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ABSTRACT

Satellite observations of the atmosphere on a global

scale began 18 years ago this month. In the intervening period,

satellite sensors and techniques for the use of the data which

these sensors provide have evolved to a high state of pro-

ficiency. This paper seeks to identify and quantify - to the

extent possible - a number of the most dramatic cost benefits

presently being derived from the United States' Operational

Environmental Satellite System. A comparison is made with the

annual budget for operating the satellite system. It is

believed by the authors that this is the most comprehensive

compilation of the economic benefits of operational environmental

satellites thus far assembled.

Note: This paper was presented at the Fourth Annual Convention

of the Eastern Economic Association on April 27, 1978

in Washington, D.C.
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I. Overview of the Operational Environmental Satellite Program



1. Operational Environmental Satellite Program Mission
Objectives

The Nation's operational environmental satellites are
operated by the National Oceanic and Atmospheric Administration's
(NOAA) National Environmental Satellite Service (NESS). The
basic mission objectives of this operational satellite program
include:

A. Monitoring the atmosphere regularly and reliably on
a global basis, day and night, with direct readout
to local ground stations around the globe within
radio range of the satellites.

B. Sounding the atmosphere regularly on a global basis
and providing quantitative data for numerical weather
prediction services.

C. Continuous monitoring of environmental features in
the western hemisphere, and the collection and relay
of environmental data from remote platforms such as
buoys, ships, automatic stations, aircraft, and
balloons.

D. Applying environmental satellite data for the purpose
of improving environmental services.

2. Geostationary Satellites

NOAA's Geostationary Operational Environmental Satellite
(GOES) system includes two operating satellites, the ground
data acquisition station, and a centralized data distribution
system. The first satellite in this system, NASA's Synchronous
Meteorological Satellite (SMS-1), a prototype for GOES, was
launched May 17, 1974. The second satellite, NASA's SMS-2 was
launched February 6, 1975. The first NOAA-funded satellite,
GOES-1, was launched October 16, 1975 and is operating at 135°W
longitude.

GOES-2 was launched on June 16, 1977 and is currently
operating at 75°W longitude. GOES-C, the fifth in this series,
is scheduled to be launched on May 25, 1978. At the present
time, the operating system consists of two spacecraft, GOES 1
and 2, located to provide continuous observations of the Western
Hemisphere. Two other partially operating spacecraft are in
orbit on standby duty.



The primary instrument carried by the SMS and GOES
satellites is the Visible and Infrared Spin-Scan Radiometer
(VISSR). The VISSR provides a full disc view of the Earth
every 30 minutes. More frequent images can be obtained at the
sacrifice of spatial coverage. The visible channel provides
high resolution (about 1 km) daytime images. The infrared
channel provides lower resolution (about 8 km) day and night
images. The SMS/GOES satellites also carry a Space Environment
Monitor for observing solar radiation and the Earth's magnetic
field, and a Data Collection System for collection of environ-
mental data from remote observing platforms. The VISSR images
are processed through the NESS Central Data Distribution
Facility, either as a full disc image or a sector thereof, and
routed to Satellite Field Services Stations (SFSS) for analysis
and further routing to National Weather Service Forecast Offices
and other users. The SFSS's are located at Washington, D.C.;
Miami, Florida; Kansas City, Missouri; San Francisco, California;
Honolulu, Hawaii; and Anchorage, Alaska. Each SFSS provides
regional analysis, interpretation, and distribution of the
VISSR images to meet a wide variety of environmental needs. A
most important service is the near-continuous viewing of the
development and movement of severe weather systems such as
hurricanes and thunderstorms. An extension of the GOES image
distribution service is the "GOES-TAP" system. Instituted by
NESS in 1975, "GOES-TAP" now allows Federal, state, and local
agencies, television stations, universities, and industry to
receive a limited inventory of GOES satellite images directly
from the nearest SFSS. In addition,the GOES satellites broadcast
environmental data to remote locations using the Weather
Facsimile (WEFAX) System.

The GOES Data Collection System (DCS) collects and relays
environmental data obtained by remotely located sensing platforms
such as river and rain gages, seismometers, tide gages, buoys,
ships, aircraft, and automatic weather stations. Each opera-
tional GOES spacecraft can accommodate data from more than
10,000 platforms each six hours. Data are normally transmitted
in a self-timed mode or upon interrogation by the satellite.
Data may also be transmitted under emergency conditions in which
the platform transmitter is triggered whenever an observed
parameter exceeds' a predetermined threshold value. About 500
Platforms have now been certified in the GOES DCS to provide
environmental data to users in the United States and Canada.
The geostationary satellite DCS provides a near-instantaneous
source of information for many applications such as river and
flood monitoring and forest-fire index measurements.



3. Polar Orbiting Satellites

NOAA-5, launched July 29, 1976, is the sixth in the series
of ITOS satellites, the current operational polar-orbiting
satellite. Sensors carried by these spacecraft include the
Scanning Radiometer (SR), the Very High Resolution Radiometer
(VHRR), the Vertical Temperature Profile Radiometer (VTPR) and
the Solar Proton Monitor (SPM).

Radiometer data from current polar orbiting satellites are
incorporated by the National Environmental Satellite Service
into a large number of products that can be used by meteoro-
logists, hydrologists, oceanographers, and other environmental
scientists. They include computer-prepared mosaics of global
cloud cover in several map projections, daily global analyses
of sea surface temperatures in cloud-free areas, and, from VHRR
output, high-resolution sea-surface temperature analyses for
selected areas where such information can be used to monitor
bay and estuarine circulation for pollution control, trace the
thermal boundaries for fisheries, and acquire a better under-
standing of ocean dynamics. VHRR observations of ice on oceans,
lakes, and rivers provide data useful to navigation; and high-
resolution images of snowpack in remote areas assist hydrologists
in assessing spring flood potential.

This current ITOS series will soon be phased out with the
launch of the third generation of operational polar-orbiting
satellites, called the TIROS-N series. The TIROS-N satellites
will provide more accurate data for environmental monitoring
and prediction. This new system will consist of two satellites
in orbit at 833 km and 870 km altitudes.

TIROS-N, the NASA prototype, is scheduled for launch in
mid-summer 1978; about two months later NOAA-A, NOAA's first
operational version of this series will be launched. The
TIROS-N series of satellites will carry a TIROS Operational
Vertical Sounder (TOVS), an Advanced Very High Resolution
Radiometer (AVHRR), a Space Environment Monitor (SEM), and a
Data Collection and Platform Location System called ARGOS.
The major improvements in the TIROS-N system will be to provide
higher accuracy and increased yield of atmospheric temperature
and water vapor sounding, increased spectral radiometric
information for more accurate sea-surface temperature mapping
and delineation of melting snow and ice fields, a remote plat-
form location and data collection capability, and increased
proton, electron, and alpha particle spectral information for
improved solar disturbance prediction. The present ITOS-type
direct broadcast services, including night and day cloud cover
and sounder data transmission, will be continued in this new
system. The ARGOS system is being furnished by France, which
will also do the platform location analysis in the operational
system. A Stratospheric Sounding Unit (a component instrument
of the TOVS) is being provided by the United Kingdom.



II. Activities Directly Benefiting from Current

Environmental Satellite Programs



What follows is a brief synopsis of several specific
examples of the economic benefits and also intangible benefits,
such as lives saved in a couple of examples, which are derived
directly from environmental satellite data or from a combina-
tion of satellite and "conventional" weather data. It should
be recognized that many of these benefits are made possible
only because of the operational nature of these environmental
satellites. In other words, each user can depend on the avail-
ability of the data today, tomorrow, and in future years.
Therefore, users can afford to invest in special equipment or
techniques with the confidence that the satellite will continue
to provide the data they require.

1. Gulf Stream Navigation for Fuel Savings

A 1975 Gulf Stream Navigation Experiment conducted jointly
by the EXXON Company, USA and the National Oceanic and
Atmospheric Administration (NOAA) has shown that significant
fuel savings can be realized by using timely satellite analyses
of the Gulf Stream position for oil tankers navigating along
the eastern seaboard.

Use of the swift Gulf Stream currents to increase north-
bound steaming speed is an old idea, but realizing that idea
has not been easy. The swiftness and great variability of the
Gulf Stream position create many uncertainties and hazards to
navigation. Much of the uncertainty is created by eddies and
meandering of the Stream. Meanders can be 250 miles across
and the axis can move as much as 60 miles in a week.

An improved NOAA satellite capability, operationally
available with the launch of NOAA-2 in 1972, was infrared
measurement of sea-surface temperatures. Enhanced infrared
images representing temperature differences clearly delineated
the warm Gulf Stream in contrast to the colder shelf water.
The joint EXXON/NOAA experiment was organized to test whether
using satellite-derived Gulf Stream analyses could improve
navigation enough to realize significant fuel savings. NOAA
analyzed the satellite infrared images of the Gulf Stream area;
located the-substantial thermal gradient along the Gulf Stream's
western boundary called the "Western Wall"; and estimated the
axis of maximum current velocities relative to the Western Wall.
EXXON arranged for radio broadcast of the information to their
tankers at sea.

Eleven EXXON tankers, steaming from the Gulf of Mexico
to east coast ports and returning, participated in the experi-
ment. Five were instructed to follow the usual navigational
practices, which used or avoided the Gulf Stream in a relatively
gross way. The other six were to use the NOAA satellite
analyses for their navigation.



The seven month study showed a very definite fuel savings
for the six vessels using the NOAA data. EXXON, assuming a
total of 15 tankers navigating by satellite data, projected
savings amounting to 31,523 barrels of fuel oil. Using a cost
of $11.50 per barrel, the EXXON study reported a potential
annual fuel savings of around $360,000 for their company alone.
Use of satellite derived Gulf Stream position data is now
standard navigating procedure for all ships of the EXXON fleet.
Applications of this information by all coastwise traffic of
the U.S. merchant marine would be possible and should result
in significant savings of U.S. fuel resources.

A similar product is available for Gulf of Mexico
navigation. A clockwise flow of warm water from the Yucatan
Straits, around the Gulf, and out through the Florida Straits
is quite strong. The coastward edge of the warm water in
this "Loop Current" is marked by a thermal gradient which is
great enough in the cold winter months to show in the satellite
infrared imagery. The NOAA Miami Satellite Field Services
Station produces a Loop Current Bulletin (November to March)
which aids ships in the Gulf of Mexico to use the Loop Current
for assistance in a manner similar to the use of the Gulf Stream
described above. In this manner, fuel savings in the Gulf of
Mexico could amount to 1-2% of the total fuel costs.

2. Florida Citrus Industry

When frost is expected in Florida on cold winter nights,
the NESS Miami Satellite Field Services Station (SFSS) provides
specially enhanced GOES infrared images and interpretations
to the National Weather Service Office in Ruskin, Florida
which has statewide responsibility for fruit frost forecasting.
This capability was first successfully demonstrated in
January 1976 and became an operational program during the
winter of 1976-1977.

The enhanced satellite images show surface temperatures
which are critical to freeze predictions. These ground tem-
peratures, derived from images taken every 30 minutes over the
entire southern citrus belt, are accurate within + 1°C. Thus,
the movement southward of the cold winter air and~~associated
"freeze line" can be monitored and tracked every half hour.
The Weather Service Office in Ruskin provides the observations
and forecasted movement to the citrus growers as soon as it
is available.

Heating citrus groves is a very expensive operation, and
needless heating can produce an exorbitant waste of fuel. On
"cold" nights, an average of б hours of heating protection is
needed at a cost of $833,000 per hour for fuel. This amounts



to a potential $5,000,000 fuel cost per night for the state
of Florida if smudge pots and other frost prevention devices
are operated because of expected temperatures near the freez-
ing mark. The cost, however, to have labor on duty waiting
for specific satellite aided fruit frost warnings before
lighting smudge pots and operating frost prevention devices
is about 42Ф per acre or $37,000 per hour. Thus, the net
potential savings for timely and accurate satellite freeze
line forecasting is $796,000 per hour.

It is estimated that 1 to 2 hours of heating protection
per "cold" night are saved as a result of the use of the fre-
quent satellite imagery. Assuming a reduction of 1^ hours
average heating protection, the savings could amount to
$1,200,000 per "cold" night. During the winter of 1976-77, a
total of 64 "cold" nights were experienced. During the last
winter, 1977-78, 54 "cold" nights were experienced in the
state of Florida. The past two winters, however, were un-
usually cold and thus caused a greater number of "cold" nights
than normal. The average number of "cold" nights in Florida
each winter is 35 to 40. The enhanced satellite images are
used routinely to observe the movement of the "freeze line"
to warn citrus growers via NOAA Weather Radio, "Weatherwire"
teletype and other communications methods. In other words,
the satellite enables a greater amount of temperature infor-
mation to be acquired more frequently and passed on to the
citrus growers in a timely manner. Thus, there is the
potential for an average annual savings of $48,000,000 for
satellite aided fruit frost forecasts in Florida.

3. Hawaii Sugar Cane Industry

The harvesting of sugar cane is a process which is very
dependent upon local weather conditions and benefits greatly
from satellite derived forecasts. The Waialua Sugar Company
on the island of Oahu has been using satellite imagery pro-
vided by the NESS Honolulu Satellite Field Services Station
to plan their harvesting schedule.

When a cane field is ready for harvest (about 2 years
after planting), it is first deliberately set on fire and
burned; the remains are then gathered and hauled to the mill.
Weather is an important factor in this complex operation.
Convection and trade wind showers are the main weather hazards
to the harvesting process. Burning must abide by State and
Federal air pollution regulations. Tactical procedures for
burning a particular field depend heavily on wind direction
and speed. After burning, the remains must be harvested
within 24-36 hours to avoid spoilage. Any significant rainfall
during this critical period interferes with the movement of



heavy harvesting vehicles in and out of the field and also
hastens the deterioration of the burned cane. Typically,
50 to 100 acres are burned at one time, leaving roughly
^250,000 worth of burnt cane lying in the field at the mercy
°f the weather.

Thus, the production manager of the Waialua Sugar Company,
who is responsible for making the daily harvesting decisions,
has said, "I look at the weather maps and listen to what they
are saying on the broadcasts, but when I look at the satellite
Pictures, I can really see what's coming." Their company has
about 15,000 acres under cultivation. Over a typical
harvest season from September to December, the daily weather
related decisions must be based on the most accurate informa-
tion available if costly mistakes are to be avoided. The
availability of satellite pictures helps reduce the odds in a
game where mistakes are measured in millions of dollars. The
estimated savings of the Waialua Sugar Company alone as a
result of using satellite data is $1,000,000 per year.

4- Search and Rescue

Satellite pictures provided by the National Environmental
satellite Service (NESS) assist in search and rescue (SAR)
Planning throughout the United States inland SAR area. The
satellite data are coordinated through the Air Force Rescue
and Coordination Center (AFRCC) located at Scott Air Force Base,
Ulinois. The USAF Aerospace Rescue and Recovery Service
Provides coordination of air searches throughout the United
States. When an aircraft is overdue, the AFRCC must obtain
the routing of the aircraft, determine if weather might be a
factor, check on the missing pilot's qualifications and have
a knowledge of the performance capabilities of the missing
aircraft.

Most search and rescue missions conducted over the enroute
Phase of flight have shown that missing general aviation air-
craft encountered unexpected weather along their route. Pilots
who obtained weather briefings prior to departure in which
good VFR flight conditions were forecast, encountered narrow
bands of unreported weather which could easily have been seen
°n satellite imagery. If an aircraft is reported missing,
areas of severe weather can be located with satellite imagery
showing conditions at the time the pilot was in distress. These
Pictures assist in determining if certain preferred mountain
routes were open or blocked by hazardous weather. The height
°f the cloud tops can be determined to see if the missing pilot
could fly over the storm system or was faced with staying at
lower altitudes and trying to get through the weather.



The statistics for missing general aviation aircraft that
were lost on the enroute phase of flight over the last three
years are discussed below. These are incidents in which the
USAF Aerospace Rescue and Recovery Service (ARRS) responded
with search and rescue services. During the period 1975 through
1977, a total of 747 aircraft were lost. A total of 1,679
persons were aboard these aircraft of which 1,008 were killed
and 671 survived. Based on the analysis of satellite imagery
of the crash sites, the ARRS and California Wing of the Civil
Air Patrol (CAP) believe that weather was a factor in more than
85% of these aircraft accidents! A ten-year study of aircraft
accidents by the National Transportation Safety Board (NTSB)
for the period 1964-1974 without analysis of satellite imagery,
indicated that weather was a factor in only 25% of the accidents.

The California Wing of the CAP with the foresight and
leadership of Lt. Col. James D. Bigelow, Director of Operations,
began utilizing satellite photos obtained from the NOAA
Satellite Field Services Station in San Francisco for SAR in
Ocbtober 1974. By mid-1975, it was apparent that satellite
data was a new timesaving aid in locating missing aircraft.
During this test period, 58 search missions were conducted and
only two searches exceeded 48 hours. During the previous year,
46 search missions were conducted and CAP pilots generally
spent more than a week searching for the crash site. Search
missions of 24 to 48 hours are now common as opposed to several
days to two weeks without satellite data.

During the period 1975 through 1977, a reduction of 32%
in total SAR flying hours was realized by the USAF ARRS and the
CAP. However, at the same time, the number of SAR missions
actually increased by 14%. Following the introduction of
satellite data to SAR operations, for the first time in the
history of rescue service, the number of flying hours actually
decreased. The following table lists the number of CAP missions,
hours flown, and average hours per'mission for the past seven
years.

Civil Air Patrol Mission Summary (1971-1977)

Number of Average
Year Missions Hours Flown Hours per Mission

1971 389 30909 79.5

1972 348 27391 78.7

1973 429 27284 63.6

1974 460 21773 47.3

1975 694 24500 35.3

1976 817 17604 21.6

1977 896 16004 17.9
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Satellite support of search and rescue was introduced in
1974, tested in 1975, and has been used extensively since 1976.
The mission summary table above shows a marked decrease in
average hours flown per mission in the past two years. Between
1974, immediately before the launch of the first SMS satellite,
and 1977, the most recent year for which data are available,
the average number of hours flown per search and rescue mission
has decreased by 62%: This remarkable reduction is further
illustrated in Figure 1. With the average cost of $36 per hour
for fuel, oil and maintenance (CAP manpower is entirely volun-
tary) , these reductions result in an annual savings of $344,000
for CAP search and rescue operations. USAF ARRS C-130 SAR
mission hours were reduced by 7000 hours for both 1976 and 1977.
At $995 per hour, this results in an annual savings of
$6,965,000 for C-130 time alone! Thus satellite data, available
on an operational basis, has annually saved over 7 million
dollars in tangible benefits and has produced untold intangible
benefits in reduction of human suffering and death through
faster location of missing aircraft.

5. Arctic and Great Lakes Ice Monitoring

Shipping operations in the Arctic, Great Lakes, and
St. Lawrence Seaway are obviously greatly affected by sea,
lake, and river ice. The National Environmental Satellite
Service provides support during the ice season to the United
States Coast Guard International Ice Patrol. The satellite
ice analyses are extremely valuable to ice reconnaissance
aircraft in Canada as an aid in pre-flight planning and in
locating areas of improved visibility. This has resulted in
increased efficiency in the visual reconnaissance missions
producing a savings of about 1500 aircraft flight hours and
related cost reductions of about $5,000,000 annually.

Also the Canadian Centre for Remote Sensing (CCRS),
Department of Energy, Mines and Resources has shown that NOAA-5
Very High Resolution Radiometer (VHRR) imagery indicating the
presence and extent of sea ice has been very useful and cost
effective to Canadian geophysical survey ships engaged in
seismic surveying off the north coast of Canada in the Arctic
Ocean. VHRR images are routinely received by the Atmospheric
Environment Services Receiving Station at Downsview, Ontario.

For example, the presence of any floating ice makes
seismic sounding impossible. In one instance, an area scheduled
for survey was found to have free floating ice fragments.
Advice was sought by a geophysical survey ship from the CCRS which

redirected the ship to a nearby area (100 n.mi. away) where
ice free conditions were interpreted from the daily VHRR imagery.
As a result, the ship was able to acquire twice the amount of
data normally gathered. In this instance, the single VHRR image
saved $250,000.
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The U.S. Military Sea Lift Command has been able to
achieve significant savings by using polar satellite imagery
to route its ships through Arctic waters. The Command has
estimated this savings to be $8000 per day for each day of
Arctic operations.

In the Great Lakes, satellite imagery is used to find
navigable waters for shipping as long as possible into the
winter season. The high resolution satellite images show
small ice free areas which can be used by ships to continue
operations longer than previously possible. It is estimated
that the extension of the shipping season by this method
results in a cost benefit of $1,000,000 per day for each day
extended. Before the use of satellite data, the Great Lakes
were closed to shipping for about 2 months each winter. In
the winter of 1976-1977 which was exceptionally bad, the Lakes
were closed to shipping for only 1 month and during the 1977-
1978 winter, they were never completely closed. In this case,
however, it is incorrect to attribute all of the savings to
satellites alone, since the use of side-looking radar (SLR)
on reconnaissance aircraft was introduced in the same time
Period. Nevertheless, satellites contributed to annual savings
°f as much as $30-$60 million.

6- General Agriculture Industry

A study published in 1973 by the Space Science and
Engineering Center of the University of Wisconsin showed that
improved weather information and forecasting could provide
large economic benefits to the agriculture industry.

The purpose of the study was to determine the value of
improved weather information and weather forecasting to farmers
and agricultural processing industries in the United States.
The study, funded by NASA, was undertaken to identify the
Production and processing operations that could be improved
with accurate and timely information on changing weather
Patterns. Estimates were then made of the potential savings
that could be realized with accurate information about the pre-
vailing weather and short term forecasts for up to 12 hours.
Improved weather information was defined to mean that a satellite
observation not more than one hour old was available and was
the basis for a current weather description and an accurate
12-hour forecast.

The growing, marketing, and processing operations of the
twenty most valuable crops in the United States an 1971 were
studied to determine those operations that are sensitive to
short-term weather forecasting. Agricultural extension
specialists, research scientists, growers, and representatives
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of processing industries were consulted. Statistics from
the U.S.D.A. Crop Reporting Board show that the farm value
for crops produced in the United States was more than
26 billion dollars in 1971. The total value for crops sur-
veyed in this report exceeds 24 billion dollars and, therefore,
represents more than 92 percent of total U.S. crop value.

A detailed study was made of the operations in the pro-
duction and processing of vegetable crops to obtain precise
estimates of the value of improved weather information.
Vegetable processing industries of the North Central Region
(Wisconsin and Minnesota) were contacted through the Wisconsin
Canners and Freezers Association and a special weathercasting
subcommittee was established. Meetings were held with industry
personnel representing six large processors in these states
to determine aspects of their operations that could be improved
with more precise weather information and to develop procedures
for estimating the value that this information would have.
The company representatives utilized their field and processing
plant records to determine losses resulting from unfavorable
weather and to provide estimates of the savings that could
have been realized with accurate short-term weather information.

The entire agricultural process was considered in the
survey from soil preparation and pesticide spraying operations
to the harvesting of crops and the delivery of field products
to consumers or food processors.

The results of this survey indicated that:

a. Field corn, soybeans, wheat, oats, barley, sorghum, and
peaches are crops that are relatively insensitive to
field management changes under United States growing
conditions. Producers in these categories would gain
relatively insignificant benefits from improved weather
information.

b. Fractional percentage gains are possible for those
growing lettuce, peanuts, tomatoes, potatoes, grain,
tobacco, and alfalfa hay crops.

c. The greatest economic gains could be expected by those
growing market crops of apples (3%), citrus (2%),
cotton (1.5%), rice (1%), and sugar beets (1%).

The production of these crops tends to involve a large
number of specialized operations to protect the plants from
climatic and biotic stresses, such as temperature and moisture
extremes, and various insect and disease infestations. Thus,
weather information is utilized constantly to maximize the
effectiveness of particular operations.
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The results of the study should not preclude the
possibility that other operations in the production of these
crops may benefit from improved weather information. The
data were taken from the principal growing areas for each
crop and taken for those operations that appeared to provide
a significant total dollar benefit. Thus, in different areas
of the country, the benefits might be more or less, depending
upon the specific operations required for the local production
of the crop. It should be recognized also that each individual
producer would probably vary in the use of the weather infor-
mation so that savings will not be the same on each farm.

Several crops that would benefit from better weather
information, such as cranberries, avocados and peppers were
not included in this survey because the total dollar value
of these crops in the United States is not large. Nonetheless,
growers of these crops could definitely use the improved
information, since these crops are subject to serious losses
under adverse weather conditions, and protection could be
provided with accurate weather information.

This survey of agricultural crops has indicated that
improved weather information would have saved crop growers and
processors $74,000,000 in 1971. Short-term forecasts from
satellite data are of particular value for crops which yield
perishable products and which require very precise production
practices in order to insure marketability. No attempts have
been made to adjust the aforementioned savings to 1978 dollars,
but the impact of inflation and especially petrochemical price
increases on farm operations are known to be extensive.

7. Snow Cover Mapping

The use of satellite acquired data for mapping snow cover
has proven valuable in water resource planning and flood fore-
casting. Snow covered area estimates from operational NOAA
satellites have proven to be much faster and more economical
than conventional aerial surveys. Snow and ice cover a signifi-
cant part of the earth's surface. For instance:

1. Snow covers 30-50 percent of the land area.
2. Ice covers about 25 percent of the oceans.
3. Glaciers cover about 10 percent of the land area.
4. Permafrost covers an additional 10 percent of the

land area.

As shown above, more than half of the land surface and one
quarter of the oceans are covered by either ice or snow.
Frequent observations of the extent and characteristics of
snow and ice are needed to assist many industries in their
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day-to-day operational requirements. Some of the operational
requirements of hydrology and water resources which are
especially affected by snow are (1) flood warning systems,
(2) municipal and regional water supply management, (3)
irrigation systems management, and (4) hydroelectric power
schedules.

For example, satellite snow cover analyses were used in
1976 while a storm was still in progress to determine that
it would not be necessary to spill the Verde River reservoir
system in Arizona as had been previously planned. Spilling
of the reservoirs would have put water into the normally dry
Salt River channel above Phoenix which causes road closings
and local flooding in the Phoenix metropolitan area and results
in the loss of valuable irrigation water. The dollar savings
here is unknown but considerable.

This year, NOAA satellite pictures have shown that 72
percent of the land mass of North America — an estimated
6.8 million square miles (17.5 million square kilometers) was
snow covered during January, surpassing the 70 percent coverage
of last year during January. This January's North American
snow cover was the most extensive in the 12 years NOAA
satellites have been used to make these analyses. Many parts
of the western states which escaped snow last year were covered
in January 1978. As a result, several areas of the nation
face the threat of dangerous spring snowmelt flooding, especially
in Idaho and California, the Midwest and southern New England.
In southern New England, water equivalent to 300 percent of
normal poses a serious threat of snowmelt flooding this year.

Mr. Donald R. Wiesnet, hydroLogist with the National
Environmental Satellite Service, has shown that satellites have
made a significant contribution in snow cover mapping where the
cost ratio between the satellite and conventional aerial survey
is as much as 200 to 1 in favor of the satellite. For example,
it takes about 40 hours of flying at $500 per hour to map 20
river basins in the Sierra Nevada mountains. Thus, it costs
about $20,000 per aerial mapping operation which is done
several times during the winter and spring, funds permitting.
When cloud free conditions are available, this job can be
accomplished using satellite data in about two man-days at a
cost of $200. Thus, annual savings in mapping the Sierra
Nevada basins alone could be as much as $100,000.

In the mountainous regions of the United States, millions
of dollars are spent each year to measure snowpack at fixed
locations for forecast purposes. Current forecasts of changing
extent, liquid-water content, etc. of the seasonal snowpack
are not very adequate. One U.S. Geological Survey glaciologist
estimates that improved snowpack forecasts could be worth
$10,000,000 to $100,000,000 per year to water users in the
western United States alone. Environmental satellites can
assist in improving the forecasts.
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8. West Coast Fishing Industry

For the past three years, the NOAA/NESS Satellite Field
Services Station at San Francisco has produced a chart derived
from the polar orbiting satellites' Very High Resolution
Radiometer (VHRR) infrared imagery depicting the location of
thermal boundaries or "fronts" as seen on the ocean surface.
It has been well documented by marine biologists and experienced
fishermen that certain species of fish are temperature-sensitive.
Albacore (blue fin tuna) and salmon, the principal commercial
fish found along the west coast, tend to congregate in the
nutrient rich waters in the vicinity of thermal fronts. Alba-
core are found in temperatures ranging from 14°C - 18°C,'
while salmon prefer temperatures of 11°C - 12°C.

Since April of 1975, the National Environmental Satellite
Service (NESS) has been issuing a Sea Surface Temperature (SST)
Frontal Chart to aid the fishermen in locating these "productive"
areas. Geographically, the area covered by the charts extends
from 34°N to 49°N and from the coast to 128°W. It is known that
the food chain is often concentrated along these fronts, usually
as a result of the seasonal upwelling process that takes place
along the west coast of the United States. This chart, pro-
duced when skies are cloud-free, has greatly assisted commercial
albacore and salmon fishermen in locating fish productive areas.
Fishermen who use this information have been enthusiastic about
its potential since this effort first started. During the
first experimental season in 1975, the program was tried off
the north coast of California through a single NOAA SEA GRANT
agent in Eureka, California. Results were so encouraging that
the next year the program was expanded to cover the entire west
coast from Cape Flattery to Pt. Conception.

The IR images, received twice daily, are enhanced using
computerized tables to assist in the identification of the
thermal gradients. The changes in temperature are represented
by changes in the tones of gray in the satellite photographic
image. The frontal positions are analyzed directly on the
image and then transferred to a marine navigational base chart.
A new chart is prepared as often as cloud cover will allow.
The latest chart is transmitted twice daily by radio facsimile
from San Francisco directly to the offshore fishing fleet, much
of which remains at sea for several weeks at a time. The
chart is also available through telecopier service 24 hours-a-
day.

The service has expanded in the last two years, primarily
in the albacore and salmon fishing industry in the waters of
the Pacific Northwest. The satellite images are also transmitted
twice per day to the Seattle Ocean Services Unit (SOSU) of the
National Weather Service (NWS). This operational unit also
produces a satellite derived thermal boundary chart which is
distributed to Pacific Northwest fishermen via a telecopier

17



system, mailing list, and direct telephone briefings. Their
new service is called the Thermal Boundary Advisory Program
and was quite successful during their first year of operation
in 1977.

An example of how the fishing community has received this
product is indicated in a quote from the Summary of Pacific
Input to the Eastland Fisheries Survey prepared by the Pacific
Marine Fisheries Commission as their input to the nationwide
Eastland Fisheries Survey, a report to Congress dated May 1977.
This report states(underscore added):

"Commercial salmon and albacore trollers emphasized
that the federal government should not be involved in
developing new equipment and methods for locating fish
with one exception. They support the use of satellite
pictures which display temperature gradients and indi-
cate that the federal government should continue to use
existing satellites to provide this information. Pre-
sent methods for developing and providing advisories
are adequate and existing advisories for the albacore
fleet should continue. More emphasis should be placed
on provision of practical information such as water
temperature, weather, and currents...."

The commercial fishermen are presently beset with a number
of problems which include changing and more stringent regula-
tions and increasing fuel costs. By delineating those areas
which are often fish-productive through the use of infrared
satellite imagery, a fisheries management tool becomes available
whereby commercial fishing can become more efficient and thus
more cost effective, and fishermen can disperse over larger
areas when productive frontal locations are known thus helping
to avoid overfishing small areas. Although this program is of
immediate benefit to salmon and albacore fishermen, as new
fisheries are developed such as shark and squid, this same
technology can be used. Many types of fish are known to be
temperature-sensitive, and their food chain is also often found
concentrated along satellite-detected ocean thermal fronts.

During the initial experiment in 1975, it was estimated
that fishing vessels were able to save $580,000 in fuel costs
as a result of using satellite data. The albacore fishery
has the most direct benefit from the satellite data since they
are very temperature oriented. The salmon industry benefits
to a lesser extent. Mr. Fred Jurick of the NOAA Sea Grant
Program, Marine Advisory-Extension Service at Humbolt State
University in Arcata, California has been a pioneer in the use
of satellite data to directly support fishermen. Mr. Jurick
has been able to correlate catches of albacore and salmon ranging
from $2,000 to $14,000 to the use of the satellite derived
thermal front charts. One commercial salmon troller stated
that he caught an extra $10,000 to $12,000 of fish (which was
about one-third of his total seasonal catch) as a direct result
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of using the thermal front charts. If one uses the figures
provided by the National Marine Fisheries Service (NMFS), and
place a modest savings of 10% on the fuel bill for each of 1000
fishing vessels in operation off the West Coast, the annual
fuel savings for the fleet is $440,000. If one then adds an
"additional catch advantage" of $2000 worth of fish per vessel
(approximately 2 ton of albacore) due to time saved and improved
location of the fish, one has an annual benefit of $2,440,000
to the fishing industry on the West Coast. This figure is
conservative since there are more than 1000 vessels fishing
off the West Coast.

The Honorable Don H. Clausen, Congressman from the 2nd
District of California, has stated the following in a letter
to the National Weather Service (January 1978): "I have been
following the activities of the Sea Grant program, Marine
Advisory Extension of Eureka, California, under the direction
of Mr. Fred Jurick, regarding the use of weather satellite
data to prepare ocean charts for use by fishermen off the
coast of Washington, Oregon, and California. I am also aware
of the joint participation in this program of the NOAA/NESS,
Satellite Data Center of Redwood City, California, and the
National Weather Service Forecast Office of Seattle Washington.

I would like to take this opportunity to commend the
highly practical use of satellite technology to assist the
fishing industry. In view of the combined need to reduce fuel
used, wherever possible, and to increase the efficiency of our
fishing fleets, this joint approach appears to be a highly
commendable effort and one that deserves interest and support
at many levels."

This viewpoint is shared by many who are concerned about
the practical application of space technology.

9. Disaster Warning

Environmental satellites have been very effective in
providing data for improved disaster warnings. As one might
suspect, however, it is very difficult to relate lives and
dollars saved during a disaster directly to improved forecasts
and warnings. NOAA satellites provide environmental data to
forecasters and government officials regarding tornadoes,
severe thunderstorms, hurricanes, tropical storms, flooding,
severe winter storms and other less destructive environmental
phenomena. Satellite data are transmitted 24 hours-per-day,
7 days-per-week to the various National Centers for environ-
mental warning such as: the National Severe Storms Forecast
Center (NSSFC) in Kansas City, Missouri; the National Hurricane
Center (NHC) in Miami, Florida; the Eastern Pacific Hurricane
Center in San Francisco, California; and the Central Pacific
Hurricane Center in Honolulu, Hawaii.
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Satellite imagery is used extensively in monitoring tropical
storms and hurricanes. Several years ago, aircraft reconnais-
sance was the primary method of finding and tracking dangerous
tropical storms in the oceans. Increasing costs of petroleum,
maintenance and manpower have caused a drastic cutback in storm
reconnaissance by the U.S. Air Force, U.S. Navy and NOAA. The
satellite day and night observations have practically replaced
all storm reconnaissance except when the hurricane is approaching
landfall. In addition, the satellite imagery has enabled the
aircraft storm reconnaissance to be more efficient and cost
effective in plotting flight tracks for data gathering due to
improved navigational information about the actual location of
tropical cyclones.

Since the inauguration of the operational satellite system,
no tropical storm goes undetected, even in the most remote areas
of the world. Hurricane reconnaissance aircraft no longer have
to fly random search patterns over the tropical oceans to
locate storms which may be brewing there. Estimated savings for
using satellite storm detection and monitoring in mid-ocean in
place of expensive aircraft reconnaissance are about $1,800,000
annually i

To illustrate the magnitude of hurricane destruction in terms
of dollars and fatalities, the information listed below was
obtained from the National Hurricane Center.

Hurricane Fatalities and Damage (1900 - 1977)

Year(Period)

1900'
1905'
1910-
1915-
1920-
1925'
1930'
1935'
1940-
1945-
1950-
1955-
I960-
1965
1966
1967
1968
1969
1970
1971
1972
1973
1974
1975
1976
1977

-1904
-1909
•1914
-1919
•1924
-1929
-1934
-1939
•1944
-1949
•1954
•1959
•1964

Fatalities

6000
2200
100
983
9

2114
80

1026
149
67
217
675
173
75
54
18
0

364
11
14
121
6
1

55
9
0

Damage ($ Millions)

adjusted to
1957-1959
construction
costs

unadjusted
annual
costs
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The most damaging individual hurricanes by name and year are
listed below:

Costliest Hurricanes of Record

Year Damage ($)

1972 $2,100,000,000 (Primarily Flooding
Damage)

1969 1,420,700,000

1965 1,420,500,000

1955 831,700,000

1954 461,000,000

1970 453,000,000

1961 408,000,000

New England 1938 387,000,000
Hurricane

Hazel 1954 281,000,000

A 1975 NOAA Technical Memorandum entitled, A Statistical
Study of Tropical Cyclone Positioning Errors with Economic"
Applications by C.J. Neumann noted that until 1974, the initial
position error for storms within 500 n.mi. of the coast aver-
aged 22 n.mi., and landfall forecasts were made from distances
no more than 300 n.mi. A positioning error is defined as the
difference between the forecaster's assumed initial position
of a storm and the actual position as determined from a post-
analysis.

The issuance of hurricane warnings along a portion of the
United States coastline is generally accomplished 18 to 24
hours prior to the expected arrival of the storm at the coast.
This particular time interval has been found to be an optimized
trade-off between the desire to provide maximum warning lead
time and the ability to keep the size of the warning area
within reasonable limits. With such a lead time, the length
of the warning zone averages nearly 300 n.mi. Inasmuch as
the swath of damaging winds is generally less than 100 n.mi.,
the public must expect a minimum overwarning area of about
200 n.mi.

A 20% increase in the size of a hurricane warning zone
can be expected if the currently observed positioning errors
are increased an average of 10 n.mi. However, a 10 n.mi.
decrease in positioning error yields only an 11% decrease in
the size of the warning area.
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The study includes an economic analysis of potential changes
in the size of hurricane warning areas. It is estimated that
protection costs (including losses due to temporarily curtailed
production) for a typical 300 n.mi. Gulf of Mexico coastal
hurricane warning zone total $25.1 million. A 10 n.mi. increase
in positioning error will thus increase this economic loss by
about $5 million per storm. A 10 n.mi. decrease in positioning
error will decrease protection costs by about $2.75 million
per storm.

Since an average of about two hurricanes annually move
inland on the continental U.S., using the above figures, $50.2
million is the average annual cost of protection. As a con-
servative estimate, a reduction of only 5% in the coastal
warning area would mean an average annual savings of about
$2,500,000 per year. Satellites play a major role in keeping
the warning area to a minimum.

Satellite imagery is also a primary data source for the
National Severe Storm Forecasting Center (NSSFC) in Kansas City
which has severe thunderstorm and tornado forecasting responsi-
bility for the continental United States. The NESS established
a Satellite Field Services Station (SFSS) collocated with the
NSSFC in 1972. The Kansas City SFSS has been instrumental in
developing new techniques in applying satellite imagery to
severe storm forecasting. The use of high resolution GOES
visible and enhanced infrared imagery taken at frequent intervals
(as often as every 15 minutes) has been extremely useful in
monitoring the development of severe thunderstorms. This capa-
bility has enabled NSSFC forecasters to pinpoint areas with a
high probability of having a tornado and to reduce the area of
warning so that persons in the tornado belt will not be suscep-
tible to the "cry - WOLF!" syndrome of overwarning. The
satellite has been instrumental in more accurately defining
the tornado watch areas which are provided to the news media
and NWS forecast offices.

To provide an idea of the amount of destruction and death
caused by tornadoes, the following table lists the statistics
for the past ten years.
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TEN-YEAR TORNADO SUMMARY

Number of
Year Tornadoes

1968

1969

1970

1971

1972

1973

1974

1975

1976

1977

660

608

653

888

741

1102

947

920

835

852

Property loss Frequency*

Fatalities Category 5

131

66

72

156

27

87 .
April

361\Disast
\ 315

60

44

43

82

98

97

71

100

v 219
3\
3edl66
7

189

145

173

Category 6

26

16

24

30

28

67

82

31

41

40

Category 7 J

and over I

6

3

6

5

1

9

25

11

5

6

total Estimated
»roperty Losses

8

8

8

8

8

9

9

9

8

8

*Number of times property losses were reported in storm damage Categories 5,

6, 7 and over.

Loss Category Definition

Category 5

Category 6

Category 7

Category' 8

Category 9

$50,000 - $500,000

$500,000 - $5 million

$5 million - $50 million

$50 million - $500 million

$500 million and over

The above losses are based on estimated values at the time of occurrence.
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As shown in the table above, the cost of damage has risen
significantly in recent years due to more populated areas
being hit by tornadoes and increased building costs due to
inflation. Because tornadoes and severe thunderstorms are
relatively small scale and short lived, it is difficult to
prepare to protect property in a manner similar to that which
is done with the larger scale and slower moving hurricanes.
It is currently impossible to predict the exact time and
locations these severe storms will arrive, but satellite images
provide some indication of the development of the type of
meteorological situations in which these storms occur. Unfortunately,
satellite observations of tornadoes and severe thunderstorms
can do little to aid in reducing the amount of property damage
sustained. It is significant, however, that there has been
a notable reduction in the average number of deaths since 1975.
For instance, based on the statistics in the TEN-YEAR TORNADO
SUMMARY table, during the seven year period 1968 - 1974, an
average of 799 tornadoes caused 129 deaths per year. It should
be noted that this average includes 1974 when the April 3rd

disaster struck the Ohio, Indiana and Kentucky area and an
abnormally large number of lives (315) were lost. The average
for the 1975 through 1977 period was 869 tornadoes with only
49 deaths per year.

The operational use of SMS/GOES satellite imagery in
support of severe weather forecasting began in the fall of
1974, after the tornado season. However, beginning in 1975,
SMS/GOES data has been a significant and heavily used input
to the NSSFC. It seems clear that there is a correlation between
the lower number of lives lost since 1975 and the introduction
of operational geostationary satellite data into the severe
storm forecasting and warning process. Even excluding the
April 3£d calamity of 1974, an average of 84 fatalities per
year occurred between 1968 and 1974. The average number of
deaths for the last three years, when satellite data has been
extensively utilized, is about 57% of the previous years.

Satellite data has also been valuable in providing early
warning for floods. An example is the September 13, 1977
flood disaster in Kansas City. Information provided by the
NESS SFSS in Kansas City to the collocated National Weather
Service Forecast units prior to and during the Kansas City
flood was timely and accurate. The early recognition of the
boundary which had been left by the previous night's thunder-
storm activity in northemMissouri identified a meteorological
mechanism which had potential for initiating new thunderstorm
development over an area where the ground was already saturated.
This satellite information, when incorporated with other data,
contributed to the NWS decision to issue a local forecast
early in the day for possible heavy rain. Later satellite data
provided information which was instrumental in the issuance of
a severe thunderstorm watch which included the Kansas City
metropolitan area. The satellite evaluation gave new information
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concerning the southward shift of the axis of thunderstorm
development, and coupled with supporting evidence from the NWS
radar, suggested the potential for heavy rain in the Kansas
City area.

An example of satellite contributions to international
flood warnings was in August of 1977 when United States
satellite assessments of snowpack were used as an indicator
of flood potential in Pakistan. NOAA-5 VHRR coverage was
especially programmed to include the Himalaya Mountains. Two
large river basins in the Himalayas were monitored: the Indus
River above Besham (162,100 km2) and the Kobal River above
Nowshera (88,600 km2). A late snow melt in the Himalayas could
have greatly increased the potential for flooding in Pakistan.
Percent snowcover as derived from the satellite was compared
with historical data and transmitted to the Pakistani Ambassador
in Washington, D.C.

NOAA polar orbiting satellites are used to monitor tropical
storms worldwide in addition to those near or endangering the
United States. The following table lists the number of tro-
pical cyclones monitored and tracked by satellite in the last
4 years in three remote ocean areas of the world.

Satellite Monitored Tropical Cyclones in Remote Areas

West Pacific South Pacific Indian
Year Ocean Oceajn Ocean

1974 38 12 26

1975 27 8 33

1976 27 10 27

1977 21 10 23

When these storms are detected and tracked by polar satellite,
a Satellite Weather Bulletin is sent directly to the meteoro-
logical agency of the countries which could be affected by the
storm. These bulletins are transmitted daily throughout the
life of the tropical storm which averages 8-10 days. Thus, in
the highly populated countries of southeast Asia, this satellite
tropical storm warning service could save many lives if the
capabilities to disseminate the warnings to the general public
were available. Unfortunately, in many cases, the populace does
not receive the warnings due to lack of adequate communications
facilities and the death toll has not reflected the availability
of these timely warnings.
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There is no hard economic data available regarding dollar
savings due to satellite input to flood and remote tropical
storm warnings. However, it would be correct to say that the
capability to reduce greatly the number of lives lost in these
types of disasters is available with current environmental
satellites and should be exploited to the maximum extent possible.

10. Large Scale Weather Forecasting

NESS operational environmental satellites contribute
heavily to the National Weather Service's National Meteorological
Center (NMC), the central weather analysis and prediction facility
for the United States. At NMC, which is also a World Meteoro-
logical Center, observations from all over the globe including
satellite data are collected, processed by the computer, and
used to produce maps of existing and predicted weather conditions.
In a 24-hour period, the NMC receives about 42,000 conventional
weather observations, plus a large volume of satellite observa-
tions. Maximum benefits from satellite data are realized when
this information is effectively used to bridge the gap in time
and space between conventional meteorological observations. A
synthesis of all types of meteorological data such as satellite,
surface, upper air, radar, etc., results in a more complete and
accurate understanding of atmospheric processes.

Dr. Robert M. White, former Administrator of NOAA, discussed
the role of satellite data in large scale weather applications
in an article in The Military Engineer (July-August 1973) en-
titled Environmental Satellites - A Progress Report. In this
article, he wrote the following:

"The World Meteorological Center, Washington, D.C.
(the other World Centers are in Moscow and Melbourne)
uses photographs, temperature soundings, and wind
measurements acquired by satellite to improve the
accuracy of large-scale weather analyses and forecast
weather charts. These charts are communicated by
facsimile circuits to civil and military weather
stations in the United States and become part of the
guidance material given to field stations for use in
weather forecasting. Air Force and Navy weather
centrals receive both direct and processed data for
use in similar ways. Analysis centers, which provide
special services to agricultural, hydrological,
engineering, maritime, and other interests, use
satellite data routinely in the preparation of their
products.

Several factors make satellite data unique in comparison
with data acquired from other sources. A major charac-
teristic is that, because of its vantage point above
the atmosphere and its broad field of view, the
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satellite can provide information regularly for vast
areas of the globe where data from other more con-
ventional sources are sparse or unobtainable. This
coverage of the large data gaps over oceans and remote
land areas is one of the basic and most important
contributions of satellites to improved weather fore-
casts. Also important is the immediacy of data trans-
mitted directly from satellites to ground stations.
Such data frequently are received and put into use some
hours before routine data are received through normal
communications channels. The third characteristic
is the broad view of earth and atmospheric features
that can be obtained only from satellite altitude.
Large-scale weather systems can be seen in a single
view, whereas the definition of atmospheric or sea
surface conditions obtained from aircraft or ground-
based observation is incomplete."

The environmental satellite is an excellent global
observational platform and the United States freely contributes
data from its satellites to the world meteorological community.
Satellite data is an important part of the World Weather Watch
Program of the United Nations' World Meteorological Organization.
The direct readout systems (APT and HRPT) from the polar orbit-
ing spacecraft and the WEFAX transmissions from the geostationary
spacecraft are extremely useful in as many as 120 countries
around the world. A large international project called the
Global Atmospheric Research Program (GARP) is underway in which
satellites play a primary role in gathering atmospheric data on
a global scale.

Thus, environmental satellites contribute significantly
to large scale or global weather observation and forecasting,
but it is impossible to derive an actual cost benefit in annual
dollars saved. To obtain the quantity and coverage of data which
the satellites provide by more conventional observation methods
such as surface observations, radiosonde, radar, meteorological
buoys, etc. would not only be prohibitive from the cost stand-
point, but it would be essentially physically impossible. The
value of satellite input to global scale observations is certainly
in the many millions of dollars.
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III. Cost Benefits Summary and Budgetary Comparisons
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If the estimated annual savings, where available, in
each of the previously discussed categories are totaled and
then compared with the annual cost of our national civilian
operational environmental satellite program, an indication of
the economic benefit of this program is immediately apparent.
The following table lists the estimated annual savings/cost
benefit in each of the activities discussed in Section II.

Cost Benefit Summary Table

Estimated
Annual Savings

1. Gulf Stream Navigation

2. Florida Citrus Industry

3. Hawaii Sugar Cane Industry

4. Search and Rescue

$48,000,000

$1,000,000

$7,300,000

5. Arctic & Great Lakes Ice
Monitoring

$35,000,000

6. General Agriculture Industry $74,000,000

7. Snow Cover Mapping

8. West Coast Fishing Industry

9. Disaster Warning

$100,000

$ 2 , 4 4 0 , 0 0 0

$ 4 , 3 0 0 , 0 0 0

10. Large Scale Weather Forecasting —

Explanatory
Comments

$360 ,000 EXXON only

Assumes 35 "cold"
nights per year

Waialua Sugar
Company only

USAF and CAP

Assumes saving 30
days on Great Lakes

1971 figures

Sierra Nevada
basins only

Albacore and
salmon only

Hurricanes only

Unknown but con-
siderable $ savings

Total Estimated Annual Savings: $172,500,000
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The following table compares the total estimated annual
cost benefit from the previous table to some intermediate
federal agency budgets related to the operational environmental
satellite program and finally compares it to the total Federal
budget. The FY78 Budget has been used for these comparison
purposes.

Budgetary Comparisons Table

A. Estimated Annual Cost Benefit
from Satellite for 9 Activities
Previously Discussed: $172,500,000

B. FY78 NESS Budget: $94,300,000

C. FY78 NOAA Budget: $623,700,000

D. FY78 Dept. of Commerce Budget: $2,370,000,000

E. FY78 Federal Budget: $500,200,000,000

By examining the table above, one can readily perceive
the cost benefit merits of the operational environmental satellite
program. The current annual budget of the National Environmental
Satellite Service of $94.3 million is just 55% of the estimated
cost benefit for only nine activities. This federal program
truly pays its own way — and morei An illustration of this is
shown in Figure 2. Other important activities such as local
and global scale weather forecasting do not allow for easily
computing the dollar savings or cost benefit, but it is many
millions of dollars. Thus, with the cost of providing operational
environmental satellite services being only 0.018% of the total
Federal budget, it would seem that the American taxpayer is
definitely "getting his money's worth" in this instance.

To the above tangible cost benefits must also be added the
intangible value of probable lives saved by improved disaster
warnings to the public regarding hurricanes, tornadoes, severe
thunderstorms, and heavy rainfall or snow melt induced flooding.
The advent of satellites is perhaps the greatest significant
advance in routine environmental monitoring that has been
developed in history. The operational environmental satellite
has surely earned its place as an irreplaceable weather observing
tool in contributing towards the saving of lives and property
from natural disasters and improving the efficiency of the
national economy.
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THE OPERATIONAL ENVIRONMENTAL SATELLITE PROGRAM

PAYING ITS OWN WAY — AND MORE !!

U)

ANNUAL NESS BUDGET

$94 MILLION

ESTIMATED SAVINGS TO JUST NINE ACTIVITIES

$172 MILLION

FIGURE 2


