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Abstract

The identity and characteristics of users of existing climate predictions (monthly and seasonal) as inputs to decision making are described. Subscribers to the NOAA Climate Analysis Center's

Monthly and Seasonal Weather Outlook (MSWO) are surveyed by

questionnaire to identify their industry types, general levels of climate-information use, and geographic locations. Characteristics of
subscribers who have indicated that they do use the predictions in
decision making, as opposed to those who do not, are determined
using stepwise discriminant analysis. It is found that agricultural activities represent the largest group of subscribers, whereas energy
producers and distributors represent the largest group of systematic
users of the climate predictions. Maps showing the distribution of
the three leading categories of respondents (agriculture, energy, and
government and education) are presented to show where certain
types of subscribers are located and where they most often apply the
predictions. The analysis suggests that subscriber/respondents' firm
size, level of familiarity with atmospheric science, and judgments of
the usefulness of predictions given current accuracies, lead time, and
skill in anticipating extreme weather events had the most bearing on
whether or not they use the MWSO in decision making. Moreover,
the fact that the MSWO has essentially no lead time was three times
more important than any of the other parameters in discriminating
between users and nonusers.
1. Introduction

Production and improvement of useful climate predictions
depends on, in addition to forecasting capability or improved forecasting skills, a knowledge of the prediction recipients and their needs or changing needs. Indeed, efforts to
improve the technical aspects or skill of a forecast are usually
best directed to meeting these needs. By examining the composition of subscribers to NOAA's Climate Analysis Center's (CAC) Monthly and Seasonal Weather Outlook (MSWO)
and the factors that do or could affect their use of the
MSWO, some insights into present-day climate-prediction
users and their needs are determined. Specifically, in regard
to the MSWO, these questions are asked: 1) Who are the subscribers and where are they? and 2) What determines if subscribers use the forecast or not?
2. Who they are and where they are

a. Background
In the current uncertainty over the usefulness of existing climate predictions (monthly and seasonal) as inputs to decision
Adjunct assistant professor of geography at the University of
Illinois-Champaign-Urbana.
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making, an aspect that has not been adequately addressed is
the issue of who are the more-sophisticated consumers of this
information. Little is known of the diversity of individuals,
firms, and institutions that could or do benefit from the use
of climate predictions. What is known is largely either anecdotal, the result of a few case studies (e.g., Glantz, 1977;
Winkler et al., 1983), or gleaned from narrowly focused surveys (e.g., Riebsame, 1983; Lamb et al., 1984). Equally important, little is known of either the locations of the users or
the regions (within the United States) for which the users
need the predictions (e.g., specific agricultural-production
areas, utility-market areas, water sheds, etc.).
This study is a response to Lamb's (1981) call for greater
awareness of the applicability of climate predictions on the
part of atmospheric scientists. Specifically, the purpose here
is to identify the types of activities that currently subscribe to
the MSWO, assess where the subscribers are located, and determine in which regions of the United States the MS WOs are
most often applied.
A better understanding of who these subscribers are would
provide important background information for more detailed analyses of the consequences of improving or otherwise modifying various facets of climate predictions. Recent
research (e.g., Sonka et al., 1982; Weiss, 1982; National Research Council, 1982) has demonstrated great interindustry
diversity in the perceived usefulness of climate predictions
and the need to better adapt the predictions to user requirements. For example, Changnon and Fosse (1981) showed
how the crop-hail insurance industry had supported studies
to develop a specially adapted predictive technique that was
subsequently adopted for use in making rate-adjustment
decisions.
In addition to increased knowledge of the interindustry diversity of MSWO subscribers, it is important to gain understanding of the regional diversity of those subscribers. The
importance of this is three-fold. First, there is some regional
TABLE

1. Questionnaire respondents, by sector.
Activity

Number

Percent

Agriculture & agribusiness
Energy production & distribution
Government & education
Recreation
Business services
Transportation
Construction
Communications
Misc. mfg., whlsle, retail
Other
Total

126
56
34
14
8
13
24
9
14
23
321

39.3
17.4
10.6
4.4
2.5
4.0
7.5
2.8
4.4
7.2
100.0

Vol. 67, No. 4, April 1986
Unauthenticated | Downloaded 01/09/23 09:50 PM UTC

Bulletin American Meteorological Society
TABLE 2.

403

Respondents indicating systematic use of weather or climate information in decision-making.
Any weather or
climate information
Number
% of sector

Sector
Agriculture & agribusiness
Energy production & distribution
Government & education
Recreation
Business services
Transportation
Construction
Communications
Misc. mfg., whlsle., retail
Other
Total

117
52
24
14
6
11
21
6
12
19
282

variation in predictive accuracy of the MSWO (Gilman, personal communication). Knowing where potential users are
located with respect to these performance variations would
be desirable for assessing the potential usefulness of the predictions to various activities in different locations. Second,
the tendency for climate to unequally affect identical activities at different locations makes it desirable to understand
how different classes of subscribers are regionally distributed. Third, on a more practical level, the CAC has expressed
interest in better dissemination of interpretative information
about the predictions, and knowing where certain classes of
potential users are would be helpful in selecting target areas
for workshops (Climate Analysis Center, 1981).
b. Methodology
The data necessary for this research were acquired by surveying the list of paying subscribers to the MSWO hard-copy
version. These individuals, firms, and institutions were assumed to be somewhat sensitive to weather information since
they sought and paid for the publication. Subscribers to the
new computerized version of the MSWO were not included
in the survey. This list is presently relatively small, and several of its members also receive the hard-copy version.
An initial inspection of the subscription list revealed a variety of subscribing activities that, with supplemental information from the Thomas Register and Dun and Brads tree t
Million Dollar Directory, were grouped into ten categories
(agriculture, energy, government and education, recreation,
business services, transportation, construction, communications, miscellaneous manufacturing-wholesaling-retailing,
and others). A questionnaire was developed which, among
other things, requested information about subscribers' industry-types, general levels of climate information use, and
geographic locations.
The questionnaire was mailed in March 1984 to the 647
paying MSWO subscribers as of August 1983. Of this
number, 321 usable responses were obtained. Included in the
321 was a follow-up mailing to a random sample of initial
nonrespondents. There were no apparent systematic differences in responses between the 288 original respondents and
the 33 follow-up respondents. Moreover, the industry com2

Selected portions of the questionnaire are reproduced in the
appendix.
2

93
93
71
100
75
85
88
67
86
83
87

Climate
prediction
Number
% of sector
26
34
9
1
2
2
4
0
4
12
94

21
60
26
7
25
15
17
0
30
52
29

position and geographic distribution of the respondents
closely matched the preliminary appraisal of the subscription
list. These two factors suggest there was little, if any, nonresponse bias in the sample.
c. The question of who
Tabulated results of the actual category frequencies of questionnaire respondents revealed few surprises. Agriculture accounted for 39.3 percent of the sample, over twice the
number of the next category which was energy production
and distribution (Table 1). Government and education activities were the third major group of respondents. Aside from
the 'other' category, construction activities was the only
other category of note; the remaining respondents were fairly
evenly distributed between recreation, business services,
transportation, communications, and miscellaneous manufacturing, wholesaling, and retailing.
It was recognized at the outset that simply because a subscriber receives a climate prediction does not imply that the
prediction is actually used in decision making. Thus, to identify actual users of the prediction, a set of questions was developed to get information about different levels of use. An
initial question of whether respondents made systematic use
of weather information of any kind (forecast or otherwise) in
business decisions revealed usage to be widespread among all
of the categories (Table 2). To the more-specific question of
whether respondents made use of monthly and seasonal predictions in some sort of specific mathematical decision-making protocol, however, a different view emerged (Table 2).
Only slightly less than a quarter of the agriculture respondents indicated the predictions were used mathematically in
business decisions. Conversely, 60 percent of the energy production and distribution respondents indicated quantitative
use of climate outlooks. This was the highest rate of use
among the clearly identified groups. The number of respondents indicating quantitative use of the outlooks in each of the
remaining categories was too small to provide reliable
insight.
These results suggest that, although more agriculturalists
subscribe to the MSWO than any other activity group,
energy producers and distributors are more likely than agriculturalists to have sophisticated methods of incorporating
the outlook information into business decisions and are
more likely to actually do so. Unfortunately, the relatively
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FIG. 1. Location quotients for MSWO respondents.

FIG. 2. Percent of total MSWO applications occurring
in each region.

low numbers of individuals and firms indicating systematic
use of the prediction in the other categories preclude comparisons with agriculture and energy activities.

concentration at the aggregate national level. Location quotients are defined as:

d. The question of where
To address the question of location, maps were created depicting locations of (a) MSWO respondents (Fig. 1) and (b)
regions for which they find predictions most applicable (Fig.
2). Maps were generated only for the agriculture, energy, and
government and education sectors; the remaining sectors
were too poorly represented to permit reliable generalizations.
Maps of MSWO respondents' locations were composed of
location quotients to partially offset the distortion problem
that varying state population sizes pose to regional comparisons of respondents. The location quotient, frequently used
in geographic research, is an index of the concentration of a
set of activities at the subregional level relative to its overall

where: LQijis the location quotient for industry i in state j; Sy
is the ratio of the number of respondents in industry i located
in state j to all respondents in state j; and Ui is the ratio of the
number of respondents in industry i for all states to the total
number of respondents. If LQij is less than one, then the activity is less concentrated in that state than at the national
level, and if LQij is greater than one, then the activity is more
concentrated in that state than at the national level. Since the
location quotient is a ratio of percentages, the population
distortion problem when comparing absolute numbers disappears.
Varying state population sizes posed only limited problems for the comparison of regions to which respondents
most often apply climate predictions. In this case, respond-

LQ^Sij'Ur1

(1)
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ents were permitted to choose multiple application regions
which were frequently outside the area in which they receive
the predictions. Thus, the maps are composed of sector percentages distributed by regional divisions (census divisions
were used instead of states to simplify information retrieval
on the questionnaire).
Agriculture respondents were most-highly concentrated
throughout much of the upper and lower Midwest (Fig. la).
High concentrations were also present among the South
Atlantic and Middle Atlantic states. The Pacific Coast states
displayed concentrations approaching the national level and
much of the west south central, mountain, and New England
regions had concentrations at less than the national level or
else failed to have any respondents.
As for the regions for which agriculture activities most
often apply the outlooks, a slightly different pattern emerges.
The largest percentage of applications occurred in the east
north central and west south central regions, encompassing
much of the midwestern grain and livestock belts (Fig. 2a).
Not unexpectedly, areas for which outlooks are least applicable to agriculture and agribusiness activities were the New
England, Middle Atlantic, and mountain regions. In the case
of the Middle Atlantic states, the questionnaire results show
that these states were comprised mostly of nonproducers
(e.g., commodity brokerage firms, financial institutions, etc.)
focused primarily on weather conditions in midwestern production areas.
Location quotients for energy production and distribution
respondents revealed four relatively distinct clusters of concentration (Fig. lb). These clusters were largely located in the
Middle Atlantic region, along the Gulf Coast, the Central
Plains, and the Far West, excluding California. Most energyrelated activities in the Middle Atlantic region were either
engaged in refining or fuel distribution or were corporate
headquarters of all types of energy firms. Along the Gulf
Coast, most of the respondents were engaged in natural-gas
distribution and drilling activities. The Central Plains cluster
consisted primarily of electric utilities and pipeline companies as did the Far West concentration, although in the latter region there was a sizeable emphasis on hydroelectric
generation.
Energy-related activities most frequently apply climate
predictions to the Middle Atlantic and South Atlantic regions (Fig. 2b). The Pacific coast and east north central regions also received considerable attention for the application
of predictions. Conversely, those areas drawing the least interest included the mountains, and the east and west south
central states which, for the most part, comprise much of the
least-populated portion of the nation. This suggests that climate predictions are more applicable in the more-populous
market areas than along Gulf Coast and mountain supply
areas, an indication that perhaps predictions are most useful
in assessing load-demand requirements, as has been argued
by Weiss (1982).
It is difficult to discern a pattern of concentration in the
distribution of location quotients for government and education respondents (Fig. lc). In general, education institutions
accounted for the high concentration in the Middle Atlantic
and east north central regions, whereas military installations
and various natural-resource-management agencies (e.g.,
water and soil conservation, fire control, park management,
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etc.) accounted for high concentrations in parts of the mountain region. This basically reflects the usual distribution of
such institutions. Moreover, the regions that government
and education respondents designated as being important
for gauging near-future weather conditions were essentially
the same as their own locations (Fig. 2c).

3. Distinguishing prediction users from nonusers

a. Background
Atmospheric scientists have become increasingly interested
in learning more about the usefulness of monthly and seasonal-climate predictions as inputs to both public- and private-sector decision making. This is documented in position
statements from a variety of leadership organizations. For example, the Climate Dynamics Program of the National
Science Foundation has singled out improved climate-prediction techniques as one basis for mitigating the negative
impacts of weather on individuals and their institutions
(Hecht, 1977). Moreover, the Five-Year Plan of the National
Climate Program has implemented an experimental longrange climate-forecast program along with guidelines guarding against the inappropriate use of the forecasts. Implicit in
these guidelines is the notion that there is an appropriate use
for climate predictions. Indeed, it is imperative that those engaged in the development of climate predictions be responsive to the needs of users. Unfortunately, as Lamb (1981) has
previously noted, there is limited understanding of what
these needs are and, consequently, there exists little guidance
for determining which modifications or improvements to
emphasize in developing the predictions.
This portion of the study identifies salient characteristics
that may differentiate NOAA climate-prediction subscribers
who systematically use a climate prediction as an input for
decision making from those who do not. Specifically, a discriminant function is computed to separate self-designated
users from nonusers of a climate prediction on the basis of
selected subscriber characteristics (e.g., firm size, industry
type, occupation, etc.) and their judgments of the usefulness
of climate predictions (e.g., accuracy levels, lead time, space
and time scales, etc.) given current performance limitations.
A better understanding of which factors tend to differentiate
prediction users from nonusers would be useful information
in decisions to modify the predictions. The NOAA Climate
Analysis Center's MSWO serves as a typical climate prediction in this study, although the results might be applicable to
other climate predictions as well.
b. Methodology
The data used in this research were obtained by a questionnaire survey of MSWO subscribers. The approach used in the
survey is described more fully in Section 2b.
The questionnaire was developed to obtain generalized information about respondents' operations and to evoke perceptions of the usefulness of climate predictions given their
various limitations. Key subscriber characteristics and climate-prediction attributes were identified from information
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gained from a literature review and from personal interviews
(Table 3). Both scientists engaged in climate prediction and
climate-prediction subscribers with a demonstrated knowledge of climate data applications were interviewed. With respect to climate-prediction attributes, questions were phrased
to permit respondents to specify the usefulness, on a scale of
1 (not useful) to 7 (very useful), of a climate prediction given
the current performance limitations of the attributes. Moreover, questions were formulated to provide the subscriber
with basic information about the various attributes to the
predictions to allow for more informed responses.
The questionnaire also asked whether each subscriber or
the subscriber's firm currently uses monthly and/or seasonalclimate predictions in a quantitative manner (i.e., are the
predictions entered into mathematical models in a systematic
manner?) in business decisions. Of the 323 respondents, 85
(26%) indicated that they systematically use climate predictions and 238 (74%) do not use climate predictions in this
manner.
A stepwise discriminant analysis was performed to weight
and linearly combine the discriminating variables (subscriber
characteristics and scaled perceptions of climate-prediction
attributes) so that those respondents indicating systematic
use of the predictions are as statistically distinct as possible
from those who do not use the predictions. Discriminant
analysis is a robust multivariate technique for discriminating
between populations or classifications and for assigning new
observations to established classes with minimum probability of error (for a more-detailed explanation of discriminant
analysis see Rao, 1952). In our case, the objective of this
procedure was to determine the most-important variables
that discriminate between the two subscriber classes for moredetailed subsequent examination.
Each of the discriminant variables was entered into the
model in a stepwise manner. If its partial F-ratio was significant at the 1 percent level, then the variable was retained for
another iteration of the model. The partial F-ratio measures
the discrimination introduced by the variable after taking
into account the discrimination achieved by the other selected variables. The significance level for the F-ratio was
used to limit the variables retained in the model to only those
with the greatest discriminating powers.
3

c. Discriminant-analysis results
A large number of variables (45) was derived from the questionnaire, and many of them contained overlapping information or were not directly relevant to the issue of climate predictions. To minimize this problem, an initial screening of the
variables was undertaken and only nonoverlapping and directly relevant variables were included in the discriminant
analysis. These variables and their labels appear in Table 4.
Stepwise discriminant analysis was then applied to the responses with the discriminant variables limited to the subset
identified above. Five discriminant variables met the criteria
for retention in the final discriminant model. These included
Before performing the analysis the usual \ tests were successfully conducted to ensure that basic assumptions of data distributions were not violated.
3

TABLE

3. MSWO subscriber characteristics and
climate-prediction attributes.
Subscriber characteristics
industry type
firm size
respondent's occupation
respondent's level of
knowledge of weather/climate
location of subscriber
location(s) for which
prediction is most useful
source(s) of climate
predictions (other than
the MSWO)
Climate-prediction attributes
prediction accuracy levels
lead-time length
prediction-period length
accountability of extreme events
accountability of variability
probablistic format
geographic coverage
types of elements being predicted
timeliness of the predictions
price of the prediction

1) firm size, 2) climate knowledge, 3) lead time, 4) accuracy,
and 5) extreme events.
Together, these variables were relatively effective in correctly classifying respondents by class of prediction use. Approximately 72 percent of the users were correctly classified,
the remaining 28 percent being misclassified as nonusers
(Table 5). Nearly 70 percent of the nonusers were properly
classified by the discriminant model.
The variable with the largest discriminating ability, on the
basis of the magnitude of its F-statistic, was the measure of
usefulness of a climate prediction that has essentially no lead
time (Table 6). The F-statistic of 23.4 was nearly three times
larger than the F-statistic of the next discriminant variable.
The remaining variables, in order of the magnitudes of their
F-statistics, were 1) relative satisfaction with predictions
having little skill in forecasting the occurrence of extreme
events; 2) the size of the respondent's firm; 3) relative satisfaction with current prediction accuracy rates for temperature and precipitation; and 4) whether or not a respondent is
knowledgeable in the atmospheric sciences.
These results suggest that climate-prediction lead time
was, by far, the.most important factor in differentiating systematic users from nonusers. That is, the fact that the CAC
prediction has virtually no lead time appears to be a serious
obstacle to its systematic use by a significant portion of the
subscribers.
By comparison, limitations in climate-prediction accuracies and capabilities to skillfully anticipate the occurrence of
extreme events, though statistically significant, played relatively minor roles in discriminating between users and nonusers. What is striking about this result is that these two limitations are among the most-often-mentioned stumbling
blocks to the widespread use of climate predictions in making business operations and/or planning decisions. Moreover, these two limitations number among the most vexing in
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TABLE 4.

Subscriber characteristics
self-designated economic-sector category
approximate number of employees in a respondent's firm
category of respondent's occupation
respondent's level of training in the atmospheric sciences
location where subscriber receives the MSWO
location(s) subscriber most often applies the MSWO
sources of climate predictions
Climate-prediction attributes
usefulness of climate predictions with current temperature and
precipitation accuracy levels
usefulness of climate predictions that have essentially no lead times
usefulness of climate predictions that range in length of period being
forecast from two weeks to three months
usefulness of climate predictions that show little skill in forecasting
extreme episodal events
usefulness of climate predictions that give no indication of the
variability of weather within a given prediction period
satisfaction with a climate prediction expressed as mapped
probabilities of the occurrence of three categories of weather
conditions
usefulness of climate predictions that cover limited geographic areas
in the northern hemisphere
usefulness of predictions of only temperature and precipitation
probabilities
usefulness of climate predictions that are issued twice a month, one
on the first day of the month and one in the middle of the month
affordability of current MSWO subscription fees

Industry type
Firm size
Occupation
Climate knowledge
Location I
Location II
Prediction source
Accuracy
Lead time
Period
Extreme events
Variability
Format
Coverage
Elements
Timeliness
Price
TABLE

Discriminant-variable names and labels.

5. Actual classifications and predicted classifications given
by the discriminant function.

User
Nonuser

Actual
85
100%
238
100%

User
61
71.8%
73
30.7%

Predicted
Nonuser
24
28.2%
165
69.3%

terms of significant improvements to a statistically based
climate prediction, perhaps even more so than increased prediction lead time.
Closer examination of the actual questionnaire responses
for each of the above significant discriminant variables can
provide additional insight into characteristics that separate
users from nonusers. The mean scaled responses (scale:
1 = not useful; 7 = very useful) to questions concerning the
above prediction attributes were uniformly lower for nonusers than users (Table 7a). This implies that current limitations on prediction lead times, skill in forecasting extreme
events, and accuracy rates are less troublesome to users than
nonusers. This observation, as obvious as it may seem, takes
on greater meaning in light of certain characteristics of the
respondents themselves.
Unexpectedly, the variable measuring respondents' industry type was not a significant discriminant factor. This would
seem to suggest that, contrary to popular opinion, dividing
respondents into different economic sectors gives little information about aggregate decisions to use or not use a climate prediction. Characteristics of respondents that were
statistically significant (firm size and subscribers' level of
knowledge of atmospheric science), however, do provide

TABLE

6. F-statistics for discriminant variables significant
at the 1% level.
Variable
Lead time
Extreme events
Firm size
Accuracy
Climate knowledge

F-statistic
23.4
8.5
6.9
6.7
6.7

TABLE 7a. Raw questionnaire responses.
Significant climate-prediction attributes (mean scaled responses).

Variable
Lead time
Extreme events
Accuracy

Users
4.85
5.01
4.32

Nonusers
3.95
3.66
3.58

meaningful insight. The distribution of respondents with respect to firm size (number of employees) was bimodal for
both users and nonusers (Table 7b). In the case of users, over
41 percent of the firms employ more than 500 workers whereas 22 percent of the firms employ less than 25 workers. In the
case of nonusers, 31 percent of the firms employ less than 25
workers whereas 29 percent of the firms employ more than
500 workers.
A possible reason for the somewhat higher percentage of
users in large firms compared to the percent of nonusers in
large firms is that the largest firms are likely to be highly specialized, with extensive research and development activities.
In fact, nearly 31 percent of the users are in research and development positions and, likewise, nearly 33 percent of the
users possess some knowledge of atmospheric science. By
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7b. Raw questionnaire responses.
Significant subscriber characteristics.

TABLE

Firm Size
Employees
Users % Nonusers
1-25
22.4
19
70
26-75
10
11.8
37
76-200
9
24
10.6
201-500
12
14.1
23
34
>500
40.0
70
Question Left Blank
1
1.2
4
Knowledge of Atmospheric Sciences
Users % Nonusers
Knowledgeable
28
32.9
50
Not Knowledgeable
62.4
169
53
Question Left Blank
4
4.7
19

%

29.4
15.6
14.3
9.7
29.4
1.7
%

21.0
71.0
8.0

contrast, only 20 percent of the nonusers are in research and
development positions, and only 21 percent of the nonusers
possess some knowledge of atmospheric science. This is
further evidence of large-firm sophistication and the probable existence of a decision-making protocol that can accommodate probabilistic information such as a climate
prediction.
Yet another possible reason, partly stemming from the last
one, for the relatively larger number of users in large firms is
the known difference in rates at which different-size firms
generate and adopt innovations. The use of climate predictions in business decisions may well be considered an innovative practice, even though climate predictions have been available for some time. Malecki (1981) has argued that it is larger
firms that are more likely than smaller firms to develop and
adopt innovations.
4. Conclusion and recommendations

That atmospheric scientists engaged in climate prediction
should be responsive to the needs of the users is a charge of
such policy groups as the National Climate Program and the
World Climate Program. However, to address this charge,
atmospheric scientists must have some basic background
knowledge of 1) which types of activities receive and, more
specifically, methodically use a monthly and/or seasonalclimate prediction; 2) where they are located; and 3) where
they find the predictions most applicable; and 4) what distinguishes individuals who receive and use the predictions from
those who receive and do not use the predictions.
Results of a questionnaire survey indicate agriculture activities, followed by energy, government and education, and
construction activities account for the largest share of subscribers to the CAC climate prediction. However, energy activities were far more likely to indicate quantitative use of
climate predictions than any of the other activities, including
agriculture.
Agriculture subscribers were found to be concentrated in
clusters of states throughout the eastern two-thirds of the

country, whereas the regions found to be most desirable for
applying the predictions were mostly the midwest grain and
livestock belts. Energy subscribers tended to be dispersed in
concentrated clusters over much of the country, although
most of the interest in applying the predictions was focused
on more-populous market areas. The other categories were
too poorly represented to make extensive comment.
Stepwise discriminant analysis was performed on a sample
of subscribers to the CAC's MSWO to identify the salient
factors separating those subscribers who indicated on a questionnaire that they systematically use a climate prediction
from those who do not. This procedure resulted in the identification of five statistically significant discriminant variables.
Of these, the variable measuring respondent satisfaction with
a climate prediction that has virtually no lead time was the
leading differentiating variable by almost a factor of three.
Two of the remaining four variables were measures of respondent satisfaction with current prediction-accuracy rates
and abilities to account for extreme events, both of which
had been expected to be at least as important as lead time to
potential prediction users.
Examination of actual questionnaire responses revealed
respondents to be mostly distributed among the largest
(>500 employees) and in the smallest firms (<25 employees).
However, self-designated users of the prediction were more
likely than nonusers to be associated with large firms and,
similarly, were more likely than nonusers to have some
knowledge of atmospheric sciences and be employed in research and development occupations.
These results make possible a general recommendation regarding the MSWO for future action. Unfortunately, specific
suggestions as to appropriate lead times for different activities cannot be made since too little research has specifically
addressed this issue. Weiss (1982) has suggested three to six
month lead times would be helpful to certain energy-production activities. However, several researchers bemoan the lack
of knowledge of appropriate lead times for agriculturalists
(e.g., Sonka etal., 1982; Lamb, 1981), and this lack appears
equally true for other climate-sensitive sectors. More research is needed that explicitly addresses the trade-offs various classes of climate-prediction subscribers make between
levels of prediction accuracy, lead times, and accountability
for extreme events in assessing the usefulness of the prediction. Better understanding of these trade-offs might lead atmospheric scientists engaged in climate prediction to make
more-informed decisions as to changes or modifications to
research agendas and/or the assembling and dissemination
of climate predictions.
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Appendix I. Selected questionnaire questions

1. Do you or does your firm currently use any type of weather information in business
decisions?
2. Do you or does your firm currently use short-term (daily to 14 days) weather forecasts
and/or long-term (monthly or seasonal) outlooks in business decisions?

yes

no .

SHORT-TERM WEATHER FORECASTS:

yes

no .

LONG-TERM OUTLOOKS:

yes

no .

yes

no .

yes

no

LONG-RANGE OUTLOOKS:

yes

no

SHORT-RANGE WEATHER FORECASTS:

yes

no

HISTORICAL CLIMATE INFORMATION:

yes

no

3. Have you or has your firm ever considered using short-term (daily to 14 days) weather
forecasts and/or long-term (monthly or seasonal) outlooks in business decisions?
4. Would you or your firm ever consider using weather and/or climate forecasts if the
forecasts were altered or improved?
5. Where do you obtain the forecasts or outlooks? 1. GOVERNMENT
2. PRIVATE CONSULTANT
3. NEWS MEDIA
4. OTHER
(Please specify)
6. Is forecast or historical climate information used in any type of mathematical formula in
helping your firm make decisions?

7. Of the categories listed below which one most closely characterizes the activities of your
firm with respect to sensitivity to weather? 1. AGRICULTURE &
AGRIBUSINESS
2. ENERGY PRODUCTION & DISTRIBUTION
3. GOVERNMENT & EDUCATION
4. RECREATION
5. MISCELLANEOUS BUSINESS SERVICES
6. TRANSPORTATION
7. CONSTRUCTION & CONSTRUCTION MATERIALS
8. COMMUNICATIONS
9. MISCELLANEOUS MANUFACTURING,
WHOLESALING, OR RETAILING
10. OTHER
(Please specify)
8. Approximately how many people are employed by your firm? a. 1 to 25
b. 26 to
75
c. 76 to 200
d. 201 to 500
e. Greater than 500
9. Which category best describes the activities of the individual most responsible for the use
of weather data in your firm? 1. RESEARCH AND DEVELOPMENT
2. MANAGERIAL/ADMINISTRATIVE
3. SECRETARIAL/CLERICAL
Is that individual trained in the atmospheric sciences? a.
10. At present, most easily obtainable long-range outlooks are released close to the first day
of the period being forecast, meaning there is almost no lead time. How useful to you
are long-range outlooks that are released close to the first day of the forecast period?
Not Useful 1 2 3 4 5 6 7 Very Useful
11. The length of the period being forecast for most long-range outlooks ranges between two
weeks and three months. How useful are forecasts that fall within this range of time
periods?
Not Useful 1 2 3 4 5 6 7 Very Useful
12. Most current long-range outlooks include only the elements temperature and
precipitation. Do you find forecasts that only include these elements appropriate in
decisions?
Not Appropriate 1 2 3 4 5 6 7 Very Appropriate
13. Some experts feel that long-range outlooks, depending on the season and area being
forecast, can correctly predict above or below normal weather 55% of the time for
precipitation and 60% of the time for temperature. At this level of accuracy, would you
find long-range outlooks useful in making business decisions?
Not Useful 1 2 3 4 5 6 7 Very Useful
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14. The current cost of obtaining scientifically developed long-range outlooks released on a
biweekly basis is about $40 per year. How prohibitive is this expense?
Not Prohibitive 1 2 3 4 5 6 7 Very Prohibitive
15. At present, long-range forecasters are not capable of predicting the occurrence of
isolated extreme atmospheric events (e.g., heat waves, ice storms, tornadoes, etc.) with
skill during a given forecast period. Do you find forecasts that omit extreme events
relevant in business decisions?
Not Relevant 1 2 3 4 5 6 7 Very Relevant
16. Would you find a forecast useful that gives some measure of the expected variability of
weather around the above or below normal category that has actually been forecast?
Not Useful 1 2 3 4 5 6 7 Very Useful
17. The climate Analysis Center's Monthly and Seasonal Weather Outlook gives long-range
forecast maps of North America and for the rest of the Northern Hemisphere between
the North Pole and 30°N (approximately even with New Orleans and Cairo, Egypt).
Would you find long-range outlooks outside these geographic areas useful?
Not Useful 1 2 3 4 5 6 7 Very Useful
18. Long-range forecasts are sometimes given as probabilities of the occurrence of either dry
or hot, wet or cold, or near-normal conditions, and the probabilities are contoured on
maps. Is this format useful for incorporating long-range forecasts into business decisions?
Not Useful 1 2 3 4 5 6 7 Very Useful
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