Determining Economic Benefits of
Satellite Data in Short-Range
Forecasting

Abstract
To examine whether the addition of satellite data to forecasting
procedures helps forecasters make better forecasts, we studied a meteorological consulting firm and its clients before and after satellite
data were used in the preparation of weather forecasts, and whether
the clients benefited from this new data source. We found that the
satellite data were most valuable when they could be looped to show
evolving cloud patterns and enhanced to show brightness differences. The satellite data would have been even more useful if the dissemination system were more flexible and the images were not
pregridded.
Our main conclusions are:
1) Satellite data are most useful to forecasters in data-poor areas
and also help to fine-tune forecasts in data-rich areas. Because
even slight improvements in forecast accuracy can result in sizable savings for clients, the use of satellite data can produce a
significant economic benefit.
2) Working with satellite data is a valuable educational experience for forecasters and undoubtedly improves their forecasting skills.
3) Any future satellite data delivery system should take into account the needs and facilities of the user community.
Finally, we have shown that it is possible, using real data in actual
situations, to help determine some of the economic effects of a new
tool and the ways it can be used to bring about greater public
benefits.

1. Introduction
In this paper we examine the benefits resulting from the inclusion of satellite data into short-range forecasting procedures. These findings form the second part of a study initially
described in Suchman et al. (1979). In that paper we studied
the clients of a meteorological consulting firm to determine
the effects of weather forecasts on their procedures. We refer
the reader to that paper for a description of the consulting
firm operations, the use of the forecasts by the various client
groups, and our method of calculating the economic effects
of these forecasts on the clients' operations. These results
form the control period statistics; we now examine whether
the addition of satellite data to forecasting procedures aided
the forecasters and produced savings for their clients.
While many recent advances have been made in viewing
and manipulating satellite data (Wash and Whittaker, 1980),
these techniques are not generally available to forecasters. In
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fact, many forecasters' only experience with satellite data occurred before the capabilities and applications of the data
were well understood. As a result, the true value of this new
tool is not widely appreciated, especially since adequate utilization techniques are still in the process of being developed
and disseminated.
Cost is another reason why satellite data are not in widespread use. Few private firms have been willing to invest the
required capital and additional operating expenses to acquire more than the twice-daily Geostationary Operational
Environmental Satellite (GOES) images transmitted over the
facsimile lines. The situation now is changing as computer
costs are going down. Since the same equipment can be used
to reduce the labor of processing and charting conventional
data as well as satellite-based data, more firms will soon be
adopting this technology.
However, there is still a need to examine the expected benefits of such systems against the costs. There are many problems in arriving at an assessment of the effectiveness of the
meteorological satellite programs. Satellite data, radar, surface observations, rawinsonde data, and aircraft observations are all melded to produce a forecast. The contribution
of a single data source is difficult to isolate. Furthermore, the
parameters that are featured in the general purpose forecast
may not be the ones important to a specific economic activity. To accommodate such needs, special purpose forecasts
have been developed: bog temperatures for cranberry growers; winds aloft and significant weather for aviation; marine
forecasts; plus several others (some are discussed by Hussey
and Heacock (1978) in the context of satellite data).
We found an approach to help quantify forecast value
through the study of a private meteorological forecasting
service. Business and governmental concerns have become
more aware that weather affects their personnel, equipment,
and timetables, and hence they desire to control these effects
as much as possible (Collins, 1956). Because their needs are
not always met by the forecasts available to the public, and
because managers and planners perceive a monetary value in
specialized information, meteorological consulting firms
have been established. (Some larger firms have also engaged
in in-house forecasting).
The applications of the forecast usually are associated with
economic factors; since the forecasts cost them money, we
expected the clients to be aware of the quality of service they
received. These factors encouraged us to focus on the application of G O E S images by one meteorological consulting
firm and the resulting benefit to their clients. Little use had
been made of satellite data by the cooperating firm prior to
this study, so we took advantage of the possibility of a beVol. 62, No. 10, October 1981
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fore- and after-the-introduction-of-satellite-data comparison. Since we supplied the satellite data to the private firm,
we were able to influence the format and application of the
data. This would not have been possible with public forecasters. Also, in the case of the private forecaster, timing,
weather parameters, resolution, and areas of the forecast are
designed to meet the need of specific identifiable economic
activities.

2. Methods
Our objective was to be as quantitative as possible in assessing the impact of the satellite data. We considered a number
of approaches that would yield statistical results by comparing a "control" with an "experimental" period. One method,
rejected almost immediately, involved working with two different consulting firms, one with a satellite data system and
the other without. There were two obvious obstacles to this
method. The operations of any two firms in this field vary
significantly in terms of size, abilities, and general forecasting procedures. Somehow, these differences would have to be
"subtracted out" in order to detect a variation due to the use
of satellite data. Second, the client groups served by the respective firms would differ substantially in nature and location. To account for such diverse factors in any systematic
way would be impossible.
Another approach, which would involve only one firm,
would generate two forecasts for every client in every situation—one without satellite data and the other with. Differences between the two sets of forecasts over a long period
should indicate variations due solely to satellite data input.
This method is not as feasible as it seems. Two forecasts for
every client would cause an unacceptable disruption in the
firm's operations and it would be difficult to set up the
procedure in an unbiased way.
The method we finally chose for this study was a different
one-firm approach. To obtain base statistics, we studied the
forecast and client operations of a consulting firm that did
not use satellite data for a two-year period. Then, after the
firm installed satellite data hardware, we repeated the study
of their forecast and client operations.
We grouped the clients according to the type of operation
they performed and the type of forecast product they received. This grouping forms the basis of later generalizations. There were six categories: road and street departments,
electric utilities, gas utilities, fuel oil dealers, commodities
dealers, and marine clients.
During the first two years, we became familiar with the
clients' operations and their vulnerability to forecast errors.
We examined the consulting firm's forecasts and their verification to determine the economic impact of the service on
clients. This was repeated during a one-year period after the
satellite data hardware was operating to discover the effects
of the new data. It was important that there be little change in
personnel or procedure other than that necessarily associated with the use of satellite data over the three-year study
period. Similarly, substantial changes in the firm's clientele
during the period of the experiment could adversely affect
our results. Fortunately, the consulting firm chosen proved

to have a stable forecasting staff and operational procedure.
No major changes occurred over the three years of the study.
Likewise, our desire for a stable clientele was fulfilled. Only
two utilities of the 10 participating in the study and four road
and street clients of 26 dropped their service. Although two
of the road and street department drops were large statewide
clients, there were several similar clients left in the study for
the complete period.
We were concerned that the satellite data system not produce a major alteration of procedures used by the consulting
firm; otherwise, the study might measure the effect of the
changed procedures, not of the satellite data. We did, however, want the satellite data to be as useful as possible. Combinations of contoured conventional data with satellite images would facilitate the integration of the satellite information into the total forecast product. On the other hand, we
did not want to enhance the forecasters' abilities to use conventional data by providing it in a new and more useful format. Since the participating consulting firm already had inhouse computing facilities allowing the display of conventional data, the installation of the computer system added
little new except the satellite data.
It was unrealistic to suppose we could control the environment of the experiment to make the control of experimental periods directly comparable. There were certain variations in staff performance and weather distribution that
caused the quantitative results to vary. Ideally, such variations would be small enough to give statistical information
from the two periods that could then be normalized. As it
turned out, the distribution of weather events over the two
periods proved so anomalous that statistical comparisons
were impossible.
As in Suchman et al. (1979), we considered only "direct
economic losses." These are dollar losses that occur over a
short period of time (days) and directly affect the client, not
the clients' customers or the general public. We did not consider losses that could not be quantified directly in dollars
(such as factors of convenience), long-term benefits (e.g.,
equipment maintenance, or other effects growing out of an
entire season), or indirect benefits (e.g., time or money saved
by the public). We measured only those benefits the client
chose to capitalize on, not potential benefits. There were
many cases when a client could have put a forecast to better
use. Our purpose was to measure what was actually being
done by a cross section of different enterprises, not to specify
what could have been done under ideal conditions.
Information was collected from clients through questionnaires and interviews. For more information on these, including details on forecast verification and benefit calculation, refer to Suchman et al. (1980).

3. The data system hardware and software
The satellite image processing system constructed for this
program was an updated version of the Man-computer Interactive Data Access System (McIDAS) (Hillyard, 1977)
developed at the University of Wisconsin's Space Science
and Engineering Center (SSEC) for tracking clouds on ATS
(Application Technology Satellite) 3 and later Synchronous
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Meteorological Satellite (SMS)/GOES images. McIDAS
consists of two major parts—a general-purpose scientific
computer with digital disc storage and a display terminal
consisting of a terminal controller, high-resolution color
monitor, alphanumeric CRT and keyboard, joystick pair,
and hard copy printer.
The data system was built around the Harris Slash 6 general-purpose digital computer, which contained 48 X 103
words and 24-bit main memory, and was configured with 15
megabytes of digital disc storage. In addition to the digital
disc, the computer was connected to three data interfaces:
one supplying conventional weather data (surface and upperair), another permitting connection to the remote card
reader/line printer at the University of Wisconsin for remote
software maintenance, and a third allowing access to satellite
data in a form of sectorized GOES images. GOES images
were received on a leased telephone line via the GOES-FAX
ingest. This allowed the consulting firm to receive either visible or infrared images every half hour at a selected resolution for any area of the United States.
A color monitor displayed graphics and image information, which was held on the 100-frame analog disc. Graphics
information was contained in two 640-picture elements (pixels) by 512-line, one-bit graphic planes. Dual joysticks generally were used to control the cursor displayed on the color
monitor.
The application software used in this program was a subset
of McIDAS system software. The majority of the applications programs on this system belonged to one of the following groups:
1) Image handling. This group included programs for ingesting satellite images, loading a display frame from
digital areas, selecting a frame, and setting up frame
loops.
2) Enhancement. These programs controlled the enhancement function, permitting either gray-scale or color
enhancements of the images contained on the analog
disc. Enhancement parameters could be determined by
a set of key-ins or controlled by the joysticks.
3) Navigation. Navigation programs were used to align the
satellite image sequences, thus allowing calibration of
the images in latitude and longitude coordinates for
tracking clouds.
4) Wind measurements. This function was implemented in
one program package called WINDCO, which permitted generation of wind vectors from the displacement
of clouds.
5) Conventional data. These programs ingested data automatically from the WB604 data line and archived
them in the system data base. The data base could be
queried via a set of key-in commands, which permitted
generation of plots, lists, tables, and maps of the station
data, upper-air data, and ship data. The output functions were applicable to some or all of the following parameters: temperature, dew point, pressure, wind,
cloud amount and type, advection, divergence, vorticity, mixing ratio, and time differences in temperature,
dew point, wind potential temperature, equivalent potential temperature, and pressure. These could be
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viewed independently as charts or as overlays on satellite images to aid analysis.

4. Client groups surveyed
This section contains a discussion of the quantitative results
for the period in which the satellite data were incorporated
into the forecasting procedures. The complete study lasted
four years. The control statistics, some presented previously,
were gathered for the 1976-78 seasons. Fall 1978-spring
1979 was the transition period during which the computer
was installed and the forecasters learned how to use it. The
"with satellite" period lasted from spring 1979 to spring
1980.
The disparity of weather between the two periods of study
had a marked bearing on our results. Instead of fluctuating in
an interval reasonably close to mean values, temperatures
and snowfall alike gravitated to the extremes. A year of record snow was followed by one with nearly none. Winter
temperatures 5°F or 10°F below normal preceded unseasonably high ones. Worst of all, during the final year, in which
the benefits of the satellite data were examined, there were
virtually no winter storms over a large part of the study area.
Thus, we were deprived of both the opportunity to document
significant case studies and to apply statistical techniques to
smooth out the yearly variations.
The control period statistics (see Suchman et al., 1979)
showed that one erroneous forecast for one client could be
translated into a loss of thousands of dollars. The figures
from the control period presented in this paper vary slightly
in some cases from those in our previous paper because of the
addition of new forecast data.
Because of the lack of comparable weather situations, the
quantitative results do not show strong trends as to the value
of satellite data. Consequently, they will be discussed only
briefly.

a. Road and street departments
The results for the control period (1976-78) are shown in
Table 1. They illustrate the quantitative effects of incorrect
weather forecasts on various classes of road and street departments. The yearly economic losses due to incorrect forecasts varied from an average of under $5,000 for the smaller
communities to over $60,000 for the larger subscribers. This
represented 3-15% of their annual snow budget. The same
procedures used to calculate losses during the control period
were applied to the 1979-80 snow season when satellite data
were available. It should be noted that the experimental period was one of the least snowy years on record in the Northeast (e.g., there was the least snow in over 40 years at Albany,
Providence, and Hartford) and was among the snowiest seasons on record in many stations in Virginia and North
Carolina. (In addition, during this study four of the snow and
ice clients, one from each group on whose operations we had
concentrated (except "southern cities"), dropped the service.)
The results for the 1979-80 season are summarized in
Table 2. We continued to use 1976 dollar costs in all our calUnauthenticated | Downloaded 01/09/23 01:40 AM UTC
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TABLE 1. Snow/ice client results: Control seasons (1976-78).

Client type
State highway authorities
Turnpike authorities
Southern cities
Northern cities
Pop. >60000
Northern cities
Pop. <60000
Range Maximum
Minimum

Plowable
storms3

Percent of
forecasts
producing loss

Mean annual
loss due to
incorrect
forecast

Mean
annual
snow/ice
budget4

9.3
13.1
4

4.2
5.8
1

19.3
15.6
13.2

$57 200
$9 523
$2 440

$315 000
$348 000
$45 000

45.1

16.1

7.8

13.0

$19 992

$273 000

45.4
64
17

14.5
24
2

7.1
12
0

15.5
37.5
2

$4 841
$108 000
$300

$91 300
$853 000
$10 000

Number of
forecast
days1

Number of
snow
days2

36.7
41.8
24

1

Number of forecast days—days snow was mentioned in forecast.
Number of snow days—days when at least 0.1 in. snow was received.
Plowable storms—days when snow accumulation exceeded plowing criteria.
4
The annual snow/ice budget contains 1976-77 figures.
2
3

culations, though current amounts were certainly much
higher than they were in 1976.
As expected, the milder the snow season, the smaller the
losses due to incorrect forecasts. Many of the forecast situations during the experimental year were for storms of less
than 1 in. These forecasts rarely have much of a monetary
effect on the clients. Therefore, few situations existed this year
where the satellite data could have had an impact. In order to
measure more precisely the impact of the satellite information, we would need data obtained from more representative
seasons. The more subjective conclusions, gained from interviewing forecasters and clients, are discussed in the next
section.

b. Electric

utilities

The results for the three utilities studied are summarized for

TABLE 2.

Client type
State highway authorities
Turnpike authorities
Southern cities
Northern cities
Pop. >60000
Northern cities
Pop. <60000
Maximum
Minimum

the period 1977-79 in Table 3. The calculated costs do not
include personnel (needed to run extra generators), which
was a negligible part of the total.
In actual dollar amounts, all three electrical utilities
showed a decrease in losses for the "with-satellite year";
when these values are normalized with respect to temperatures during the first control year, the satellite year again
shows the smallest losses, by at least 7%.
Can this improvement be attributed confidently to the introduction of satellite data? Unfortunately, it cannot. Variations between the control years are as large as that between
the control and the experiment periods. In addition, there
were few known instances when temperature forecasts for
these utilities were altered because of satellite information.
Forecast accuracy may have been helped in 1979 by the fact
that there were fewer than average heat waves or severe
storm conditions, times when forecasts are more difficult to
make and errors more extreme.

Snow/ice client results: Experiment year (1979-80).
Mean annual
loss due to
incorrect
forecast

Mean
annual
snow/ice
budget4

Number of
forecast
days1

Number of
snow
days2

Plowable
storms3

Percent of
forecasts
producing loss

23.3
23.0
17.8

6.7
5.4
4.5

2.7
3.0
3.0

13.5
6.0
12.7

$32 700
$9 670
$2 960

$315 000
$348 000
$45 000

24.6

4.0

1.9

12.4

$ 7 460

$273 000

25.0
30
17

5.0
9
3

1.9
5
1

12.4
20.8
0

$1 930
$59 660
0

$91 300
$853 000
$10 000

1

Number of forecast days—days snow was mentioned in forecast.
Number of snow days—days when at least 0.1 in. snow was received.
Plowable storms—days when snow accumulation exceeded plowing criteria.
4
The annual snow/ice budget contains 1976-77 figures.
2

3
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TABLE 3.

Electric utility results.

Company

Maximum power
used (MW)

Area
serviced
(mi2)

Critical
point1

Tolerance3

Cost/°F

Period analyzed (1977)

A
B
C

4425
2932
5760

10 000
1230
2475

85°F
70 THI 2
None

4°F
2°F
3°F

$2205
$2200
$2000

4/1-9/30
4/1-9/30
5/9-6/15, 7/1-9/30

Total Number of misforecasts/
Total forecasts exceeding
critical point

A
B
C

Overforecasts

Underforecasts

1977

1978

1979

1977

1978

1979

1977

1978

1979

12/22
49/103
56/101

4/35
70/100
53/100

5/30
42/90
53/101

10
36
28

3
34
31

1
28
26

2
13
28

1
36
22

4
14
27

Total loss due to forecasts4
Normalized

A
B
C

1977

1978

1979

1978

1979

$67 813
$323 400
$1 113 500

$28 665
$492 800
$1 144 500

$11585
$235 400
$1 037 000

-$11 406
$502 219
$1 144 500

- $ 1 3 074
$276 217
$1 037 000

1

Critical point—on a temperature, THI, or degree days scale above which a misforecast could cause an economic loss.
Temperature-humidity index.
Tolerance—size of error needed to produce economic loss, assuming the critical point has been exceeded. Note: Misforecasts below the
critical point do not produce an economic loss.
4
The final entries above show the actual losses for the two control years and the one experimental year. Also shown are values of the last two
years, normalized with respect to the first. The values were normalized by comparing the number of times in each year the critical point was
exceeded. Since this number is either a function of temperature or both temperature and humidity, such a comparison is used to eliminate the
climatological variations between the two years with regard to the dollar losses presented here. Thus, if Client X had 20 days that exceeded the
critical point in 1977 and 10 days in 1978, one would expect that the losses in the latter year would be half that of the former if forecast accuracy
were to remain the same. Of course, this accuracy varies and affects the normalized values.
2
3

c. Gas utilities
The results of our calculations are summarized in Table 4.
The 1978-79 season is not included because it was a transitional period in the use of the satellite data.
In general, the gas utilities here are smaller operators than
the electric utilities surveyed previously. However, their
losses, due to forecasting errors can still mount up to
hundreds of thousands of dollars. The 1976-78 winter seasons were considerably below normal in temperature, and
nonnormalized losses were correspondingly great. The 197980 season temperatures were much above normal. Taking
these fluctuations into account, one can see that normalized
(with respect to 1976-77) losses show greater forecasting errors in 1977-78 for two clients, followed by noticeable improvements in forecasts for all clients (at least 10% smaller
losses). In all cases, this last season brought forward the best
forecasting results.
As with the electric utilities, satellite cloud cover information could be expected to improve temperature forecasts. Yet
the forecasters could point to few specific situations when the

satellite data helped their predictions. Hence, this final improvement is difficult to trace to any single cause.

5. Discussion
In the preceding sections, we presented a summary of statistics and observations describing the benefits received by a
variety of clients from private meteorological forecasts. Although interesting in their own right, these figures were derived to support the primary purpose of this project—to find
out the problems and potential of satellite data use. The information gained by studying client operations has enabled
us to begin to understand the potential benefits of satellite
data to both forecaster and client. In this section, we present
many of the subjective impressions and comments of the
forecasters who participated in this study.
It should be pointed out that the computer system was designed as a research tool, and up to the time of this study
never was used for operational forecasting. We are not foreUnauthenticated | Downloaded 01/09/23 01:40 AM UTC
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TABLE 4.

Gas utility results.

Company

Maximum gas
used (MCF)

Area
serviced
(mi2)

Critical
point
(°F)

Tolerance
(°F)

Cost/°F

Period analyzed
(1976-77)

A
B
C
D
E

144 000
260 000
206 000
36 000
91 878

1025
1703
666
150
225

28
50
52
55
55

3
2
1
2
2

$2500
$7000
$8750
$1995
$3125

11/1-2/28
11/1-2/28
11/1-2/28
11/1-2/28
11/1-2/28

Total Number of misforecasts/
Total number of forecasts
exceeding critical point

A
B
C
D
E

Overforecasts

Underforecasts

1976-77

1977-78

1979-80

1976-77

1977-78

1979-80

1976-77

1977-78

1979-80

22/65
12/29
12/28
1/2
1/4

14/63
8/19
15/17
0/1
1/1

10/49
2/11
8/13
0/0
0/0

15
8
13
0
0

9
3
13
0
0

5
1
7
0
0

7
4
12
1
1

5
5
2
0
1

5
1
1
0
0

Total loss due to forecasts
Normalized

A
B
C
D
E

1976-77

1977-78

1979-80

1977-78

1979-80

$122 500
$175 000
$354 375
$1995
$9 375

$95 000
$133 000
$264 688
$0
$9 375

$50 000
$49 000
$85 313
$0
$0

$98 770
$193 345
$403 907
—
—

$80 154
$157 621
275 157
—
—

casters; hence we were not totally familiar with the tools used
by operational forecasters when we designed the computer
system for the consulting firm. Also, at that time the firm's
personnel were just beginning to gain familiarity with interactive video computer systems and satellite data. As a result,
the system probably was not ideal, and much of the software
we included seldom was used.
We asked the forecasters to keep track of their use of the
satellite data by recording them in a logbook adjacent to the
computer terminal. Because the forecasters did not always
make log entries, we do not know exactly how much the satellite data were used. However, the log did give us a good indication of the types of uses to which satellite data were put.
The consulting firm's operations are in four general areas:
marine, storm, general operations, and commodities. The
forecasters' qualitative appraisals of the usefulness of satellite data in conjunction with an interactive computer system
for each of these operations follow.
1) Marine—Any additional data source is helpful in forecasting for large data-void regions. The marine forecasters used satellite data extensively over the Gulf of Mexico. They were able to see cloud growth, the early
formations of potential tropical systems and movement over the Gulf, plus the location and strength of

rain-producing systems. The satellite images were invaluable for forecasts affecting drilling, construction,
and other marine activities. In addition, the satellite
data were extremely useful in preparing forecasts for
hurricanes (there were two significant ones during the
forecast year). The forecasts and advisories issued by
the government did not adequately meet the needs of
the consulting firm and their clients. In fact, the firm's
forecasters were able to produce accurate, timely forecasts and to give adequate warnings to their clients
mainly because of their ability to identify, track, and
predict movement of tropical systems from the satellite
loops.
2) Storm—This group includes forecasts for snow and ice,
heavy rain, high winds, and thunderstorms. The storm
forecasters' use of the data system was heavy, though
somewhat less than the marine forecasters, and was
split between the satellite pictures and the graphics.
Storm forecasters used the satellite pictures to locate
and track storms, especially off the coast, as well as
fields of clouds and thunderstorms. They used graphics
in the traditional way (i.e., height fields, streamlines,
temperature, etc.). The computer system streamlined
the forecasters' procedures and enabled them to
Unauthenticated | Downloaded 01/09/23 01:40 AM UTC
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do analyses that were ordinarily too time-consuming.

3) General operations—These consist mainly of temperature and weather forecasts. Operations forecasters
used the system about a third of the time, mostly for the
graphics. When they did use the satellite pictures, it was
to aid in the forecasting of low temperatures by
locating and tracking cloud layers.
4) Commodities—This use of the system was the lightest of
the four. Satellite pictures of South America were used
to track cold frontal penetrations into the coffeegrowing regions of Brazil and to catch moisture inflow
into South America's soybean-growing regions.
The four features that had the most frequent use were
graphics, real-time satellite capability, looping of satellite
images, and color enhancement. Real-time satellite images
enabled forecasters to locate various cloud features; images
several hours old from the facsimile circuit had a much more
limited use. The ability to loop the current satellite pictures
seemed to be the most useful feature. Many of the forecasters
had little experience with satellite loops prior to this program
and, according to their own reports, loops aided their understanding of various weather phenomena greatly. In a practical sense, the loops helped the forecasters to locate clouds,
cloud shields, and storms. The average loop of pictures
ranged from 4 to 12 images, and often contained only the
infrared images because they could cover longer time
periods. Forecasters used the visible images (for fog tracking,
for example) also, but they rarely employed the full resolution
of these images. While the satellite images enabled the
forecasters to obtain a general overview of the motion of
synoptic weather patterns, they seldom were used to identify
and track small-scale features. Color enhancement was used
along with the cloud loops to note intensification of thunderstorms and the development of tropical features, and to get a
feeling for the relative changes in cloud-top temperature
(although the IR brightnesses were not calibrated). All of this
information was not readily available from other sources.
The biggest problems for the forecasters were caused by
the grids that came with the satellite images, which were
often highly inaccurate, inconsistent from image to image,
and visually very distracting. When a satellite loop contained
these grids, it was difficult to use. In addition, the forecasters
also mentioned that they would have been better served by
having more terminals placed in the various locations where
the forecasts were being prepared, and that it would have
been useful to have an operator whose task was to ingest and
navigate images and set up loops.
It would have been a positive reflection of the value of the
data system if the consulting firm had decided to purchase
the system after the experiment was over, but they did not.
The consulting firm, like most meteorological consultants,
relies on yearly fees from a large number of small clients.
Such firms' major resource and expense traditionally has
been manpower, not equipment—but this pattern is beginning to change. The consulting firm already has invested
heavily in their own less expensive computer system.
When the computer was removed, the firm let the contract
for GOES-TAP lapse. By this time, though, many of the forecasters had become accustomed to the access to real-time

satellite imagery. The forecasters concerned with tropical
weather and commodities forecasts for South America were
particularly interested in keeping the satellite access. As a
result, the consulting firm restored the GOES-TAP line and
purchased a device to produce hard copy images. So one
measure of the value of satellite data, as far as the consulting
firm is concerned, is the several hundred dollars a month this
service costs them.
Clients are the ones who ultimately benefit from better
forecasts. As we have shown in our earlier paper, a client can
lose thousands of dollars as a result of one erroneous
forecast. If any changes in forecast procedures can result in
marginal improvements in forecasting, the savings can
quickly total up. These savings are to the client, not the consulting firm. Presumably, however, these clients should be
willing to pay more for an improved service.
Before this study, it would have been difficult to indicate
whether the economics of the situation supported commercial investment in satellite data. While we have not
provided a definitive answer to the question, the indications
point toward a more sophisticated use of the meteorological
satellite.

6. Summary and conclusions
At the outset of the program, we had hoped to obtain both
objective and subjective appraisals of the value of satellite
data. Unfortunately, because of benign weather, our objective measures were not strong enough to be the sole basis
for any conclusions. Therefore, what follows are conclusions
based upon the subjective appraisals of the satellite data as
given by the consulting firm's forecasters, interviews with the
clients in a variety of weather situations, and trends from our
data tabulations. We also interject some of our observations
as to how satellite data could be made more valuable to the
public as a whole.
Satellite data are especially helpful for forecasting in datapoor areas (e.g., the oceans) and for detecting the formation
and movement of storms and other cloud systems. Satellite
data are not as useful in forecasting temperature, except in
cases where temperature is affected directly by cloud cover.
Satellite data are most valuable when they are relatively
recent (real time), enhanced to bring out cloud brightness
variations, and in loops to show relative motion. There is
also an indirect benefit to satellite data: exposure to a satellite
view of cloud systems illustrates and clarifies many meteorlogical concepts. This educational value probably results in
better forecasting.
Even if one makes allowances for the inactivity of the
weather over the last year of the study and considers that the
forecasters did not make perfect use of the system, there were
relatively few times when the satellite data proved essential in
preparing routine forecasts for temperature and weather. For
those who had hopes that these data in their present form
would revolutionize or substantially modify routine forecasting, the results are disappointing. While satellite data
proved extremely useful for data-poor areas, in data-rich
areas satellite data usually served only to fine-tune the
forecasts. This does not mean that the satellite data are
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without economic benefit, even in data-rich areas. As shown
in our previous paper (Suchman et al., 1979), even one
improved forecast per client per year can result in thousands
of dollars saved. Multiplied by many clients, even a few improved forecasts per year can mount into the millions of
dollars. These figures are hypothetical, but the principle is
not; even minor improvements in the state of the forecasting
art can result in significant benefits.
We successfully introduced a satellite system into a firm
previously without such capabilities. Generally, forecasters
there achieved greater awareness of the applications of the
satellite data and made an effort to take practical advantage
of the new technology. Their effort was quite sufficient to
enable us to discern trends in the impact of the satellite data
on both the forecasting operations and the forecast itself.
H a d there been no system problems and had the weather
cooperated fully, we would have obtained a better idea of the
exact magnitude of this impact, (i.e., number of forecasts
altered and dollars saved), but the data would, we think, have
shown the same patterns of usefulness.
Although the methodology has been developed, there is
definitely room and, in fact, a need for future studies of this
type. We hope some lessons can be learned from our experience. Chief among these would be the need for a longer
experimental period to obtain statistics. A period of one or
even two years is subject to fluctuations in weather conditions that can provide a very poor data base on which to
work. Ideally, the experiment should be open-ended—
continuing until a balanced sampling of different storm and
forecasting situations has been obtained. More practically
speaking, a three- to five-year experimental period (not
including any control period) would decrease substantially
the likelihood of obtaining an abnormal sample, especially
one that was lacking in potential case studies.
A much simpler and lower-cost satellite data system could
have been used. A video system displaying real-time, navigated, and concurrent IR and visible pictures with a looping
capability would have been received enthusiastically by the
forecasters and also would have been easier to install and
maintain. D a t a utilization would have been easier if the
national satellite data dissemination service did not grid its
images (or at least gridded them accurately) and allowed the
reception of visible and IR image pairs. The current GOEST A P images are not set up for an interactive-video computer
system with looping capabilities and are not flexible enough
for a firm that forecasts in varied geographical areas. These
lessons should be heeded when future forecasting systems are
designed.

Planners and proposers should not overlook the necessity
of including input from the forecaster in the design of any
satellite (or any other data) dissemination or processing
system of the future. If their needs are met, we can be confident that the considerable economic benefits of these data
will be realized.
The meteorological satellite can be a positive economic
asset when included in forecasts, and in certain situations it
was invaluable. It is the only data source in some vital
weather-producing regions, and its educational value is
great. To be put to better use, however, its data must be
available to a wide variety of potential users in a more flexible and usable form.
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