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Abstract. The value of a weather forecast and a warning is the benefit realized by decision makers through the
use of the product. It is important to know what determines how valuable a warning is from a user’s point of
view. Further, it is unclear whether users and providers have the same understanding of the value of a warning.
To address the question of how to best evaluate and communicate the value of weather warnings a survey was
designed, conducted and analysed. The survey includes questions with respect to the relevance of various aspects
of a warning, the potential benefit of providing information on warning quality, the type of potentially useful
information, and suitable ways of providing such information. 66 experts in the field of weather warnings and/or
their communication responded to the survey in the frame of scientific conference in 2024. Additionally, a small
sample of the general public responded to a selected excerpt of the original survey during the German national
weather service’s open house. Apart from the core information of warnings, i.e. time, place and severity of the
hazard, impact information, and behavioural advice are seen to add value to a warning. Being able to understand
the information in the warning is seen as important for the majority of the respondents in the study. Information
on the accuracy in timing, location and severity of an event are rated as useful, either to increase trust in warnings
or for decision making. Dependent on which user groups are asked, different formats are most suited for warning
quality communication. The experts stated that they have more practical experience regarding the content of
warning quality information and its usefulness compared to the suitability of different formats. This suggest that
there is still a need for testing various formats for best communicating warning quality information to different

user groups.

1 Introduction

There is a global need for meaningful weather warnings.
Impact-based warnings are developed to meet this demand.
However, there is as need to develop evaluation methods that
also includes e.g. behavioural responses and avoided losses,
to explore the actual value of impact-based warnings com-
pared to traditional warnings (Potter et al., 2025). The need
for evaluation and verification of impact-based warnings, in
order to determine their strengths and weaknesses and con-
sequently to lead to improvements, is supported from the
perspective of the National Meteorological and Hydrologi-
cal Services (NMHSs) in Germany and Norway. Despite the
challenges arising during the analysis of rare meteorological

Published by Copernicus Publications.

events, a set of statistical methods are suitable for comparing
weather forecasts or warnings with observations to assess the
(physical) accuracy of forecasts (e.g. Jolliffe and Stephenson,
2011). Such comparisons are called verification, while eval-
uation aims for the assessment of the practical usability of a
warning. In the following text, the word evaluation is used in
place of “evaluation and verification”.

Since an increased public understanding of the impend-
ing hazard and the impacts caused by severe weather was
achieved when providing impact-based warnings, such warn-
ings are implemented in several National Meteorological
and Hydrological Services (WMO, 2015; Kaltenberger et al.,
2020). For impact-based warnings, the complexity of evalu-
ation is increased due to the fact that it is not enough to com-
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pare the forecasted meteorological parameters against cor-
responding measurements. The societal consequences of the
hazard should also be considered (e.g. by comparing fore-
casts with damage compensation statistics). Additionally, the
preventive measures taken by various actors — based on the
warning content — to reduce risk and damages pose a chal-
lenge in warning evaluation (e.g. Potter et al., 2021, 2025).
When relying on impact data for the evaluation of impact-
based warnings, it is difficult to distinguish between incor-
rect warnings (i.e. the warning described a scenario which
did not occur as described and thus induced no impacts) and
correct warnings (i.e. the warning described a scenario cor-
rectly, however, people responded to the warning and took
preventive measures and thus no impacts were induced).

According to Murphy (1993), the value of a forecast is the
incremental economic and/or other benefits realized by deci-
sion makers through the use of the forecasts. This raises the
question of what determines how valuable a warning is from
a user’s point of view? Do users and providers have the same
understanding of the value of a warning? How can the value
of a warning be best communicated to users to support their
decisions to mitigate risk or prepare for it as best as possi-
ble? Some potential factors to consider in an evaluation could
address how accessible the warning is, how understandable
the information about the weather is, how timely the warn-
ing was issued (lead time), how well the consequences and
the risks are described, and how useful the information is in
the user’s decision-making processes. The latter might be af-
fected by e.g. how trustworthy they consider the (provider of
the) warning to be, how skilful or accurate the information
is, or how relevant the information is to their specific situa-
tion or context. Do users understand the impact of the hazard,
such that they make better decisions and preventive actions,
or is something lost between warning and action?

Increasing the complexity of these questions, it has to be
noted that among users, e.g. emergency services, authorities
in civil protection, and the general public, the way in which
warnings — especially regarding severe weather warnings —
are used and understood varies widely (Golding, 2022; Sivle
etal., 2022). Hence, a user-oriented evaluation could help the
NMHSs understand the capabilities and limits of warnings
among the different user groups, and consequently improve
users decision-making capabilities, such as safeguarding life
and property.

To address the question of how to best evaluate and com-
municate the value of weather warnings a survey was de-
signed, conducted and analysed. The survey addresses the
relevance of various aspects of a warning, the potential ben-
efit of providing information on warning quality, the type of
potentially useful information, and suitable ways of provid-
ing such information.
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2 Methodology and data

To get an overview of evaluation activities in the field of
weather warning and its communication to users, and to col-
lect input and opinions on how to best perform user-oriented
evaluation of warnings, we (the authors of this paper) de-
veloped a short survey. The survey included questions with
respect to the relevance of various aspects of a warning, the
potential benefit of providing information on warning qual-
ity, the type of potentially useful information, and suitable
ways of providing such information.

This survey could have been completed within approxi-
mately 10 to 20 min. The survey was anonymous. No sensi-
tive data was collected. The responses are used for scientific
analysis only.

2.1 The questionnaire

The questions had different foci: (1) warning content and per-
ception, (2) warning value and its communication, and (3)
background of the participants. All questions are listed be-
low.

1. Warning content and perception:

— If you think of the information you typically get
from a weather warning, which three statements
make most sense to you? [Q1.1]

— Several factors are important for the value of a
warning. Which ones are important to you? [Q1.2]

— How do you, in general, perceive the thresholds
for issued warnings in the country where you live?

[Q1.3]

— Are there specific phenomena and warning levels
where you think differently than in question 1.3?

[Q1.4]
2. Warning quality and its communication:

— How could the knowledge of the quality (verifica-
tion/evaluation) of a warning be useful for users?

[Q2.1]

— What kind of information related to warning quality
would be useful? [Q2.2]

— The assessment (in questions Q2.1 and Q2.2) is
based on: [Q2.3]

— Which format(s) to share warning quality do you
think is suitable for these different user groups?

[Q2.4]
— The assessment (in question Q2.4) is based on:

[Q2.5]

— If you know one, please refer to a specific example
of good practice in evaluating warnings (including
consequences and preventive measures). E.g. a link
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to a research article, a website with more informa-
tion etc. [Q2.6.]

— If you know one, please refer to a specific example
of good practice in communicating warning quality.
E.g. alink to a research article, a website with more
information etc. [Q2.7]

3. Background of the respondents:

— Which role do you primarily have related to
weather warnings? [Q3.1]

— Where do you live? [Q3.2]
4. Open question:

— Do you have any other comments regarding the
topic “How to best evaluate and communicate the
value of severe weather warnings?”? [Q4.1]

2.2 The data collection and respondents

The survey was introduced at three expert conferences dur-
ing 2024: (a) the Weather and Society Conference (on-
line conference, 26 February—1 March 2024) initiated by
the Societal and Economics Research Application (SERA)
Working Group of the World Weather Research Programme
(WWRP) of WMO, (b) the European Meteorological So-
ciety (EMS) Annual Meeting (taking place 2—-6 September
2024 in Barcelona, Spain) and (c) the final conference of
the HIWeather project within the WWRP (taking place 9—
13 September 2024 in Munich, Germany). The conference
participants were invited to participate in this online survey
that could be completed during or after the conferences. Dur-
ing the first of those conferences the link to the survey was
also forwarded to colleagues engaged within the Weather
and Climate Information Services (WISER) project. At the
Weather and Society Conference as well as the HIWeather
final conference experts from various fields come together,
while the European Meteorological Society Annual Meeting
mainly attracts scientists working in meteorological research.

In total 66 experts responded to the survey. Among the
respondents were 15 (23 %) researchers in social and be-
havioural sciences or related fields, 17 (26 %) researchers
in meteorology, hydrology or related fields and 14 (21 %)
forecasters issuing warnings. The remaining 20 (30 %) re-
spondents gave media and communication (4, 6 %), emer-
gency services (3, 5 %), administration (3, 5%) or others
(10, 15 %) as their primary role related to weather warnings
(Fig. 1, left). The respondents came from all continents (see
Fig. 1, right), with a majority based in Europe (28 respon-
dents, 42 %) or Africa (23 respondents, 35 %, of which a ma-
jority is engaged in the WISER projects).

Additionally, three of the questions (slightly adapted and
reworded versions of questions Q2.1, Q2.2 and Q2.4) were
posed to the visitors at the “open house” in the headquar-
ter of Deutscher Wetterdienst (DWD, Offenbach, Germany;
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German Meteorological Service). The open house was an-
nounced in local TV, local radio, local newspaper, on the
webpage and on a banner at the building. The people who
participated in this survey at the open house are considered a
sample of the general public. They could be neighbours who
wanted to get to know the well-known institution based in
their town, or people with at least a basic interest in weather,
climate or environment. Some might have a specific interest
in weather, such as a weather-dependent hobby or engage-
ment in voluntary emergency relief services.

The questions were presented on a poster, which also pro-
vided some basic information on forecast evaluation. The
people could respond to the questions by dropping chips in
special ballot boxes. Since it was possible to select more than
one of the given options per question, the number of partic-
ipants can’t be determined. (In the same room visitors were
asked to judge the quality of six sample forecasts; between
142 and 217 people used the chance to rate these sample fore-
casts, thus it is assumed that a somewhat similar number an-
swered the questions on warning quality and its communica-
tion.). The responses from the public are presented next to
the responses from the experts, in Sect. 4.

3 Warning content and perception

In the first of the questions [Q1.1] regarding the warning con-
tent, the respondents were asked to select three statements
from a list of eight options, that make most sense to them.
(12 respondents, 18 %, only selected one of the statements.)
Most of the given statements relate the content of warnings
to the content of forecasts (Fig. 2). The two statements “The
warning is essential for taking action and hence to reduce
damage and loss” and “The information of possible impacts
provided in the warning is an added value compared to the
forecast” were selected by 41 respondents (62 %). This is
followed by the statement “The behavioural advice provided
in the warning is an added value compared to the forecast”
which was selected by 36 respondents (55 %). These find-
ings are in line with Weyrich (2020), who found that impact-
based warnings were more likely to engage people in self-
protective behaviours than people receiving standard warn-
ings.

Similarly, the following question [Q1.2] asked: “Several
factors are important for the value of a warning. Which ones
are important to you?”. Ten factors were given and the re-
spondents could select the importance from “l1 Low” to “5
High” for each factor (Fig. 3). “Understandable” is of highest
importance (average of 4.23), followed by “place of event”
(average 4.14), “time of event” (average 4.12) and “severity
of event” (average 4.12). The respondents agreed about this
(standard deviation between 1.01 and 1.08). Of lowest, but
still relatively high, importance (average 3.5; standard devi-
ation 1.23) is whether the warning is “accessible in my pre-
ferred channels”. While among the most selected statements

Adv. Sci. Res., 22, 87-95, 2025




90 K. Wapler and A. Sivle: How to best evaluate and communicate the value of severe weather warnings?

Which role do you primarily have

related to weather warnings?
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Figure 1. Respondents’ primary role related to weather warning (left) and continent the respondents live in (right).

Which three statements make most sense to you?

Don't need a warning,
the forecast provides needed information.

A warning is required even
if similar information is found in the forecast.

The warning is a heads up,
a reminder to check the forecast in detail.

The forecast is superior to the warning
because of the details provided.
The warning is superior to the forecast
because of the details provided.

The behavioral advice provided in the warning
is an added value compared to the forecast.

The information of possible impacts
is an added value compared to the forecast.

The warning is essential for taking action
and hence to reduce damage and loss.

Not sure.

T AT

10 20 30 40
number of responds

Figure 2. Statements with respect to warnings which made most sense to the respondents.

in the previous question, “advice which actions to take” and
“impact information” was indicated as less important com-
pared to time, place and severity of the event. One explana-
tion for this could be that time, place and severity can be seen
as core information in a warning, that must be there, and im-
pact information and behavioural advice only makes sense
and improves understanding when you also know what haz-
ard is expected, when and where. This explanation is sup-
ported by Weyrich et al. (2018), who found that standard
warnings were seen as more difficult to understand compared
to impact-based warnings, and that impact information and
behavioural advice increased people’s intention to act.

Even though guiding criteria for awareness levels are
somewhat standardized (e.g., Meteoalarm, 2025), specific
warning criteria are typically different in every country. Nev-
ertheless, one question was concerned with thresholds used
for issuing warnings: “How do you, in general, perceive the
thresholds for issued warnings in the country where you
live?”. For each warning level (“yellow level”, “orange level”
and “red level”) respondents could select one of the options:
“too low (too many)”, “good as it is” or “too high (too few)”
(Fig. 4). For the orange level 45 respondents (68 %) per-
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Which factors regarding the warning value are important to you?

1 2 3

4 5
Low High | ¥ 8
Trusted source & ® (29 4.03 1.10
Understandable : ® o (37 4.23 1.01
Easy overview of key
information o v @ | 388 111
Timeliness of information -« & @ 29 3.86 1.25
Accessible in my preferred s & &
channels ’ 9 3.50 1.23
Advice which actions
to take 21 a8 e 3.65 1.13
Impact information 7 @ @ 3.70 1.07
Severity of event e ® (33 412 1.05
Place of event = @ (33 414 1.06
Time of event @ o+ (36 4.12 1.08

Figure 3. Importance of different factors with respect to the value
of a warning. Ratings for each factor, mean () and standard devia-
tion (§).

ceive the warning thresholds “good as it is” with 8 responses
(12 %) on both sides (too low; too high). For the other warn-
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How do you perceive the warning
thresholds in your country?

Too low Good Too high  Not sure
(toomany) asitis (too few)
Red level . 41 ®
Orange level & 45
Yellow level 23 34

Figure 4. Perception of qualification of warning thresholds.

ing levels the distribution is skewed. 23 respondents (35 %)
perceive the thresholds for yellow level warnings as too low
(meaning too many warnings). This finding is supported by
one of the responses in the open question (1.3), claiming that
yellow level to them meant “don’t act”, and is in line with
other studies. For example, Sivle et al., (2022) found that
34 % of the respondents in a European survey thought that
too many warnings made a dulling effect. Interestingly, 16
respondents (24 %) in the present study perceive the thresh-
olds for red level warnings as too high (meaning too few
warnings), providing us a more nuanced view on the topic.
Additionally, two respondents said that red levels are helpful
for them to take action and prepare as such a warning means
“do or die”. On the other hand, orange level warnings were
found confusing by one respondent who stated that action
“depends on the end user”.

4 Warning quality and its communication

Concerning the warning quality and its communication, three
aspects are of interest: how could the knowledge on warning
quality be useful, what kind of information would be useful
and the formats suitable for distributing such information on
warning quality. The question “How could the knowledge of
the quality (verification/evaluation) of a warning be useful
for users?” was asked to both the experts as well as the gen-
eral public. While the experts could rate the usability of four
given options from “1 not useful” to “5 very useful” in the
online survey, the general public just picked the options they
thought were applicable (with the possibility to select more
than one option). The results are shown in Fig. 5. The experts
responded that the knowledge of the warning quality would
be most useful “to increase trust in warnings” and “for deci-
sion making” (average 4.3 for both with a standard deviation
of 0.8 and 0.9 respectively). This was followed by the rating
for the option “to understand the strengths and weaknesses”
(average 3.8, standard deviation 1.0). The lowest usability
(average 3.4, standard deviation 1.3) was given by experts for
the option “to calculate the economic value of a warning”, as
well as by the general public (10 responses). Compared to the
responses by the experts, the general public rated “for deci-
sion making” (76 responds) approximately twice as often as
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useful as the options “to increase trust in warnings” (42 re-
sponses) and “to understand the strengths and weaknesses”
(35).

While the previous question addressed the usefulness of
warnings quality information in general, the following ques-
tion differentiates various aspects of quality information:
“What kind of information related to warning quality would
be useful?*. The online survey for the experts had seven op-
tions (plus “not sure”), whereas two options were left out
in the question for the general public (Fig. 6). “Accuracy in
location of the event” (57 responds; 86 %), “accuracy in tim-
ing of the event” (55; 83 %) and “accuracy in severity of the
event” (50; 75 %) were rated most useful by the experts. This
was followed by “overview of societal consequences” and
“evaluation of successful preventive measures” (both 37 re-
sponses, 56 %). Information on accuracy of severity, timing
and location of the event was also judged most useful by the
general public. These three were selected 2.5 times more of-
ten than the options “weather consequences” and “suitable
preventive measures”. Results from the survey to the experts
show a factor of 1.5 between the number of responds for
those groups of options.

Following the question about the potentially useful con-
tent of warning quality information, the suitable formats
were addressed: “Which format(s) to share warning qual-
ity do you think is suitable for these different user groups?”
(Fig. 7). The different users were grouped into: “Emergency
and civil protection”, “Energy, tourism, transportation, etc.”,
“Hydrology”, “General public” and “Media and communi-
cation”. For the first user group (emergency and civil pro-
tection), the vast majority (56 respondents; 85 %) think that
workshops (face-to-face) are suitable, 52 % (34 respondents)
picked “online webinars” and “fact sheets” as suitable for-
mats. For the “energy, tourism, transportation etc.” sectors
“online webinars” (42 respondents; 64 %) and “fact sheets”
(38 respondents; 58 %) are most often selected. “Workshops”
is the only format which was identified as useful for the “hy-
drology” sector with more than half of the respondents (35
respondents; 53 %) choosing this option. “Social media” is
most often (42 respondents; 64 %) indicated as useful for
the “media and communication” group, followed by “fact
sheets” (40 respondents; 61 %). Both the experts as well as
the sample of the general public itself gave their opinion on
the suitability of the different formats for sharing warning
quality information to the general public. While asking the
general public, the option “workshops (face-to-face)” was
dropped from the list of options, since it is not really re-
alisable. Most of the experts (48 respondents; 73 %) chose
“social media” as a suitable format, followed by “video tu-
torials” (38 respondents; 58 %). In contrast, the sample of
the general public chose “video tutorials” most often (69 re-
spondents) followed by “online webinars” (55 respondents).
However, the representativity of the sample of the general
public is limited. (Since the number of respondents is not
known, percentiles cannot be given.)
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How could the knowledge of the warning quality be useful?

To understand the . & T 21
strengths and weaknesses

To increase trust in 2 " 36
warnings

For decision making e 19 33

To calculate the economic
value of a warning

1 3 4
Not useful

To understand the
strengths and weaknesses

To increase trust in
warnings

For decision making

To calculate the economic
value of a warning
0 20 40 60
number of responds

5 Not
Very useful sure

Figure 5. Usefulness of knowledge of the warning quality as rated by experts (left) and the general public (right). Note that the experts had
the opportunity to choose a rating (1 not useful to 5 very useful or not sure) whereas the general public just had the opportunity to select the

different statements.

What kind of information related to warning quality would be useful?

timing'oF & avout |

) A?curac
location of an event
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spEaHc Shverity |
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Not sure |:|
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location of an event

. Accuracy in
severity of an event

weather
consequences

. suitable
preventive measures

O 10 20 30 40 50 60 70
number of responds

Figure 6. Kind of information related to warning quality that would be useful according to the experts (left) and the general public (right).
Note that in the adapted survey for the general public the list of different information was reduced.

One of the given options regarding formats is “together
with the warning”. This was not selected most often for any
of the user groups, however, between 33 % (hydrology) and
48 % (media, communication) of the experts classified this
option as suitable across the user groups and 41 respondents
from the sample of the general public also found it suitable.
Thus, this might also be a way forward in warning commu-
nication.

For the questions regarding warning quality and its com-
munication, the survey also asked what the participants based
their assessment on: “Practical experience from work with
severe weather and warning information”, “Good knowledge
of severe weather warnings, its communication, and use” and
“A guess”. It was possible to select more than one option.
Those who selected both, “practical experience ...” as well
as “good knowledge ...”, were counted for “practical expe-
rience”. Figure 8 shows that the fraction of respondents hav-
ing practical experience is higher for the questions regarding
the content of warning quality information and its usefulness
(Q2.1 and Q2.2). Regarding suitable formats (Q2.4), 21 %
of the respondents based their assessment on a guess. This
could indicate that there is still a need for testing various for-
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mats for best communicating warning quality information to
different user groups.

5 Limitations and future research

The survey was conducted at three different scientific con-
ferences, resulting in 66 respondents. While this provides a
useful starting point for gathering insights, further research
is needed to advance understanding in this area. In particular,
future studies should explore different formats for effectively
communicating warning quality information to different user
groups. Moreover, the existing knowledge gap concerning
how to collect, evaluate and redistribute near-real-time data
on weather impacts warrants greater attention.

6 Summary and conclusions

6.1 Core information and warning language

In this study we found that there are some elements of a
warning that are seen as core information: time, place and
severity of the hazard. On top of that, impact information and
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Which format(s) to share warning quality do you think is suitable?

Social media & 2 T4z

48

Together with the
warning

Fact sheets 0 40

Video tutorials 38

Online webinars 42

Workshops
(face-to-face)

e e N $O g0
et g0 o W
@ s o

Social media

Together with the
warning

Fact sheets

Video tutorials

Online webinars

r T T T T T T 1

10 20 30 40 50 60 70
number of responds

Figure 7. Formats suitable for warning quality communication as rated by the experts (left) and a sample from the general public (right).
Note that in the adapted survey for the general public face-to-face workshops were dropped from the list of different formats.

Q2.1 How could the knowledge of the warning quality be useful?
{ Q2.2 What kind of information related to warning quality would be useful?
B Q2.4 Which format(s) to share warning quality do you think is suitable?

r 100%

S
o

80%

w
o

60%

N
o

- 40%

-
o
T

number of responds

20%

o

[ [ L oo
knowledge aguess

Assessment based on ...

experience

Figure 8. Background the respondents based their assessment on.

behavioural advice are seen to add value and are essential for
taking action. A recent study from Norway (Eikenes et al.,
2025) supports this by suggesting an argumentative order of
the content of warning messages: first providing a descrip-
tion of the hazard, followed by what the situation may mean
(by categorial sub-headings summarising the content). Such
a structure will produce plain language by removing barriers
for finding information, understanding information, and us-
ing the information in decisions. Being able to understand the
information in the warning is seen as important to several of
the respondents in our study, and a few of them also explicitly
mentioned that they would welcome information provided in
“layman’s language” or to be “communicated in easy lan-
guage so that everyone can understand even if [English] is
not their native language” in the free text questions. NMHSs
producing and providing warnings should keep the language
issue in mind, since many people are mobile and travel be-
tween countries. This means that people with diverse back-
grounds need to understand national hazard warnings and be
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able to use them in a new location to stay safe (Sivle et al.,
2024).

6.2 \Verification builds trust

According to the respondents in this study, information about
the quality of warnings was considered particularly valuable
for enhancing trust and supporting decision making. This
finding aligns with previous research reporting that verifica-
tion results can lead to increased confidence in weather fore-
cast information (Sivle et al., 2022). Among the different at-
tributes of warning quality, the accuracy of severity, timing
and location of the event were identified as the most critical
factors. Similar results have been reported in studies on risk
communication, where the credibility of warnings depends
strongly on their perceived precision and relevance (Lindell
and Perry, 2012).

Respondents also highlighted several formats and chan-
nels through which warning quality could be communicated.
While not the most frequently selected option, providing
quality information directly alongside the warning may open
new and valuable opportunities for user engagement. For in-
stance, as is well known among meteorologist, convective
events such as thunderstorms and flash floods are particularly
difficult to predict with high spatial and temporal accuracy.
When warnings cover large areas but only parts of the region
are actually impacted, trust in such warnings may be under-
mined (Trainor et al., 2015).

One potential approach could be the provision of warn-
ing quality information along with the warning based on
(weather situation dependent) verification results. A further
approach could be the integration of real-time updates on
the evaluation of warnings, such as live information on storm
tracks, rainfall intensity, and reported impacts or successful
protective measures. Such impact-based communication can
improve both comprehension and protective action (Potter
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et al., 2018). Previous studies have also shown that social
media can be successfully used during disasters to under-
stand the situation and coordinate efforts; however, real-time
acquisition and analysis of data are critical (Vieweg et al.,
2014). Furthermore, incorporating crowdsourced data — such
as weather reports collected by NHMS weather apps, images
of impacts or status reports from individuals, local newspa-
pers or community groups — may strengthen the perception
of warnings as credible and actionable (Goodchild and Glen-
non, 2010).
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