
AFFILIATIONS: Lazo, Morss, and deMuth—National Center 
for Atmospheric Research*/Societal Impacts Program, Boulder, 
Colorado
*The National Center for Atmospheric Research is sponsored by 
the National Science Foundation
CORRESPONDING AUTHOR: Jeffrey K. Lazo, NCAR SIP, Box 
3000, Boulder, CO 80307
E-mail: lazo@ucar.edu

The abstract for this article can be found in this issue, following the 
table of contents.
DOI:10.1175/2008BAMS2604.1

In final form 19 December 2008
©2009 American Meteorological Society

A nationwide survey indicates that the U.S. public obtains several hundred billion forecasts 

each year, generating $31.5 billion in benefits compared to costs of $5.1 billion.

E very day, the U.S. weather enterprise collectively  
 disseminates numerous weather forecasts to the  
 U.S. public through various media. Considering 

the range of forecasts generated at a variety of spatial 
and temporal scales, the array of forecast providers 
and communication channels, and the size and diver-
sity of the U.S. population, this equates to an enor-
mous volume and multiplicity of information. The 
meteorological community knows intuitively that 
these forecasts are useful and of significant benefit to 
the public. However, apart from anecdotal evidence 
and vague notions, the community does not have a 
clear overall picture of how members of the public 
obtain, perceive, use, and value weather forecasts.

Research on aspects of these issues has been con-
ducted for specific geographical areas (e.g., Saviers 
and Van Bussum 1997; Lazo and Chestnut 2002), for 
specific events or weather phenomena and decision-
making situations (e.g., Katz and Murphy 1997; 
Anderson-Berry et al. 2004; Stewart et al. 2004; Call 
2005; Drobot 2007; Hayden et al. 2007; Morss and Wahl 
2007; Zhang et al. 2007), or for certain demographics 
(e.g., CFI Group 2005). Private sector marketing stud-
ies have likely also investigated these issues, although 
results from such studies are not readily available. 
Other work has examined the needs of weather forecast 
users more generally and emphasized the importance 
of obtaining input from users (e.g., Pielke and Kimpel 
1997; Hooke 2000; Pielke and Carbone 2002; WMO 
2003; Morss et al. 2005, 2008a; National Resource 
Council 2006). These previous efforts bring some ele-
ments of the picture into focus, but each contributes 
only a portion of the montage.

Based on empirical research, this paper seeks to draw 
a more complete picture of people’s attitudes and behav-
iors regarding day-to-day weather forecast information 
and how these vary among individuals. Specifically, we 
investigate the following four interdependent concepts:

•	 sources: where, when, and how often people obtain 
weather forecast information;

•	 perceptions: how people judge and understand 
forecasts;
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•	 uses: how people use forecasts for activities and 
decision making; and

•	 values: what dollar value households place on cur-
rently available forecasts.

As a simplified model for the purposes of this 
paper, these interdependent concepts can be thought 
of as building on each other in the flow and impact 
of weather forecast information:

 Sources  Perceptions  Uses  Values

This model is useful at a broad level, but these four 
concepts can be—and often are—related in other 
ways. For example, a person’s perception of a fore-
cast from a given source may affect whether or not 
he or she accesses information from that source in 
the future.

Knowledge about these four areas is fundamental 
to better understanding the public’s needs for weather 
forecasts and for providing these forecasts in more 
beneficial ways to meet those needs. Understanding 
where people get their weather forecasts helps indicate 
the broad relative importance and accessibility of dif-
ferent sources and provides insight into constraints 
and opportunities for developing user-relevant mes-
sage content. Understanding how individuals perceive 
forecasts provides an indication of the effectiveness of 
the information provision and communication pro-
cesses, and can help identify gaps in these processes.  
Understanding individuals’ use of information across 
spatial and temporal scales and their use of different 
components of forecasts can help providers develop 
better information products to meet the public’s 
needs. Understanding how individuals use forecasts 
also provides support for the validity of valuation 
measures; for example, if individuals do not use 
forecasts, that should be reflected in value estimates. 
Finally, understanding the monetized value of 
weather forecasts gives insight into the importance 
of this information. In economic terminology, value 
represents the trade-offs people are willing to make to 
receive this information relative to other information, 
goods, or services. Expressing these as monetized 
values can be extremely useful to decision makers 
and policy analysts.

Building this end-to-end understanding—from 
sources through values—will help guide product 
development and investment decisions for the 
weather community (e.g., on observations, numerical 
modeling, what forecast information to provide and 
when and how to provide it) given limited resources. 
This understanding can also inform other work. For 

example, understanding how people receive, perceive, 
use, and value day-to-day weather forecast informa-
tion builds an important foundation for exploring 
similar issues related to hazardous weather, such 
as hurricanes, winter storms, and floods. Improved 
understanding can also inform work on what type 
of weather forecast uncertainty information to offer 
and how to do so more effectively (Morss et al. 2008b). 
Finally, a true commitment by the weather enterprise 
to improve the societal benefits derived from forecast 
information requires a much better understanding of 
the value-creation process from communication by 
various sources through to end-user perceptions and 
their uses of this information.

To explore the four concepts of sources, percep-
tions, uses, and values, we conducted a nationwide, 
Internet-based, controlled-access survey of the U.S. 
public. Although people’s attitudinal and behavioral 
relationships with weather forecast information are 
sufficiently complex that no one survey can fully 
assess them, our work does paint an initial picture. 
When appropriate, we compare our results with 
previous related research, both to confirm our results 
and to illustrate how and why they may be different 
in some ways. After describing our work and results, 
we offer recommendations for future research.

SURVEY DESIGN AND IMPLEMENTATION. 
In applied social science research, surveys are one 
of the most common and important methods for 
eliciting information directly from a large number of 
respondents. Along with assessing people’s sources, 
perceptions, uses, and values of weather forecast 
information, we investigated other topics in the 
survey, including interpretations of and preferences 
for weather forecast uncertainty information (Morss 
et al. 2008b), weather saliency (Stewart 2006), and 
use of forecast uncertainty information in decision 
making. The survey also collected information about 
respondents’ weather-related activities and experi-
ences, as well as basic demographic information.

We followed state-of-the-art methods for develop-
ing and pretesting survey questions (Dillman 2000; 
Tourangeau et al. 2000; Presser 2004). Our initial 
draft of the sources, perceptions, uses, and value ques-
tions were based on questions from a previous survey 
of households’ values for weather forecasts (Lazo and 
Chestnut 2002). The draft survey instrument was peer 
reviewed for structure, content, and clarity. A revised 
hard-copy version of the survey was pretested with 
recruited nonmeteorologists using one-on-one verbal 
protocols (known as “think alouds”) to evaluate how 
people understood and interpreted the survey ques-
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tions and to assess their motivation for answering the 
questions (Ericsson and Simon 1993). We iteratively 
revised the survey content and structure based on 
these pretests. The full survey is available from the 
authors.

The survey was implemented online in November 
2006 via a survey research company (ResearchExec, 
Southport, Connecticut) that programmed the online 
survey and collected the data in a controlled-access 
forum. Another survey research company (Survey 
Sampling International, Fairfield, Connecticut) 
provided the sample.1 The only people permitted 
to complete the survey were those invited to do so 
via an e-mail containing a unique link to the survey 
Web site. Each person was allowed to complete the 
survey only once.

Most previous surveys investigating similar issues 
in weather forecasting have been limited to small 
convenience samples, specific geographic areas, or 
weather-related recruiting portals. Using the Internet 
as a medium for survey implementation unavoidably 
means that some members of the public are not able 
to participate, so the respondents are not a completely 
random population sample. Given our implementa-
tion procedure, however, we feel that our sample 
is more generalizable to the U.S. population than 
most previous related work. In particular, it avoids 
some of the representativeness issues that arise in 
Internet-based surveys hosted on open-access sites 
with self-selected respondents (who in some cases 
may respond to a survey multiple times). Our survey 
population includes respondents from every U.S. state 
and the District of Columbia. Compared with data 
from the 2006 American Community Survey (ACS; 
U.S. Census 2007), our respondent population has a 
gender and race distribution similar to that of the U.S. 
public, but it is slightly older and more educated. It 
also underrepresents people with very low and very 
high incomes (Morss et al. 2008b).

We received 1,520 completed surveys. Because 
most of the survey questions focused on people’s at-
titudes and behaviors about specific weather forecast 
information, some familiarity with weather forecasts 
was required. Although weather is ubiquitous, we 
could not assume that everyone uses weather fore-
casts. Therefore, in the first survey question, we 
defined a weather forecast and then asked respon-
dents whether they ever use them. The vast majority 
(96.4%) of respondents said yes; the other 3.6% were 
not asked most of the rest of the survey questions. The 

remainder of the discussion is based on the responses 
of the 1,465 individuals who do use weather forecasts, 
adjusting as appropriate for the 3.6% who do not use 
forecasts. Because the survey was conducted in 2006, 
we use economic and population data from that year 
when making calculations and comparisons.

SOURCES OF FORECASTS. Understanding 
where, when, and how often people get weather fore-
casts is basic to beginning to know how best to supply 
them with such information, yet information about 
this in the publicly available literature is limited. To 
assess respondents’ sources, we asked them to indicate 
how often they obtain weather forecasts from each of 
10 potential sources. We consider the word “obtain” to 
represent both active receipt of forecasts (when people 
seek them directly) and passive receipt (when people 
get them while engaged in other activities; e.g., when 
someone is listening to the radio and the weather 
report comes on). For each source, we offered the six 
response options given in Table 1. These response 
options were recoded as shown in Table 1 to develop 
a conservative, lower-bound frequency by source per 
month. For instance, “rarely or never” was recoded as 
zero times per month and “once or more a month” as 
one time per month (even though two or more times 
per day could actually be many more than 60 times 
per month for a given respondent). Table 1 shows 
responses for each source ranked from most to least 
common sources.

The column labeled “mean times per month” in 
Table 1 indicates how often the average respondent 
obtains weather forecasts from each source. For 
instance, across our population, respondents got 
forecasts from local TV stations—the most common 
source—33.7 times per month on average (a little 
over once a day). More than 70% of respondents 
obtained forecasts from local TV at least once a day, 
with cable TV and radio as the next most common 
sources, respectively. Web pages and newspapers 
were less common sources overall, but both were a 
daily or more frequent source of forecasts for 27% of 
respondents—noting of course that all respondents 
to the survey had online internet access. On average, 
respondents obtained forecasts from the National 
Oceanic and Atmospheric Administration (NOAA) 
Weather Radio (NWR) a little more than twice per 
month (with 80% of respondents rarely or never using 
NWR). This does not mean, however, that NWR is 
unimportant; emergency managers and other special-

1 Morss et al. (2008b) provide a more complete description of the survey development and implementation and summarize 
sociodemographic comparisons of the respondents with the U.S. population.
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ized users obtain information from NWR, particu-
larly in potentially hazardous weather situations (see, 
e.g., Redmond 1995).

With the exception of National Weather Service 
(NWS) Web pages and NWR, which provide about 
9% of the forecasts the public accesses, it is not pos-
sible to quantify what portion of the weather infor-
mation is “directly” from the NWS. This cannot be 
quantified because the different sources of weather 
forecasts sometimes relay unaltered NWS weather 
forecast information and sometimes furnish value-
added information (with varying levels of NOAA/
NWS information content). When we look at the 
results as a whole, Table 1 empirically shows that 
people can and do obtain weather forecasts from a 
multiplicity of sources, each presumably chosen to 
meet individual needs and abilities.

A comparison of these results with two previous 
related studies supports the validity of our findings 
and provides information about how sources of 
weather forecasts may have changed in recent years. 
Lazo and Chestnut (2002) gathered data in the fall 
of 2001 using questions similar to ours with similar 
response categories. Omitting the two Internet-based 
sources, there is a 0.97 correlation between our results 
and those in Lazo and Chestnut. The primary dif-
ference between the two sets of results is the marked 
increase in the use of Internet sources in our data. 

This is probably partly because Internet use increased 
during the five years between the two surveys and 
partly because our survey was conducted online, 
whereas Lazo and Chestnut used hard-copy surveys 
administered in person. More recently, a Harris 
Poll (2007) asked respondents “Where are you most 
likely to get your weather forecasts?” Even though the 
Harris Poll question is framed differently, the results 
are consistent with the pattern of our findings: 44% 
of their respondents indicated local TV; 17% said 
The Weather Channel; and fewer selected newspaper, 
radio, and other sources. Also, about 2% of Harris 
Poll respondents indicated that they did not look at 
forecasts, similar to the 3.6% of our respondents who 
reported not using forecasts.

To estimate the total number of weather forecasts 
obtained per month, for each respondent we summed 
the times per month each of the 10 sources was used. 
The average respondent gets weather forecasts across 
all sources 115 times per month (recall that this is a 
conservative estimate, because we coded frequencies 
using the lower bounds of the responses categories). 
This corresponds to an average of 3.8 times per day, 
although the number of forecasts an individual ob-
tains probably varies significantly from day to day. 
The U.S. adult population in 2006 was nearly 226 
million.2 Assuming that our respondents are repre-
sentative of the U.S. population and accounting for 

Table 1. Sources of weather forecasts. The survey question asked “How often do you get weather fore-
casts from the sources listed below?”; n = 1,465. Response columns indicate percent of 1,465 subjects 
rounded to nearest whole percent. Mean column indicates mean monthly frequency.

Source
Rarely 

or never

Once or 
more a 
month

Once a 
week

Two or 
more 

times a 
week

Once a 
day

Two or 
more 

times a 
day

Mean 
times 
per 

month

Recoding to develop conservative 
lower-bound frequency by source 
as “times per month”

0 1 4 8 30 60

Local Tv stations 6% 5% 4% 14% 36% 36% 33.7

Cable Tv stations 22% 13% 9% 17% 22% 18% 18.9

Commercial or public radio 29% 8% 8% 16% 21% 18% 18.5

Other Web pages 39% 11% 9% 13% 17% 10% 12.7

Newspapers 39% 11% 12% 12% 24% 3% 10.4

NWS webpages 48% 17% 8% 10% 11% 6% 8.3

Friends, family, coworkers, etc. 35% 15% 16% 19% 11% 4% 8.1

NOAA Weather Radio (NWR) 80% 9% 3% 3% 3% 1% 2.1

Cell phone, PDA, pager, or other 
electronic device

90% 3% 2% 2% 2% 1% 1.6

Telephone weather information 
source

88% 6% 2% 2% 1% 1% 1.2
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the 3.62% of respondents who do not use forecasts, 
this means an estimated 300 billion forecasts are 
obtained by U.S. adults each year.3

We see significant variability in how often people 
obtain weather forecasts. A small number of respon-
dents (2.7%) indicated that they get forecasts 305 or 
more times per month (10 times per day or more on 
average). Of the respondents who said they use fore-
casts, 9.2% responded that they get forecasts 30 or less 
times per month (once per day or less on average). In 
other words, accounting for those who do not use 
forecasts, 87.2% of our survey respondents reported 
getting forecasts on average at least once a day.

Another component in building a picture of the 
public’s use of weather forecasts is what time(s) of day 
people obtain forecasts. To address this, we asked re-
spondents whether they normally get forecasts at dif-
ferent time periods of the day. Figure 1 shows the per-
centages of respondents who obtain forecasts during 
each of the seven time periods offered. Responses 
ranged from a little more than 20% of people report-
ing that they get forecasts in the midnight to 6 a.m. 
time period (all times local) to more than 72% saying 
that they obtain weather forecasts from 7 p.m. to mid-
night. Not surprisingly, a relatively small percentage 
of people get weather forecasts during the late night 
and early morning hours (i.e., from midnight to 
6 a.m.). From 6 to 8 a.m., as most people wake up and 
prepare for the day, almost 70% normally get some 
type of forecast information. This is consistent with 
results we report in the next section, which indicate 
that many people use forecasts in planning their 
daily activities—that is, what to wear or how to get 
to work or school. The number of people accessing 
forecasts decreases through the morning and early 
afternoon, and there is a secondary minimum in the 
period from 1 to 4 p.m. Looking overall at the 4 p.m. 
to midnight period, 91.6% of respondents indicate 
that they obtain forecasts during this time, which 
is likely connected to people considering forecasts 
as they plan for the following day. Overall, the peak 
periods during which people get forecasts are the early 
morning, early evening, and late evening hours. This 

is consistent with local TV being the most common 
source of weather forecasts.

PERCEPTIONS OF FORECASTS. In the previ-
ous section, we began to examine from where, when, 
and how often people obtain their weather forecasts. 
But another important element—how individuals 
perceive the information or how they judge and un-
derstand forecasts—comes into play between receiv-
ing weather forecasts and using them. We assessed 
people’s perceptions of weather forecast information 
in general, instead of focusing on NWS products and 
services [which has been done in previous customer 
studies sponsored by the NWS; see, e.g., CFI Group 
(2005)]. As we discuss in the “Sources of forecasts” 
section, it can be difficult to distinguish between 
products provided directly by the NWS and those 
that come from broadcast meteorologists or other 
intermediaries. This suggests that when we look at 
the overall public arena of weather forecasting—the 
focus of our study—it is more appropriate to assess 
people’s sources, perceptions, uses, and values of 
forecasts holistically.

In this context, we consider “perception” to be peo-
ple’s attained judgment or understanding of forecast 
information, which they usually achieve through their 
observations or experiences. We explored respon-
dents’ perceptions by examining their satisfaction 
with and confidence in the forecasts they currently 
receive. Although satisfaction and confidence are 
related, asking about both yields important distinct 

2 The estimated 2006 U.S. population is 299,398,485. Of this, 
75.4% are 18 years of age and older, which corresponds to 
an adult population of 225,746,458 [U.S. Census Bureau 
(2007), Table S0201; Selected Population Profile in the United 
States].

3 An adult population of 225,746,458 × 115.374 times per 
month × 12 months per year × 0.9638 (to account for the 
3.62% who do not use forecasts) equates to 301,229,196,054 
forecasts a year—about 300 billion forecasts a year.

Figure 1. Percentage of respondents who typically get 
weather forecasts during different times of the day 
(n = 1,465). The time periods indicated are not of the 
same temporal length. The survey question asked 
“Do you normally get weather forecasts during the 
time periods listed below?” Response options were 
“yes” and “no.”
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information. People’s stated overall “satisfaction” [de-
fined by Merriam-Webster (2005) as “fulfillment of a 
need or want”] may indicate their perception of the 
ability of forecasts to meet their needs. People’s stated 
“confidence” [“the quality or state of being certain,” 
Merriam-Webster (2005)] in weather forecasts may 
ref lect their perceptions of the quality, reliability, 
and accuracy of forecasts. Confidence is discussed in 
the risk perception literature as “the expectation of 
not being disappointed” (Siegrist et al. 2005, p. 146) 
and is intimately tied to trust in the provider of risk 
information. It is important to note, though, that 
respondents’ actual interpretations of these words 
may vary from these formal definitions.

To assess satisfaction, we asked respondents how 
satisfied or dissatisfied they are with the weather 
forecasts they currently receive. Figure 2 shows 
response options and results. For 
most respondents, satisfaction was 
quite high—almost 75% indicated 
that they were either satisfied or very 
satisfied with current forecasts. Only 
8% reported that they were dissatis-
fied or very dissatisfied.

Next, we asked respondents 
how much confidence they have in 
weather forecasts for each of six dif-
ferent lead times, ranging from less 
than 1 day to 7–14 days. Response 
options and results are shown in 
Fig. 3. Individuals indicated that 
they have more confidence in fore-
casts with shorter lead times, with 
85% reporting a high or very high 
level of confidence in forecasts less 
than 1 day in advance. People’s con-
fidence decreases with increasing 
forecast lead time, with 78% of 

respondents indicating low or very 
low confidence in forecasts 7–14 days 
in advance. Morss et al. (2008b) dis-
cuss these results in further detail, 
as well as how confidence varies 
among forecasts of different weather 
parameters. Specifically, they found 
that respondents had progressively 
lower confidence in forecasts of tem-
perature, probability of precipitation, 
and quantity of precipitation.

These results provide empirical 
information about people’s percep-
tions of weather forecasts. Our in-
terpretation of these results is that 

respondents’ lower confidence in longer lead-time 
forecasts reflects their understanding that these fore-
casts tend to be less accurate. This understanding—
which likely comes about through experience with 
weather and forecasts—coupled with respondents’ 
stated satisfaction levels, suggests that people do have 
well-formed judgments and understanding about 
weather forecasts.

Although satisfaction and confidence are use-
ful measures, the meaning of one-time evaluations 
of these concepts is generally difficult to interpret. 
Overall satisfaction levels do, however, serve as a 
useful baseline as new weather forecast information 
and products become available, and confidence levels 
form a useful baseline as weather forecasts improve. 
For these reasons, comparing current results with 
future survey results using the same question format 

Figure 2. Respondents’ satisfaction with current weather forecasts 
(note: for all figures percents may not sum to 100% due to rounding; 
n = 1,465). The survey question asked “Overall, to what extent are 
you satisfied or dissatisfied with the weather forecast information 
that you currently receive?”

Figure 3. Respondents’ confidence in weather forecasts of different 
lead times (n = 1,465 for each lead time). The survey question asked 
“How much confidence do you have in weather forecasts for the times 
listed below?” The times were listed as “Less than 1 day from now, 
“1 day from now,” and so on, out to “7 to 14 days from now.”
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will be of greater value than a one-
time assessment because this will 
allow changes to be examined over 
time. In addition to being useful 
measures on their own, satisfaction 
and confidence also relate to people’s 
use and value of weather forecasts, as 
we discuss in the next two sections.

USES OF FORECASTS. We 
assessed three aspects of how people 
use weather forecasts: 1) what geo-
graphic areas are of concern, 2) what 
components of forecasts are most 
important, and 3) for what decisions 
or activities forecasts are used. The 
results yield further valuable insight 
into how and why individuals access 
weather forecasts, and they also help 
us understand the link between 
sources and perceptions of weather 
forecasts and the value people place 
on that information.

To explore the geographic needs and interests of 
respondents, we asked them how often they obtain 
forecasts for different geographic areas. Figure 4 
shows the response options and results. An over-
whelming portion of respondents obtain weather 
forecasts about the city or the area where they live, 
with more than 90% saying they do so more than half 
the time or always. Only about 12% get forecasts for 
areas outside the United States half or more of the 
time. These responses are likely connected to the 
parts of people’s lives for which they use weather 
forecasts to make decisions. For example, statistical 
analysis of our data shows that those who use fore-
casts to plan travel were more likely than others to 
get forecasts for cities or areas in other U.S. states or 
in other countries.

Weather forecasts comprise multiple components, 
including different spatial and temporal information, 
weather elements (e.g., temperature, precipitation, 
and wind), and meteorological measures (e.g., type 
of precipitation and high or low temperatures). To 
better understand needs and interests related to 
different meteorological elements and measures, 
we asked respondents how important it is to them 
to have each of 14 types of information as part of 
weather forecasts. Respondents were asked to rate 
each separately using the response options shown 
in Fig. 5. The figure, which shows the results ranked 
from most to least important on average, illustrates 
that precipitation and temperature information are 

the most important self-reported components of 
forecasts to respondents. Two of the most important 
aspects are when and where precipitation will occur. 
This information is likely important because people’s 
activities are affected by the weather at specific places 
and times. As a result, forecasts that have adequate 
temporal and spatial information are more important 
(and potentially more valuable). People also reported 
chance, amount, and type of precipitation as im-
portant, as well as high and low temperature, with a 
majority of respondents indicating that each of these 
components were very or extremely important.

The time of day when high and low temperatures 
will occur is of somewhat less importance when 
precipitation will occur. This may be because people 
already have a good sense of when high and low tem-
peratures are reached based on personal experience 
in their locales. The time of day when precipitation 
occurs tends to be more variable than when high and 
low temperature occur. Individuals may also place 
more importance on more specific information about 
precipitation because precipitation may have a larger 
personal impact than temperature.

Of those forecast attributes respondents evaluated, 
the least important were the level of cloud cover and 
the direction of the wind. Even though wind speed 
and direction, humidity levels, and cloudiness are 
less important, on average, than precipitation and 
temperature information, these were rated as ex-
tremely important by 5%–11% of the respondents. 

Figure 4. Respondents’ geographic areas of interest for weather 
forecast information (n = 1,465). The survey question asked “When 
you get weather forecasts, how often do you get them for the cities 
or areas listed below?”
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These respondents may have specific uses for these 
forecast components.

Ultimately, forecasts are intended to give people 
useful information for making decisions. For this 
reason, we asked respondents how often, on average, 
they use weather forecasts for a variety of activities. In 
previous work, Lazo and Chestnut (2002) developed 
seven planning and decision-making options. For 
the current survey we added the option of “simply 
knowing what the weather will be like.” Figure 6 
shows the results, ranked according to decreasing use. 
As the figure illustrates, about 85% of respondents 
indicated that more than half the time, they obtain 
forecasts simply to know what the weather will be like. 
This indicates that people generally have a high level 
of interest in weather forecasts, regardless of whether 
they are using this information directly for planning 
and decision making, and that weather forecasts 
may have become a form of entertainment for some 
people. This response may also represent people who 
monitor weather forecasts to assess weather impacts 
on future decisions or people who did not (or could 
not) articulate the specific reasons for which they use 

weather forecasts, among 
other possibilities. In part, 
however, this suggests that 
daily weather forecasts may 
be of interest and have value 
even when they do not ap-
preciably affect behavior or 
decision making.

Respondents reported 
using weather forecasts 
most for those activities for 
which they likely have the 
most discretion for deci-
sion making (e.g., planning 
what to wear or weekend 
activities). Respondents 
indicated using weather 
forecasts less for activities 
for which they likely have 
less ability to change their 
behavior (e.g., how to get to 
work or school or what to 
do at work). In these cases, 
forecasts tend to be less 
relevant. Even for these less 
common uses and activi-
ties, though, 20% or more 
reported usually or always 
using forecasts.

VALUES OF FORECASTS. Understanding the 
economic value of forecasts is vital for policy analysis 
and for making decisions about priorities for forecast 
provision. As a result, after eliciting respondents’ 
sources, perceptions, and uses of forecasts, we ex-
plored the value households place on the forecasts 
they currently receive. Through this analysis, we can 
begin to make an order-of-magnitude quantitative 
estimate of the dollar value to U.S. households for 
all weather forecasting services currently provided, 
across a range of situations. We shift our discussion 
here to households instead of individuals because 
the question was framed in terms of household taxes 
rather than individual costs.

As is necessary for commodities—like weather 
forecasts—that have a large public good component, 
we implemented a nonmarket valuation approach. 
That is, we asked respondents what the commodity 
is worth (i.e., “stated” preference) rather than using 
market data as an indication of worth (i.e., “revealed” 
preference).4 To do this, we first informed respon-
dents that the NWS is the primary U.S. source for 
all basic data for weather forecasting and informa-

Figure 5. Respondents’ rating of importance for different potential compo-
nents of weather forecasts (n = 1,465). The survey question asked “How im-
portant is it to you to have the information listed below as part of a weather 
forecast?”
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tion services, including 
severe weather forecasts, 
watches, and warnings. The 
survey was thus designed to 
elicit household values for 
all forecast information, 
including severe weather 
watches and warnings. We 
also clarified that all NWS 
information is dissemi-
nated to media and private 
weather services.

The valuation question 
then presented or “offered” 
respondents a hypotheti-
cal amount that they are 
currently paying in taxes 
for all NWS activities and 
asked if the services they 
are receiving are worth 
more than, worth exactly, 
or worth less than the 
amount indicated. Each 
individual was randomly 
presented 1 of 11 dollar 
amounts ranging from $2 
a year to $240 a year. By 
varying the amount that 
different respondents are told they are paying, we can 
derive a profile of the percentage of people willing to 
pay different dollar amounts for weather information. 
Based on Lazo and Chestnut (2002)—who estimated 
a median household value of $109 per household 
per year for all current weather information using a 
similar question but with lower “offered” amounts—
we expected that $240 a year would be high enough 
that at least 50% of individuals would indicate that 
NWS weather services were worth less than the 
amount indicated. However, the range of values we 
selected did not extend high enough to include the 
median value, and therefore, we extrapolated the 
results to derive a median value.

Figure 7 shows the percentage of people answering 
that weather forecasts are “worth more than” or 
“worth exactly” the 11 different dollar levels, as well 
as the extrapolation to the median fitted value of $286 
per household per year (see figure caption for details). 
This is the dollar level at which we would expect 50% 

of the respondents to say weather forecast were worth 
that amount each year and 50% to say they are not 
worth that amount each year.

Because households’ values for forecasts are 
bounded at zero below and unbounded above, the 
median value will likely be less than the average 
value. For this reason, we take the median value 
extrapolated here as a lower bound estimate of the 
average value.

It is not clear to what extent members of the public 
distinguish between NWS-provided information and 
that offered by other sources. Because most of our 
respondents receive weather forecasts primarily from 
nongovernment sources, they may not fully under-
stand how NWS activities contribute to the weather 
products they receive. Consequently, the value esti-
mate discussed here is probably best interpreted as 
households’ value for all weather forecasts, rather 
than the portion of forecast services that could be 
attributed to the activities of the NWS. In that sense, 

4 A public good is one that is 1) nonrival in that others may use the good at zero additional cost and 2) nonexclusive in that 
once it is provided it is neither possible nor cost effective to exclude others from using the good. Because public goods are not 
bought and sold in competitive markets, we do not have price information about their value. To determine their value, then, 
we must use nonmarket valuation methods (Mitchell and Carson 1989; Doering 2007; Morss et al. 2008a).

Figure 6. Respondents’ use of weather forecast for decision making (n = 1,465). 
The survey question asked “On average, year round, how often do you use 
weather forecasts for the activities listed below?”
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it provides an upper bound estimate on the value of 
NWS services.

We also note that while the survey assessed how 
respondents use and value forecasts, forecasts are 
also used in decision making by businesses, govern-
ment, financial markets, and many other entities. 
Because we did not ask respondents whether their 
reported use and value of forecasts was for personal 
use or other uses, we cannot assume that they were 
not considering these other uses when responding. 
Therefore, we cannot simply add the value of other 
uses for forecasts without the danger of double 
counting. Future research is needed to explore how 
often forecasts are used in specific contexts and the 
values of these forecasts.

In 2006, the United States had an estimated 
114,384,000 households (U.S. Census Bureau 2008). 
Accounting for the 3.6% of households who do not 
use forecasts (and thus presumably have no value for 
forecasts), we calculate a total value of $31.5 billion 
per year to U.S. households for all weather forecast 

services.5 When this total amount is 
divided by the total number of fore-
casts obtained per year as derived 
in the “Sources of forecasts” section 
(301 billion), the average value is 
10.5¢ per forecast obtained.

The sum of all federal agency 
spending on meteorological opera-
tions and supporting research in fis-
cal year 2007 was about $3.4 billion 
(Office of the Federal Coordinator 
for Meteorology 2007).6 Based on a 
survey and analysis of private sec-
tor meteorologists and meteorology 
companies, Spiegler (2007) estimates 
private sector expenditures related 
to weather forecasting at about $1.7 
billion.7 The sum of U.S. public 
and private sector meteorology ex-
penditures is therefore about $5.1 
billion (including all operations 
and research). Relating this to our 
estimate of total value to households 
for weather services, we derive a net 
benefit of $26.4 billion a year ($31.5 
billion in benefits minus $5.1 billion 

in costs) and a cost–benefit ratio of 6.2 to 1.0 ($31.5 
billion in benefits to $5.1 billion in costs).

Although the valuation methodology applied here 
is relatively simple, our results do begin to reveal 
households’ values for weather forecast information. 
The approach we employed yields only an initial 
estimate that needs to be developed further to make it 
more consistent with in-depth methods for ensuring 
the validity and reliability of value estimates based 
on stated preferences (Louviere et al. 2000; Lazo and 
Chestnut 2002; Adamowicz and DeShazo 2006). 
These results do, however, strongly indicate that the 
value of meteorological services in the United States 
is likely significantly larger than the current costs.

CONCLUSIONS, DISCUSSION, AND 
FUTURE WORK. Before this study, little publicly 
available research had explored where, how often, or 
when people get weather forecast information across 
a range of contexts (i.e., not just for one weather 
event or for one provider’s products) and how people 

Figure 7. Assessment of value of all weather forecasting and informa-
tion services to households (n = 1,465). For each of the 11 “offer” 
prices (vertical axis) we plot the percent (horizontal axis) indicating 
worth “more than” or “exactly” that amount. Blue diamonds () 
show actual responses; solid pink line (— —) shows fitted line from 
linear regression; dashed black line (—) shows extrapolation to me-
dian value of $286 per household per year. Following the convention 
for graphing demand curves in economics, price (the independent 
variable) is depicted on the y axis, and the quantity, in this case the 
percentage of people willing to pay (the dependent variable), is de-
picted on the x axis. The survey question asked “Do you feel that the 
services you receive from the activities of the NWS are worth more 
than, exactly, or less than $N a year to your household?”

5 That is, 114,384,000 × (1 − 0.0362) × $285.64 = $31.5 billion.
6 This sum appears to include spending on U.S. Department of Defense weather operations and research.
7 According to Spiegler (2007, 20–21), “The total current private sector market exceeds $1.5 billion. Based on all the information 

accessed and analyzed, the margin of error in this estimate may be conservative by 10%–20% or more, resulting in a total 
market size between $1.65 and $1.8 billion, and perhaps as high as $2 billion.”
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perceive, use, and value this information. The basic 
understanding developed here highlights the impor-
tance of furthering this knowledge to develop a gen-
eral picture of how the weather enterprise interacts 
with members of the public.

Our results show that weather forecasts are a 
daily part of the lives of the vast majority of the U.S. 
public. Members of the public obtain 300 billion or 
more forecasts each year with a total estimated value 
of $31.5 billion per year. Except perhaps for current 
news events, there is probably no other type of infor-
mation that is obtained on such a routine basis from 
such a variety of sources. It is quite likely that no 
other scientific information is accessed so frequently 
(Wilson 2008). As shown in Fig. 6, people use weather 
forecasts for a variety of activities as well as simply to 
know what the weather will be like. Weather forecasts 
can therefore be considered part of the infrastructure 
of our lives and livelihoods.

Our results also show that people obtain weather 
forecasts from a variety of sources, but the vast major-
ity obtain them from media sources instead of directly 
from NWS Web pages or NOAA Weather Radio. Most 
private sector weather forecasts, however, are either 
directly or indirectly based on NWS data or forecasts. 
Moreover, the distinction between the public and 
private sector components of the weather enterprise 
probably is not very salient to most members of the 
public. This suggests that it does not make sense to 
think of the NWS and the private sector as competing 
interests. Instead, given that the public and private 
sectors work in tandem to create and disseminate 
the forecasts that people obtain from the multiple 
available sources, the weather enterprise should be 
developed as a collaborative effort. An integrated, 
consumer-oriented collaboration between public and 
private providers can only benefit the public.

Our work also raises several issues for future 
research. First, the results lead to questions about 
how best to disseminate weather forecast informa-
tion across various media. For instance, our survey 
indicates that as of late 2006, only a minority of re-
spondents were obtaining weather forecasts from cell 
phones, PDAs, and other portable electronic devices. 
With new technologies and services developing more 
content for such devices, location-specific and time-
sensitive weather forecasts have growing potential to 
provide significant societal benefits. It is important to 
understand and potentially anticipate these changes. 
This will allow the weather enterprise to provide 
timely information in useful formats through the 
most recipient-appropriate channels of communi-
cation. For instance, in emergency situations, ap-

proaches such as reverse 911 calls using geolocated 
cell phones may someday distribute timely warning 
information to people not accessible by conventional 
systems such as TV or radio. As technologies most 
people were not even aware of ten years ago continue 
to evolve into key communications tools, it is impor-
tant to track these changes over time and accurately 
assess the potential of new technologies.

In this survey, we neither assess why people use 
the forecast sources and media they do, nor did we 
look at how these preferences change depending 
on the situation. A variety of interesting questions 
remain to be addressed. For example, do people like 
TV forecasts because they can get a more in-depth 
sense of the forecast uncertainty or different weather 
scenarios, because they prefer receiving forecasts 
communicated by a human through voice and video, 
or for other reasons? Do people have confidence in 
and trust communication from some sources more 
than from other sources (Peter et al. 1997)? Do people 
use radio or cellular phones for weather forecasts and 
information when they are in their cars and detect a 
weather-related traffic problem? Do people use Web 
sites for weather forecasts more when they’re planning 
travel outside their local area?

Future research should also investigate how 
the importance people assign to different forecast 
components relates to their experience with and un-
derstanding of meteorological elements and forecast 
attributes, as well as to their weather-related activities 
(see Stewart 2006). Even though a majority of respon-
dents indicated that some forecast attributes, such 
as humidity levels and wind direction, are of limited 
importance, this information could be critically im-
portant to some subsets of the population. It could 
also be essential for deriving related information, 
such as heat index or pollution forecasts, that some 
people need.

We found that most people were generally sat-
isfied with weather forecasts and had fairly high 
confidence in forecasts at short lead times. Our 
assessment, however, has only begun to explore 
the psychological and social processes underlying 
how people perceive and interpret weather forecast 
information. An extensive relevant literature exists 
in communication (Ajzen 1991; Griffin et al. 1999, 
2004), risk communication (Slovic 1987; Morgan 
et al. 2001; McComas 2006), economics (Lawrence 
1999; Letson et al. 2007), and related disciplines 
such as sociology, journalism, marketing, and mass 
communications. Based on existing theoretical and 
methodological approaches from the broad range of 
relevant disciplines, this body of literature should 
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be employed to investigate the communication, 
understanding, and use of weather forecasts more 
comprehensively. Such knowledge could be a signifi-
cant help in designing weather forecast products and 
dissemination mechanisms that enhance forecast 
interpretation, use, and value.

With respect to the valuation approach, econo-
mists have a broad range of methods for eliciting 
values for information. The simplified approach 
employed here should be built on, using these meth-
odologies from economics, to develop more reliable 
and valid estimates for the value of forecast infor-
mation. Such estimates should include the value of 
weather forecasts not only in general for the broad 
public, but also in specific weather contexts (e.g., 
hurricanes, tornadoes, or heat waves) and for specific 
user groups (e.g., transportation, energy, health, or 
agriculture sectors). Studies are also needed to assess 
the value of improved weather forecasts as well as the 
value of improved communication and use of forecast 
information.

As communication technologies become more 
mobile, as bandwidth increases, and as new gen-
erations of users come online, people’s sources, 
perceptions, uses, and values of weather forecasts are 
changing rapidly. This means that assessments like 
ours should be performed regularly to understand 
how the picture is changing with time and to make 
sure that the knowledge on which weather forecasting 
decisions are based does not become outdated. Based 
on our work to date, and to support the weather 
enterprise’s efforts to provide societally beneficial 
weather information, we advocate for a well-designed 
and carefully implemented periodic evaluation of 
the public’s sources, perceptions, uses, and values 
of weather forecasts. One approach would be to 
undertake a core survey every two years containing 
a consistent set of questions for basic evaluation of 
people’s sources, perceptions, uses, and values. This 
would allow for tracking of changes over time and 
provide indicators to policy makers of improve-
ments or degradation of the value of forecasts and 
products from the end user’s perspective. Additional 
survey components would focus on more in-depth 
topics as needed to address key current needs, such 
as communicating tornado or hurricane warnings, 
presenting forecast uncertainty information, and 
supporting potential new products or services. Such 
an ongoing survey effort should be developed by 
autonomous researchers in collaboration with survey 
research experts, and they should be peer reviewed 
and then implemented with a nationwide represen-
tative sample—not a self-selected panel as in some 

prior satisfaction surveys. The resulting information 
could be used by public and private sector forecast 
providers to help them be more responsive to public 
needs in product and service design and delivery. It 
would also provide quantitative support of the value 
of forecast activities. Such a survey would not assess 
all users or all products or services and thus should 
be supplemented by additional research and evalu-
ation efforts. Such a research effort would, however, 
provide solid ongoing evidence of the importance 
of weather forecasts to the largest and most critical 
group of users—the general public.
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