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A B S T R A C T   

The burgeoning literature on compound disasters has advanced the understanding on the causes and drivers of 
multiple hazard events. Yet, so far, this literature has provided limited insights concerning how multiple hazard 
events, triggering compounded emergencies, challenge emergency response systems. Here we develop a diag-
nostic to assess specific challenges facing response systems when confronted with spatially and/or temporally 
compounded hazard events. The diagnostic comprises three elements. First, compound emergency scenarios are 
defined based on biophysical links within and between communities, and/or temporal overlap between haz-
ardous events. Second, by drawing from recent public administration literatures, we develop a network-centric 
model of an emergency response system consisting of actors, venues and functions. Third, we formulate a set of 
diagnostic questions to specify whether and how compound emergencies challenge response systems. These 
advances together form a diagnostic tool for researchers as well as practitioners to identify potential weak spots 
in emergency response systems. The diagnostic also helps assessing what cognitive, preparatory, and planning 
capacities are needed to ensure more effective responses to compound emergencies.   

1. Introduction 

Recent research has advanced the understanding of compound di-
sasters. These events bring significant social and environmental impacts 
resulting from combinations of interacting physical processes that span 
across temporal and spatial scales. Analyzing these interrelated events 
constitute a crucial extension of previous studies focusing on one hazard 
at a time, which can lead to underestimation of risks that are connected 
with, and affected by, different hazards [1,50]. 

Meanwhile, despite recent advances this emergent research area has 
not yet elaborated an understanding of potential managerial conse-
quences from compound events. Thus, it largely remains unknown 
whether and how challenges that derive from compound events are 
different from the challenges deriving from single or multiple events 
that do not overlap in time or space [32]. To date, most work has focused 
either on modeling how combinations of biophysical drivers can 
potentially lead to compound events, or on higher-level societal impacts 
in terms of the probability of compound events to cause humanitarian 
crises and disruption to global economies [14]. In this field, various 
‘socio-economic processes’, for instance, including socioeconomic 
pathways, adaptation and migration actions, and governance, are 

included because they contribute to vulnerability, exposure, and risk 
[50]. Some additional advances have been made concerning, for 
instance, risk communication [28,39], adaptive governance in the 
context of compound social and ecological crises [41], leadership 
challenges [16], and impacts on specific services, such as healthcare 
networks [18]. While bringing important insights, these accounts 
overlook how compound events more specifically affect responses at 
different levels. More specifically, the relationship between various 
compound events and response systems that are charged to deal with 
them has often been hidden under the veil of “complexity”. This study 
addresses this gap by developing a diagnostic to disaggregate impacts of 
compound events on response systems, including relationships between 
actors, processes (i.e. venues), and functions. 

Our diagnostic sets out from the common assumption that large-scale 
disasters typically require collective action involving multiple actors 
and stakeholders that collaborate to address joint problems and coor-
dinate actions [6,25,36,38]. Thus, detailing collaborative responses to 
compound events is a crucial step to gain new insights about societal 
impacts and strategies for mitigating negative effects of compound 
events. For example, what unique collaborative challenges do com-
pound disasters, unlike single or non-compound disasters, bring for 
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various actors within response systems? And, how can these challenges 
be effectively addressed to reduce negative impacts? 

Addressing these challenges is crucial to overcome oversimplified 
prescriptions, manifested, for instance, by sweeping recommendations 
to increase overall flexibility, capacity, funding, and collaboration 
within and across response systems. While certainly true, such generic 
advice provides little explicit guidance for how to prioritize scarce re-
sources to strengthen core functions of response systems. 

2. Compound emergency 

This article shifts the focus from combinations of multiple physical 
processes that give rise to compound hazards to potential societal im-
plications of these hazards, focusing specifically on collaborative 
disaster responses. The starting point is the established insight that so-
cietal impacts of natural hazard events ultimately are shaped by human 
action and inaction that determine vulnerability and resilience. 
Accordingly, in the view of the Intergovernmental Panel on Climate 
Change [23], a disaster refers to “severe alterations in the normal 
functioning of a community or society due to hazardous physical events 
interacting with vulnerable social conditions, leading to widespread 
adverse human, material, economic or environmental effects that 
require immediate emergency response to satisfy critical human needs 
and that may require external support for recovery” (p. 1763). In light of 
this definition, we need to better understand episodes where compound 
hazards may cause disruptions in the functioning of communities and 
how those disruptions can be effectively mitigated. 

Here we introduce the term ‘compound emergency’ to describe the 
range of potential challenges that compound hazard events may bring 
for any given community or set of communities. We use the concept 
‘emergency’ to denote the shift of focus from biophysical drivers and 
dynamics to societal impacts, which require a societal response. An 
emergency is thus defined from the perspective of a response system. 
Accordingly, an emergency represents a set of challenges that are 
perceived and acted upon as a whole, i.e. it gives rise to a collective and 
(ideally) coherent response, involving one or several response systems. 
Typically, one hazard corresponds to one emergency, but ultimately the 
definition of an emergency as depicted here is tied to the scope and scale 
of the response. Compound emergencies are thus defined here as two or 
more hazard events with significant societal impacts, which occur 
sequentially or simultaneously across and/or within different 
geographical locations and which require a (coherent) societal response. 
Here, sequential events are referred to as temporally compounded and 
simultaneous events as spatially compounded. 

Our approach is consistent with the distinction between hazards and 
societal impacts by Leonard et al. [28], which recognizes that stake-
holders define and react to the scale of impact and the consequences that 
events have for societies. Hence, a single hazard might trigger two 
emergencies, or reversely, two compounded hazards can result in a 
single emergency, although the sheer magnitude of the societal impacts 
of this emergency might exceed a ‘routine’ emergency (i.e. an event that 
surpasses the coping capacity of a system) [34]. To avoid stretching our 
diagnostics too far, we focus here on the occurrence of two or more 
hazards that lead to two or more emergencies. 

Emergencies entail challenges that are dealt with by response sys-
tems. A response system here refers to interactions among public and 
private actors that participate regularly in efforts to provide adequate 
functions that are able to address tasks brought on by a hazard event 
[13,37]. The very existence of a compound emergency hinges upon what 
functions (services, including delivery of public goods) the response 
systems need to provide, i.e. if the compound hazards requires two or 
more distinguishable sets of functions (which very well could overlap). 
A response is thus defined here as efforts to address a set of functions to 
reduce negative impacts from the emergencies one or several hazards 
may produce. From this follows that the existence of compounded 
emergencies is ultimately an empirical question. In other words, 

whether and to what extent response systems are exposed to one or 
several emergencies depends on what type of functions they need to 
provide, and at what point in time. It might not even be clear among all 
the actors themselves if a compound hazard has initiated one or several 
emergencies. By elaborating this perspective, we seek to contribute to 
emergent social science research on the social implications of com-
pounded hazard events, including how these events can be mitigated 
and evaluated. 

2.1. Emergencies as distributed collective action problems 

Similar to complex single emergency events, compounded events are 
not narrowly confined to public disaster responder systems involving 
public agencies and emergency management professionals. Rather, they 
are dealt with by governing systems that are more or less fragmented 
into different organizational and institutional structures, which typi-
cally engage actors and stakeholders interacting across different 
administrative and geographical levels and sectors. These systems are 
fragmented in terms of being multilayered (multi-level), and polycentric 
(different organizations or sub-units have responsibilities across 
different geographical locations). These systems are also functionally 
fragmented as responsibility and expertise associated with core emer-
gency management functions is distributed across multiple actors and 
levels [8]. 

Additionally, some of the collective action problems that these 
functions address are interdependent in the sense that the execution of 
one task depends on efforts to execute other tasks [7,42]. For example, 
meeting medical care and shelter needs of flood-affected communities 
depends on organization of transportation and logistics. Some functions 
overlap spatially where institutional arrangements in two bordering 
administrative systems address the same tasks. Other functions have 
temporal overlap where they are more prominent or urgent during 
different phases of an emergency. For example, medical response and 
search and rescue operations may be more urgent during the onset of 
flood disaster, while disease surveillance and public health management 
may be more important following a disaster to prevent the spread of 
infectious diseases. 

Based on these premises, different actors will engage with different 
challenges depending on their position, resources, and mandates within 
a response system. This underscores the crucial role of collaboration to 
facilitate effective responses across locations and functions. In fact, 
collaboration is a precondition for effective emergency management 
since no actor is able to respond alone to transboundary challenges. This 
perspective is widely recognized in literature on collaborative gover-
nance [5,17,22,46,48] in general and collaborative crisis management 
[11,24,36,40] in particular. Nevertheless, empirical studies rarely take 
the fragmented nature of the response systems into account, but tend to 
focus on narrow aspects of collaboration, such as the establishment of 
collaborative ties among actors. This gap is even more significant in 
relation to compound emergencies where managerial challenges are 
spatially and/or temporally distributed across multiple responses. The 
latter is the defining property of compound emergency; without this 
strongly distributed character occurring across multiple responses, and 
thus across a broad set of functions, a compounded emergency would 
not be different from a single emergency. For example, the COVID-19 
pandemic, a prolonged hazard, has frequently intersected with natural 
hazards (e.g. typhoons, earthquakes, wildfires), giving rise to compound 
emergencies [44]. 

3. A diagnostic for assessing the effectiveness of collaborative 
responses to compound emergency 

To advance the assessment of compound emergencies, we need a 
conceptual approach to describe what happens when compound hazards 
evolve into compound emergencies with implications for fragmented, 
distributed, evolving emergency response systems. To this end, we 
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develop a diagnostic approach to identify specific characteristics of 
compound emergencies and identify what specific challenges these may 
bring to emergency response systems. Hereby, we also indirectly provide 
an approach for describing attributes and collaborative response chal-
lenges associated with both single and compounded emergencies, 
although we will use single emergency events as a baseline to contrast 
with temporally and spatially compounded emergencies. 

3.1. Scenarios of temporally and spatially compounded events 

Compounded emergencies can follow different trajectories, which 
depend on whether hazard events overlap temporally or spatially. These 
trajectories also depend on, first, whether the affected communities are 
interconnected via biophysical links (e.g. two or more geographically 
adjacent municipalities are biophysically linked if a hazard, as well as 
the response efforts, in one municipality have biophysical consequences 
in the other municipality) and, second, whether hazard responses within 
those communities overlap. 

From these alternative trajectories, we can discern scenarios where 
different types of compound hazards result in different compound 
emergencies. For simplicity, we rely on two compound event types from 
previous literature [49] and specify how these different hazards can 
result in compound emergencies. These scenarios (panels a-d) are out-
lined in Fig. 1 where they are compared with two baseline scenarios 
(panels e and f) that illustrate cases that do not meet the criteria of 
compounded events due to the separation of systems (e) and responses 
(f). 

Boundaries between these scenarios are blurred in practice. First, it is 
difficult to determine the degree to which two hazard events are 
temporally separated. That is, some events may bring long-term impacts 
that require responses by actors for an extended period after the most 
acute phase is over, including recovery and reconstruction measures. 
Efforts to draw lessons and identify reform needs also take time and 
require sustained engagement of multiple actors. Hereby, it might be 
difficult to separate scenarios based on a temporal succession of events 
(i.e. temporally compounded events, scenarios a and b in Fig. 1) from 
scenarios based on hazards occurring within the same time window (i.e. 
spatially compounded events, scenarios c and d in Fig. 1). Second, it is 

challenging to determine whether responses within the same commu-
nity overlap (as depicted in scenarios b and d in Fig. 1) or whether re-
sponses to two hazards are functionally separated (as in a and c in 
Fig. 1). Responses overlap if the same actors are involved in the response 
to two events, if responses are coordinated within the same processes, 
and/or if responses to two hazard events require resolution of the same 
tasks. If no connections exist between the responses to two events, then 
these two events are, by definition, not compounded but rather classified 
as single emergencies (scenario f in Fig. 1). Below, each scenario is 
described in some detail. 

3.1.1. Temporally compounding events 
This scenario includes a succession of hazards in any given 

geographical area affecting two biophysically connected communities 
(Fig. 1a) or one community (Fig. 1b). These can include events of the 
same type (for example, two storms) or the consecutive occurrence of 
different hazard event types (for example, a storm followed by a flood), 
driven by one or more biophysical drivers. In this scenario, the com-
pound emergency is manifested by a need to coordinate functions that 
are crucial for addressing tasks raised by different hazards occurring at 
two different points in time. What distinguishes a compound emergency 
from a series of sequential but separate hazards is that the same com-
munity (e.g. a region or a municipality) is affected by both events 
(Fig. 1b). By comparison, if two separate consecutive hazard events 
affect two separate communities without a biophysical link, these events 
are not considered a compound emergency (Fig. 1e). Given the different 
nature of events, for example a wildfire and a flood, each hazard will 
give rise to different tasks and thus raise the need for different functions. 
Therefore, different actors are likely to be involved in the response to 
different hazard events, which, however, ultimately depends on the size 
and organizational structure of the administrative system. 

Temporally compounding events come in different versions. In one 
version, two or more hazards are managed separately with some time 
unfolding between the ‘termination’ of the response to one event and the 
escalation of the next event. Thus, a community for some time returns to 
a state of normalcy in-between two events (if this state remains for a 
relative long time, it might be more adequate to describe this as a 
sequence of single emergencies). In another version, the response to 

Fig. 1. Illustrations of temporally and spatially compounded emergencies (panels a-d), contrasted with two baseline scenarios (panels e and f).  
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several events overlap temporally. This is partially determined by the 
nature of the hazard and partly by secondary ‘ripple’ effects in a com-
munity. Some events, e.g. heatwaves, are drawn-out and require sus-
tained coping measures that are extended over time. These measures 
may thus be ongoing by the time the next hazard occurs (Fig. 1b). For 
example, a heat wave might be followed by wildfires and extended 
drought conditions posing an acute threat to agriculture and crops 
production. However, in practice the level of temporal overlap between 
hazards is a matter of judgment and the boundaries are soft in practice. 
At some point, if the overlap is too big, the scenario is more accurately 
described as a spatially compounded event, which is detailed below. 

Another version of a temporally compound event is when a succes-
sion of two or more hazards affects two or more spatially connected 
communities (Fig. 1a). These hazards can be of the same or of different 
type. In this version, impacts are amplified or may be manifested by 
cascading effects due to biophysical interdependence between 
communities. 

3.1.2. Spatially compounding events 
Spatially compound events are defined as a scenario when several 

hazards occurring within a limited time-window affect two or more 
biophysically connected communities or two overlapping response sys-
tems within one community. These hazards are defined as separate 
events that require mobilization of different key functions in one or 
more communities. This scenario has been depicted at the global and 
regional level, although it is applicable to lower levels as well. In its 
simplest form, a spatially compounded emergency entails two hazard 
events that happen more or less simultaneously and impact two con-
nected communities (Fig. 1c). In the compound hazards literature, lo-
cations are connected via spatial integration and by a modulator (e.g. 
weather pattern) that is the common cause of hazard drivers, which 
create biophysical links between locations [49]. Many different hazards 
meet this description, including e.g. wildfires, floods, droughts, heavy 
precipitation events with wide geographical spread, which in turn span 
across multiple administrative boundaries. 

Another version of spatially compounding hazards is a situation 
where one community is impacted by two or more concurring hazard 
events that affect two overlapping response systems (Fig. 1d). Depend-
ing on the scale of these events and the size of the affected community, 
the simultaneous occurrence of several urgent challenges will require 
swift mobilization of resources and involvement of several core func-
tions. Here, response systems are considered overlapping if they depend 
on the same functions to cope with two simultaneous hazard events. Due 
to fragmentation, resources and functions are likely spread out over 
different organizations, which raise a need for coordination and 
collaboration between actors engaged in responses to different hazard 
events. 

3.1.3. Upscaling and ‘higher-order’ connectivity 
The hierarchical organization of administrative systems directly af-

fects the conceptualization and diagnostic of compound emergencies. 
Thus, whether one or several hazards affect or impact any given 
administrative system ultimately depends on what level of the admin-
istrative system one focuses on. For example, lower-level administrative 
systems, such as cities or municipalities (with their own governmental 
organization and thus hazard management responsibilities and capac-
ities), in the same geographical area might be impacted by several 
hazard events that do not become a compound emergency since the 
systems and/or the hazard response are not connected (baseline sce-
nario in Fig. 1e). However, when considered at a higher administrative 
level, for example a region (also with mandate and responsibility for 
hazard management) the same events may meet the definition of a 
compound emergency because the simultaneous or sequential occur-
rence brings a need for coordination of actions and responses that 
involve lower-level actors (e1 in Fig. 1). 

3.2. What capacities are needed for addressing compound emergencies? 

Anticipating and managing the four scenarios outlined above require 
several core capacities. Traditionally, crisis management scholarship 
has pointed to an assembly of capacities that are crucial for responding 
to extreme events [4,9,10]. These capacities are tied to the key ‘phases' 
of emergency and disaster response, including the ability to plan and 
prepare, respond and recover, and adapt and change. Inter- 
organizational crisis management network has also been described as 
a core capacity in its own right, considering the need to coordinate 
multiple actors [12]. The same capacities play a role in relation to 
compound events as well. However, as depicted in Fig. 1, compound 
emergencies bring additional challenges associated with interconnected 
events, communities, tasks, and responses, which underscore the need 
for certain cognitive, planning, and preparedness capacities. 

3.2.1. Cognitive capacity 
Cognitive capacity refers to awareness, specifically the degree to 

which relevant actors have developed knowledge and understanding 
about the risk for compound emergencies, and what consequences 
compound emergencies could bring for communities. This focuses on 
whether compound emergencies are an established perspective and if 
this is something actors regularly think about and discuss, i.e. if com-
pounded emergencies have become mainstreamed in regular discussions 
among a relatively large number of actors. Part of this is whether actors 
disagree about the likelihood for compound emergencies, which may 
explain why compound events could be overshadowed by a sole focus on 
single emergencies. Cognitive capacity could also be relatively low 
despite a general awareness among actors of the risk that compound 
events would materialize, if this is not accompanied by analyses of po-
tential consequences of compound events. Finally, cognitive capacity 
can also refer to the ability of actors to process high volumes of infor-
mation that is needed to make timely decisions about compound 
emergencies. Coordination among several response systems also may 
require cognitive capacity to make organizational decisions. This can 
also account for limited attention of individual managers to address 
multiple interacting emergencies. To some extent, this also impacts 
planning capacity (see below), however it rather represents how actors 
process, interpret and store information rather than ability of the 
response system to plan for compound events. Collective learning, self- 
organization and better organization of information processing can 
potentially benefit cognitive capacity. 

3.2.2. Planning capacity 
High planning capacity implies that the risks for compound events 

are integrated into planning processes and associated ‘output’ docu-
ments. In other words, are actors planning for the possibility for com-
pound emergencies? Moreover, are the potential consequences 
regarding coordination and resource mobilization taken into account in 
the design of the emergency response system? Furthermore, do relevant 
actors participate in planning for compound events? And, from a polit-
ical perspective, does planning for compound emergencies receive po-
litical support, including appropriate funding? In short, are compound 
emergencies considered a priority for high-level politicians and public 
servants? Is planning for compound events institutionalized and which 
stakeholders or experts can be involved in such planning through a 
participatory process? A related issue is whether planning for compound 
emergencies is based on some specified challenges (e.g. predefined 
hazard events), or if they are addressed in more general terms. 
Specialized planning may not always equal better planning capacity. If 
planning is based on specific emergencies, the response system may 
become more efficient in addressing them while it may be less effective 
responding to other emergencies or to compound emergencies (cf. [9]). 
Additionally, assessment of planning capacity should take into account 
whether plans are based on realistic claims and assumptions or more 
sweeping claims about compound events. Planning capacity is one 
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product of organizational learning, i.e. it is based on continuous efforts 
by actors to develop relevant knowledge about compound events and 
translate that knowledge into actionable lessons that are applicable to 
the response system. 

3.2.3. Preparedness capacity 
Preparedness capacity here refers to concrete organizational and 

institutional structures and procedures for addressing challenges spe-
cifically associated with compound events. In other words, have 
knowledge and lessons concerning compound emergencies been effec-
tively translated into practical solutions? Such preparedness capacity 
involves, for example, adequate procedures to address coordination is-
sues that may emerge during compound emergencies and that would 
involve a broad range of functions. Furthermore, are the actors that 
might occupy key roles during compound emergencies properly identi-
fied, and, are these actors prepared in terms of training, personal re-
lationships, and knowledge of relevant procedures? Finally, 
preparedness capacity also involves external relationships and/or re-
sources that might be needed in relation to compound emergencies. 

3.3. A three level emergency response model 

The final component of our diagnostic is an analytical model that 
specifies the structure of response systems as well as the functions and 
tasks that actors need to address when responding to emergencies. The 
model is not limited to compound emergencies, but can also be used to 
analyze collaborative responses to single emergencies. 

The model considers the interplay between three core elements of 
emergency response systems: actors, processes and functions (with are 
in turn strongly associated with tasks, see [20,21,29]). The model is 
influenced by the so-called Ecology of Games framework, where actors, 
venues and issues constitute different entities of a polycentric gover-
nance system [30]. Here, actors include individuals or organizations that 
are engaged in the response to an emergency through different actions. 
Processes refer to venues (platforms, forums or similar) where actors 
frequently interact with each other (processes and venues are here used 
interchangeably). Those interactions can be collaborative, for example, 
sharing of information, exchanging experiences and lessons, coordi-
nating activities and decision-making, and may be temporary or per-
manent. However, interactions can also be non-collaborative and 
involve competition over scarce resources, disagreement, conflict and 
other self-interested behaviors. The same actors can participate and 
interact with other actors in a number of different processes. These in-
teractions can also take place outside established processes through 
direct peer-to-peer interactions, although creating and maintaining a 
range of different processes is a key characteristic of most response 
systems [13]. Finally, a response system provides a set of functions that 
actors utilize to address certain tasks in order to mitigate the conse-
quences of a natural hazard. 

The functions of a response system are not necessarily static; they 
usually evolve with the need to address certain tasks during an emer-
gency. In this perspective, complex emergencies do not represent one 
distinct collective action problem but rather a series of interdependent 
tasks whose solution depend on a set of functions [8]. Tasks include 
more or less urgent challenges to deliver public goods, which require 
decisions, actions, and/or resources and engagement of actors with re-
sponsibility to provide those functions. Some tasks involve acute oper-
ational challenges, such as the evacuation of residents from a flooded 
area, whereas other tasks are associated with organizing response op-
erations per se [45], such as coordination with other actors and sharing 
information. We acknowledge that a function in some cases can be 
difficult to separate from a task. Often, the difference between a function 
and a task depends on the longevity and specificity of a task and the 
amount of resources and procedures needed to address certain tasks. In 
this sense, a task might be seen as more fluent and ad hoc than a 
function. 

Given that our model focuses on three elements, which in turn are 
more or less related to each other, we find it advantageous to depict it 
from a network perspective. Networks are made up of nodes and links 
(or vertices and edges/ties). A node constitutes a distinguishable entity, 
for example a person in a social network. The nodes in a network can be 
of different types (e.g. an actor or a task), and/or have different attri-
butes (e.g. a public actor or a private actor). Links in a network signify 
relationships of some sort among the nodes. In a social network, a 
relation might be based on friendship, or two actors working together. If 
the nodes are capturing different tasks, a link could represent task in-
terdependencies, for example two tasks might be relying on a common 
set of resources to be properly addressed [7]. 

A network perspective is a useful approach to describe a response 
system and how it can be affected by different emergencies. First, a 
network lens provides a simplified but adequate description of the 
components of a distributed emergency response system, including re-
lationships between actors, processes, and functions/tasks (Fig. 2). 
Second, viewing the system under investigation as a network, offers a 
breadth of methods and theories. For example, many studies have 
developed theories and applications in relation to social capital 
[3,27,33]. 

As stated above, actors, processes, and tasks are often interdepen-
dent. Actors collaborate or compete directly with other actors, they 
engage (or not) with other actors in certain processes (venues) but not in 
others, and the processes often overlap as the venues have overlapping 
objectives and/or are devised to address certain problems in the same 
locations. Processes are typically devised to ensure effective execution 
and coordination among different functions (links between processes 
and functions, Fig. 2) and sometimes these coordination processes 
overlap (links between processes, Fig. 2). Finally, the tasks and their 
associated functions often interdepend with other tasks/functions (links 
between functions, Fig. 2). This is the case when the ability of actors to 

Fig. 2. The three level network model consisting of actors (red), venues (blue) 
and functions (green), along with their relationships (black lines). Actor-to- 
actor links represent direct peer-to-peer collaborative ties between actors; 
actor-to-venue links refer to actors participating in venues (i.e. processes); 
venue-to-venue links indicate administrative overlap between venues (e.g., 
activities in one venue are obligated to take activities in another venue into 
account); venue-to-function links indicate venues addressing (and/or having 
responsibility for) functions; function-to-function links refer to interdependency 
(i.e. where efforts to address one or more functions require resources and/or 
activities that are also required to address other functions). (For interpretation 
of the references to colour in this figure legend, the reader is referred to the web 
version of this article.) 
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address one task depends on resources and/or activities that are 
required to address one or several other tasks. Thus, ‘task interdepen-
dency’ occurs as an effect of competition over scarce resources and/or 
the need to coordinate joint activities [7,20,21,35]. 

Again, the rationale of the network model is to specify the essential 
components of the response system and the connections between them. 
The objective is to enable a simplified analysis of the challenges that 
emerge from compound emergencies. The model, however, builds from 
a generic model of a multi-level and polycentric governance system. 
Thus, while the model is based on the established ecology of games 
framework [30], it advances the conceptualization of interdependencies 
and overlap across actors, processes and functions in emergency 
response systems. In summary, the model enables, first, a descriptive 
analysis to detect where exactly in an emergency response system 
“tensions” can be expected in the wake of compounded emergencies, 
and, second, an assessment of the “structural/functional fit” to chal-
lenges that are encountered in relation to compounded emergencies. 
These points are elaborated below. 

3.4. Effectiveness as functional fit of a response system 

The model can be used to assess ‘functional fit’, which implies that 
the system (actors, venues, functions) is configured in such a way that 
the emergency (or the emergencies) can be addressed effectively. More 
generally, the concept of ‘fit’ in a polycentric and multilevel emergency 
response system builds from the fundamental importance of collabora-
tion and well-crafted institutional alignments across actors, venues and 
functions. In other words, a high level of fit implies that actors, processes 
and functions/tasks are tied together through collaboration and insti-
tutional structures that enable coordinated responses, efficient use of 
limited resources, and a timely allocation of resources to address specific 
tasks in certain locations. By drawing on recent studies of institutional fit 
[15,19], typically found in the literature of environmental governance 
(often then called social-ecological fit), we here specify a number of 
network configurations that we hypothesize would be conducive to 
effective emergency response. These configurations (Fig. 3) represent 
different relationships between actors, processes and functions (Fig. 2). 

The configurations are generic and thus not bound to single or 
compound emergencies. Rather they represent an attempt to capture 
configurations that are hypothesized to facilitate effective responses to 
any type of emergency that require certain functions at different points 
in time and in different locations. This nonetheless makes it possible to 
specifically evaluate whether and how a compound emergency will 
affect the response system, and how apt the system is to respond to the 
specific challenges compounded emergencies give rise to. This is 
possible since the configurations associated with fit are only bound to 
relationships between actors, venues and functions. Whether the set of 
functions derives from single or compound emergencies is secondary. 
Nevertheless, since the set of functions most likely differs between 
different emergencies, this approach to functional fit facilitates analyses 
of whether a response system is more adequately structured to effec-
tively address one emergency over another emergency, regardless 
whether the emergencies are single or compounded. In other words, this 
approach makes it possible to separate the specific challenges that are 
encountered during compound emergencies and single emergencies, 
respectively. 

In this perspective, compounded emergencies are challenging 
because they likely require more functions compared with single 
emergencies, and any overlap between functions across the emergencies 
can be either direct or indirect (Fig. 4a and b, respectively). This exposes 
the response system to more stress and tension. Meanwhile, many of 
these functions will be the same as those encountered during single 
emergencies but the fundamental difference is that actors are likely 
confronted with a greater number of functions at once, along with a 
greater number of actor-, venue- and functional interdependencies that 
needs to be addressed. 

In a compounded emergency, functional overlap can occur when the 
same functions are required to address tasks emerging from two haz-
ardous events. For example, if a wildfire is closely followed by a flood 
event (temporal compounded emergency), functions associated with e. 
g. evacuation and public information likely overlap. These functions 
thus represent the resources and activities that would likely be most 
constrained during a compounded emergency, whereas other functions 
that are only needed to respond to each hazard separately are less 
constrained (Fig. 4a). Alternatively, if considering planning and pre-
paredness capacity, a response system may be able to respond effectively 
to temporally compound emergencies despite the functional overlap (or 
even thanks to the functional overlap). If, for example, a community 
temporarily returns to a state of ‘normalcy’ between the events, the 
response system may have accumulated significant preparedness to 
more effectively address functions that are overlapping, and thus the 
following emergency might be addressed more efficiently. In case of a 
spatially compounded emergency, the system may experience functional 
overlap and lack of cognitive capacity to deal with several emergencies 
simultaneously, while not having accumulated significant planning and 
preparedness capacity beforehand. Thus, functional overlaps associated 
with spatially compounded emergencies might be more challenging to 
address. 

Overlapping functions, in any case, give rise to a different type of 
challenge in comparison to a broadened set functions, since overlapping 
functions imply that these functions are particularly exposed to stress 
and tensions in the event of compounded emergencies. Thus, by iden-
tifying those overlapping functions, it is possible to identify potential 
‘weak spots’ in an emergency response system. In this regard it is also 
important to emphasize that functional overlap (weak spots) can also 
occur if two or more functions associated with different hazard event are 
interdependent (Fig. 4b). Finally, the nature of these ‘weak spots’ will 
vary depending on whether the emergency is temporally or spatially 
compounded, and as stated above, a weak spot might even present op-
portunities for learning and subsequent capacity improvements. 

The ability of any system to overcome structural gaps and maximize 
functional fit in relation to compound emergencies depends on actors' 
cognitive capacities as well as capacities for planning and preparedness. 
Cognitive capacity, including awareness of the risks and consequences of 
compound events, has a superior role as it determines whether com-
pound emergencies are considered and brought into planning and pre-
paredness activities. Alternatively, stated differently, without awareness 
it is unlikely that structural gaps associated with overlapping functions 
will be addressed in planning and preparedness processes. Meanwhile, 
increased attention to compound emergencies in planning and pre-
paredness likely brings increased awareness among actors and hereby 
enhances cognitive capacity within the system. These feedback loops 
thus imply that the structure of the response system (captured by the 
three level network model and the perspective of functional fit) and the 
three capacity types are closely connected. Hereby, the diagnostic 
elaborated here can serve as a guide to identify potential capacity needs 
within an emergency response system. This is not about increasing the 
amount of resources but about ways to think about and design emer-
gency response systems. 

Capacity-needs are context-dependent and may include, for example, 
contingency plans that ensure that certain venues foster coordination in 
a scenario where the same functions are needed to mitigate the conse-
quences of a compound emergency. Hereby, awareness of the challenges 
that compound emergencies can bring provides direction for individual 
and collective planning and preparedness [2,26,31,43]. This confirms 
the importance to maintain planning and preparedness for specific 
hazards as well as flexibility and improvisation in relation to a range of 
undefined contingencies [9]. 

4. Diagnostic questions 

Prior work on compound events has mainly focused on modulators, 
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Fig. 3. Illustrations of functional fit, and how functional fit can be improved. The configurations only illustrate some aspects of functional fit. Further, these different 
actor-venue-function structures can be more or less entangled, depending on how much one wants to take actor, venue and functional interdependencies into account 
following this building block approach. The last row illustrates a case when all entities are considered. 
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preconditions, and drivers of compound events while neglecting what 
unique conditions compound events might bring for emergency 
response systems. Impacts of compound events are discussed but mainly 
in terms of what sectors (e.g. infrastructure, health, and emergency 
response) are likely to be affected. Based on our diagnostic approach, we 
are able to take this analysis one step further by specifying how com-
pound emergencies challenge response systems and how these chal-
lenges can be managed effectively. 

To facilitate application, we formulate a set of diagnostic questions 
that aid in identifying and investigating challenges and responses to 
compound emergencies. These are generic questions that can be used in 
empirical research to, for example, partition collaborative responses to 
different types of compound emergencies. In addition, these questions 
can be used by organizations to identify potential weak spots in emer-
gency response systems, which can inform discussions around how to 
enhance functional fit. 

4.1. What response functions are needed to mitigate societal and 
environmental impacts of different hazard events? 

Answering question 1 is the first step to develop the three-level 
model, although specifying the list of relevant functions is an impor-
tant outcome in itself. Question 1 is mainly relevant to enhance planning 
and preparedness capacities, i.e. to determine how functions can be 
provided and by whom. Overall, answering this question provides an 
overall understanding of the functional challenges the response system 
face. 

4.2. To what degree do response functions overlap across hazards (i.e. are 
the same functions needed to mitigate impacts of two or more hazards, 
and/or are two or more functions associated with different hazard 
interdependent)? 

The three-level network model helps identifying possible functional 

overlaps (functions located in the intersection of the dotted lines in 
Fig. 4a), which can be analyzed in terms of capacities and institutional/ 
functional fit. This is mostly relevant for planning and preparedness 
capacities but also for cognitive capacity, since awareness of such po-
tential overlaps strengthen actors' mental preparedness. It is also 
important to distinguish between spatially and temporally compounded 
emergencies since that affects whether all or some of the functions will 
be needed at the same time and in the same location. Answering ques-
tion 2 is also a way to document whether and to what extent future or 
ongoing hazards are characterized as compounded emergencies or not. 
Additionally, any identified functional overlaps should be further 
examined to identify synergies (see also point 4) or redundancies. 

4.3. Are response actions associated with competition over scarce 
resources? 

An important step in developing the three-level network model is to 
identify functional interdependency. Interdependencies could be based 
on needs to mobilize common resources (direct interdependencies be-
tween functions and/or tasks). In the model, this is captured by links 
going directly between functions. Two functions that require the same 
resources compete over the same resources, increasing the risk for ten-
sions and inefficient resource uses during an emergency (and/or across 
compounded emergencies, see Fig. 4b). Building from the idea of func-
tion fit, functional interdependencies should ideally be aligned with 
actor- and venue relationships, providing them with abilities to coor-
dinate the use of limited resources across functions (as elaborated in 
question 8, below). It is also important to identify what resources are 
utilized during what stages of an emergency (and/or compounded 
emergencies). Even if several functions may rely on common resources, 
competition may emerge throughout the duration of spatially compound 
emergencies, but occur sporadically. This is most relevant in relation to 
preparedness capacity, since resource scarcity becomes most critical 
during the acute phase of an emergency. However, planning capacity 
matter here too; with proper planning, functional interdependency can 
be identified and dealt with. 

4.4. Do compound events bring any synergies (i.e. potentially positive 
consequences)? 

This question is conceptually similar to question 3, but emphasizes 
that limited resources might also enable synergies. This can be achieved 
if functional interdependence is utilized to anticipate and plan the use of 
limited resources. Similar to question 3, this question largely concerns 
planning and preparedness capacities. 

4.5. What venues are in place to (a) plan for, and (b) prepare for 
compound emergencies? 

Question 5 focuses on what venues are in place for managing func-
tions. By connecting venues (processes) to functions, it is possible to 
identify gaps (some functions are not directly linked to predefined 
venues), but also venue overlaps (instances where two or more venues 
address the same functions). The latter implies a need to coordinate 
across venues, but it also raises questions about redundancies (which 
could be desirable in an emergency). This question is particularly rele-
vant in relation to planning capacity, focusing specifically on how venue 
responsibilities for certain functions align with anticipated functional 
requirements during different emergencies. If some functions are 
deemed critical during a compound emergency (see question 1 and 2), it 
is important to consider whether associated venues are adequately 
planned for in relation to both spatially and temporally compound 
emergencies. 

Fig. 4. Each emergency (encircled by dotted lines) requires a set of functions. 
The function in (a) that is situated in the overlapping area thus represent a 
function that is needed to respond to both emergencies. The two functions to 
the right in (b) are each associated with different emergencies, but they 
interdepend, and thereby create an indirect functional overlap between the 
different emergencies. 
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4.6. What actors participate in each venue, with what functions/tasks, 
and in which emergency? 

Are actors that engage in both planning and expected future re-
sponses participating in relevant venues? Adequate alignments between 
venues and functions is of limited importance unless the venues are 
properly staffed. Further, pre-existing collaborative relationships be-
tween actors that participate in the same venues would likely enhance 
their joint capacity to address associated functions effectively. Addi-
tionally, pre-existing relationships between actors participating in 
different venues that address the same functions (functional overlap, see 
question 5) could also enhance their ability to effectively coordinate 
across venues. Although these aspects mostly relate to planning and 
preparedness capacities, they also indirectly relate to cognitive capacity 
since joint venue participation, and/or direct actor relationships, can 
enhance cognitive capacity through, from example, collective learning. 

4.7. What is the level of awareness among actors concerning the nature, 
probability, and response to compounded events? 

Question 7 is less related to the network model, and more focused on 
the cognitive capacities of actors. Are actors anticipating potential 
spatially and/or temporally compound emergencies? Have compound 
emergencies been properly included in education and training, so that 
actors know what to do in the event of a compound emergency? Natu-
rally, cognitive capacity is not static, and this capacity likely varies over 
time as a result of education, training and practical experience. 

4.8. What is the level of functional fit of the response system, i.e. are core 
functions that are needed for different hazard scenarios properly 
coordinated (a) in planning, and (b) during response? 

By investigating the response system using the building block 
approach (Fig. 3), it is possible to conduct a multi-dimensional assess-
ment of functional fit. Here, functional fit is not a one-dimensional 
concept, as illustrated by questions 1–7. Rather, a response system 
might be well fitted in relation to certain functions, and thus to certain 
types of single or compound emergencies, but not to others. In addition, 
even for specific functions, there may be decent functional fit in terms of 
well-coordinated venues, but the actors in these venues might not have 
collaborative relationships with each other. In addition, the level of 
functional fit might differ across temporally or spatially compound 
emergencies. For example, functions that address tasks that are spatially 
overlapping might be associated with good functional fit, whereas other 
functions that address temporally overlapping tasks might have less 
functional fit. 

The diagnostic developed here has broad applicability beyond 
compound emergencies. The core elements that underpin the diagnostic 
questions – actors, functions, venues, resource competition, synergies, 
awareness, and functional fit – are also useful to partition and assess 
single events. Thus, the network configurations introduced here (Fig. 3) 
can be used to investigate responses to single emergency events (see e.g. 
[7,8,35]) as well as other less acute societal or environmental challenges 
[19–21]. Functional fit, in other words, is a generic approach for 
assessing managerial effectiveness across a wide range of challenges. 
Here, we illustrate how these configurations apply in a compound 
emergency scenario, which advances the description of compound 
emergencies beyond sweeping labels of complexity. Accordingly, what 
separates a compound emergency from a non-compound emergency is 
the number of functions (and subsequent functional interdependencies) 
that have to be addressed to mitigate impacts of hazards and whether 
these functions overlap in time and/or across response systems. The 
diagnostic is designed to capture these overlapping functions and assess 
the capacities (cognitive, planning, and preparedness) that are needed to 
manage them. 

5. Conclusion 

Contributions from the natural science have advanced the under-
standing of drivers and effects of compound natural hazards. Mean-
while, so far the social sciences have paid scant attention to how 
compound emergencies affect the ability of organizations to respond 
effectively. Here we develop a conceptualization of compound emer-
gencies to depict different scenarios by which temporally and spatially 
compounded hazard affect emergency response systems. Based on the 
conceptualization, we elaborate a diagnostic approach to evaluate what 
specific challenges compound hazards may bring for collaboration 
within emergency response systems and how these challenges can be 
dealt with by mobilizing different capacities. 

The diagnostic sets out from a network perspective to describe how 
different compound event scenarios affect emergency response systems, 
including relationships between actors, processes, and functions. Using 
this perspective, it is possible to uncover how two or more hazard events 
challenge one or several response systems, focusing primarily on what 
tasks necessitate activation of specific functions. Hereby it is possible to 
describe, at a fairly high level of resolution, what challenges compound 
hazards may bring and, in turn, what functions and capacities are 
needed for addressing those challenges. 

In addition, the perspective developed here provides a tool to eval-
uate whether any given response system is ‘functionally fit’, which refers 
to its ability to provide, in a well-coordinated and effective way, core 
functions that the emergencies call for. By identifying actors that are 
involved in a response system, the processes that are in place to facilitate 
interactions, and the functions that are required for dealing with certain 
tasks, the diagnostic can be used as a tool to identify potential weak 
spots in emergency responses. Weak spots emerge for different reasons 
and include, for example, the absence of processes for coordinating 
functions for responding to a compound emergency, or the lack of 
collaboration between actors that address the same tasks. In the last 
step, based on an assessment of potential weak spots, our approach can 
aid in identifying ways to anticipate and build functional fit ahead of 
emergencies. This can be achieved by mobilizing capacities to increase 
awareness about compound events and designing plans and prepared-
ness in ways so that different compounded event scenarios are accoun-
ted for. 
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Örjan Bodin: Conceptualization, Methodology, Writing – original 
draft, Writing – review & editing, Visualization. Daniel Nohrstedt: 
Conceptualization, Methodology, Writing – original draft, Writing – 
review & editing, Visualization. Kirill Orach: Writing – original draft, 
Writing – review & editing, Visualization. 

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 

No data was used for the research described in the article. 

Acknowledgements 

This research was funded by the Kamprad Family Foundation 
through grant number 20200092 and the Swedish Reseach Council 
Formas through grant number 2020-01551. 
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