shared among al the base ations.

The IFLOWS network is divided into a series of sub-networks, each
containing one control node computer and a number of remote nodes. Some nodes
act as bridges (i.e., they belong to two networks and pass data between them).

A control node polls each of the remotes in its network on a continuous,
round-robin basis, requesting that they send new data or re-send data. All remotes
receive dl transmissions from the control node, whereas only the control node sees

the polled responses. A remote responds to a poll when it sees its own address on the

poll message. After the control node receives new data from the remotes, it re-
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broadcasts the data to al remotes. In thisway, datafrom al stes on the network are

avalableto dl dtes.

| FL OW S data exchange advantages

An extremely positive aspect of the IFLOWS architecture is the principle that
every node should receive every other node' s data. The control node pollsits remote
nodes every 15 minutes and then re-broadcasts the polled data after completing a
round. Once aday each control node re-broadcasts dl the data for that day,

permitting nodes that were unable to receive some data to befilled in.

| FL OWS data exchange constraints

The IFLOWS software was a well-designed application for itstime. It made
cregtive use of limited hardware and software resources, and it used a parsmonious
networking architecture to share data fairly quickly and inexpensvely among many
faraway dtes. However, the application has neither progressed forward at the speed
with which technology has been updated, nor hasit fulfilled dl of itsorigina gods.

Its congtraints can be summarized in part as follows:

- Proprigtary data storage format prevents both users and non-PC/IFLOWS

applications from fredly accessing data for other tasks.

- Proprietary network protocol limits data exchange and dissemination to

methods included in PC/IFLOWS.

- Thepalling architecture and dow RF hardware in place result in actud

data exchange transpiring much more dowly than “red-time’ (sometimes

hoursinstead of minutes) because of the number of Sites covered today. If
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the round-robin polling takes too long, then the re-broadcast doesn'’t take
place and data aren’t re-disseminated to the loca nodes.

- Theapplication has only recently begun to support more than rain-type
sensors and is il limited in sensor types it recognizes.

- The gpplication, the networking and the data exchange are inextricably
tied to the PC/IFLOWS platform — users cannot choose other applications
to collect, share or access the IFLOWS data without being left out of the

network, and without removing their own data from the network.

Other “ALERT” Automated Flood Warning Systems

The NWS in the western region took a different path to develop data
collection and display software for ALERT systems. While IFLOWS was developing
in the eastern region, the Sacramento RFC developed the Hydromet gpplication. Just
to confuse things, this approach is generdly referred to as“ALERT” (see Figure 2).

Hydromet started on the QNX platform, a Unix-like PC operating system used
primarily in manufacturing control systems, whereit remainstoday. Unlike the
PC/IFLOWS software, which was developed under contract with a private vendor,

NWS gtaff continued to develop and maintain Hydromet.
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Figure 2. A schematic of the primary deployment style for “ALERT”
systems (until the last couple years). Until STORM Watch was introduced
there was no opportunity to share datain real time among base stations.
Remote access was accomplished only by transent, dia-up accessto a
proprietary platform (QNX).

Hydromet advantages and constraints

The advantages to Hydromet and some of its“ALERT” relatives (described

below) over IFLOWS are severd:

The data received and displayed are actudly red-time.

Thereisamuch higher levd of functiondity built into the products. They

support awide variety of sensor types and provide many different ways of

displaying the data.
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- They support advanced tools, including graphics displays, automated
paging, and flow forecast models (see below).

The Hydromet application itsalf has some serious congdraints:

The data collection and display platform is designed for loca use and
trangent did-up access only — there is no wide area networked data
sharing enabled.

- Thedaabaseis proprietary and accessis limited to Hydromet-provided
methods to retrieve data

- The QNX operating system is rlatively expensive and incompatible with
many PC hardware components, making it difficult for usersto acquire,
network or support.

- The NWS no longer has the resources to support Hydromet, and both staff
and outsde users are aware of thislimitation. The primary programmers
and support staff (Wayne Martin and Andrew Morin) have been assigned
to other projects.

The hydrologigt authors of the first Hydromet gpplication, David Leader and

Don Calton, left the NWS shortly after Hydromet was released and began to produce
private sector gpplications related to Hydromet. The products being sold today that
fdl into this category include NovaStar from HydroLynx, Inc. (Leader), Data
Command from Vitel, Inc. (written by Colton), and DataWise (written and marketed
by Colton). Thefirst two products run on QNX, and the third runs on Windows NT

but not Windows 95/98; DataWise is Data Command ported to Windows.



24

All three of these gpplications store their datain related proprietary database
formats designed for streamlined long-term storage. The databases cannot be opened
by other gpplications. Although they al support direct remote and did-up sesson
users, the remote sessions are transient and do not have the capabiility to build their
own local databases. The Data Command and DataWise applications incorporate the
proprietary PC/IFLOWS connectivity, but none of the three enables regiona data
sharing via standard network protocols among base stations.

DIAD released an ALERT data collection and display software gpplication
caled STORM Watch, desgned by Don Van Wie, in 1996. STORM Watch runsin
Windows 95/98 and NT environments. It stores datain Microsoft Access format, an
open, relaional databasethat is ble by standard ODBC methods to other
gpplications and database engines. The STORM Watch application is not required to
open and use the database.

The STORM Watch host gpplication is built to a client-server architecture.
The distributed gpplication tiesinto LAN, WAN and inter-networked environments
and affords dia-up networking support for mobile and remote users.  Remote users
(STORM Waich client gpplications) use standard Windows networking applications
to gain access to the host database and collect data into their own local databases,
rather than relying on a proprietary and trangent direct interface between base Sation
and remote applications. The network exchange mechanisms and protocols reside

outside STORM Watch's proprietary code.



Flow forecast models

Unlike the PC/IFLOWS application, adl the gpplications described above
either directly incorporate flow forecast models (Hydromet, NovaStar, Data
Command and DataWise incorporate the Sacramento RFC soil moisture accounting
model) or support companion applications that do the modding (STORM Watch
integrates FLOOD Watch using the Sacramento RFC modd by Riversde
Technology, inc., and also supports CFS, an HEC- 1F implementation by David Ford
Consulting Engineers).

These modes estimate both the amplitude and the time of flood credts,
alowing more detailed estimation of the potentia for problems during a westher
event. Thisadditiona tool st is extremely vauable to those users who have the
ability to support and run the modds, modding requires an additiond commitment
and hydrology skills on the part of the user organizations to correctly maintain and

interpret the model outputs.

Other Data, Productsand Tools

Other methods used to monitor environmenta variables remotely include
telephone- and radio- polled gauging systems, satellite-enabled transmitters and on-
dte dataloggers. With the exception of some radio-polled systems that can poll
based on darm transmissions from a gauge and some use of “random-transmisson”
capable satellite-enabled transmitters, these technology choices are not event-based
and thus do not offer red time information in the same sense as do those based on

ALERT technology. In addition, both the initia implementation and recurring costs
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of these dternatives (with the exception of the data loggers) are considerably higher
than for ALERT. Today's automated flood warning systems frequently use a mixture
of technologies to accomplish their misson.

Other types of data and tools used in flood warning systems include
NEXRAD and locdl radar products, satellite imagery, NWS text products such as
flash flood guidance, weather warnings and hydro-meteorologica forecasts that
provide probabilistic information about rainfal and river flow potentids.

Few of these tools are integrated in any way with the others. The products
mentioned are digtributed usng completdly different channels and running in
different computer environments,

A et of red-time (5- to 15-minute) radar products can be subscribed to from
one of the vendors charged with adding value to the NWS NEXRAD system, for
example, WSl Corporation or Kavouras, Inc. The products are received over a
dedicated satdllite link, then stored and digplayed on either a Unix workstation or a
PC running Windows NT. A lower-cost product suite that includes satellite imagery
can be had from DTN, Kavouras parent company, also by satdllite feed but to a
dedicated PC with no data storage. Some users receive the NWS internal radar
products over wide area network links or viathe NWS Satellite Network.

Findly, the NWS text products are provided over satellite or RF re-broadcast
within local areas viathe EMWIN program and received for display using third-party
Windows software packages. These products can also be received viathe NOAA

Wesather Wire, an older verson of EMWIN.
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There are a least two reasons to integrate the variety of weather products
avalable (1) Integration provides more information in fewer information channels,
and (2) some of products will be improved after integration. For example, locd red-
time rainfall measurements sample the rain that has actudly fdlen to the ground over
agmall areg, and radar coverage estimates rainfall over alarge spatia extent.
Combining the loca “ground truth” data with the redar creates a better estimate of the
ranfal, gill with the coverage of the radar (Hartzdll et d., 1998).

Given the advances in computer gpplications, telecommunications and
computer networks made in the last decade, it is possible today to build ared-time
westher-monitoring network thet will far better serve its designated function than do
the existing applications, that will integrate a variety of products and tools, and that

will preclude dependence upon asingle proprietor or gpplication in the future.

Summary of Existing Technologies

Sinceitsinception 20 years ago, ALERT sensor and transmitter technologies
have expanded both functiondly and geographicdly. Multiple vendors produce
hardware compliant with the ALERT standard, offering the benefits and protections
of acompetitive market. ALERT systems are used today around the world to monitor
not only rainfal, but water level, wind and other environmentd parameters of dl
types. In choosing ALERT, the NWS and their clients have invested in a sensor
network that is highly functiondl and can be built out as their requirements grow and

change.



Serious congraintsin the IFLOWS system today stem primarily from its
software and networking platforms, plus the fact that the database is proprietary. The
congrantsin exising “ALERT” packages emerge from the non standard operating
system used by severd products, the relative dearth of data exchange facilities, and
the proprietary databases used by most of them. Nather gpproach has fully integrated

other weather products.
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CHAPTER IV. REVIEW OF ECONOMIC AND HUMAN FACTORS

Most flood warning systems today are entirely funded and supported by
government entities, whether at the locd, state or federd levels. A number of specid
flood control digtricts have been formed in the last decade or two, particularly in
urban areas where storm flooding is a common occurrence (e.g., Denver’s Urban
Drainage and Hood Control District, an entity whose participants include Douglas,
Denver, Jefferson, Adams and Boulder Counties and the city of Aurora). In other
cases, ity or county departments such as streets and utilities, storm water
management or drains and sewers take on the responsbility of supporting a gauging
network. In some cases, locd emergency management agencies initiate and maintain
systems (for example, the Boulder County Sheriff’ s Department supports their own
gauges that fall outsde the area covered by UDFCD but are relevant to watershedsin
the western part of the county).

The cost components of implementing a flood warning system fdl into three
categories. Initial cogtsto research, plan and ingtdl the system components, recurring

costs to maintain and operate the system, and flood event-incurred costs.
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I mplementation options

Potentid sources of federd funding and technica assstance include the

following agencies and activities:

COE: Provide technicd services and planning guidance on flood issues,
and hdlp during an emergency event when state resources are
overwhelmed. Inlimited cases may provide cost-shared construction.
They don't maintain systems.

NWS: Provide technicd assstance in developing systems, provide
forecasts, watches and warnings, gather loca red-time data to help create
their products. Outside of IFLOWS, the NWS does not maintain flood
warning systems (see the IFLOWS story, below).

U. S. Department of Agriculture - Natural Resources Conservation Service
(NRCYS): Providetechnica and financia assstance to develop and ingal
locd flood warning sysems. They do not maintain systems.

U. S. Geologicd Survey (USGS): Post provisond data from their
network of severa thousand stream gauges throughout the country on their
web site, some of them closeto red time (15 to 30 minutes). Half the
gauges are funded (ingtaled and maintained) by 50-50 cost sharing with
the cooperating agency, another 40% of the cooperators pay the whole
cost.

U. S. Bureau of Reclamation (USBR): Operate dam safety programs

induding red-time weether gauging networks for USBR dams, usudly in



remote locations. They maintain their own gauges. Loca agencies can

recaive dataif rdevant to them.

Maintenance options

A conclusion that can be drawn from the above information is that, dthough
thereis federd help available to plan and build flood warning systems, the funds to
maintain them are not forthcoming. This turns out to be the Achilles hedl of many
such projects. To have a successful system, ongoing funding must be procured.
Unfortunately, there are quite anumber of loca agencies that received help with new
systemns but have not been successful in maintaining them, and the data from such
systems are worse than no data and thus not used. Because this entire processis
primarily government-funded, free-market advantages are not to be found.

Asaway to find resources, some local entities try to take on the system
maintenance as an internd operation. In afew casesthisis highly successful (for
example, Houston’ s Harris County system is a showcase, as is Phoenix’s Maricopa
County Hood Control system). Just as often, however, the resources charged with
providing the service have full-time jobs doing something else. For example, ina
county agency the radio shop is commonly chosen as the gppropriate maintenance
entity, given that they know how to fix radios and change betteries. Unfortunatdly,
maintaining a flood warning system requires its own specia expertise, and such
systems, when examined closdly, often turn out to be virtudly nonfunctiond.

An important human factor in aflood warning system’ s success is the
frequency withwhich it isused. Systemsintended solely for emergency use often fall

into disrepair and are unavailable when criticaly needed. Some of the existing
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gpplications described were developed by hydrologists for hydrologists and require
gpecid training to use a al, thus making them reatively difficult for emergency
managers and infrequent usersto use. The fact that they run on the QNX computer
operating systemincreases the barrier to use.

Another problem with dedicated flood warning systems derives from the fact
that some of the sensor systems in use today are pretty quiet except during major
events. The best assurance of availahility at acriticd time is having an easy-to-use
system that conveys information used every day. For example, systems providing the
fallowing informetion are likely to be used regularly: generd wegther information,
low flow, irrigation scheduling, water quality monitoring, fire weather and fire danger

computetion. In thiscase, users daily activities function to maintain their expertise.

Non-IFLOWS flood war ning systems

Automated flood warning systems outside the IFLOWS areas are often built
by avariety of federd, state and loca agencies that have banded together to fund and
participate in these systems. For example, in the state of Arizona, the Satewide flood
warning system is supported by the following federd agencies NWS, COE, USGS,
NRCS, and USBR. At the state leve, the Arizona Department of Water Resources
(ADWR) and the Arizona Divison of Emergency Management (ADEM) participate.
Other participants are at least nine counties, including severd with specid flood
control digtricts, the Centrd Arizona Water Conservation Didrict (CAWCD), the Salt
River Project (SRP), severd towns and cities, Indian tribes and other local users

(Miller et dl., 1997).
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Thisleve of datewide integration is not yet common but is becoming more
s0. Among other advantages, it offers a variety of budgetary resources making the
system success less vulnerable than it would be with asingle budget. Most systems
in place today are smaller, however, and they have been put in place by motivated
local agencies who have created their own budgets out of local funding sources. In
generd, the implementation of these systems originated at the loca or date levd,
with federa agencies asked to participate. This puts the locus of responsibility for the
system closer to the local users and bodes well for its success.

Smadller systems are more common throughout the west and southwest U. S,
where the sponsoring agency is often a quas-governmenta entity such as awater
digtrict. These agencies add great val ue because they want the data for their own
purposes and they tend to have much more money available than do the emergency
users. Inthe eastern U. S, automated flood warning was conceived and deployed as
an integrated network in the form of IFLOWS,

In some areas outside of IFLOWS, independent loca systems are gpproaching
the density and coverage of aregiond system. Thereis growing interest and
experimentation among agencies in sharing and consolidating their information by a
variety of means (e.g., concentrating raw datain a Sngle location viamicrowave and
RF repeaters, bringing datainto NWS or USGS databases, and sharing data viathe
web). Areas with multiple systems include Texas (Harris County, Ausgtin, Lower
Colorado River Authority, Lavaca Navidad Reservoir Authority, Trinity River
Authority, Jefferson County); county, municipa and sate systems throughout the

gate of Cdifornia; Colorado’s Front Range (Denver Urban Drainage and Flood



Control Digtrict, Boulder County, Colorado Springs and Pueblo area agencies, the
USBR-Estes Park system and, in the near future, the city of Fort Collins).

Oklahoma has a statewide mesonet system developed by the University of
Oklahoma and Oklahoma State University, funded through the Oklahoma Department
of Commerce by two million dollars of oil-overcharge funds. They have five- and
15-minute data for soil and air temperature, rdative humidity, wind, solar radiation,
pressure and rainfal, carried on the state’ s public safety telecommunications channels
to the Oklahoma Climatological Survey a Norman Products from this state of the
art system are widely disseminated on the Internet and other networks and bulletin
boards and used by many public and private agencies. Thisisamodd public system

built a locd (i.e, Sate) initiative.

ThelFLOWS story

The IFLOWS program came about by Congressiona mandate in 1980. Asa
result of a bill sponsored by Senator Robert Byrd, West Virginia, Congress mandated
that the NWS develop cooperative agreements between the NWS and certain
Appaachian state emergency agencies. The purpose was to provide flood warning
systems to highly vulnerable communities in extremey poor aress.

The responsibilities are Slit as follows: The NWS provides and maintains the
sensor and computer hardware, software, updates and technica support, and the
participating state agencies operate and maintain the systems. Agencies outside the
mandated group may also acquire the software and choose to participate, but they are

responsible for the other equipment costs (U. S. Department of Commerce, 1997).
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The NWS' ahility to support |FLOWS has been degraded over the years asthe
number of positions alocated to the program within the NWS has shrunk to
essentidly one full-time coordinator. This year’s NWS budget alocation for
IFLOWS was just under $1 million (Francis, 1998). The budget can be applied to
relevant expenses incurred in continuing to develop and upgrade systems and the
NWS has taken to using outside contractorsto fill in for their waning interna
resources.

Likely because IFLOWS is mandated for selected ates, the level of
participation from the targeted states varieswidely. Some states have taken the
IFLOWS program serioudy and built upon it (e.g., Pennsylvania), using their own
resources to maintain and enhance their systems. Other states have never paid their
share of the bill and their systems are functioning very badly, if a dl (eg., West
Virginia). Unfortunately this Stuation is not easlly fixed, asthe NWS has no clout to
enforce the sates participation. In some cases the COE, another federa agency that
is charged with ingaling flood warning systems, has been unable to negotiate a
highly functional system because they can't dicit NWS support for it, and thus they
must fal back to minimal implementations. Thisin turn crestes aless useful sysem
for the dients, who are lesslikely to vaue, use or pay for it.

Some nort IFLOWS states have chosen to participate and funded their own
programs. The most progressive is the sate of Ohio, whose system is described in
greater detail below. They cooperate closdly with the NWS officesin Cleveland and
in Wilmington to bring red-time data from the entire state into an on-line database

and have multiple users benefit from dl the resulting products. Ther god isto



integrate as many products as possible with their local flood warning detato create
highly usable wegther information productsin red time. They support not only
county and state emergency operations but aso state level water resources planning,
with the Department of Water Resources being one of the primary users of this
system. This sort of arrangement optimizes the benefit gained from aflood warning

system and is redly a modd for what can be done with government funding.

Non-gover nment users

A few private industry organizations have inddled smdl sysemsfor ther
own use (e.g., Allied Signal Corporation in Kansas City, KS, who aso coordinate
with the nearby Overland Park, KS, system). Others cooperate with their locd public
agency user to receive the data for their own benefit. For example, severd flood
plan-resdent companiesin Sdem, VA, are using |IFLOWS hardware and software to
collect data. They use the data to decide whether they should initiate moving their
equipment out of harm' s way, a severd hundred thousand dollars project, and thus
avert millions of dollars of damage. They are supported by the locd fire department,
whose IFLOWS system is in turn supported by the state (Bristow, 1998). In generd,
for communities that have flood management issues (and most do), there are many
organizations that would benefit from receiving red-time data and integrated weether
products but that do not have the expertise or resources to acquire and support the

systems available today.
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Summary: You Get What You Pay For

The perceived value of any commodity to human beingsis influenced strongly
by the price of the commodity, in that pricier commodities tend to be valued more
highly than chegper ones, other things being equdl.

Most owners and primary users of automated flood warning systemstoday are
government or quasi-government agencies. The way in which they acquire and pay
for these systems varies greetly by locdlity as described above, and the effects of this
are noticeable. Those entities that have taken theinitiaive to build a sysem, ether
with their own specid didtrict or with the help of other entities, and found ways to
pay for itsimplementation and maintenance are the ones with successful systems that
perform well under duress. Those that receive a system by mandate have amuch
poorer track record and are very likely not to participate at many levels.

Tragicaly, it often takes a disaster to demondtrate the impact of not managing
the human and economic aspects of such sysems. Thiswas the case last summer in
Kansas City, MO, which has had an ALERT system in place for a number of years.
The flooding that followed the basebdl game storm last summer produced severd
fatdities. In the aftermath it was discovered that the ALERT base station computer in
the city’ s emergency communications center, which no one there knew how to use
anyway, was not even running during the ssorm event (Miller, 1998). We don't know
whether usng the syslem might have changed the outcome for those victims, but we

do know that not using it didn’t help them.
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CHAPTER V. TECHNOLOGICAL AND ECONOMIC METHODS

This chapter presents a new approach to serving red-time, integrated westher
information to both the primary, public safety and flood plain management users, and
to a secondary market tier of highly motivated weather consumers (businesses and
organizations with wegther-affected missons). The dternative gpproach has two
magor components. 1) atechnologica infrastructure built on standard platforms, and

2) an economic architecture built on ablend of public and private funding.

The next section addresses the design and deployment of technology to
accomplish the gods of providing integrated, red-time westher data to a variety of
users. For the purposes of this chapter, the NWS will be selected as the responsible
organization. In fact, this design offers an opportunity to re-engineer the mandated
IFLOWS system to save money and serve ther clients much more effectively. Please
note, however, that this design can be used by any organization that intends to
provide integrated regiona westher products to both misson-critica and secondary
users.

The section following proposes a new economic architecture with which to

support the technology architecture.



Network Design

Design objectives
The objectives of areal-time weether-monitoring network include the

following:

- Presarvetheinvestment in ALERT sensing equipment and enable its expanson to
other areas of red-time westher and hydrologc data;

- provide participants with accurate, reliable, red-time data to support local and
regiona emergency management functions,

- integrate data from multiple sources and NWS products and provide them near-
red timeto end usersin a smple usable interface;

- sarveasadecison support system to non-technica emergency management
personnel by providing summary information which is grgphica and intuitive;

- function economicaly and rdiably.

Basic system requirements
The design and approach of the software gpplications, operating system
environments and network platforms must enable the deploying organizations to meet
these objectives now and for the foreseegble future.  The following list identifiesthe
requirements that will make this possble:
- The oftware interface should present as few separate programs as possible to the
users. ldedly thereisasingle user interface from which dl other programs, data

and functions can be accessed. The user interface should be highly intuitive and
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require little or no training to use (i.e., should follow well-established graphica
user interface design standards).

The user interface must present datain a variety of formats, permitting usersto
customize it to their needs. For example, data should be viewable as text reports
or graphically.

The applications must run on a standard, widdly used, interoperable computer and
operating system to ensure they will be widely supported and easily understood
by the great mgority of computer users.

The networking must be open and standard. The networking system may not be
tied to particular computer programs, platforms, communications media or
hardware. The methods of data exchange must be accepted standards.

The applications and network must be highly relidble. A ste must be ableto
access data from more than one source. Data concentration and dissemination
processes must be deployed redundantly. Network links must be easily replicated
over avariety of communications media and channels to compensate for failed
links. Any centrdized data processing should take placeina7 X 24 network
management center designed to maintain high-availability gpplications and
networks.

The gpplications must use client-server architecture, rather than rely on brittle,
programmeétic ties between data collection and end user processes.

The data service architecture must buffer the data collection and processing

gpplications from activity surges due to increased user demands. A “pushpull”



method accomplishes this — data are pushed onto network servers by host
gpplications and pulled from the network independently by clients.

Data collection and data dissemination processes must reside on separate,
independent platforms, helping to ensure increased client demand has no impact
on data collection and processing performance.

All of the application component platforms must be easily upgraded by adding
standard hardware and tel ecommunications bandwidth to accommodate system
growth.

The gpplication must include areationd database structure that is open viaopen
data base connectivity (ODBC) and direct gpplication toolsto itsusers. Data
must be readily transferable from the database to other software applications such
as enterprise databases, word processors, spreadsheets and web pages, and users
must have opportunity to readily develop custom agpplications with common
software tools.

The data products and networking architecture must alow interoperability among
disparate client platforms.

Each participating Ste must be able to collect and maintain its own database in
near-redl time, even if the data were retrieved from aremote Ste.

The gpplication must use geographic information processing so data can be
selected, distributed and processed by region. This capability will be used to
create and distribute regional subsets of data and products that are relevant to the

remote users.
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Mesting the above requirements will enable the most effective acquisition and
maintenance of software, hardware and telecommunications components. The NWS
can independently develop or purchase enhanced features and functiondity asthe
system matures. Mot important, the open environment and standard protocols will
alow the NWS and their clients to design or choose new tools and to add new
functiondity without being trapped by a proprietary set of tools or a single vendor

relationship.

Prototype: Ohio Emergency Management Agency (OEMA) / NWS project

The gtate of Ohio is currently implementing a red-time data network that
serves as a prototype for anew infrastructure. The OEMA is deploying STORM
Waitch, one of the ALERT software applications, on awide area network that
interconnects the OEMA center in Columbus and the NWS offices in Cleveland and
Wilmington. STORM Weatch is a Windows gpplication with an intuitive, graphica
user interface that stores data in an open relationa database, thus complying with the
user interface requirements. Figure 3 shows the implementation architecture.

The system has one primary data collection host & the OEMA office and two
backup hosts. The backups normally operate as clients of the primary hogt, but they

will begin collecting and vaidating data directly if they lose their connection to the

host. One backup host is a the OEMA and one a the Cleveland NWS. Other clients

can connect with the host on the state office LAN, aWAN connection to the Ohio
Department of Natural Resources, and dia-up networking. This portion, Phase | of

the project, has been completed.
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The data types available in this system include the ALERT sensor datafrom
around the state, data from other sensor systems (USGS and NWS) encoded in the
NWS standard hydrometeorological exchange format called SHEF, areadable text
format for encoding data reports from a variety of sensor types (Bonnin et d., 1983),
NWS weather watches and warnings, flash flood guidance, and radar products.
STORM Watch will be able to process, store and display the NWS text productsin
early 1999. It dready processes ALERT and SHEF data, and by 2000, STORM
Watch will be able to ingest radar images and use a cdlibration agorithm to adjust
radar rainfal estimates from loca rainfal data reports.

A novel feature of the Ohio implementation is the deployment of a host-dlient
architecture that will disseminate near-real time data and related NWS products to al
88 Ohio county emergency management agencies and other authorized users. The
sysem will use an internet-standard file transfer protocol (FTP) host-dlient verson of
STORM Watch. The STORM Watch FTP host (primary and backup in OEMA) will
maintain an FTP server as the dissemination platform for vaidated ALERT datafrom
around the state as well as for NWS products such as flash flood guidance, messages,
watches, warnings and SHEF-encoded data from other data acquisition systems. In
the future, data maintained on the FTP server may include radar and other products.
This section describes Phase |1, which will be completed in the first haf of 1999.

The password-secured FTP server will alow a sdlected set of users, inthis
case primarily Ohio county emergency management agencies, to access data in near-

red time (i.e., within afew minutes from the time a report was generated by an



automated sensor or received by other means) across either private or public inter-
networked connections using a STORM Watch client gpplication. These client
goplicationswill provide localy the same interactive interface, relationa database

and graphicd tools as the slandard STORM Watch application. At least some, and
perhaps dl, of the data files pushed to the FTP server will be formatted as readable
text files, including standard reports in the IFLOWS format and SHEF-encoded data.
This permits non- STORM Watch users and other data applications to retrieve the
data.

The advantages of thisregiond system are clear. In the best case, end users
throughout alarge region can have high-speed, private inter-networked connections
to rea-time data and value-added products. In the worst case, end users can have
amogt the same level of service using the same standard network protocols and
public Internet access points. There are no applicationproprietary networking
protocols involved, everyone is using the same toals, and the low-end solution is
inexpengve. Infact, each day finds more end userstied to the Internet with higher
speed and more reliable connections, so the channel used for redl-time datais more

often the same as that used for other daily activities.

Generalized regional, inter-networ ked ar chitecture

In Ohio, the state' s microwave backbone concentrates raw, rea-time,
ALERT-formatted data packets from sensors throughout the state into the OEMA
office in Columbus and the Cleveland NWS office, making the validation and
consolidation of state-wide datainto the FTP host both smple and geographicaly

redundant. No such smple solution exists for other IFLOWS area systems, in which
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raw ALERT-formatted data are collected and vaidated at a variety of points. The

genera- case architecture must expand on the Ohio solution to meet the NWS

requirements.

The proposed architecture can be viewed in Figure 4.

Proposed data architecture

Data collection station
ALERT, other data
Data and products are concentrated

to a central server, and from there SQ_ / /

pushed onto an internetworked

server for retrieval by multiple SQ .
users. g‘ Regional Hub

Regional Hub Internet via
/ Other weather products
smessages, watches, warnings
eradar and gridded products
Data collection station / +satellite imagery
ALERT, other data \j,

D Central Hub

[ =]

Figure 4. Dataflow for aregiona inter-networked system. Redl-time
data are collected a regiona hub sites and passed to a central ste. The central
Ste adds other available products, regionalizes data sets and pushesthemto a
server where internet-connected user applications can retrieve them.
STORM Watch will collect and vaidate raw data a the regiond offices
recelving ALERT transmissons directly or via RF repeaters. The data will be

avalablelocdly in red time. From these regiond hubs, validated data periodicaly
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will be pushed over network connections to the central hub. The centrd hub

processes the data for dissemination and puts them on the FTP servers.

Regional hub processes

A process running on esch regiona data hub station will retrieve data
from the loca database and prepare packets of validated data on aregular
basis (eg., every minute or every five minutes). It will then FTP them across

an internet-standard network link to the central data hub.

Central hub processes

Once data reach the centra data hub they are consolidated into an
overdl regiona database by a concentration process. A separate data
dissemination process regularly opens the database and retrieves data into
regiondly-targeted files. These files are placed on redundant password-
protected FTP servers outside afirewall. The FTP servers are connected via
redundant telecommunications providers and Internet service providers (1SPs)

to the Internet backbone.

Application host-client data collection and dissemination
This section describesin greater detail the processes outlined above. The
software application, in this case STORM Waitch, is designed to provide either atwo-

or athree-tiered data collection and dissemination network architecture.
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First tier
Thefird tier istheinitid ALERT-formeatted data collection platform,
or data collection host. Thisis abase gation that collects and validates raw

data, storing them in its database.

Two-tiered architecture - network clients

Once the data have been vaidated and written into the base sation
database, they are available immediately to networked clients. When aclient
connects over the network, it opens the host database and retrieves data
updates directly on aperiodic basis. The network connection can be
accomplished vialoca area network (LAN) using Windows peer-to-peer or
domain-based network operating systems, wide area network (WAN) based
on dedicated landlines, packet radio links, or Windows dial-up networking via
telephone modem.

This architecture works for alimited set of clients. A STORM Watch
host database can support 1-20 or more networked clients, depending on the
horsepower of the host computer, the nature of the various network
connections, and how often the clients are set up to receive updates. To

achieve amore robust architecture, the three-tiered approach is preferable.

Three-tiered ar chitecture— data dissemination agents
Thismiddle layer gpplication opens afird-tier database and assembles

the data into regiona bundles on a periodic bas's, perhaps once per minute.
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The agent gpplication will periodicaly push updated data filesto a pickup
location, for example, a password-protected FTP server. Authorized clients
will accessthe FTP server and download the data updates from there. This
method frees the data- collecting host from any potentia performance
decrements that could occur due to excessive client loading and alows the
support of far greater numbers of clients. As an added precaution, it isan
option to have the data dissemination agent operate on amirrored copy of the
data collection host database, located on a second computer, thus completely
freeing the host from data retrieval response issues.

The agent could also respond to client requests for specific data
returns. For example, when aclient firgt logsin, it may request an historical

period of datato bring it up to date, having not logged in for 24 hours or more.

The three-tiered gpproach standardizes the inter-networked connectivity of
clientsto their data sources. It dso moves those activities outside the host network
firewdl, thus providing fewer security problemsfor the host network. Clients can
connect via cogt-effective | SPs rather than having to dia in to a modem bank
maintained a the host. A number of agencies are dready connected via office LANS
to the Internet, and thus access is dready incorporated in their current organization.

If necessary, high-priority dient links can be implemented as dedicated high-speed
WAN links for additiona cost. Findly, client applications that are currently LAN- or
WAN -connected in atwo-tiered architecture can make immediate use of this

architecture with improved performance and robustness.
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Regional data concentration and dissemination

Some pieces of the proposed architecture are smilar to that being
implemented in Ohio. For example, the regiona hubs are analogous to the Ohio's
FTP host and will likely be able to reuse software developed for Ohio to alarge
extent.

Other aspects of the NWS regiona system aren’'t addressed by the Ohio
sysem. The centra hub processing must be developed to concentrate data received at
regiona hubs into a database covering the entire IFLOWS area. The data
dissemination agent process will periodicaly sweep the central database and put the
datainto geographicaly sorted packets. These packets will be placed on the FTP
servers for access by client gpplications viathe Internet.

The Internet-based architecture offers numerous benefits over the current
proprietary networking or traditional direct server dia-up methods:

- Internet protocols provide mature, standard, inexpensive and reliable technologies
by which hosts can serve data and clients can log in and transfer data.

- These standards are ubiquitous today and are not linked to any proprietary
software or hardware platforms.

- The chosen methods deploy across diverse telecommunications infrastructures,
incdluding point-to-point or multi-point RF modem networks, the public switched
telephone network, dedicated land-based data links and satdllite links.

- Linksthat go down can be backed up by links on redundant transport media that

are switched in dynamicdly.



The Internet offers most remote users redundant peths to their data, with the
weskest links being the last link, ether at the server or at the client. Redundancy
can be added at both ends to meet high-availability requirements.

The dlient link will be cost efficient, as most remote users will use locd telephone
numbers, RF modems or existing LAN connections for their primary Internet
access.

Removing client data access activities from the host platform onto an agent and
FTP sarver diminaes the potentid for loading and interference from high client-
usage on data collection and concentration activities.

Eliminating direct did-in access provides greater security to any LAN-connected
computers. The use of afirewal behind the FTP servers completes the security
picture.

The agent-produced files are encoded as plain text, making it possble for a
vaiety of dient typesto ingest them, including humans.

The FTP activities themselves are username-password protected, not anonymous,
thus preventing unauthorized data tranfer.

Increased future loads can be managed by smply hosting additiona servers and
adding bandwidth; the system is built to scale up.

Server-9de modem hardware will be deployed in afew stes as backup only, and

the hardware and functiona maintenance savings will be sgnificant.
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Initial data collection in the NWS regional network

Thirteen primary sites, most of them NWS offices, have been identified that

together will receive dl the raw ALERT-formatted RF data reports throughout the

IFLOWS area. These will function asthe regiond data hubs. The Stesare:

1.

2.

3.

4.

8.

0.

Louisville, KY (Kentucky Dept. of Military Affairs at Frankfort as backup)
Cleveland, OH

Charleston, WV

Greer, NC

Richmond, VA

Serling, VA

Connecticut Department of Inland Water, Hartford, CT

Taunton, MA

Mt. Holly, NJ

10. Albany, NY

11. Binghamton, NY

12. Pittsburg, PA

13. State College, PA

The data collection base stations a the regiona hubs will be networked via

TCP/IP linksto the centrd hub. The centra hub location remains to be chosen.

Those regiond hubs can be implemented with additiona modems to support dia-up

networking clients in the case of Internet-accessfalures. They will dso support any

LAN-connected network clients within their organizations.



The datafiles available for transfer on the FTP servers will be geo-coded, and
STORM Wetch client gpplications will transfer only those files sdected by them as
being of locd interest. Each regiona hub and dient will have the gbility in principle
to retrieve afull data representation of the system from the FTP server, but only afew
select gteswill do so.

One or two sites should be sdected as backup mirrors of the central files.
These sites will be configured to download dl the data files on the FTP servers, thus
replicating dl the data in the syslem. These Sites should be equipped with multiple
modem access, permitting clientsto did in if there is an Internet communications
falure. The modems should be accessible via 800 numbers, alowing dientstoll-free
access. These Stes need not be regiona hubs, but rather can be receive-only dient

gtes. Candidate Stes may include Louisville, Albany, and Cleveland.

Bandwidth requirementsfor data concentration

The rdevant data traffic for calculating bandwidth required for data
concentration is the real-time sensor information. Other products from the NWS can
be received directly at the centra hub and disseminated from there, and thus will not
have an impact on the incoming traffic. The transmissions being concentrated consst
of validated data records.

Validated datarecords are smal by contemporary data tandards. A very
rough estimate of bandwidth requirements can be approached in the following way.

WE Il use a40-byte STORM Weatch validated data record size for these calculations.
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Most days

Assume a state (e.g., Kentucky) has 200 working rain sensors. Ona
given day when it isn't raining, 400 data reports should be received (each
sensor sends two 12-hour timer reports). Let’s also assume there are 50
stream sensors that report both event and hourly time seriesdata. On aquiet
day, 1200 reports might be received. The sum of theseis 1600 per day, or 64
kilobytes (KB) per day of data sent by the Kentucky regiond hub to the
central hub.
Bigrain events

A big sorm moving through might produce the equivadent of aone-
inch per hour rain for an hour over the entire sate. At 25 tipping bucket tips
per inch, that trandates to 25 reports for 200 sensors, or 5000 reports per hour.
During and after this event, dl the stream gages report every five minutes for
two hours, producing an additional 1200 reports. That's a peak activity of
about 6000 reports per hour, or 240 KB for the event.
Big months

A big rain month might have brought 30 inches of rain. That trandates
to 150,000 reports for the month. Let’s add 4,000 reports per day for active
stage sensors, summing to 270,000 reports per month. This means the
monthly traffic from the hypothetical Kentucky regiona hub to the centra

hubis10.8 MB.



These numbers are rough estimates. Adding westher ations, which may
report wind data every few minutes, and other types of time series measurements will
increase the traffic, as will adding more sensors. Nevertheless, this gives a balpark

garting point from which to ca culate requirements.

Bandwidth requirementsfor dataretrieval

Thetraffic outbound from the central hub will be more significant. Many
clients will be connected to the Internet viaLAN and WAN connections, but some
may be restricted to dia-up access.

Initidly, dientswill download only validated data and associated products.
Padding figures to include overhead, STORM Watch centra hub products (not
including gridded rainfall data) and maybe some other NWS products, let’ s assume
that a dient will transfer data collections as large as 150 KB every five minutes
during an active rain event. The clients may actually collect data more often, but only
thefive- or ten-minute interva data trandfers are gnificantly large — the other
minutes are just afew KB each. The following estimates cover avariety of
connection schemes.

Worst case—dial up scenario

Modems today generally connect at 33.3 or 56 kilobits per second

(kbps). Data are sent as eight bits per byte plus one start and one stop bit. At

33.3 kbps that will take 45 seconds, and at 56 kbps it will take about 27
seconds. STORM Waitch clients are automated to dia in to receive updates
and log out in between, thus minimizing time spent on metered ISP

connections.
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Medium case—WAN and | SDN type connections

At 64 kbps the above transfer will take 23 seconds, 128 kbps will take
12 saconds, and at 256 kbps the transfer will finish in Six seconds.
Best case— LAN-connected speeds

Uncongested LAN throughput can be assumed to be about six mbps.

In this case, the transfer will take 0.25 second.

The number of bytes transferred will increase when gridded products (e.g.,
radar) are added to the outgoing data stream.  Also, clients may have the option to
collect datagoing back intime. If the NWS decides thisisvdid, an initid sesson to
catch up with alonger period will require more time at the session start. For now and
the near future, however, this data stream is managesble given current network

connection bandwidths.

Satellite implementation

An extremdy efficient and reliable implementation is enabled by judicious
use of satellite communications. In this scenario, the regiona hubs concentrate their
vdidated data viaa TCP/IP connection on avery smdl gperture termind (VSAT)
over satellite to an earth saion. A number of providers offer such service. This
project used NovaNet, an Englewood, CO, company with extensive remote
monitoring experience, as the provider for design and cost purposes.

The centrd hub gpplication is running ether at the earth station network
management center, a7 X 24 facility, or a some location that is reliably linked to the

earth ation via redundant data channds. All incoming data arrive over satdlite, and
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the agent process running at the centra hub pushes the data out to the FTP servers.
The FTP sarvers are outside the firewall with respect to the central hub application
and its satellite- networked Sites. During normd operations, the regiona data
collection hubs and the centra hub mirror Stes retrieve centrally processed data back
across the Internet.

The satellite channdls selected use native internet protocol (1P) and will
support two-way traffic.  This means the data are transferred as | P packets and not
additionally encapsulated in some other packet type. The service contract and
channelsimplemented will include the opportunity to increase traffic on an
exceptiond basis.

In the event of an Internet backbone or regiona access point failure, the
mirror steswill accessthe FTP sarvers viather satdlite links from insde the
firewdl. During the failure period, the centrally processed data are back-hauled
through the satdllite to the mirror Sites, and possibly aso to the regional data
collection hubs.

Any client gpplications affected by the failure will then access their datafrom
amirror dte or aregiond hub viadid-up or other network connection. In thisway,
regiona data exchange can continue without regard to the status of the public
| nternet.

Mirror Sites and targeted regiond hubs should be implemented with a
watchdog process that tracks the success or falure of dataretrieva from the FTP

sarvers viathe Internet connections. If a user-configured timeout period is surpassed
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without successful data retrieva, the mirror or hub gpplication will automatically

switch over to collecting the central data via its satellite link.

Fault tolerance and redundancy

The inherently redundant nature of Internet connections, plus the use of
satellite connections, primary and backup central hubs and redundantly connected
FTP servers produce a highly available data resource.

The primary and secondary centrd hub computers will independently perform
watchdog functions. If the backup agent processis unable to contact the primary
agent, or if new data records do not regularly appear in the dissemination database,
the backup will initiate its own central processing tasks and FTP file production.
Noatification of thefal-over will be initiated by each of the new agent hosts. The data
outage can be congtrained to a few minutes and no data should be lost.

The NWS system could be designed to have no single point of fallure. Single
points of falure include the regiond data collection hubs. Each data collection hub
should be equipped with uninterruptible power supplies and redundant power
resources. Where possible, the NWS could identify a networked second site for raw
data collection for each hub. In some cases, the second site could be another hub(s)

that has alarge degree of data reception overlap with the primary.

Data products

In addition to supporting hydrometeorologica data from real-time sensor

systems, there are other NWS products that could be supported by the system.



- Hash flood guidance (FFG). In Ohio, STORM Watch will ingest FFG
products, produce asummary display and reset local sensor darm
thresholds automatically to appropriate levels.

- SHEF-encoded data from other acquisition systems.

- Messages, watches and warnings.

Because STORM Watch uses an open database design, it is easy to link to it
other hydrometeorologic applications that use the data, some of them in red time.
Other chosen data collection gpplications should meet the same criteria. Some
current options and future directions include;

Hydrologic forecast models

One of the most useful aspects of having red-time locd rainfdl and
stream flow datais that flood forecast models can be used. Thistype of modd
computes a predicted time and pesk amplitude stream flow based in part on
estimates of the rainfal runoff from catchment aress thet drain to the forecast
point on the stream. In aredl-time setting, the forecasted flow can be
recomputed as often as there are new catchment rainfall estimates available,
and the projected flow can be adjusted using the real-time observed flow.

There are avariety of modesthat are heavily used today. For
example, two companion software suites that integrate with the STORM

Watch database to produce runoff forecasts from real-time data are specific

implementations of two modelsin widespread generd use. FLOOD Watch™,

provided by Riversde Technology inc., uses the NWS Sacramento RFC soil

moisture accounting model, while the Catchment Forecast-modding System
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(CFS™), developed by David Ford Consulting Engineers, makes available a
full suite of COE HEC- 1F tools. Each of these productsis available directly
through their respective companies and can aso be run with other databases
and products.

Other modes exist and can be implemented as wdll, athough strong
advantages exigt in choosing widdy-used and supported tools. Please note
that the use of hydrologic models requires appropriate human expertise in the
user organization to interpret correctly the actud flood risk.

Radar data

Dissemination and display of weather radar products should be
required of the software gpplications. This opens doorsto awider variety of
tools. For example, David Curtis, NEXRAIN, Inc., and Don Van Wie, DIAD
Inc., are developing ared-time process to combine radar-estimated 15-minute
ranfal accumulation with actud rainfall as measured by loca rain sensors
(Van Wie and Curtis, 1999, and see dso Hartzell et d., 1998). In thisway,
the wide coverage of the radar estimate can be calibrated using ground truth
data to create a more accurate estimate of rainfall accumulation for catchment
areas and thus create higher quality input data for hydrologic forecast models.
In particular, this approach will enable the future use of distributed rather than
lumped models because the variables estimated are spatidly distributed, as are
the actua weather conditions, rather than estimated for single points

(McLaughlin, 1995).



Networ k Deployment Plan

The system can be built in a staged fashion. There is some advance
preparation required. Stage | entails ingtaling the base station software at the
regiona hub stes and completing RF network connectionsto bring al the raw datato
those gtes. Stage 11 isthe ingtdlation and startup of the data concentration into the
central hub ste, with geo-coded reprocessing and dissemination of validated datavia
the Internet. Stage 111 incorporates other products into the redl-time data

dissemination. Findly, ongoing support issues must be planned in advance.

Preparation
Softwar e development — regional hubs
Deveopment of regiond hub software from exigting base ations
- Addition of Greenwich Mean Time processing
- Loca-to-globa Sensor ID trandation processing
- Documentation and hdlp files development

- Messages, watches and warnings ingest and display

Stagel
I mplementation activities— regional hubs
RF network backbone build-out
Regiond hub computer hardware acquisition
Initid base dation software ingalation a regiond hub sites

Training for regiona hub users
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PC/IFLOWS il running at regiond hub Sites
Tedting of satellite links a prototype ste
Softwar e development — central hub
Regiond hub FTP host development
- Minor changesto OEMA/NWS FTP host software
Deveopment of central hub software
- Concentration process opens and files incoming validated data from
regiona hubs
- Dissemination process produces geo-coded validated data output files
Development of FTP dient software

- Minor updates to OEMA/NWS FTP client software

Stagell
I mplementation activities—regional and central hubs

Satellite hardware acquigtion and ingtdlation a regiond hubs
Mirror ste setup — satdllite hardware and telecommunications
hardware/software deployment
Centrd hub hardware acquisition and ingdlation a centrd Ste
Centrd gte tdlecommunications facilities acquisition and testing
FTP server setup and startup
Centrd dte software deployment
Regiond hub FTP hogt software deployment

Training for regiona hub and end users



Remova of PC/IFLOWS as deployment is completed
Softwar e development —regional and central
Centrd hub and client software expansion

- Gridded products addition (rainfall products, forecast products, radar)

Stagelll

I mplementation activities—all remote sites
Deploy new software, dl Stes

Add sites as necessary/desirable

Ongoing support requirements

The tasks required to support this system are as follows:

RF network support

- Maintenance of and enhancements to the raw data collection network

- Support of those sites that use spread- spectrum or other RF networking
links for validated data exchange

Central ste maintenance

- Database maintenance and backup activities

- Software update ingalation

- 7 X 24 trouble-shooting and technical support

- Ongoing coordination with satdllite staff, 1SPs and telecommunications
vendors

Regional hub and mirror ste maintenance

- Trouble-shooting hardware, modems and data collection issues
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- Fadilitating software update ingtallations

Client site maintenance

- Ongoing technical and software update support

The people required to fill these roles can be supplied ether from within the
NWS or by contract resources. The RF network and centra site maintenance are
particularly strong candidates for outsourcing, but the other two categories must dso

be covered very effectively.

Estimated project costs

Table 1 on the following page shows the cost estimates for the system as
described in this document. To pay for this project will require two years worth of
the NWS budget designated for the IFLOWS program, and that makes the untrue
assumption that dl of the program’s ongoing expensesfdl indde the table. In fact,
many siteswill be gtill be using the IFLOWS network during the staged deployment,
necesstating the maintenance of the old sysem aswell. In addition, this does not
include the hardware maintenance expenses for sensor systems in the field, expenses
that today take up alarge proportion of the IFLOWS budget.

Despite its high cog, today’s system is not up to the demands of today’ s users,

nor doesit fulfill the promise it made, |et done the requirements st forth earlier in

this paper.
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Initial purchase unit cost quantity discount cost
FTP server computer $ 5,000 2 1 $ 10,000
regional hub computer $ 3,500 16 1 $ 56,000
central hub computer $ 7,000 2 1 $ 14,000
mirror site hardware - modems etc. $ 8,000 1 1 % 8,000
regional hub software $ 5,000 16 0.8 $ 64,000
central hub software $ 75,000 1 1 $ 75,000
watchdogs $ 500 6 08 $ 2,400
STORM Watch FTP host $ 8,000 15 0.8 $ 96,000
STORM Watch FTP client $ 1,200 250 0.6 $ 180,000
software installation $ 1,200 10 N/A $ 12,000
configuration and training $ 1,200 30 N/A $ 36,000
1-time VSAT network engineering charge $ 10,000 1 N/A $ 10,000
VSAT IPV, 2 serial ports, 1.8 m antenna $ 5,950 17 1 $ 101,150
VSAT training - install and configuration $ 2,000 3 N/A 8 6,000
VSAT installation (1.8 m -> 2 people) $ 2,500 16 N/A $ 40,000
RF network updates: WV $ 80,000 N/A N/A $ 80,000
VA $ 20,000 N/A N/A $ 20,000
PA $100,000 N/A N/A $ 100,000
NJ $ 50,000 N/A N/A $ 50,000
™N $ 50,000 N/A N/A $ 50,000
NY $ 80,000 N/A N/A $ 80,000
NC $ 40,000 N/A N/A $ 40,000
KY $ - N/A N/A  $ -
OH $ - N/A N/A $ -
NE states $ - N/A N/A $ -
TCP/IP RF hardware $ 20,000 1 1 $ 20,000
TCP/IP RF installation $ 2,000 8 N/A $ 16,000
router $ 5,000 18 1 $ 90,000
T1 install $ 1,500 6 1 3 9,000
project management costs $150,000 N/A N/A  $ 150,000
totals $1,415,550

Annual costs unit cost quantity discount cost
program user support position(s) $150,000 N/A N/A  $ 150,000
software maintenance (after 1st year) $ - N/A 1 3 -
central site 7 X 24 support, maintenance $150,000 N/A N/A $ 150,000
hub base station maintenance $ 4,000 16 N/A  $ 64,000
TCP/IP RF hardware maintenance $ 1,000 8 N/A 8 8,000
VSAT charges $ 2,400 16 1 $ 38,400
co-location charges $ 12,000 N/A 1 $ 12,000
T1 access $ 4,800 6 1 $ 28,800
ISP access $ 4,800 4 1 $ 19,200
totals $ 470,400

Tablel. Cost estimate for project implementation and maintenance




Economic Design

This section outlines in brief an economic gpproach thet leveragesthe
usefulness of the datain this system to nortmission critica users, thus splitting the
cost among primary and secondary user markets. In addition, it offers motivated
vendors anew and fertile market for their products.

In arecent report commissioned by the USBR, Eve Gruntfest and Phillipe
Waterincks reviewed arapid evolution that is occurring in the United States and
elsawhere in the uses of red-time environmenta data. They defined “primary” uses
as those essentid to emergency management, and they stated that, by encouraging
dternative applications, other public and private organizations are stimulated to
cooperate by funding equipment and asssting in maintenance operations’ (Gruntfest
and Waterincks, 1998, p. 5).

The example offered in this thesisis based on the NWS's need and
requirement to serve their IFLOWS users. It isnot a viable dternative for the NWS
to approach Congress and ask for additiona funds so they can aso support other,
secondary users and thus resp revenue in the future — thisis not a capacity possessed
by government agencies, it isnot part of their mission, and to do so would entall
having a government agency compete with the private sector. It is, however, ahighly
viable dternative for the NWS to make cretive use of the funding they have.

It isaso aviable business enterprise for the private sector to pursue. The
serious, real-time weether information consumers do not end with public safety

enterprises. There is no business concern that cannot be affected by severe wesether,
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and for some types of enterprises, having information about even normal weather
changes can enable them to make better use of their resources or to offer better
savice to their customers.

Transportation-oriented company operations are heavily affected by weather
conditions. The utility companies would like to track actud rainfal or wind figures
in asloca afashion as possible, being thus able to better predict where problemswill
arise during stormy wegther. The operations staff at Coors Basebal Stadium in
Denver would like to know whether it is raining amile avay from the stadium right
now, and in which direction the wind is blowing that particular summer squall or
thunderstorm. Wireless PCS operations using rain-affected spectrum bands would be
better off to be able to pinpoint and predict potentia outages as soon as possiblein
order to best manage their customer services.

This extremdy timdy, granular weather information is not currently available
except to those few companies that have been given or have taken the opportunity to
get accessto their locd ALERT or IFLOWS system. Until now it has not made
economic sense for most of them to make the skill and time investment currently
required to have the information directly, as the data are scattered across many
sources and the tools required are esoteric.

Misson-critical customers such as the NWS and their cooperators will receive
the maximum rdiability and functiondity from their required system if they choose to
pay vendors from the private sector to create and maintain the system they require to
fully support their mandated users with the following proviso: If the vendors are

alowed to disseminate the data from this system to other paying users, they canin
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turn substantialy reduce the cost of the data and services provided to the NWS and
their users.

There are Sgnificant and substantia advantages to pursuing this public-
private partnership approach. The approach enables the mission-critica usersto have
state-of-the-art tools that would be unaffordable by traditiona funding mechanisms.
It maximizes the usefulness to society of systems that have been hidden and ill-used
inthe past. It puts the pressures of the free market on the vendors to create and
maintain asystem thet is efficient, scaable, interoperable, reliable and usable. Thisis
in stark contrast with the mode of government employees being required to support a
few government agency dients, dl the while maintaining a host of other required
roles as part of their job. In such acasg, if the very few people responsible either for
providing or using the system aren’t able to complete their jobs, then the system is
usdless and the misson isafailure.

The burden of finding a market for the data is on the vendor, not the misson
critical users. Thismeansthat, in order to succeed, the vendors must build business
cases that give them a sturdy platform for providing the core, mission-critica
functions and then build from that both the secondary market of subscribers and the
tools avallable to al the users. Once such an enterprise is underway, the vagaries of
government budgets and the cutbacks applied to in-house resources will have little
impact on the NWS s ability to serve its users, for example.

There are anumber of questions worth asking about this scenario. In

particular, two of them include:



1) What entities should actualy own and maintain the sensor systems that
provide the data for this scenario?

If the sensors are owned by the government entities that are the misson+
critical users, the agencies may till choose to outsource the ingtdlation and
mai ntenance thereof, as some (including the NWS) have dready opted to do. In
exigting cases this has been accomplished successfully and cogt-effectively.

However, thiswill likely not be an adequate solution for the commercid sde
of theimplementation. The locations and types of sensors chosen by the government
users may not provide enough information to adequately support the secondary
market. The vendors will want to make sure that they have coverage of areasthat are
of interest to awider market segment, and if they do o, then the primary users will
aso benefit from the additiona spread and density of available data. 1n these cases,
the data vendors will want to place some of their own sensors.

Finally, other organizations may choose to add sensors of their own and gain
accessto awider data set aswell. Thistype of arrangement has emerged in the
Overland Park, KS, area, where Allied Signd Corp. has ingtaled their own ALERT
sensors and receives data from those instaled by Overland Park, just as the city can
receive Allied Signd’ s sensor signds (Parent, 1998). The company’s plant is
surrounded by aflood wall to protect some hazardous substances stored on their large
gte. Inthe event of heavy rainfal and flooding, Allied Signd usestheir system to
help decide when to close the flood gates, thus preventing the potentiad release of
these substances to the environment outside their perimeter. In this sort of case, the

public and private entities cooperate closdly in thelr pardle missons.
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2) What aspects should the public clients pay for, and what should the
commercid clients pay for?

From the starting point the misson critical customerswill want to assure that
the services they require are delivered as promised. They may choose to accomplish
this by paying initialy for highly specific products and tasks (e.g., a maintenance fee
delivering a guaranteed level of system performance) from the vendors, while
alowing the vendors to go forward with developing other product suites that may be
of interest to multiple target user markets. At the point when avariety of products are
deployable and when the subscription rate for them generates an adequate cash flow
to assure functiona continuity, the misson critical users can drop back to paying a
data subscription cost.  The price of this subscription would differ from the price paid
by the other subscription users by some amount related only to the guarantee of good
and timely data, amodd that is not at al new in the teecommunications framework

for sdling bandwidth.

Conclusion

The present-day real-time weather monitoring systems described previoudy
have sgnificant functional and cost drawbacks. They serve asmdl group of misson
critical usersreatively poorly with respect to what is possble.

The last chapter has described both the technol ogical and economic aspects of
a standardized approach that combines the strengths of the public and private sectors

to serve both types of end user more effectively than ever before. It isthisauthor's
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sincere hope that this approach or something like it will be redized in the very near
future, rather than remain trgpped in a dusty, bound master’ sthesisin the library. We
can save more lives and dollars than ever before in aworld where the westher is not

about to calm down.
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