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A B S T R A C T   

This paper appraises current usage and future weather service needs in Ireland. The data for this 
study were collected using a household preparedness questionnaire and focus groups with urban 
communities, rural dwellers, and marine users, farmers, students, and an island community. The 
questionnaire was used to collect data on weather warnings and preparedness following a cate
gory red severe weather warning. Data on participants’ need for weather forecasts and warnings, 
current and future weather service requirements, and the effectiveness of the National Meteo
rological and Hydrological Service (NMHS) were collected from the focus groups. 

Our analysis identifies the importance of accurate weather forecasts to the public and groups 
such as farmers as they plan their professional and private lives. Participants were aware of the 
weather warning system’s color-coded structure, with the highest-level warnings considered most 
effective in capturing attention. Most participants spoke negatively about category yellow 
warnings, as they perceived them to be issued too frequently. Experience of warnings being issued 
and threats failing to materialize caused a minority of participants to ignore warnings and not 
take preparedness action. The professionalism of the NMHS was praised by focus group partici
pants, and there was a high level of overall satisfaction with the quality of the national weather 
warning system (75.1% of survey participants were mostly or extremely satisfied). 

Opportunities to improve weather services included enhanced communication with service 
users, improved web and app interfaces, a move to probabilistic forecasting, and weather 
warnings that encompass calls to action.   

1. Introduction 

Island nations, such as Ireland, which experience rapidly changing weather systems, are particularly reliant on accurate weather 
forecasting and an effective weather warning system. Hydrometeorological services must, therefore, provide necessary weather and 
preparedness information through these forecasts and warnings to enable communities and partners prepare for and respond to 
extreme weather events [1]. These hydrometeorological services also play a vital role in motivating citizens’ adaptation and promoting 
resilience to severe weather [1]. To support users in their decision making, the World Meteorological Organization (WMO) [2] 
emphasized the need for a user-centric model of weather forecasts and warnings: an approach which aligns with The First Mile concept 

Abbreviations: WMO, World Meteorological Organization; NMHS, National Meteorological and Hydrological Services; NRA, National Risk Assessment; IFRC, In
ternational Federation of Red Cross and Red Crescent Societies. 
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that places users at the beginning, rather than the end, of the weather forecasting and warning design process [3–5]. 
The purpose of our study was to determine the current and future weather service needs of the general public and specialist interest 

groups, with particular emphasis on the effective communication of weather forecasts and weather warnings. The findings will un
derpin the delivery of the Strategic Plan (2017–2027) of Met Éireann, the Irish National Meteorological and Hydrological Services 
(NMHS), to improve customer services and inform the development of impact-based forecast services. 

1.1. Background 

Weather forecasting has a degree of uncertainty in relation to location, timing, intensity, and level of impact. To help quantify this 
uncertainty and determine the most likely scenario, the Irish NMHS utilizes an Ensemble Prediction System [6]. This scenario is then 
provided to the public as a single predicted weather forecast, with no reference to the probability of occurrence. 

Research examining US weather forecasts has shown that when people are provided with a forecast without uncertainty infor
mation they attempt to estimate uncertainty; perhaps inaccurately [7,8]. Morss et al. found that as the lead time for a forecast 
increased, respondents’ confidence in the forecast reduced and concluded this “suggests that many respondents have a general sense of 
the relative accuracy or uncertainty in different types of weather forecasts” ([7]; p.987). Uncertainty in weather forecasting, and 
confidence in the weather forecasts, will also be explored in our study. 

Providing uncertainty information could improve understanding of the forecast and assist service users in making more effective 
decisions [9,10,11]. Kox et al. established that in Germany emergency service personnel had less confidence in deterministic forecasts, 
which give a single prediction, when compared to forecasts which report probabilistic information [10]. Just as Irish warnings include 
general statements such as “Storm Barra is expected to bring severe and damaging wind gusts” ([12]) Kox et al. noted that Germany’s 
weather warnings also use qualitative statements about uncertainty (e.g., very likely) [10]. They found that German users would prefer 
warnings to contain a range of values and probabilities in addition to the deterministic statements [10]. The preferences of Irish service 
users will be determined in this paper. 

In a US study conducted by Carr et al. , information about a hypothetical hurricane scenario was presented to focus group par
ticipants to examine how they used and interpreted an ensemble flood forecast [11]. They found the different clusters of users (water 
resource managers, emergency managers and residential users) reacted differently to the forecast information, and that changes in how 
the graphics were presented, e.g., “a detailed legend with range of probabilities”, appeared to improve “the ability of residents to 
understand uncertainty” ([11]; pp.1369-1370). Their findings highlighted the importance of reducing uncertainty in forecasting and 

Fig. 1. Sample warning showing weather warnings issued across Ireland.  
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the need to gain a greater understanding of how forecasts are perceived and acted upon. A key focus of our paper will be to add to this 
understanding of how forecasts and weather warnings are perceived and acted upon by the general public and specialist service users 
in Ireland. 

Once a warning is issued, several outcomes can occur: a false alarm; an over-warning (less severe than forecast); an accurate 
warning; or an under-warning (more severe than forecast) [13]. False alarms or over-warned events are more likely to occur than 
missed warnings [14] and warnings are issued to more people than are likely to experience the impacts [15]. The implication of false 
alarms is that users may not react to future warnings: the cry wolf effect [15]. There are, however, inconsistent results on the existence 
of this cry wolf effect [16]. Walters et al. in the US found that false alarms did not negatively impact households’ responses to tornado 
warnings [16]. Likewise, Barnes et al., who also examined tornado warnings in the US, suggested the public could have a high 
acceptance of false alarms [13], while research by Ripberger et al. also in the US, concluded that false alarms and missed events 
contributed to perceptions of inaccurate tornado warnings, which in turn led to lower levels of trust in the NMHS and reduced 
compliance and action [17]. LeClerc and Joslyn who sampled US university students found, however, that the inclusion of estimates of 
uncertainty within weather warnings associated with low temperature events enhanced credibility, even in the case of a false alarm, as 
there was transparency from the outset [18]. The cry wolf effect, trust, and the overall impact of false alarms are themes explored in our 
research. 

While the literature review informed the design and focus of our study, the absence of Irish research meant it was not possible to 
determine if their findings apply in Ireland. The findings of our research will allow us to determine if the US and German results are 
confirmed in an Irish context. 

The NMHS in Ireland provides weather forecasts and warnings via radio and television broadcasts, their website and mobile app, 
and social media channels. At present, users must opt-in to receive county and national-level weather information (including weather 
warnings). The Irish NMHS uses a threshold weather warning system with three escalating categories [19]:  

● Status Yellow: Be Aware  
● Status Orange: Be Prepared  
● Status Red: Take Action 

These warnings, which are mapped and described in a mix of prose and thresholds (see Fig. 1 and Table 1), are issued by county or 
sea area, even though the severe weather may not impact the entire area equally; reflecting Meyer and Kunreuther’s observation that a 
wider area will be covered by the warning than will be impacted [15]. 

Public warning and alert systems focus public attention on an approaching risk and can afford more time to prepare. However, 
studies conducted in North America, although not directly comparable to Ireland, have shown that the warnings/terminology related 

Table 1 
Weather warning thresholds.  

Warnings 
Levels 

Warning Criteria 

Status Yellow Weather that does not pose a threat to the general population but is potentially dangerous on a localized scale. 
For example:  
• Widespread mean speeds between 50 and 65 km/h  
• Widespread gusts between 90 and 110 km/h  
• Snow/Ice: 3 cm or more in 24 h  
• Low Temperature/Ice: Air minima of minus 3C or minus 4C expected over a wide area (localized lower values will occur). 

Dangerous surfaces due to ice and/or lying snow. Situation improving. 
Status Orange Infrequent and dangerous weather conditions which may pose a threat to life and property. 

For example:  
• Widespread mean speeds between 65 and 80 km/h  
• Widespread gusts between 110 and 130 km/h  
• Snow/Ice:  

o 3 cm or greater in 6 h  
o 5 cm or greater in 12 h  
o 10 cm or greater in 24 h  

• Low Temperature/Ice: Air minima of minus 5C to minus 10C (or lower) expected over a wide area. Dangerous surfaces due to 
ice and/or lying snow/freezing rain. Situation stable. 

Status Red Rare and very dangerous weather conditions from intense meteorological phenomena. 
For example:  
• Widespread mean speeds in excess of 80 km/h  
• Widespread gusts in excess of 130 km/h  
• Snow/Ice:  

o 10 cm or greater in 6 h  
o 15 cm or greater in 12 h  
o 30 cm or greater in 24 h  

• Low Temperature/Ice: Air minima minus 10C (or below) for three consecutive nights or more. Maxima of minus 2C. 
Dangerous surfaces due to ice and/or lying snow/freezing rain. Situation likely to worsen.  
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to extreme events such as tornadoes or flash floods are often misunderstood [17,20–22]. Taylor et al. in a study of the UK public’s 
interpretation of wind warnings, showed that clarity and ease of understanding built confidence in the warning system and the NHMS 
[23]. The Irish NMHS uses color-coding to differentiate between different levels of risk, however Taylor et al., cautioned that 
color-coded warnings are not always intuitive, and misunderstandings can occur [23]. Our research will also explore how the public 
interpret of weather warnings in Ireland, allowing for a comparison with international findings. 

To achieve Goal 1 of Met Éireann’s strategic plan, “Enhance support for impact-based decision making for weather events” ([24]; 
p.16), Ireland’s NMHS is moving from threshold-based warnings, as described above, to impact-based warnings that consider the 
vulnerability, location, and weather risk of individuals, communities, and services in line with WMO guidelines [25]. During the 
transition to this impact-based forecasting approach, thresholds are still used to determine warnings, but the likely impacts of any 
weather event will increasingly inform the severity of each warning issued (Hally 2022). According to the International Federation of 
Red Cross and Red Crescent Societies (IFRC) and UK Met Office ([26]; p.13), “Impact-based forecasting enables anticipatory actions 
and revolutionizes responses to weather and climate crises: turning forecasts and warnings from descriptions of what the weather will 
be … into assessments of what the weather will do enables organizations and individuals across the world to anticipate and take action 
to mitigate the impacts brought by weather and climate events”. Understanding location-specific weather-related vulnerabilities, such 
as each local community’s unique environmental and societal characteristics, is an important aspect of achieving a user-centric 
approach to warnings [27]. These observations are echoed by Potter et al. who examined the benefits and challenges of 
impact-based forecasting and warning systems for severe weather by interviewing meteorologists in the UK, France, and Switzerland, 
and holding workshops in New Zealand with government hydrologists and those from the emergency management sector [28]. found 
that impact-based forecasting and warning systems are often designed for responding stakeholders and not individuals in society and 
emphasized the need for a deep understanding of local vulnerabilities and coping capacities to improve warnings effectiveness, and the 
need to collect and store impact data as events occur to inform future warnings. 

To improve the communication of a warning, Bostrom et al. suggested that vulnerabilities and impacts need to be emphasized in 
warnings [29]. Failure to do so may result in appropriate protective actions not being taken [30,31] because people may not know how 
to respond. Including a call to action or guidance in a warning increases the likelihood that the public will act [32], especially where 
warnings also emphasize impacts [33,34]. Warnings must be viewed as personally relevant and action-orientated [35]. 

For warning systems to be most effective at encouraging action, they must integrate the elements of “detection of extreme events, 
management of hazard information, and public response and also maintain relationships between them through preparedness” ([35]; 
pp.174–175). Ongoing engagement with the public, using preparedness messaging for example, provides a platform for household 
preparation and pre-warning awareness [27]. This ongoing engagement aligns with the view that the warning system does not simply 
begin when the risk first materializes [35,36]. Education, public engagement, and outreach activities should continuously encourage 
household preparedness behaviors and actions [36]. 

The purpose of a warning system is to encourage individuals to take the best possible preparedness actions given their circum
stances. Protection Motivation Theory (PMT) suggests once individuals are aware of a risk, their decision to take protective action is 
primarily influenced by two appraisals: threat and coping [37]. In the threat appraisal, an individual performs a risk assessment to 
ascertain the level of threat a risk poses based on its likelihood of occurrence and associated impacts [37]. However, the effectiveness 
of the threat appraisal in prompting preparedness action has had mixed results [38–46]. During the coping appraisal, the individual 
weighs the effectiveness of proposed protective measures, their capacity to take protective action, and the expected costs (time and 
money) against the magnitude of the threat [37]. For warnings to be most effective at promoting action, they should focus on 
enhancing households’ coping appraisal [47]. This can be achieved by providing information about what preparedness actions to take, 
along with how these actions can make a difference, and ultimately working to build households’ confidence in their ability to take the 
actions [40,46,48]. 

Following on from PMT, Mileti and Sorensen ([49]; p.5–1) describe a “social-psychological process that people go through in a 
warning situation from the time a first warning is heard to the time people respond”. The process known as warning response comprises 
several stages, but not all are required for protective actions to be taken [49]. These stages are summarized: (1) people must realize the 
threat–“hearing the warning”; (2) they must understand the threat and the corresponding warning–i.e., they must relate to the 
message, perceive the risk to be high (which relates to PMTs threat appraisal) and have knowledge of what action can be taken; (3) they 
must have confidence in the warning’s accuracy, belief in the warning’s credibility; (4) they must assess how the threat will impact 
them, enabling a response to the corresponding warning; (5) decide whether to take action; and (6) constantly validate the information 
received and source new information as required [35,49,50]. Our research will also explore how weather warnings influence pre
paredness action and how the effectiveness of warnings can be enhanced. 

Risks arising from severe weather dominate the socio-natural risk classification of the Irish National Risk Assessment (NRA). The 
reasonable worst-case scenarios documented in the NRA [51] are:  

A) Storm: “equal to the magnitude of Storm Ophelia which triggered a nation-wide red level warning and made landfall over 
Ireland on 16 October 2017. Winds reached an observed wind speed of 156 km/h and a mean of 60 km/h” [51]; p.24).  

B) Snow and Ice: A snowstorm of the magnitude of Storm Emma (28 February and 4 March 2018): “According to the analysis report 
of Storm Emma and the cold spell which struck Ireland by Met Éireann, this was one of the most significant snowfall events of 
recent years saw temperatures plummet with widespread snowfall across the country” [51]; p.24).  

C) Flood: “of the magnitude of the 2015/16 Shannon river flood, when one third of river-level gauges recorded their highest 
readings ever. The assessed impact reflected sustained duration flooding, impacting severely on communities with significant 
disruption to daily life and access to services” [51]; p.25). 
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The NRA also addressed the cross-border dimension of each of these risks and acknowledged the importance of cooperation be
tween the NMHS in Ireland and the UK and coordination in terms of managing the consequences of severe weather on the island of 
Ireland [51]. 

2. Research methodology 

To inform the delivery of user-centric national weather services, this study, the first of its kind in Ireland, (1) captured the public’s 
use of weather forecasts; (2) investigated public confidence in weather forecasting; (3) examined public perception and reaction to 
weather warnings; and (4) identified future weather service needs. 

Data were gathered using a questionnaire, administered in May–June 2018, and a series of focus groups with members of the Irish 
public in February–March 2021, approved by the University Ethics Committee. A volunteer sampling method was used to recruit 
participants via social media posts and email contacts. 

2.1. Data collection procedures 

An online questionnaire, issued between May and June 2018, approximately eight weeks after a severe weather warning associated 
with Storm Emma, was used to collect data on household preparedness, including respondents’ satisfaction with the NMHS weather 
warning system and their response to weather warnings. Storm Emma was a severe weather event which occurred towards the end of 
the winter of 2018, causing record low temperatures, blizzard conditions and widespread disruption. A nationwide red weather 
warning and curfew was issued in response [52] [53]. The weather conditions Ireland experienced during Storm Emma had not been 
experienced for almost 36 years [52,53]. 

The questionnaire was shared on social media (e.g. Twitter; Facebook; LinkedIn) and was reshared by a wide range of individuals 
and organizations such as the NMHS, Local Government, and the national Office of Emergency Planning. 

Anonymized responses were received from 4451 households whose socio-demographic characteristics were in line with the 2016 
Irish census data; 64.9% earned less than €70,000 (nationally 62.6% had a gross income of less than €60,000), and 70.1% owned their 
home compared with 67.6% homeownership across Ireland [54,55]. Furthermore, the Central Statistics Office reported that 31.4% of 
people in Ireland lived in a rural area, closely matching the sample data of 30% [56]. 

Eight focus groups, conducted via Zoom, were carried out from February to March 2021 to gather data on participants’ need for 
weather forecasts and warnings, current and future weather service requirements, and the effectiveness of the NMHS. Four focus 
groups drew participants based on geographic location (two urban, two rural), and four from special interest groups (marine recre
ational users, the agricultural sector, 3rd level students, and those living in a small island community). A total of 53 members of the 
public took part in the eight focus groups, comprising 25 females and 28 males. The number of participants per group ranged from 4 to 
8 and lasted approximately 90 min. Figure A1 within the appendix provides a map showing locations of the focus groups. To recruit 
participants, advertisements were shared on social media and targeted messages were sent to groups such as sailing clubs, community 
groups and farming organizations. Interested participants were grouped by geographic location or special interest. From these clusters 
people were randomly selected and invited to participate in a focus group. Details of the focus groups and coding used in presenting 
quotes are documented in Table 2. Focus groups were conducted using a semi-structured approach using open questions so as not to 
stifle dialogue [57], and each lasted approximately 90-min. A copy of the focus group questions is provided in the Appendix. 

Questionnaire respondents were also given an alphanumeric pseudonym to preserve their anonymity. QR represents a Question
naire Response – followed by a unique identifier (e.g., QR334). 

2.2. Data analysis 

Analysis of the questionnaire data on satisfaction with the NMHS weather warning system and preparedness action was conducted 
using descriptive statistics, t-tests, and chi-square tests in STATA (StataCorp-16.1/SE). The focus group transcript data were uploaded 
to NVivo R1.4.1 and analyzed using [58,59] 6-phase thematic analysis technique. 

Table 2 
Focus groups.  

Focus Group Code Date (2021) Participants Unique Identifiers Gender 

Geographic Urban Regions 
Dublin U1 February 26th Eight U1P1 to U1P8 5 Females; 3 Males 
Cork U2 March 15th Seven U2P1 to U2P7 3 Females; 4 Males 
Geographic Rural Regions 
Rural 1: Donegal/Mayo/Leitrim/Sligo R1 March 10th Seven R1P1 to R1P7 3 Females; 4 Males 
Rural 2: Westmeath/Cavan/Monaghan/Louth R2 March 12th Eight R2P1 to R2P8 3 Females; 5 Males 
Special Interest Groups 
3rd Level Students S1 February 19th Eight S1P1 to S1P8 4 Females; 4 Males 
Marine (Recreational) Users S2 March 3rd Six S2P1 to S2P6 3 Females; 3 Males 
Agriculture S3 March 8th Six S3P1 to S3P6 2 Females; 4 Males 
Island (Inishbofin) S4 March 18th Four S4P1 to S4P4 2 Females; 2 Males 

Note: Focus group participants were given an alphanumeric pseudonym to preserve their anonymity (e.g., U1P1 = Urban 1-Participant 1). 
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2.3. Research limitations 

Although an open invitation to participate in this study was issued to any user of Twitter, Facebook, and LinkedIn, as well as the 
targeted groups outlined above, participants were with a particular interest in the topic of weather and forecasting were more likely to 
respond in the first instance, which introduces the potential for bias. That said, participants exhibited a variety of opinions and re
sponses appeared to be diverse and not prone to social desirability bias. For example, focus group participants were not quick to agree 
with each other, and discussed topics from various viewpoints. 

For the purposes of this research, the focus groups were selected based on specific criteria: geographic location and special interest. 
While participants were taken at random based on these specific criteria, the findings associated with the focus groups were not 
intended to be generalizable to the general population and instead allowed for more in-depth probing into the attitudes, experiences, 
and behaviors of the participants. To counterbalance for the lack of generalizability, the large number of questionnaire respondents 
(4451) provided broader and more representative data. 

3. Findings: results and discussion 

A summary of the thematic analysis is provided within the Appendix in Tables A1 to A7. Themes and sub-themes were coded into 
clusters. Relating to forecasting (Table A1 to A4) nine major themes emerged: how participants accessed the forecast, why they 
checked the forecast, the importance of accuracy, the importance of the forecast, their confidence in the forecast, frequency of use, 
which weather apps were used and why, marine services and the NMHS roles and services. Table A5 sets out five major themes related 
to weather warnings, namely: notification sources of the alert, declared familiarity with the warnings color scheme, familiarity with 
the weather warnings in practice, perceived effectiveness of the system, and suggestions for improvement. Table A6 sets out the 
questionnaire respondents’ satisfaction with the Weather Warnings under negative and positive sentiment. Table A7 outlines three 
major themes regarding how participants responded to the weather warnings: changes in behavior, protective action taken, and no 
action or behavioral change. 

3.1. Forecast sources and preferences 

As a result of the growth of the private meteorology sector, people can source their forecasts from various providers and are not 
limited to the NMHS [60,61]. The focus groups confirmed this with the most frequent services mentioned being: Met Éireann (Irish 
NMHS), Google, iPhone, Yr, Windguru, BBC, XC Weather, AccuWeather and Magicseaweed. While focus group participants had their 
preferred forecast sources, confidence in the information provided by the NMHS was high, especially among the Agricultural and 
Student Groups. 

Those who preferred the NMHS generally selected the NMHS for its accuracy, ease of accessibility (access on phone/computer and 
via broadcasts on television and radio), its rainfall radar feature, professionalism, and reliability: 

I think that actually Met Éireann presents a very professional, if you watch them on screen, …they’re very professional. (R2P8) 

I think Met Éireann does a particularly good job. I mean, probably everybody in Ireland will watch the RTÉ news service every 
night and I have, the Met Éireann app on my phone, which I check … regularly. (U2P3) 

When participants spoke of their satisfaction with the forecast provided by other providers, not the NMHS, six focus groups 
highlighted accuracy, five groups highlighted the importance of ease of interpretation and accessibility (e.g., app design: interface and 
visuals) Participants seldom mentioned the characteristics of the service provider such as “professionalism”. 

In cases where the coded themes associated with choosing the NMHS, or not, were similar, for example accuracy or accessibility, 
preference appeared to be driven by judgements on the quality of one service over another, the availability of specific features, or 
sometimes simply convenience (e.g., the default weather app supplied on the phone). These findings emphasize the importance of 
engaging with people to understand their needs and wants. For example, the user interface of the NMHS app was criticized by several 
people the Agriculture, Marine Users, Students, Dublin, and Cork groups; with Marine Users and Students most vocal. In contrast, they 
praised the interface of some competitor apps for being user-friendly with their use of graphics and probability percentages making 
them easier to read: 

One of the only differences I could note from looking at what the Met Éireann app looks like, it’s quite wordy like they will have 
the weather forecast in sentences, as well as actually a map of Ireland, whereas … the iPhone one has percentages and it’ll have 
a rain cloud or like my one, I think it just goes by the hour and if there’s just a cloud if it’s cloudy, if there’s a sun it’s just sunny, 
that sort of thing. You kind of just get it from pictures or like little icons, rather than actually reading sentences. Maybe as a 
generation we’re just lazy but like it’s just kind of easier just to see. (S1P4) 

The accuracy and usefulness of the NMHS Rainfall Radar was specifically praised in three focus groups: Agriculture, Marine Users 
and Dublin groups. It provides users with real-time rainfall data and, as a result, the ability to determine when rainfall may reach their 
area. Real-time data reduces the need for service users to estimate the likelihood of the risk occurring in their locality. As one person 
noted: 

… the radar is always going to give you a better picture of the risk, not necessarily whether it would rain or not. (S3P3) 

It was described as an essential aid to farmers’ decision-making regarding spraying pesticides, mowing, or bagging grass for silage. 
The Marine Users and Student Groups also spoke favorably about this feature: 
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So, I think the rainfall radar is a great asset, and it is live, and it’s probably the most accurate forecast you can get in that respect. 
If there was only something of equivalent nature for the wind it’d be excellent. (S2P5) 

Irrespective of which forecast provider they used, participants in all eight focus groups underlined the need for accurate weather 
forecasts to plan for work and leisure activities. Reasons for checking the weather forecast were scheduling exercise and social ac
tivities or for choosing clothing on a particular day. For others, the prominent reasons for checking the weather forecast were safety 
concerns or planning work. For these people, accuracy was essential to inform decision making where livelihoods depended on 
weather conditions and those living in remote island communities. These individuals needed to be aware of any upcoming unusual 
weather to change their planning, sometimes before a weather warning was issued. 

Residents of Inishbofin Island rely on accurate forecasts for their safety and when planning their daily activities, particularly for 
trips to the mainland. They also recognized the vital role accurate forecasts and the regular broadcasts by the NMHS have played in 
reducing weather-related disasters: 

It’s enormously important. … because it’s not only just a rural community, it’s also an island community, and weather has an 
enormous effect on what you do. And the accuracy of forecasts is hugely important. … Since the infancy of weather forecasting, 
it’s hugely important to anyone that’s involved in anything such as fishing or ferrying or operating any sort of a vessel or any 
sort of a marine life at all. Forecasting is enormously important and always has been. Traditionally like, there’s been a lot of 
disasters in the past that have happened here, historically, and most were down to the lack of a forecast; storms blow up on 
people, unpredictable storms. No matter how skilled you are, stuff will happen … When the forecasts came along, and accurate 
forecasts came along, and Met Éireann and regular broadcasts, a lot of those sudden storm type disasters stopped. (S4P3) 

Similar points were reflected by marine leisure users and farmers, where safety and planning relied on accurate weather forecasts: 

Well, an inaccurate weather forecast can be deadly … (R1P6) 

If you’re spraying on agrochemicals, you just can’t afford to have it washed off. (S3P3) 

3.2. Confidence in weather forecasting 

Participants across all eight focus groups expressed a lack of confidence in weather forecasting. The lack of accuracy was discussed 
in all but the Inishbofin group, and participants in all but the 2nd Rural focus group lacked confidence in the information they received: 

Sometimes the forecast can be “fairly” accurate, but I generally find that there is a lot of variance in what is being said. For 
example, showers with sunny spells or sunshine with scattered showers. You can’t really go wrong with these types of state
ments. (R2P4) 

Taylor et al. highlighted the difficulty in maintaining confidence in forecasting, given that a forecast often changes depending on 
the lead time [62]. In the focus groups, participants understood how lead times affect accuracy in forecasting. For example, more 
participants were confident in the forecast three days out or sooner, but no participants described long-range forecasts (greater than 
one week) as accurate. They also appreciated that certain weather conditions are easier to predict with certainty over longer time 
frames: 

Once you go beyond the two or three days, it is more shaky, and everything else, because you can often see quite a bad forecast 
has been given. And, you know, after a couple of days, it just may change around completely, and an opportunity may present 
itself in relation to getting the work done. (S3P2) 

To improve confidence in the NMHS forecast, several participants within six focus groups (excluding Students and Marine User 
groups) suggested it needed to become more localized: 

A very local forecast would be great, to within a few miles radius. (S3P5) 

… [greater] localization and by localization, I mean, within a certain kilometer of where you are, you know. (R1P3) 

A desire for greater reliability beyond a three-day timeframe was also expressed across all focus groups, and some participants, 
most especially in the 2nd Rural focus group, hoped technological developments in the forecasting may lead to greater accuracy in 
longer-range forecasting. 

As the NMHS provides a single forecast detailing the most likely predicted outcome, with no probability data, all eight focus 
groupscalled for a move to probabilistic forecasting focused on occurrence and magnitude. While some preferred detail, many 
expressed a preference for shorter, more factual forecasts: 

I would like to see the probability being introduced. It works in many other countries. And it would help, you know, if you have 
the rain on the forecast. Well, is it a 10 percent chance of rain or a 90 percent chance of rain? It influences the risk you’ll take. 
And that’s useful in so many different corners. And I think when they get there, I would love to see them put in probability on 
their monthly forecast, because in a few years’ time, they may very well have a reasonably good handle on what’s going to 
happen in week three and week four. (S3P3) 

People now want precise information, …there’s a 70 percent chance it’s going to rain at 11 o’clock in the morning tomorrow. 
(R2P3) 
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The focus groups confirm previous US and European based studies that providing uncertainty information within a forecast can 
inform users’ decision making [9,63]. However, this does not suggest ambiguity may be removed entirely, as probabilistic forecasting 
still requires the users’ interpretation [64]. Given that the Ensemble Prediction Systems used by the NMHS already generate uncer
tainty estimates for each scenario, the NMHS could and should switch to the presentation of probabilistic forecasts. 

Discussions on a lack of confidence in weather forecasting also highlighted that some participants from five of the focus groups 
(Dublin, Marine Users, Students, Agriculture, and the 2nd Rural group) crosschecked multiple weather forecasts to determine what 
they believe to be the most likely scenario: 

I use a combination of every available weather forecast and make me mind up from them all, basically! Got to do with looking 
on my phone, got to do with BBC weather forecast, got to do with RTÉ, and I make an assumption based on all. If two out of the 
three are predicting something and the other isn’t … it’s more liable that that’s going to happen. And that’s how I base my 
assumptions upon. (R2P6) 

Prior research from the US has suggested that conflicting and contradictory information across forecasts can lower users’ confi
dence [65,66], which can be a barrier to effective decision-making [65]. Yet, in these focus groups, some participants appeared to 
expect, or at least accept, inconsistencies between the forecasts, hence their use of multiple sources. These verification actions are 
documented by Mileti [35] and provide evidence that as part of the weather warning process, some users will continue to crosscheck 
information by conferring with others and consulting several sources, a behavior comparable to “milling” ([67]; p.1 [68]; p.537). In 
the absence of greater localized forecasting technology becoming immediately available to all forecasting services, and given the range 
of forecast providers, it is probable conflicting and contradictory information will continue. As part of the user-centered approach, the 
NMHS could engage with local communities to improve their understanding of how local environmental factors affect their weather, 
thus working to improve confidence in the NMHS forecasts: e.g., how local mountains affect precipitation levels in certain areas. That 
information could be attached to the NMHS weather app using location data. 

3.3. Weather warnings: information sources, perception and reaction 

Survey respondents were asked to identify the information sources they used during major emergencies in Ireland. These sources 
were news media (92.76%), Government Authorities (52.66%), social media or websites (41.31%) and word of mouth from family and 
friends (40.05%). All focus groups reported similar sources of information when discussing weather warnings, with the most common 
source mentioned again being various news media bulletins: news broadcasts on TV and radio and warnings received via pop-up 
notifications from a news app. Other frequently discussed methods included social media (six focus groups), the Irish NMHS (five 
focus groups) and word of mouth, typically involving a friend or family member, (four focus groups). A few participants from three of 
the focus groups mentioned receiving notifications of weather warnings through work or text/email alerts. 

Survey respondents rated their satisfaction with the NMHS weather warning system from extremely dissatisfied (coded as 1) to 
extremely satisfied (coded as 7). Most respondents (88.2%, 3416n) were at least somewhat satisfied with the system, see Fig. 2. 

The overall satisfaction with the Met Éireann weather warning system was 5.91. Average satisfaction decreased with urbanicity. 
Respondents from rural settings gave the weather warning system a higher average satisfaction rating (6.01) than respondents living in 
a city (5.69). This difference is highly significant based on a t-test (t = 4.50, p = 0.001). See Supplementary Material 5 for results 
related to a difference by gender. 

Survey respondents who were not “Extremely Satisfied” with the NMHS weather warning system provided additional feedback. 
38.5% (953n) suggested warnings were issued too frequently, while 14.7% (363n) indicated they were challenging to understand. 
These respondents were invited to expand upon their quantitative responses and 818 respondents provided 1008 statements con
cerning their satisfaction with the weather warnings. It was evident from the outset of the analysis that respondents were divided with 
44.05% (444n) of the comments being positive in nature. The prevalent themes that emerged are discussed below, along with an 
overview of these themes provided in Table A6 of the appendix. Further, Table A8 reports the gender balance in both positive and 
negative themes related to respondents’ sentiment concerning weather warnings. 

When discussing the positive aspects of weather warnings, those most frequently mentioned in the questionnaires and subsequent 
focus group discussions were that overall the system worked well (emerged in all but the Marine Users focus group), increased 
awareness of the forecasted severe weather (emerged in the Agriculture, Cork and both Rural focus groups), and the warnings were 
clear (discussed in Dublin, Agriculture, and 1st rural focus groups): 

Very easy to understand and only issued when necessary (QR677) 

Helpful to people to give advance warning of potentially dangerous weather which allows them to prepare for same (QR3315) 

Fig. 2. Satisfaction with the NMHS weather warning system.  
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A small number of participants across the Agriculture, Dublin, Cork, and Rural focus groups also emphasized that the weather 
warnings provided critical information: 

I think largely they are a great tool to give people advanced notice (R2P4) 

The most prevalent negative aspects mentioned in the questionnaires and subsequent focus group discussions were that warnings, 
especially yellow, were issued too frequently (discussed in all eight groups), lacked accuracy (emerged in all eight groups), and were 
not taken seriously or understood fully (mentioned within six focus groups – excluding Cork and the Agriculture focus groups). When 
discussing a lack of accuracy, some participants suggested the warnings were poorly timed, but most referenced weather events that 
did not materialize as forecast. Linked to a lack of confidence in the accuracy of a warning, participants suggested the warnings were 
too generalized: 

… I do think that it can be also very generalized and, you know, because even within a county, I think you can have different 
weathers on the same day. And if you’re going to apply it, don’t apply it in a generic way. (R1P3) 

Yeah, I would agree with you that they are fairly generalized. Like in Leitrim, there could be a hell of a difference between the 
weather in Kinlough in the north end and Carrick-on-Shannon in the south. I mean, it’s more than an hour’s drive, so an awful lot can 
be happening there. (R1P6). 

They should be more specific to local areas … (QR3771) 

Drawing on the questionnaires, some respondents raised problems with understanding the color-coded system, suggesting the 
threat posted or actions needed were not clear: 

I think that people don’t really understand what they mean and so there is confusion behind why a certain weather warning is in 
place. There is an expectation that if we have a red weather warning that the weather will be very severe without an under
standing that the risks may lie in other factors such as fallen trees fallen electricity wires etc. (QR2609) 

Yellow and orange warnings - severity difficult to understand (QR1244) 

What does Yellow and Orange even mean? Should we care about Yellow? (QR4662) 

While focus groups participants were aware of the color coding associated with weather warnings, their knowledge and under
standing beyond that was limited. Associating warnings’ colors to the alert level was effective in conveying a level of threat, as 
participants understood the sequence of three warning colors and that a red warning was most severe. But it did not provide the 
necessary context to understand the specific features of the threat, and after confirming the sequence of the three colors, many par
ticipants, including some from the Dublin, Cork, Students, Inishbofin and Rural focus groups, would hurriedly follow up to express 
feelings of an incomplete understanding: 

I think there’s nearly a stereotype around that because the system’s been here for what seems like a while, that people actually 
have an understanding of it, that we’re kind of like creatures of habit, that we just know what to do for each sort of weather 
warning. Whereas, we don’t. … the simplest ways to do it, like from RTÉ without causing a big, massive panic, like just sort of an 
explanation of what it is, just a brief education on what the actual system is, rather than just assuming that we know it. (S1P6) 

I wouldn’t have known the implications of an orange versus a red. You might know a yellow to red is more serious. But the one 
in between, I have no idea what an orange actually means and how severe it actually is. (R1P3) 

The Inishbofin Island Focus Group suggested the color-coded warnings were not as informative as a physical description of the 
conditions expected: 

I think terminology is important, but I think people are far more inclined to heed stuff when they hear about gale force winds or 
storm force winds or expressions like that would cause far more [heed] than the color codes. And I know storm force winds, gale 
force winds from whatever direction, you certainly pay more heed to that and act on something like that before you will about 
an orange, red or whatever. (S4P3) 

I would think that the color-code system has lost its, its authority, I wanted to go for a better word. As S4P3 said there, the gale 
force, the storm force winds, that’s what we would have grown up listening to. Like, you know if its storm force wind or violent 
storm force winds it’s serious, rather than orange or red. It doesn’t give specifics, whether it’s 100 miles an hour or 50 miles an 
hour. At least the gale force and storm force winds are defined by their strength. (S4P4) 

The message and risk posed by severe weather must be clear to motivate the appropriate response [35,67,69]. For many, these 
warnings lacked some clarity and necessary information concerning what actions to take, and as a result, there seemed to be less 
personalization, which lowered the chances of an individual taking appropriate action [49,70–72]. For weather warnings to be most 
effective, our findings emphasize the need to move away from a threshold-based weather warning system reporting only on the hy
drometeorological conditions anticipated (e.g., low temperatures) to impact-based warnings, which highlight resulting conditions (e. 
g., slippery surfaces) [73,74]. Given participants’ feelings of an incomplete understanding of the warnings, this move should enable a 
greater understanding of severe weather events than traditional systems [28]. 

While participants generally approved of the weather warning system, some participants from the Students, Agriculture, Marine 
Users, Dublin and Rural focus groups, as well as questionnaires respondents criticized the yellow warnings because the conditions they 
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represented were indistinguishable from typical bad weather: 
Is there really a need to issue a yellow warning for a bit of rain? (QR547). 
Most yellow are irrelevant or not worth worrying about (QR4671) 

I do find that sometimes the yellow weather warnings can [be too frequent]. I’m starting to ignore them because it just gives 
regular weather. (U1P4) 

For some, the issuing of yellow warnings for what they regarded as usual Irish weather seemed to create frustration towards the 
entire weather warning system. The results suggest the threshold was viewed as too low, and thus the warnings were issued too 
frequently. Importantly, these warnings have utility for some users, e.g., farmers, and the challenge rests on how these warnings are 
communicated to different societal groups. 

When a weather warning was issued, but the severe weather event did not materialize, some people suggested they ignore the 
following warnings, validating the limited number of empirical findings on the effects of false alarms [17,18]. These previous studies 
found evidence of false alarms related to specific warnings, such as tornadoes and low temperature events, however, our results suggest 
this is applicable to a range of warnings for various weather-related risks. 

The theme of false alarms emerged in questionnaire responses and in five of the focus group discussions (Agriculture, Dublin, 
Inishbofin, Marine Users and 1st Rual focus groups), and was sometimes directly referenced as the “cry wolf” effect: 

For example, if an orange alert has been issued many times and you never have experience of anything happening then you get 
somewhat immune to hearing orange alert and neglect to hear it as the caution it is meant to be and may not take adequate 
preparations. Feels a little bit like a boy who cried wolf scenario (QR3282) 

Well, it means people, you know, the boy cried wolf thing. Even though intentions are good, if you’ve been warned about 
structural damage over and over again and whatever, and then and it’s not happening, then you’re going to get complacent. 
(S4P3) 

For others, the “cry wolf” effect was implied: 

The yellow warning level alert is issued so frequently that people now ignore it and sometimes other alerts. (QR2296) 

Constant yellow/orange rain warnings in Ireland are a bit of a joke so people just don’t listen (QR2583). 
Consistent with Mileti and Sorensen [49], the findings underscored the importance of believing that the message is accurate if 

individuals are to heed the warning. The results also contribute to a limited but growing number of empirical studies that demonstrate 
repeated false alarms can lead to a lack of confidence in a warning system and have negative impacts on their reactions [17,18,66,67]. 
This study’s analysis confirmed that greater specificity of location and subsequent tailoring of messages could improve action [49,69, 
72]. This is not straightforward to accomplish as targeted impact-based warnings require ongoing collaboration between local people, 
the NMHS and other agencies to gather the necessary data on local impacts, geographical information, local vulnerabilities/exposures, 
and demographics etc. [25]. Advances in statistical models and data-driven approaches, including machine learning, could, however, 
make localized, tailored forecasting and messaging more achievable and improve future forecasts. 

Regarding preparedness action, 34.3% (1326n) of survey respondents stated they would take action at an orange warning, with 
55.4% (2143n) waiting until a red warning is issued before taking action. 6.3% (242n) reported they would have taken action at a 
yellow warning, and the remaining 160 individuals (4.1%) would not take any action on any warning. This data was used to examine 
preparedness in urban and rural dwellers. A variable ranging from zero to three summarized the warnings to which respondents 
reacted. It was defined as zero for individuals who did not react to any of the weather warnings, one for those who acted only on red, 
two for those who first reacted on an orange, and three for respondents who begin to prepare at a yellow. A higher value reflects that an 
individual acted in response to a less severe warning, which could be interpreted as indicating a higher degree of risk aversion. The 
overall average for this scale was 1.43. A chi-square test revealed a statistically significant association between action and urbanicity: 
χ2 (12df) = 34.819, p < 0.001. The average is slightly higher for rural dwellers (1.50) compared with city dwellers (1.37), indicating 
that rural dwellers are more likely to take action in response to lower-level warnings; perhaps pointing to a higher degree of risk 
aversion. While the difference was not large, an independent-samples t-test determined a statistically significant difference between 
the means (t = 3.38, p = 0.001). Finally, females on average take action in response to less severe warnings; indicating a higher degree 
of risk aversion. The average figure for females (1.47) was significantly different from that for males (1.32) on the basis of a t-test (t =
5.82, p = 0.000). 

When discussing the two lower-level warnings, orange and yellow, most often associated with a snowstorm, focus group partici
pants across all eight focus groups displayed a low threat appraisal, often reasoning that weather events would impact them minimally. 
This association supports the findings of Reynaud et al., who found a significant association between threat appraisal and perceived 
flood probabilities. In our study, participant from all eight focus groups stated they would ignore such warnings entirely or described 
taking only minor protective measures [75]. For a yellow snow or ice warning, little action was taken except to remain vigilant in case 
the situation deteriorated. Some participants did not act immediately on orange warnings, with some participants from Dublin, Cork, 
Inishbofin, Marine Users, Students and 2nd Rural focus groups indicating they would ignore or disregard the warnings while others in 
the Cork, Dublin, Students and 1st Rural focus groups choose to “wait and see” how the situation might evolve: 

Probably just wait to see if it actually did snow, like, I’d wait for the evidence probably, and then make changes, if I need to do. 
(S1P4) 
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For an orange warning, others increased general alertness (discussed in all but the Inishbofin focus group), made changes to their 
driving behavior (Cork, Dublin, Marine Users focus groups), or prepared their home and garden (Agriculture, Cork, Students, and 2nd 
Rural focus group): 

I’d put my bins into the shed, I would secure any loose items from around the place. You know, obviously, just make sure that 
there was nothing lying around outside that could become a projectile in the wind. (R2P7) 

I’d possibly have a few bags of salts as well in the garage. (U2P1) 

In contrast, participants in all focus groups outlined many specific changes in behavior and preparedness actions they would take in 
response to a red warning. The most common were gathering essential items and supplies which emerged in six of these focus groups 
(Agriculture, Cork, Dublin, Students and Rural focus groups), “Bread and milk and food to tide you over for two, two and a half, three 
days” (U2P1), avoiding leaving home and altering driving behavior (Agriculture, Cork, Dublin, Students and Rural focus groups), 
preparing for a loss of electricity, heating or water (Agriculture, Cork, Dublin, Students and 2nd Rural focus group), securing the home/ 
garden/workplace (Agriculture, Inishbofin, Students and 2nd Rural focus group), and checking on vulnerable neighbors or relatives 
(Students and Cork): 

I just make sure I have things handy, torches and, you know, some kerosene lanterns and kerosene heaters, have mobile 
kerosene heaters, so those could kick in and, you know, we’ve put a lot of things in place in the house to be able to cope, at least 
for 48 hours. (R2P5) 

Previous studies have shown threat appraisal to have a mixed effect on protection motivation [40,43]. Babcicky and Seebauer 
([44]; p.1515) concluded “coping appraisal is strongly associated with protection motivation, threat appraisal is closely linked to 
non-protective responses. The effect of non-protective responses on protection motivation is negligibly small”. However, our focus 
group participants highlighted that their protection motivation was driven by the formal threat appraisal, the red warning, issued by 
the NMHS, which resulted in their perception that they would be negatively impacted, thus the need to act. This contrasted with the 
findings of some previous studies, where coping appraisal dictated protective action [44,48,76,77]. A possible explanation for this 
difference could be the level of trust in the NMHS. Prior research in Ireland, using an online questionnaire of 6497 households in 2017, 
found that Met Éireann, the NMHS, was the second most trusted and acted upon source of information in an emergency, second only to 
the Emergency Services, with around 65% ‘very likely’ to act on their advice and a further 25% ‘somewhat likely’ [78]. Although this 
was not tested within the current study, the impact of trust could be a topic for further investigation. 

Only in a very limited number of instances in our study was there evidence of a lack of a protective response because of a low coping 
appraisal (namely the high monetary costs) despite a high threat appraisal being present: 

Not much [preparedness actions taken before a Storm] because I only have a budget per-week, so couldn’t really afford to stock 
up as much as I wished (QR2290) 

3.4. Future weather service needs 

Concerning future weather service needs, the overwhelming view of participants to emerge from all eight focus groups was the key 
services required from the NMHS were providing the most accurate weather prediction possible and warning of severe weather events. 
Participants also wanted more accurate localized forecasts (raised in the Agriculture, Inishbofin, Cork, Dublin, Marine Users and Rural 
focus groups), a more accurate long-term forecast (Marine Users, Agriculture and 1st Rural groups), downloadable GRIBs (Marine 
Users), reinstatement of the 3-h forecast (Agriculture group), and a forecast for fog (Dublin group). 

The NMHS has developed a strong presence on social media; however, this success could become problematic as the volume of 
messages has become so vast as to irritate rather than inform some followers. The segmentation of social media feeds by topic, such as 
forecasts, warnings, be winter/summer-ready, and by user group, such as farmers, could help sustain successful engagement through 
social media [10] while reducing dissatisfaction with the current high volume of data. 

Among students, there was a consensus that the NMHS catered for an older audience. This did not result in the students’ dis
regarding warnings as they felt NHMS was reputable but showed a preference for forecasts provided by other organizations. They 
suggested increased engagement with younger people: 

For example, Ryanair’s TikTok, you see a funny video, you click on the link, you look through the content. Next thing you know 
you’re looking at flight prices. It’s stuff like that you just engage with … I wouldn’t search Met Éireann on Twitter to see like are 
they posting anything. (S1P6) 

It needs to be quick, easy, flashy, like if they want to keep their kind of reputation. Look, I know that they are very reputable 
already, but the generations to come might not think that. (S1P2) 

Humor can be an effective tool in public messaging campaigns [79,80], and opportunities may exist to increase awareness of 
upcoming severe weather events using weather-related memes. There are many examples of such memes going viral in Ireland; ex
amples at [81]. However, while humor can grasp public attention and build engagement [79], it can reduce the perceived severity of 
the issue being communicated [82] and may not promote preparedness action [80]. Further, the focus group data suggested that 
misplaced humor could reduce respect for the NMHS. 
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4. Conclusions 

With a view to increasing national resilience, the purpose of this study was to determine what constitutes a user-centric weather 
forecasting and warning system for the Irish NMHS. The findings are summarized in Fig. 3 under the themes: forecasts, warnings, and 
household action. 

A main limitation of this study was that participation was internet dependent. Volunteers were recruited using social media, the 
survey completed using an online platform and the focus groups conducted on Zoom. In-person focus groups and a paper-based postal 
survey could have reached a wider group. 

4.1. Weather forecasts 

Participants were influenced by weather forecasts when scheduling activities in their daily life, and especially when faced with 
work or safety concerns. The results confirm the significance and desire for accurate weather forecasts across all user groups. 

Generally, participants exhibited low confidence in the accuracy of forecasts they received, most especially if the forecasted event 
was over three days out. Several participants, nevertheless, appreciated the uncertainty inherent in forecasting, and how this reduced 
as lead time reduced, supporting the findings by Morss et al. [7]. The findings also supported a move to probabilistic forecasting and the 
reporting of uncertainty data as an aid to effective decision making. 

There was little indication that participants’ use of forecasts decreased if they had low confidence in the forecast; instead, some 
participants expected inconsistent forecasts and used multiple sources to predict conditions. This finding mirrors the behavior iden
tified by Mileti [35]; where people seek to verify the weather warning information received. 

4.2. Perception and reaction to weather warnings 

While the NMHS weather warning system was generally well-received, the perception that warnings are issued too frequently, 
challenging to understand, and lacking in accuracy reduced some people’s confidence in the system. Color-coded warnings effectively 
portrayed a level of threat, especially for red warnings; however, the thresholds were not easily understood, which resulted in some 
users indicating that without an impact-based warning, they did not have a complete sense of the potential threat. 

Focus group participants felt that an opportunity to link the warning to recommended preparedness actions was not being 
exploited. The high level of confidence in the NMHS and the prevalence of emergency information being sourced through the news 
media, gives the NMHS a powerful platform to influence emergency preparedness and action in Ireland. 

Before acting on a warning, people must believe that the message is accurate, true, and applicable to them [35]. Our findings 
support this theoretical stance and highlight the importance of more localized warnings which take account of the variation in risk 
across a county and describe features of the threat using impact-based warnings. This was especially evident for an island community 
such as Inishbofin. 

It seemed that low confidence in warnings lowered individuals’ threat appraisals, which in turn reduced preparedness action. When 
discussing orange warnings, participants reported low threat appraisals, waiting to see how the situation unfolded before acting. 
Participants reported higher threat appraisals and greater preparedness action following a red warning. This suggested motivation to 

Fig. 3. Summary of findings.  
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take protective action was driven by threat appraisal. The factors driving these threat appraisals are worthy of further investigation. 
While previous evidence for the cry-wolf effect was inconsistent, several focus group participants described this effect, some even 

citing the term cry-wolf, and suggested these false alarms impacted their reaction to subsequent warnings. To preserve confidence and 
avoid this cry wolf effect, when conditions change and the severe weather does not materialize as predicted, the reasons for this should 
be communicated by the NMHS. Moving to probabilistic forecasting and conveying uncertainty information will provide an oppor
tunity to study the mitigating effect of clarity, transparency, and the publication of uncertainty data on the cry-wolf effect. We suggest 
that further research is required across different countries as national culture may influence factors such as the cry-wolf effect. 

4.3. Future weather service needs 

While the NMHS is well respected by the Irish public, who recognized its professionalism and expertise, there is a lack of awareness 
of the range of services it provides. As part of its renewed focus on a user-centric model of weather forecasts and warnings, the NMHS 
should improve communication and bottom-up engagement with local communities and publicize its core services. It was telling that 
new sections of the website and even the launch of the app was missed by many. 

Participants wanted to see location-specific information updated hourly, and icons and percentages instead of text. For example, a 
“lite” version of the app, modelled on some of the more commercial providers, with increased emphasis on localization and icons could 
be developed. The more detailed app could be maintained for those with specialist needs. 

Finally, the NMHS should encourage a feedback loop with service users. A variety of tools and techniques could be deployed to 
encourage feedback from users. These could include longitudinal surveys, service-user focus groups, comment upload point on 
website, and tracking of user feedback on social media sites. It was clear that the public had strong opinions about their services and 
strategy. Given the stereotypical view that Irish people talk about the weather constantly, and the prominent place of weather in Irish 
folklore and song, this came as no surprise. 
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