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A B S T R A C T

The 1900 Galveston Texas Hurricane, the 2021 Pacific Northwest heatwave, and the 2023 Tropical Cyclone 
Freddy were all events that were unprecedented in diverse ways and had severe humanitarian impacts. Un-
derstanding past and future risk of unprecedented weather is an emerging question across climate science dis-
ciplines but use of this research by the humanitarian sector has been limited. This cross-disciplinary paper is an 
effort by climate scientists and humanitarian practitioners to address this gap. For it, we combined narrative and 
scoping literature reviews with structured practitioner engagement to develop a working definition and typology 
of unprecedented weather through a disaster management lens. We qualitatively coded over 400 peer-reviewed 
articles to highlight the current state of research on unprecedented weather, and then discussed these findings in 
a workshop with 48 humanitarian practitioners. Our results show that, while analyses of past and future un-
precedented weather often focus on the magnitude of such events, extreme weather can be unprecedented in 
many other dimensions, all which have significant implications for early warning, anticipatory action, and 
disaster response planning. We conclude with a call for more imagination and diversity in research on extreme 
weather risks, and for closer collaboration between climate scientists and disaster managers to design and answer 
questions that matter for humanitarian outcomes.

1. Introduction

Climate change and patterns of vulnerability and exposure are 
altering characteristics and impacts of extreme weather events. It is 
increasingly clear that different sectors must prepare for extreme 
weather that has not previously been experienced, can be imagined only 
with difficulty, and poses risks of significant humanitarian impact for 
vulnerable communities – for the purposes of this work, we term it 
“unprecedented weather”, a definition of which will be developed 
throughout the paper. The study of this risk is an emerging topic of 
research, and with this, there is an opportunity to ensure the science 
which emerges is useful and usable for disaster management.

This paper is the first, to our knowledge, to offer a specific dialogue 
on the topic of unprecedented weather between humanitarian practi-
tioners and climate scientists. Its major aims are 1) To review the 
research landscapes on unprecedented weather and 2) To propose a 
working definition and typology about unprecedented weather which 
would be salient for both climate science and disaster management ef-
forts and 3) To open a door for future collaborative work on this topic.

We employed a mixed methods approach to achieve these objectives. 
First, we explored different theoretical framings which guide current 
conceptual understandings of unprecedented weather. Next, we con-
ducted a scoping literature of 406 peer-reviewed articles which we 
qualitatively coded for recurring themes. The results from the literature 
reviews were then brought to a workshop of 48 humanitarian practi-
tioners to discuss practitioner concerns about unprecedented weather, 
preparedness requirements, and the resonance of the current research 
landscape for disaster management purposes.

The strands resulting from this process were consolidated into a 
proposed working definition and typology of unprecedented weather for 
climate scientists and humanitarian disaster management practitioners. 
Our work shows that current science does not reflect the diversity of 
humanitarian sector concerns about unprecedented weather risks, and 
that opportunities abound to design research which can lead to better 
disaster preparedness and humanitarian outcomes.
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2. Methods

2.1. Narrative and scoping literature reviews

Literature reviews are valuable tools to investigate the state of 
scholarship for a particular topic [1]. Distinct types of reviews exist with 
specific uses: systematic literature reviews follow replicable methodol-
ogies to authoritatively evaluate an established body of research [1]
while narrative literature reviews focus on key pieces of research and 
can be used to develop conceptual framings about a topic. Scoping 
studies fall in the middle, using a determined methodology to explore a 
question, uncover key themes, and analyse gaps of a certain research 
field [1].

For this paper, we adapted methods outlined by Pham et al. [1] to a 
mixed-methods approach, comprising both a narrative review with 
snowball sampling for the paper’s conceptual section and a scoping 
literature review for the paper’s analytical results.

For the scoping review, we selected 406 peer-reviewed articles which 
use the term “unprecedented” to refer to hydrometeorological events. 
We qualitatively coded these articles in NVivo based on methods 
described by Saldaña [2] to answer three key questions:

Is the term “unprecedented” used to refer to one or more specific 
weather events? (n = 254/406).
Does the paper provide a defined geographic and/or temporal 
reference point to the term “unprecedented”? (n = 158/406).

Fig. 1. Prisma Diagram for our scoping literature review. Adapted from Page et al. [125].
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What are the diverse ways in which the term “unprecedented” refers 
to these events? This last set of codes identified the key themes used as 
dimensions for our typology of unprecedented weather.

Details of our search terms and Prisma diagram can be found in 
Fig. 1, our bibliography in supplementary data, and we summarize our 
results in the section below.

A limitation of this method was the decision made to constrain the 
search to the term “unprecedented” rather than other related phrases 
such as “record-breaking” [3], unusual, or “exceptional” [4]. As the 
research landscape grows, a follow-up study could explore how all these 
terms are used and defined in different ways.

2.2. Expert elicitation workshop with humanitarian practitioners

Once the literature reviews were completed, we ran an online 
workshop with 48 humanitarian disaster management practitioners 
from Africa, Asia, Europe, and North and South America, all experts in 
disaster management design, logistics, and implementation. The work-
shop took place online on February 1st, 2024 on the Anticipation Hub, a 
community of organisations operating in the space of early warning and 
anticipatory action. In the workshop, we posed questions to participants 
and led a semi-structure discussion with the aim to reflect on literature 
review results, identify more examples of past unprecedented events, 
discuss disaster management challenges and opportunities, and identify 
requests for climate science research on the topic. Ethics approval was 
provided by the School of Mathematics, Physical and Computational 
Sciences at the University of Reading.

2.3. Working definition and typology development

We consolidated the results from both literature reviews and the 
workshop to build a working definition and typology of unprecedented 
weather with the aim to guide towards a more precise and salient un-
derstanding of unprecedented weather risks for humanitarian disaster 
management.

Definition and typology development is a method used in many 
disciplines to organize concepts around a common definition. For 
instance, some typologies categorize unprecedented non-weather events 
(e.g. [5–7]), different types of weather-related hazards [8–10], and di-
sasters more generally [11–12].

For our typology, we adapted theory and methodology by Collier 
et al. [13] with iterative validation with climate scientists and human-
itarian practitioners. The results from each method informed in turn the 
format, content, and relevance of the working definition and typology: 
the narrative review provided the conceptual part of the working defi-
nition while the themes from the coded scoping review provided the 
typology’s dimensions and variables. These results were then reviewed 
through the expert elicitation process to shape the final version of the 
working definition and typology. Table 1 shows the logical flow of the 
paper’s structure.

Our definition was bolstered by Cattiaux and Ribes [14] who offer a 
quantitative method to define single extreme weather events in time and 

space. The disaster management angle of our typology was also inspired 
by Mackay et al. [15], Berren et al. [8], and Gundel [16]. Mackay et al. 
[15] and Hsu [11] both provided insights for wording of spatial and 
temporal dimensions, and a comprehensive typology about compound 
events by Zscheischler et al. [10] guided the addition of compound risks 
to our dimensions. The use of the term “unprecedented” in the IPCC’s 
6th Assessment Report influenced our articulation of different di-
mensions [17,132].

3. Results

3.1. Narrative literature review results: Conceptual framings

The Oxford English Dictionary defines “unprecedented” as “having no 
precedent; unparalleled; never previously done, known, or experienced”, 
something which simply has never happened before [18]. The use of this 
term for weather-related events is similar. For instance, the IPCC’s AR6 
chapter on extreme weather notably uses the term in the following FAQ 
box: 

“Will unprecedented extremes occur as a result of human-induced 
climate change? As the climate moves away from its past and cur-
rent states, we will experience extreme events that are unprece-
dented, either in magnitude, frequency, timing, or location. The 
frequency of these unprecedented extreme events will rise with 
increasing global warming. Additionally, the combined occurrence 
of multiple unprecedented extremes may result in large and un-
precedented impacts.” [132]

Initiatives to study unprecedented weather risks are increasing in 
various academic spaces as well. For instance, the development of the 
UNSEEN network [127] and events like a 2023 workshop summarised in 
Matte et al. [20] are bringing together cross-disciplinary scholarship 
into a community of research on this topic. A rapid increase in the 
number of academic articles about unprecedented weather, particularly 
in climate science and environmental fields, can be seen in Fig. 2.

For this section, we build a narrative review which examines how 
unprecedented events have been conceptualised by different disciplines. 
Other works has reviewed methodological approaches to studying these 
risks (e.g. [4,20]). For our purposes, these conceptual distinctions offer 
insights into nested discourse and terminology which we can take to 
define and typologize unprecedented weather.

3.1.1. Unprecedented weather as outliers in observational records or 
climate models

First, unprecedented weather can be conceptualised as a statistical 
anomaly or outlier, some measure of distance from the norm [21–23]. 
Research which falls under this umbrella is strongly quantitative and 
conceptualises unprecedented weather as outliers in observational re-
cords or climate models, and various statistical approaches have been 
developed to analyse these.

In traditional statistics, outliers were often seen as dataset error that 
reduced the quality of the analysis, and therefore could be removed to 
avoid skewing results [21,24–25]. Increasingly, however, statisticians 

Table 1 
Methodology and paper structure.

Process (adapted from 
[13]

Method Aim Results and sections Figures

Identify dimensions and 
variables. Design typology 
matrix

Scoping literature review 
with thematic coding

Identify dimensions and variables given to unprecedented 
weather in the literature.

3.2. Scoping literature review: 
thematic analysis

Fig. 3 and 
Table 2.

Develop and validate Humanitarian practitionner 
workshop

Gather practitioner perspectives of definitions and dimensions of 
unprecedented weather. Highlight humanitarian concerns and 
preparedness implications.

3.3. Expert elicitation: 
humanitarian practitioner 
perspectives

Table 3 and 
Fig. 4

Finalise Consolidation of literature 
review and workshop results

Bring together science and practitioner perspectives towards a 
common definition and typology of unprecedented weather.

4. Working definition and 
typology

Fig. 5
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have argued that outliers may be windows into unprecedented but 
plausible elements of the data [21,24–26]. Various methods exist to 
detect and describe outliers in observational weather records. For 
example, the World Meteorological Organization formally evaluates 
records of climate extremes around the world, providing precise 
geographic location, date, and record length [27] and some extreme 
event attribution and/or analysis initiatives explore analogue events 
from various sources such as merged station and satellite data [28–29]. 
However, observational records, even merged data, can be short and 
sparse [30–31]. To fill these gaps, certain statistical methods have been 
developed to estimate return periods beyond observational records such 
as making use of Generalized Extreme Value distributions and large 
deviation theory [32–34]. Reanalysis datasets have also been used as a 
proxy to identify plausible extremes beyond observational records [35], 
and generative weather models (both dynamical and statistical) have 
been used to create synthetic but plausible events (e.g. [36–39]).

Fischer et al. [40] note that is it relatively easier to identify past 
outlier events than future risks: “it is challenging to identify the type and 
definition of unprecedented events to look for, including the time and spatial 
scales, before they happen”. Various approaches are being developed to 
address this issue. Key in this landscape are climate storyline approaches 
which attempt to understand the plausibility, rather than probability of 
unprecedented events [41–45]. For example, the UNSEEN protocol was 
developed to expand the limits of climate models through the use of 
forecast ensembles [19,26,46,47] and ensemble boosting approaches 
have been used to replicate heatwave conditions previously thought 
impossible [40]. Some work has also been done to compare storylines 
developed through various statistical and dynamical modelling 
methods, notably for exceptional heatwaves [48].

3.1.2. Unprecedented weather as high-impact-low-probability
Building from this, another group of literature adds an impact angle 

to the outlier concept, characterising some extreme events as “high- 
impact-low probability” (HILP) [49–51]. This is terminology often 
found in the engineering sector, particularly for energy and infrastruc-
ture, and notably illustrates something about the vulnerability and 
exposure of infrastructure or people at risk. The premise here is that it is 
specifically the “low probability” which causes the high impact; the fact 
that it is an outlier makes it impactful. Impacts occur when existing 
preparedness is insufficient, notably because of limited risk perception, 
short-term disaster management practices, and general epistemic un-
certainty about the probability or plausibility of these events [52–53]. 
This conceptualisation is often used to highlight the importance of un-
derstanding risks of rare extreme events because they will have severe 
consequences. For example, the UNSEEN approach described above has 
been applied to argue the foreseeability of low-probability impactful 
heatwaves [26]. A relatively large body of literature focuses on high- 
impact weather more broadly, without these necessarily framed as 

having a low-probability. There is notably a range of work on forecasts 
and early warnings for high impact weather [54–56], for instance 
through the World Weather Research Programme’s High Impact 
Weather [57].

3.1.3. Unprecedented weather as black swan events
A final theoretical angle is provided by the common conceptualisa-

tion of certain unprecedented events as “black swans”. This points to the 
foreseeability of rare events, and literature using this terminology 
typically explores case studies of extremes events that have been sur-
prising and highly impactful. The “black swan” can be a helpful frame to 
understand that the foreseeability and perception of (im)plausibility of 
unprecedented events can be a determinant of preparedness and the 
level of impacts that these events can have.

The origin of the expression “Black Swan” to denote something 
impossible has been linked the Ancient Roman poet Juvenal [58–59]. 
Before 1697, when Willem de Vlamingh happened upon black swans in 
Australia, all swans known to Europeans where white – from then, in 
Europe, the term “black swan” began to mean something previously 
thought impossible but eventually proven by its occurrence [58]–in 
order words, no number of observations of white swans could totally 
disprove the existence of black ones [59]. This was notably central to 
philosopher Karl Popper’s seminal theories about falsification [60]. In 
the 21st century, Taleb popularised the term in his book, The Black Swan: 
The Impact of the Highly Improbable. In this, he defines Black Swan events 
by three specific attributes: an extreme outlier, that causes impact and 
cannot be predicted (but often is followed by post-event explanations). 
Since the publication of Taleb’s book, the term Black Swan has been 
used extensively across diverse disciplines to refer to unprecedented 
events, the uncertainty and surprise when they occur, and the severe 
impacts they can have for this reason [6,61]: “this lack of preparation 
represents a lack of experience and/or psychological readiness to deal with 
events so massive that they defy imagination, and the extent to which the scale 
of such events might overwhelm even the best-laid plans.” [62].

From this, many related concepts have emerged, such as “dragon 
kings” to refer to even more extreme outliers with unique properties 
[63–64] or “grey swans” to refer to events that are within plausibility 
from natural variability but are currently outside the observational re-
cord [124]. These Black Swan metaphors have found themselves used to 
characterise extreme weather events in multiple instances [61,64–65], 
and the combination of black swan theory with climate services are also 
used for disaster management planning. For instance, the 
co-development downward counterfactual scenarios have both made 
use of climate information [66–68] and been used to inform physical 
climate storylines [69]. The perceived un-foreseeability of black swans 
has also been central to the development of methodological approaches 
such as UNSEEN [26] to make foreseen these events, and therefore turn 
them from black swans to known risks for which we can prepare.

Fig. 2. Characteristics articles sampled for the scoping literature review for this paper, showing a rapid increase in the number of articles on the topic (left) and 
within these a main disciplinary focus in earth and environmental sciences (right). Figures from Scopus.
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3.2. Scoping literature review results: Thematic analysis

3.2.1. General findings
Among the 406 articles in our scoping review, over 50 % use the term 

“unprecedented” to refer to a specific or set of weather events which 
have occurred in the past. Among these, heatwaves and droughts are the 
most frequently studied hazards, followed by wildfires, storms, and 
extreme precipitation, and finally by cold waves and/or snowfall. 
Certain past events are recurringly qualified as unprecedented −
notably, the 2015 Hurricane Harvey (USA), the 2015–2016 Australia 
bushfires, the 2015 Mumbai floods (India), the 2021 Pakistan floods, 
and the 2021 Pacific Northwest Heatwave (USA/Canada). Research 
which uses the term “unprecedented” to refer to future risk often relates 
to climate projections showing increases in record-breaking tempera-
tures (e.g. [70–71]), projections of drought (e.g. [72]), or changes in 
storm characteristics (e.g. [73–74]).

Next, there are key distinctions made between events that are un-
precedented in the observational record (which for some types of haz-
ards and locations can be quite sparse) and risks that are unprecedented 
even in model data. A few papers in the literature sampled state their 
objective to identify if a particular event was truly unprecedented. For 
example, Dhar et al. [75] ask “Was the July 1981 rainstorm over Rajasthan 
unprecedented?” and Doss-Goslin et al. [76]: “How unprecedented was the 
February 2021 Texas cold snap?”. These papers clearly define their usage 
of the term, often noting a spatial and temporal framing such as defining 
the years of the observational record and drawing a geographic box 
around the area in question to see the uniqueness of the event. As 
contrast, some authors warn of an overuse and lack of clarity of the term 
unprecedented. For example, Muir [77] describes a rainfall event in 
Ontario, Canada: “Under this skewed risk perspective, a high-profile Ontario 
commuter train flood was mischaracterized as an unprecedented event 
despite a < 5 y return period and a greater flood weeks before.”.

Finally, it is striking that very little research mentions the implica-
tions of these unprecedented events for disaster management. A few 
notable exceptions are Kreibich et al. [78] and Nielsen-Gammon et al. 
[79] who state “[unprecedented drought risk…] presents unprecedented 
challenges for water managers and stakeholders, as well as unprecedented 
data needs”. Similarly, there is little quantification of unprecedented 
impacts or vulnerability and exposure contexts. This mirrors docu-
mented gaps whereby humanitarian disaster management practices do 
not often find themselves in academic literature [126] and the limits of 
disaster impact data more generally.

3.2.2. Thematic findings
Our thematic coding of our literature sample shows at least ten 

different ways in which the term “unprecedented” is used to refer to past 
weather-related events or future risk (Fig. 3 and Table 3).

First, as seen in Fig. 3, there is an overwhelming focus of research on 
the unprecedented hazard magnitude including record-breaking rainfall 
amounts (e.g. [80–82] or highest and lowest recorded temperatures (e.g. 
[42,70]). Quantification of this magnitude is often connected to the 
calculation of the return-periods of hazard conditions.

Next, a smaller proportion of literature focuses on hazard extent, 
often expressed in distance measurements. For example, this dimension 
is used to describe the number of hectares burned by wildfires (e.g. 
[83–85]) or a record proportion of a country affected (e.g.[86]). A 
handful of papers also refer to unprecedented location: for example, 
Newman-Thacker and Turnbull [87] talk about unusual wildfires 
burning near the Chernobyl reactor in 2020. Articles also look at un-
precedented hazard duration − droughts (e.g. [81,88]) and heatwaves 
(e.g. [89–90]) are most often described in this way, expressed in days, 
weeks, or months. A handful of papers also explore the unprecedented 
timing or frequency of events, examining occurrence compared to usual 
seasonality. These dimensions can also occur at the same time. For 
example, Lin et al. [91] observe the early rainy summer in China and 
Sloane et al. [92] characterise temperatures “unprecedented in both 

extremity and timing”.
Finally, many articles in the sample use the term “unprecedented” to 

refer to the context in which extreme events have occurred and which 
therefore had significant impact due to heightened vulnerability and 
exposure. For instance, research refers to the unprecedented combina-
tion of multiple shocks which are either connected or not (e.g. [93–94]). 
For example, Shakoor et al. [95] describe: “Since March 2023, Canada 
has been grappling with an unprecedented succession of wildfires, which have 
notably intensified in June. This wildfire season has shattered previous re-
cords, making it the most severe in Canada’s documented history (Dion 
2023). Furthermore, it is anticipated that Canada will experience its largest 
area ever affected by wildfires this year.” Additionally, over twenty papers 
reviewed refer to unprecedented impacts (e.g. [96–99]) of specific 
events but it is rare to find a geographic or temporal qualifier to this 
usage which reflects well documented gaps in recording and comparing 
disaster impacts.

Table 2 shows each of these eight themes with example quotes from 
the literature sampled.

3.3. Expert elicitation results: Humanitarian practitioner perspectives

Moving from the literature, our expert elicitation process provided 
key insights into the perspectives of humanitarian disaster management 
practitioners who are at the forefront of preparing and responding to 
unprecedented weather.

During the workshop, participants were first asked to define un-
precedented weather in a way that resonates most with them. For this, 
they were asked to choose a hazard type with which they were familiar 
and then imagine what an unprecedented version might look like. 
Table 3 records some of these definitions and illustrates the diversity in 
which practitioners define unprecedented weather.

The discussion that followed these definitions, resonated with much 
of the theory described in our narrative review above – the boundaries of 
statistical outliers, the uncertainty of the Black Swans, and the high- 
impact. One participant typified these conversations in saying: “I think 
it’s really interesting to see the different levels of how people define unprec-
edented or define it in their head (…)” Participants defined unprecedented 
weather as “something that is hopefully unimaginable” or “unprecedented, 
because society had never imagined it would happen” The notion of hu-
manitarian impacts provided a read thread throughout: “an unprece-
dented hazard in a place where nobody lives is […] less of an issue”.

A recurring theme, which was missing from the literature review, 
was the potential subjectivity of the term “unprecedented”: it depends 
on for whom, where and when this is defined, and this can change. For 
example, one participant asked: “Would it still be considered unprece-
dented if historically an event had been recorded by a HydroMet institution 
but the population, say the elders, have no living memory of it? Who would 
define this?” Similarly, someone else asked: “What about the population 
group the disaster strikes − if they never have experienced before, would [it] 
be unprecedented?”. For instance, refugee or migrant populations who 
have recently moved to new places may not have experience with 
certain types of hazards – as such, an extreme weather event can be 
unprecedented for them, and they are significantly more vulnerable than 
people who have lived in that area for longer and are therefore more 
likely to be prepared. Similarly, population growth or conflict may 
rapidly change the vulnerability profiles, or the sheer number of people 
exposed to extreme weather in that location and therefore heighten the 
potential for unprecedented impacts. A hazard can also be common for a 
country or region but unusual for certain locations within it: “even if a 
country as a whole has experience with a hazard but it’s in a new location 
[…] that’s a really different experience”: for instance, Mozambique has 
detailed national preparedness plans for cyclones but if a storm makes 
landfall in an unusual part of the country that is not generally considered 
at risk, local preparedness systems may be lacking. All these questions 
about experience and perception-based preparedness find echoes in our 
literature review where not all papers defined a temporal or location 
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reference point to their use of the term. These reference points clearly 
matter for disaster management.

Next, participants defined various dimensions in which an extreme 
weather event would be considered unprecedented far beyond the 
magnitude of a hazard. Notably, they perceived unprecedented events as 
a function of vulnerability of certain places and communities exposed to 
single or compound hazards which cause severe impacts – as one 

Fig. 3. Frequency of articles coded by theme. The size of the boxes relates to the proportion of articles which use the term “unprecedented” in a certain way to refer 
to a hydrometeorological event or risk. This illustrates that the largest proportion of articles reviewed focus on hazard magnitude whilst the other dimensions are 
much less common. The colours refer to the grouping made of these codes in Table 4.

Table 2 
Illustrative quotes for each of the main literature review codes.

Theme Example

Magnitude “This extreme HPE [High Precipitation Event] on 26 July 2005 was 
unprecedented due to the observed magnitude of 94.4 cm over 
isolated localities in the northeast parts Mumbai City (…)” [111].

Duration “ "In the spring of 2011, the stage of the Richelieu River (Figure 1) largely 
exceeded all the previous floods, with a peak river discharge reaching 
20% above the previous record lasting for more than two months 
above the flood threshold(1,064 m3/s) (Riboust and Brissette 2016). 
[...] This flood was unprecedented in terms of intensity and 
duration" [...] [130]

Timing “These temperatures were unprecedented both in extremity and in timing. 
In previous years, mean daily maximum temperatures during the Bushtit 
breeding season from approximately late March to mid-July ranged from 
10 ◦C to 38 ◦C. At no time in any previous breeding season did air 
temperatures rise above 38 ◦C (NOAA 2021).” [92]

Frequency “Thus, the frequency of extreme warm season precipitation events in this 
region has increased during the last 1–2 decades to levels unprecedented 
in the historical record.” [112]

Location “In the summer of 2022, unprecedented Indian monsoon waves reached 
higher latitudes, resulting in heavy rainfall and flooding in Pakistan and 
Iran.” [128].

Extent “California’s 2020 wildfire season (July-November) resulted in the 
burning of 1.8 million hectares or 4 % of the state’s territory (one-tenth of 
Australia’s total), making it the most extensive California wildfire season 
in the modern record (…)“ [129]

Combination “The flood was a culmination of a season of unprecedented harsh 
weather–the worst winter ever recorded, with 8 different blizzards, 
excessive snow, and subzero temperatures. Unfortunately, residents 
fought not only a flood but also a year of rain, ice, snow, wind, and cold.” 
[113]

Impact “Hurricane Katrina caused unprecedented damage to New Orleans, 
Louisiana, by flooding 80 % of the city. Katrina was the costliest 
hurricane in US history and caused $17 billion in damages in Orleans 
Parish (county equivalent) alone. Katrina also caused more deaths in 
Louisiana (n = 1170) than in any other Gulf Coast state.” [96].

Table 3 
Definitions of unprecedented weather-related events given by the workshop 
participants.

Choose a 
hazard…

… imagine it unprecedented.

Storm “A storm longer than usual (days), higher wind, more rain, more 
flooding (new areas flood, higher levels of flood waters)”

Storm surge “Cape Town coastline experiencing storm surge higher than a two- 
story building.”

Drought “A drought lasting over 6 consecutive rainfall seasons.”
Cold wave “A frigid cold snap in a place in a warm or tropical location which 

doesn’t usually experience seasonality.”
Heatwave “Heatwaves become so intense that we have oven like temperatures 

on earth, it’s impossible for human beings to go outside and if they do 
their skin burns off. Animal and plant life cannot survive.”

Flooding “A flood that occurs after the monsoon season, affecting the 
harvest.”

Heatwave “Heatwaves lasting over a longer time period (more than 10 days), 
with sustained temperatures over 38 degrees Celsius. With impacts 
on basic infrastructure (electricity, transportation), health, etc.”

Cyclone “Wind speeds and storm surges with a TC that is even higher than 
with Hayian so like e.g. 10 m storm surge, leading to consecutive 
coastal floods, all combined leading to enormous impact.”

Storm “After years of droughts, rivers are no longer as deep and unable to 
allow rainwater to seep in. A sudden, unprecedented thunderstorm 
created extreme flash floods that caught pedestrians unaware.”

Vector-borne 
diseases

“People are getting bitten by mosquitos. They don’t know that they 
can contain dengue now. No one has any idea what the symptoms of 
dengue are. People wait to get treated as they don’t know what to 
do.”
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participant termed it: “a series of unfortunate events that lead to something 
that is unprecedented.”. The unprecedented duration of extreme weather 
are also a significant concern for their humanitarian impacts– for 
example, one participant offered the example of cyclone Freddy 
(Southern Africa, 2023 – to date longest lasting tropical cyclone active 
for 37 days) – “I see [cyclone Freddy] as unprecedented as it came once and 
went out and came back again (…) it was really unprecedented because 
people in Malawi thought ‘ok, this is it, it’s over’, and then it all came back 
once more.” The speed of event onset and ability to forecast it in a timely 
manner was also mentioned as key for early warning and anticipatory 
action: “I think “speed” is an important one […and…] encompasses the 
possibility that the meteorological systems simply fail to be able to forecast an 
event which goes well beyond something previously experienced, or the 
forecasts are not believed.”.

It was clear from the conversations that preparing for unprecedented 
weather of diverse dimensions is a significant challenge for humani-
tarian practitioners for which usable science would be valued. Workshop 
participants underscored that unprecedented weather is a significant 
humanitarian concern and for which general preparedness is lacking. As 
one participant wrote: “Might a more circumspect view be that folks are not 
as prepared as they think they are?”. Whilst the humanitarian sector has 
many tools to prepare to respond for extreme weather events (e.g. 
simulation exercises, counterfactual workshops, multi-hazard contin-
gency planning), the imagination that is required [100], and the trade- 
offs to prepare for events previously unseen entails significant barriers 
(see Fig. 4). From participants highlighted that different dimensions of 
unprecedented weather would have significantly different implications 
for disaster management: for example, responding to a cyclone of un-
precedented duration would require more human resources to sustain 
operations and preparing for a cyclone of unprecedented magnitude 
would require more infrastructure strengthening activities.

Finally, participants in the workshop also highlighted barriers to 
prepare for unprecedented events and requests for ways to address 
these. Notably, a perception of uncertainty, trade-offs and competing 
priorities, and the reactive and inflexible structure of the sector which 
makes preparing for many unprecedented scenarios difficult. Commu-
nication of unimaginable risks is also a significant issue. As one partic-
ipant said: “I wonder if one of the biggest challenges is actually convincing 
others […] that these kinds of events are plausible and should be prepared for. 

[…] I think sometimes communities are better at imagination than in-
stitutions.” Worries of unnecessarily alarming was also mentioned, and 
echoes fears of false alarms which some say can decrease trust: “We have 
to consider the risk of ending as Cassandra [the Ancient Greek priestess whose 
disaster prophecies were never believed]”. Scale and granularity of infor-
mation can also be an issue, and practitioners made requests for risk 
knowledge as “localised answers, scaled-down versions of whatever you are 
doing. Don’t tell me what is happening to the world but what could/would 
happen to my locality.”.

4. Consolidation: A working definition and typology

Defining singular extreme weather events is a known challenge 
which requires precision and a clear framing as it will have implications 
on any science [14] or practice. From the combination of both literature 
reviews and the humanitarian practitioner workshop, we can see emerge 
a working qualitative definition of unprecedented weather.

1. Unprecedented weather is a deviation from the record, an outlier in 
either or both quantitative (e.g. in return periods) or qualitative (e.g. 
in different dimensions) terms.

2. The risk of an unprecedented weather is characterised by a certain 
level of uncertainty due to limitations of observational records, 
climate modelling, and weather forecasting.

3. Unprecedented weather events are beyond what is expected or 
imagined by the people who experience or manage it– oftentimes, 
these types of events are under-prepared for, heightening concerns 
about their possible impact on vulnerable and exposure 
communities.

4. Definitions of unprecedented weather are bounded by a spatial, 
temporal, and perception reference point: unprecedented how, 
where, since when, and for whom are key questions to answer. It is 
essential to explicitly clarify the frame and definition which is being 
used to analyse past events and future risk.

5. A diverse and multidimensional understanding of unprecedented 
risk is critical for adapted disaster management.

From the themes identified above through the literature review and 
practitioner elicitation, we can build a typology for unprecedented 

Fig. 4. A Mentimeter word cloud by participants in the workshop showing the strongest barriers to preparing for unprecedented weather. Perceptions of unpre-
dictability and capacity and source constraints were particularly emphasized.
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weather. We suggest that extreme weather can be unprecedented in 
degree (magnitude, intensity), time (duration, timing, frequency, speed), 
and space (location, extent, pattern). Although beyond the scope of this 
paper, many contextual conditions can also be unprecedented, notably if 
events are cascading or compounding, or occur in new vulnerability and 
exposure contexts. Some dimensions may be more common for certain 
types of hazards than others and can interact.1

Table 4 below details these dimensions and variables and offers de-
scriptions and example events for each type.

5. Discussion

Our findings show humanitarian practitioners are concerned about 
unprecedented events in more diverse ways than science currently in-
vestigates. As such, the topic is ripe with opportunities for collaboration 
between climate scientists and disaster managers to articulate and 
answer key questions about current and future weather-related risks. 
Developing co-production methods for these conversations is critical to 
ensure more usable research and bridge the usability gap [101–103]. 
Specifically for unprecedented weather, seminal work on co-produced 
climate narratives and storylines can offer inspiration [104].

First, our literature review finds that there is a lot of research 
describing past unprecedented weather, but humanitarian practitioners 
are more concerned with current and future risks. In the context of rapid 
climate change, this gap is critical and reflects Fischer et al. [40] who 
explain that it is easier to build storylines of past unprecedented weather 
because the complexity of decisions which need to be made to model 
plausible unprecedented futures. With event definition being a crucial 
first step for a range of approaches [26,46,105–106] our working ty-
pology could provide a benchmark to facilitate these decisions – guiding 
the definition of a geographic box (unprecedented where?), a clear time 
period (unprecedented since when and for whom?), and diverse di-
mensions (unprecedented how?). There could be a significant opportu-
nity here for collaboration between scientists and practitioners to build 
more salient definitions of unprecedented hazard of different di-
mensions to develop storylines for scenario-planning. For instance, what 
geographic box should we draw around our analysis which would be most 
relevant for disaster management? How far back should we look in our re-
cords to define an event as unprecedented? For whom are we concerned this 
type of hazard be unprecedented?

Second, our results show that most climate science currently in-
vestigates the unprecedented magnitude of extreme weather which 
leaves understudied many risks which may, in fact, matter more for 
humanitarian outcomes. There is a strong demand by the practitioners 
to extend research to risks that would be unprecedented in more diverse 
dimensions and at scales that resonate with disaster management re-
quirements. For instance, humanitarian practitioners resonate strongly 
with questions about unprecedented duration, timing, and extent of 
extreme weather but the literature reviewed showed a disproportionate 
emphasis of study on the magnitude dimension compared to the others. 
These gaps could be filled by new types of climate storylines research at 
local and regional levels to answer questions such as: What places in the 
world might be at current risks of certain types and dimensions of extreme 
weather but do not know it because they have been lucky? What are plausible 
storylines for a tropical cyclone or a heatwave unprecedented in duration, 
extent, or timing for which local disaster management systems may be 
underprepared?

Third, a more diverse understanding of unprecedented weather is 
necessary for enhanced disaster management in very concrete ways. 

Humanitarian disaster preparedness systems are likely to be under- 
prepared to anticipate and respond to unprecedented weather events 
[107–109] and because extreme weather can have unprecedented im-
pacts without the hazard itself being unusual, as a function of high 
vulnerability and limited preparedness. While it is true that the sector 
already makes extensive use of scenarios and simulations to prepare for 
different risks, these are often based on previously experienced events. 
Robust storylines of plausible current and future risks of unprecedented 
weather of all the dimensions of the typology could be used to build 
these scenarios and develop adapted early warning messages, anticipa-
tory action protocols, and disaster response contingency plans to cover a 
wider range of risks. This could be a rich field of work for scientists and 
practitioners, and could be inspired by work on net-zero scenarios [110]
and the development of downward counterfactuals of natural hazards 
[68]. Research and practice questions could resemble: how can we use 
science, storytelling, or games to increase imagination of weather risks that 
this community has never seen before but is known to be highly plausible in 
the current climate? What would be good early warning messages for un-
precedented weather events and would lead to appropriate action be taken? 
What would be the resilience of current contingency plans and early action 
protocols if these were confronted with weather events that would be un-
precedented in different dimensions?

Overarchingly, our results uncover a requirement for imagination: 
more imaginative climate science can better support disaster manage-
ment by increasing knowledge about the diverse risks of unprecedented 
weather in vulnerable locations and for vulnerable people. A concrete 
opportunity exists here to improve the understanding, uptake, and us-
ability of physical climate storylines of unprecedented weather for 
disaster management planning with the aim to reduce humanitarian 
impacts.

6. Conclusions

Despite the significant humanitarian risks posed by unprecedented 
weather, it is a challenge for scientists and practitioners to discuss these 
risks without a common definition and understanding. In this paper, we 
combine narrative and scoping literature reviews of more than 400 
scientific articles with an expert elicitation process with 48 humanitar-
ian practitioners to develop a working definition and typology which we 
hope can help lead to more usable science for disaster management. A 
summary illustration of this definition and typology can be found in 
Fig. 5.

The main conclusions of this paper can be summarized in the 
following way.

1. Unprecedented weather events pose risks of significant humanitarian 
impacts and is a growing research topic in climate science 
disciplines.

2. Humanitarian practitioners are concerned about current and future 
risks of unprecedented weather, and emerging climate science ap-
proaches can help answer some of the most pressing questions.

3. There is currently a large focus of research on events of unprece-
dented magnitude but there are many other dimensions in which 
weather can be unprecedented, all which have different implications 
for disaster management.down

4. We offer here a working definition and typology of unprecedented 
weather to support collaborations between climate scientists and 
disaster management practitioners in the humanitarian sector and 
beyond.

We conclude this piece with a call for more imaginative and usable 
research on unprecedented weather risks. A science-practice dialogue on 
this topic is essential to supporting decision-making in a rapidly 
changing climate. While this paper focused on humanitarian perspec-
tives, all sectors are required to build resilience to unprecedented 
weather and will have different asks for climate services. A whole-of- 

1 For example, at the moment of finalising this paper, Hurricane Beryl has 
made headlines for being the earliest Category 5 Atlantic hurricane on record as 
well as the "strongest and easternmost hurricane" recorded in the basin in June 
[123], an illustration of how dimensions can overlap to create a significantly 
impactful event.
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society approach to imagining, understanding, and addressing these 
risks is essential.

CRediT authorship contribution statement

Dorothy Heinrich: Writing – review & editing, Writing – original 
draft, Visualization, Validation, Supervision, Software, Resources, 
Project administration, Methodology, Investigation, Funding acquisi-
tion, Formal analysis, Data curation, Conceptualization. Elisabeth 
Stephens: Writing – review & editing, Writing – original draft, Visual-
ization, Validation, Supervision, Software, Resources, Project adminis-
tration, Methodology, Investigation, Funding acquisition, Formal 
analysis, Data curation, Conceptualization. Erin Coughlan de Perez: 
Writing – review & editing, Writing – original draft, Visualization, 
Validation, Supervision, Software, Resources, Project administration, 

Methodology, Investigation, Funding acquisition, Formal analysis, Data 
curation, Conceptualization.

Declaration of competing interest

The authors declare that they have no known competing financial 
interests or personal relationships that could have appeared to influence 
the work reported in this paper.

Data availability

The authors do not have permission to share data.

Table 4 
Suggested typology of unprecedented weather.

 Dimensions Hazard variables Description Possibly illustrative eventsa

Unprecedented how, 
where, since when, for 
whom…

Degree Magnitude The hazard conditions are quantifiably higher over a 
period.

2021. North America. Pacific Northwest 
Heatwave. Temperature records shattered, 
for instance in Lytton, British Columbia 
[42,114]

Intensity The hazard occurs with higher and in another 
qualitatively severe way at a given time.

2015. Hurricane Patricia. Multiple records 
broken including highest maximum sustained 
winds in the Western Hemisphere [131].

Time Duration The hazard lasts longer. February/March 2023. Southern Africa. 
Cyclone Freddy. Longest lasting tropical 
cyclone on record with 5 weeks and 2 days 
[115].

Timing The hazard occurs at a different time of the year. 2021. Nepal. Out-of-season floods. Floods 
past the monsoon withdrawal date [116].

Frequency There is a higher frequency of occurrence of the same 
type of hazard.

2005. Most hurricanes in a year with 15 
recorded by the USA National Hurricane 
Centre [117]

Speed The speed of onset or intensification of the hazard is 
faster.

2022. Pacific. Cyclone of record rapid 
intensification and intensity [74].

Space Location The type of hazard occurs in a new location. 1900. Texas, USA. Galveston Hurricane. First 
hurricane to ever hit Texas and remains 
deadliest weather-related disaster in the USA 
[118]

Extent The hazard is larger and/or occurs over a larger 
geographic scale.

2019/2020. Australia. “Black Summer” 
wildfires [83].

Pattern The hazard occurs with a different geographic 
clustering.

2016. Tropical Andes. Precipitation events 
during El Nino across the region [119].

Context – (beyond 
the scope of this 
paper)

Cascading or 
compound shocks

Overlapping hazards occur at the same time or one after 
the other, exacerbating each other. For this, readers can 
refer notably to the typology by Zscheischler et al. [10].

2022. Pakistan. Exceptional drought and 
flooding experienced in the same year [120].

Vulnerability and 
exposure 
conditions

Hazards occurring in a new heightened context of 
vulnerability and exposure and can create 
unprecedented impacts (whether or not the hazard 
conditions are unprecedented).

2020. Bangladesh. Cyclone Amphan hits the 
country during an unprecedented global 
pandemic [121–123].

aIt is key to note that the illustrative events originate from the reviewed literature where they were described as unprecedented in these different dimensions but we 
have not conducted any further analysis on these events for this paper.

Fig. 5. Summary figure showing the typology dimensions and variables, and our proposed working definition for unprecedented weather hazards. Our results 
suggest that the degree dimension is disproportionately emphasized in current climate science research and that unprecedented time and space matter significantly 
for humanitarian disaster management.
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