probability forecasts: a survey
ol National weather Service
forecasters'
Abstract-

Some results of a nationwide survey of National Weather Service forecasters with regard to probability
forecasting in general and precipitation probability forecasting in particular are summarized. Specifically, the
questionnaire which was used in the survey, the participants in the survey (i.e., the forecasters), and the nature
of the results are briefly described, and some recommendations based upon these results are presented.
1. Introduction

This paper summarizes some of the results of a nationwide survey of National Weather Service (NWS)
forecasters relative to precipitation probability forecasting in particular and probability forecasting in
general. The survey, which was conducted in May and
June, 1972, was inspired by an earlier survey of the
forecasters of the Travelers Weather Service (TWS)
(Murphy and Winkler, 1971a, b) and by research related
to probability assessment and evaluation undertaken by
the authors of this paper (e.g., Murphy, 1972; Murphy
and Winkler, 1970; Peterson, Snapper, and Murphy,
1972; and Winkler and Murphy, 1968a, b).
The objective of the survey was to obtain information
about probability forecasting in an operational setting
from a large sample of forecasters who make such forecasts on a regular basis. Specifically, we wanted to obtain
information about the process by which precipitation
probability forecasts are formulated; about the judgments of the forecasters relative to the definition, interpretation, and evaluation of these forecasts; about the
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effects of feedback and experience upon such forecasts;
and about the forecasters' opinions concerning the need
for and use of probability forecasts by the general public
and by specific user groups. This information was expected to provide a reasonably accurate description of
1) current practices and beliefs relative to probability
forecasting in meteorology and 2) the nature and extent
of any problems related to these practices and beliefs.
With regard to the latter, the results of the TWS survey
(Murphy and Winkler, 1971a, b) and of other studies
(see, for example, Murphy, 1972, and Murphy and
Winkler, 1974) have suggested that a number of important theoretical and practical problems do indeed
exist. We believe that such problems must be resolved if
probability forecasting in meteorology is to realize its
full potential.
In this paper we briefly describe the questionnaire
(Section 2), the participants (i.e., the forecasters) (Section
3), and the nature of the principal results (Section 4)
and present some recommendations based upon these
results (Section 5).
2. The questionnaire

a. Questionnaire

topics

The questionnaire was designed to elicit information
from the NWS forecasters with regard to the following
topics related to probability forecasting:
1) the process by which probability of precipitation
(PoP) forecasts are formulated, including the information sources examined, their relative importance,
and their order of examination;
2) the relationships between a forecaster's judgments
(expressed in probabilistic terms) and that forecaster's official PoP forecasts, and the factors which
lead to differences between judgments and forecasts;
3) the definition of the event "precipitation";
4) the definition and interpretation of PoP forecasts;
5) the availability to forecasters of information in the
form of feedback regarding the accuracy, reliability,
etc., of their PoP forecasts and those of other forecasters, and the effects of such information upon
their forecasts;
6) the evaluation of PoP forecasts and the reasons for
any improvements in probability forecasting ability;
7) the effects of forecasting experience upon PoP forecasts;
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8) the present and future need for and usefulness of
forecasts expressed in probabilistic terms; and
9) the forecasters' opinions regarding the interpretation
and use of PoP forecasts by members of the general
public and specific user groups, and the effects of
these opinions upon their forecasts.
These topics are similar to the topics considered in the
TWS survey. However, the NWS questionnaire contained approximately twice as many questions as the
TWS questionnaire and, as a result, the NWS questionnaire was able to treat these topics in considerably more
detail.
b. Development

and administration

of

questionnaire

A preliminary version of the questionnaire was developed in March 1972. This version of the questionnaire
was pretested by a small group of NWS forecasters in
early April. The results of the pretest, as well as the
comments and suggestions received from individuals
who were asked to review the preliminary version of the
questionnaire, led to the preparation of a revised questionnaire during the latter half of April. This version
of the questionnaire was mailed to all Weather Service
Forecast Offices (WSFOs) and Weather Service Offices
(WSOs) involved in the survey (see Section 3) in May.
Almost all of the completed questionnaires were received
prior to 1 July 1972.
The questionnaire was prepared in two formats,
and the only difference between these formats was that
the order in which the alternative answers to the questions were presented was reversed. Otherwise, questionnaires in the two formats were indistinguishable. The
set of questionnaires that was sent to each WSFO and
WSO consisted of approximately an equal number of
questionnaires in each format. Thus, the probability
that a particular forecaster in a specific office would receive a questionnaire of a given format was approximately one-half.
3. The participants

The survey was designed to obtain responses from all
of the NWS meteorologists who were experienced in
making PoP forecasts, as well as from a sample of the
NWS meteorological technicians who also were experienced in making such forecasts. The regional contacts
(see Acknowledgments) provided estimates of the number
of meteorologists who were involved (at that time) in
making precipitation probability forecasts at each WSFO
and WSO in their respective regions. In addition,
they selected a sample of at least 30 meteorological
technicians at various WSFOs and WSOs in their
respective regions who were making these forecasts. An
appropriate number of questionnaires was then sent to
each WSFO and WSO.
The forecasters who participated in the survey were
asked to provide the following personal information:
1) classification (meteorologist, meteorological technician, etc.);

2) age;
3) education and training (general education and meteorological education and training);
4) forecasting experience (total and station experience
in both general forecasting and probability forecasting);
5) nature of participation in PoP forecasting program
(regular or occasional participant): and
6) attendance at the NWS Forecasters' Training Course.
Nationwide and regional tabulations of the forecasters'
responses to the personal information questions are presented in Murphy and Winkler (1973). This information permits the results of the survey to be stratified by
the forecasters' classification, age, education, and so
forth.
6

4. The results

a. Response rate

The overall response of the forecasters to the survey is
presented in Table 1. Nationwide, the response rate was
almost 68%, while the regional response rates varied
from 89.1% in the Central Region to 58.3% in the
Western Region. These differences are largely the result
of somewhat different procedures used by the regional
contacts in identifying the survey participants, primarily
meteorologists, in their respective regions. Moreover,
the "real" response rates were actually higher than the
"apparent" response rates indicated in Table 1, because some WSFOs and WSOs are believed to have
received too many questionnaires. In any case, a response rate exceeding 50%, which was obtained in each
region, is considered excellent for a survey administered
by mail.
b. Response

bias

In order to investigate the existence of any response
bias that might have been produced by the order in
T A B L E 1.

Number of questionnaires sent out and returned and the
response rates for each region and for the
nation as a whole.

Region

Number of
questionnaires
sent out

Eastern
Southern
Central
Western
Nation

293
253
174
295
1015

Number of
questionnaires Response rate
returned
(%)

173
189
155
172
689

59.0
74.7
89.1
58.3
67.9

s These processes were made somewhat more difficult by
the fact that, just prior to and during the period in which
the survey was conducted, the NWS policy according to
which forecasters were concerned with either aviation forecasting or public weather forecasting was undergoing a
significant change. PoP forecasts were, and still are, exclusively part of the public weather forecasting program, but
present NWS policy is such that the forecasters are each
involved in both programs.
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which the answers to the questions were presented, we
have compared the responses of the forecasters who completed questionnaires in the two formats. A preliminary
analysis suggests that, except for the questions that required the forecasters to rank the alternative answers,
the response bias was minimal. We are presently investigating the magnitude of the response bias for the ranking
questions in more detail.
c. Nature of results
T h e results summarized in this paper consist of nationwide and regional tabulations of the forecasters' responses to the individual questions, and these tabulations together with a brief discussion of the results for
each question are contained in Murphy and Winkler
(1973).
Our conclusions, based upon an examination of these
tabulations, can be summarized as follows:
1) For the most part, forecasters do not formulate their
forecasts directly in probabilistic terms (i.e., they do
not "think" in probabilistic terms). Further, they
generally interpret probabilities in terms of relative
frequencies.
2) Forecasters prefer to obtain a general, overall picture
of weather situations, past and present, before making their PoP forecasts. In this regard, when other
information sources are available, the forecasters do
not appear to consider the guidance forecasts to be
particularly important sources of information (vis-avis these other sources). On the other hand, if they
can examine only one information source, then
many forecasters would prefer to depend upon the
guidance forecasts.
3) Almost all of the forecasters hedge at least occasionally. However, a distinction should be made between real hedging and apparent hedging. In the
case of the former, the forecaster's judgment and
forecast differ although both the judgment and the
forecast refer to the same event (e.g., measurable
precipitation at a particular point), while, in the case
of the latter, the forecaster's judgment and forecast
differ but the forecast and the judgment do not
refer to the same event (e.g., measurable precipitation at two different points). In the presence of a
strictly proper scoring rule such as the Brier score
(Brier, 1950), real hedging is clearly inappropriate
(see, for example, Murphy and Winkler, 1971b).
While apparent hedging is not inappropriate in this
sense, such hedging appears to be related to the use,
by some forecasters, of different definitions of a precipitation event on different occasions [see 5) below],
and this practice presents potential users of these
forecasts with a difficult problem.
4) A serious problem appears to exist with regard to the
7

7 The guidance forecasts of concern are the precipitation
probability forecasts prepared by "objective" procedures (see
Klein and Glahn, 1974) at the NWS's National Meteorological
Center and routinely provided to forecasters in the WSFOs.

forecasters' understanding of the relationships between precipitation probabilities for different
periods.
5) Different forecasters prefer different definitions of a
precipitation event and of a precipitation probability, and, as a result, they often use different definitions in connection with their PoP forecasts. As previously indicated, this situation presents potential
users of these forecasts with the difficult, if not impossible task of determining their meaning on each
occasion.
6) T h e forecasters in the Central Region receive more
feedback relative to their own forecasts and those
of their colleagues than do the forecasters in the
other regions, and this information is perceived as
having several important, and apparently beneficial,
effects upon their probability forecasting processes
and their PoP forecasts. In this regard, while some
uses of feedback have been identified (see, for example, Hughes, 1965, 1967), further studies should
be undertaken to investigate these and other possible ways of using such feedback to improve PoP
forecasts.
7) Forecasters, in general, do not believe that probability forecasts can be evaluated by a single quantitative
measure, but those who do prefer a relative measure
to an absolute measure (e.g., they prefer the skill
score to the Brier score).
8) Most forecasters believe that their PoP forecasts have
improved during the last three years, primarily as a
result of better probability guidance material and
additional general forecasting experience. Further,
they indicate that their probability forecasting processes have changed over time, and that these
changes are primarily related to i) considering certain information sources either more or less important, ii) thinking of certain probabilities in particular situations, and/or iii) depending more upon
guidance forecasts.
9) Approximately one-half of the forecasters receive requests to express forecasts of parameters other than
precipitation occurrence in probabilistic terms.
These requests relate most often to precipitation
amount, precipitation type, and temperature, indicating a need for probabilistic forecasts of these
parameters. In this regard, most forecasters believe
that forecasts will be expressed in probabilistic terms
at least as frequently, if not more frequently, in the
future than they are at the present time.
10) Forecasters believe that categorical forecasts, accompanied by verbal modifiers when appropriate, are
most useful for members of the general public and
that point probability forecasts, perhaps accompanied by categorical forecasts, are most useful for
members of specific user groups. In this regard, more
than one-half of the forecasters believe that the
general public interprets PoP forecasts properly,
but uses them improperly.
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11) Approximately one-half of the forecasters are affected
by their impressions of the general public's interpretation of their PoP forecasts, and these impressions
cause some forecasters to modify their forecasts in
the direction of categorical forecasts and other forecasters to modify their forecasts in the direction of
the climatological probabilities.
5. Recommendations

The conclusions presented in Section 4 lead to the following recommendations:
1) A need exists to train forecasters in probability and
statistics as these topics relate to probability forecasting in meteorology. This training could take several
forms: i) self-training by the forecasters themselves in
their WSFOs and WSOs through the use of programmed learning material; ii) short courses conducted at several locations (e.g., at each regional
headquarters for the forecasters in that region); and
iii) lectures and written material presented during the
NWS Forecasters' Training Course. We believe that
the approach involving programmed learning material offers certain advantages vis-a-vis the other
approaches in that this approach would accomplish
the objective of training all of the forecasters in a
relatively short period of time and at a relatively
modest cost. Thus, we recommend that a programmed
learning manual be developed for use by the NWS
forecasters which would contain detailed explanations and illustrations of those concepts in probability and statistics that are related to the theory and
practice of probability forecasting in meteorology.
2) The fact that the forecasters perceive some confusion
on the part of the public with regard to probability
forecasts and the fact that the forecasters themselves
exhibit some confusion both suggest that some confusion undoubtedly exists among members of the
general public. Thus, we believe that a need also exists
to initiate a program to educate the general public
and members of specific user groups with regard to
the purposes, meaning, and use of probability forecasts. Such a program should be designed to reach
potential users of these forecasts in a variety of ways
(e.g., directly by means of brochures and pamphlets, as
well as indirectly through articles in newspapers, magazines, and other publications). Furthermore, this
program should be conducted on a continuing basis.
As a first step in initiating such a program, we recommend that a brochure be prepared which can be
distributed free of charge to potential users and to
others, such as members of the news media, who have
direct contact with users. The brochure prepared by
Bennett et al. (1969) would represent an excellent
starting point for this effort.
3) With regard to forecasting practices, we believe that
the ability of forecasters to converse in the "language of uncertainty" (i.e., in terms of probabilities)
could be significantly enhanced if they began to think

and speak in these terms when formulating their
forecasts on a day-to-day basis. Thus, we recommend
that forecasters be encouraged to formulate all (or at
least more) of their forecasts in probabilistic terms,
and then, if necessary, they could translate these forecasts into categorical terms for dissemination to the
public. In addition, we recommend that WSFOs and
WSOs be encouraged to undertake probability forecasting experiments designed to provide forecasters
with actual operational (or pseudo-operational) experience in expressing forecasts of a variety of meteorological variables in probabilistic terms.
8
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announcements
Machine processing of remotely sensed d a t a —
call for papers

A Symposium on Machine Processing of Remotely Sensed
Data, beginning on 3 June 1975, has been announced by the
Division of Conferences and Continuation Services at Purdue
University.
Papers are solicited in all areas of theory, implementation,
and applications of machine processing of remotely sensed
data. The following are representative examples of areas
that are within the scope of the symposium: weather analysis
and prediction; ERTS and Skylab experiments; agricultural,
forestry, geological, and hydrological surveys; environmental
monitoring; digital, analog, optical, and hybrid processors;
storage and retrieval techniques; clustering and classification
techniques; automatic referencing to ground coordinates;
multitemporal data registration; distortion correction; preprocessing and calibration; and land use planning.
Four copies of a 1500 word summary should be sent by
10 January 1975 to: Prof. C. D. McGillem, Laboratory for
Applications of Remote Sensing, Purdue University, West
Lafayette, Indiana 47907.
Satellite data unit within EDS

The Environmental Data Service and the National Environmental Satellite Service have negotiated an agreement to
establish an EDS National Oceanic and Atmospheric Administration Satellite Data Unit to manage most retrospective
distribution of environmental satellite data, including Earth
Resources Technology Satellite data distribution responsibilities currently assigned to NESS. EDS' National Geophysical
and Solar-Terrestrial Data Center in Boulder, Colo., will
continue to disseminate Solar Environmental Monitoring
and Solar Proton Monitoring data.
Although the new Satellite Data Unit, which was scheduled to become operational in November 1974, is currently
located in NESS headquarters in Suitland, Md., it is managed
and administered by EDS' National Climatic Center in
Asheville, N.C.
Wind engineering research digest

The first volume of an international survey of current projects in various aspects of wind engineering research is now
available. The Wind Engineering Research Digest, which is
sponsored by the National Science Foundation, conducted in

cooperation with the Wind Engineering Research Council,
and edited by Arthur N. L. Chiu of the University of Hawaii,
will permit researchers to learn of various ongoing endeavors
and to contact one another immediately for mutual exchange
of information. It will aid researchers and organizations in
planning for future projects and possibly reduce duplication of efforts in specific topics.
The digest does not purport to be a complete listing of
all wind engineering research in progress. Current projects
not included in the first volume can be listed in the second.
Cooperation of researchers is solicited in making the list as
complete as possible by submitting the appropriate information for new projects or updating the information contained in the first volume. Those interested in submitting entries for inclusion should contact: Arthur N. L. Chiu, Wind
Engineering Research Digest, Spalding Hall 357, 2540 Maile
Way, University of Hawaii at Manoa, Honolulu, Hawaii
96822.
Demand for manpower in energy-related industries

An analysis of the demand for scientists and engineers in
the area of energy-related industries has been undertaken
by the National Planning Association and sponsored by the
National Science Foundation's Division of Science Resources Studies. A limited number of copies of The Demand
for Scientific and Technical Manpower in Selected EnergyRelated Industries, 1970-85: A Methodology Applied to a
Selected Scenario of Energy Output. A Summary is available
from the National Science Foundation, 1800 G Street, N.W.,
Washington, D.C. 20550.
Electrostatics journal available

A new Journal of Electrostatics will be published in quarterly issues; the first issue was scheduled for autumn 1974.
The journal will disseminate knowledge of static electricity in
its fundamental aspects, in its useful applications, and in
its hazardous nature. It is intended to cover the interests
of physicists, chemical, electrical, and aeronautical engineers,
chemists, and meteorologists, among others. The subscription
price is 120.00 Dutch guilders (U.S. $46.20) per year. For information contact: Elsevier/Excerpta Medica/North-Holland,
Associated Science Publishers, P.O. Box 211, Amsterdam, The
Netherlands.

(More announcements on page 1480)
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