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Abstract
Responding to disastrous wildfires traversing geographical scales requires multi-
actor collaboration to address a series of interdependent operational tasks. While
this type of distributed collective action problem is salient across governance con-
texts, less is known about if and how collaboration helps individual actors effec-
tively address their tasks. Applying a novel network-centric method to wildfire
responder networks in Canada and Sweden, this study shows that when actors
working on the same tasks collaborate, and/or when one actor addresses two
interdependent tasks, effectiveness increases. The number of collaborative ties an
actor has with others does not enhance effectiveness. Furthermore, when the
chain of command is unclear, and/or when actors lack recent disaster manage-
ment experience and/or pre-existing collaborative relationships, effectiveness only
increases if multiple actors collaborate over multiple interdependent tasks. The
results have implications for disaster response agencies, and they provide valuable
insights for collaborative responses to significant societal and environmental
challenges.

Evidence for Practice
• Successfully mitigating complex disasters such as major wildfires require individ-
ual actors to coordinate responses to interdependent operational tasks.

• Response effectiveness suffers unless these multiple tasks and their interdepen-
dencies are aligned with appropriate actor collaborations.

• When two actors working on similar tasks collaborate and/or when two tasks
that exhibit mutual interdependencies are addressed by one actor and/or two
collaborating actors, effectiveness increases.

• Thus, it is important that actors have the “right” social ties, and not just numer-
ous social ties to other actors.

• Exactly if and how these performance effects play out is context dependent, and
relates to actors’ previous disaster experiences, operational procedures, and to
what extent the actors have prepared ahead for disasters.

INTRODUCTION

Images of wildfires raging out of control with deadly and
devastating consequences are all too frequently headline
news throughout the world. In addition to captivating the
attention of concerned citizens, wildfires have become a
focal point for scientific research on prevention (Calkin

et al., 2014) and adaptation (Dunn et al., 2020; Hamilton
et al., 2018). Wildfire response, how actors effectively react to
large scale rapidly evolving disaster wildfire events, is a less
studied but equally important topic (Hamilton et al., 2019;
Nowell et al., 2018). The salience of the topic is amplified,
both now and in the future, as the frequency and severity of
wildfires increases due to a changing climate (IPCC, 2014).
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A wildfire does not constitute one distinct collective-
action problem but presents actors with a series of sepa-
rate often interdependent operational tasks that require a
response or action. Examples of tasks include evacuation,
situation awareness, public communication, logistics, and
supply. Task interdependency implies that efforts to address
one task depend on resources or actions that are needed to
address one or several other tasks simultaneously or
sequentially (Bodin & Nohrstedt, 2016). In theory, individual
but interdependent tasks cannot, therefore, be effectively
addressed separately without risking misusing scarce
resources and/or causing unintended but undesirable side-
effects.

This type of distributed collective action problem is similar
to many other less urgent but still pressing governance chal-
lenges where roles and responsibilities are dispersed among
different organizations and sectors, with each responsible for
their own part of the greater good. Crime prevention (Raab
et al., 2015), metropolitan planning (Boschken, 2016), gover-
nance of freshwater resources (Edelenbos & Van Meerkerk,
2015; Mewhirter et al., 2018), and public health care (Provan
& Milward, 1995) serve as vivid examples of such complex
governance problems that span multiple jurisdictions, policy
domains, and geographies.

Distributed governance problems imply that no single
actor can address them alone. Efforts to address such
problems rather necessitate active collaboration among a
multitude of public and private actors. Consequently,
there has been a sharp increase in the scholarly interest
in collaborative approaches to governance across many
fields of studies, including, but not limited to, public
administration research (e.g., Keast & Mandell, 2014).
Scholarship regarding collaborative governance empha-
sizes a process perspective on collaboration, studying the
qualities of the collaborative processes and the institu-
tional conditions that facilitate collaboration (Ansell &
Gash, 2007; Emerson et al., 2012). Similarly, in studies of
cross-sectorial policy coordination and integration, how
to accomplish effective cross-sectorial collaboration is
given much attention (Bryson et al., 2015). Further, if and
how entire networks of collaborating organizations are
able to address different types of collective challenges is
drawing considerable interest (Provan & Milward, 1995,
2007; Turrini et al., 2010). Finally, empirical studies from
around the world investigate collaborative crisis manage-
ment in rapidly evolving crises, emergencies, and disas-
ters under conditions of urgency and uncertainty
(e.g., Nohrstedt et al., 2018; Nowell et al., 2018).

Although this research has provided many important
insights and contributed to significant theoretical
advancements, important gaps remain. First, while much
focus has been devoted to collaborative processes and
the conditions that hamper or facilitate collaboration, less
attention has been devoted to what it delivers. That is, if
the collaborating actors are able to effectively address the
problems they are set to solve (Mandell & Keast, 2007;
Newig et al., 2018; Scott, 2015). Second, the focus on

distributed collective action problems brings a need for
greater precision to distinguish where and at what levels
different outcomes from collaboration materialize. Some
studies examine outcomes at the entire network level,
that is, how effective the network of collaborating actors
is in solving common governance challenges (Provan &
Milward, 2007; Turrini et al., 2010). In fact, some studies
also emphasize the need to look at an even higher level,
that is, the community level (Provan & Milward, 2001).
Other studies, in contrast, focus on what individual actors
gain from collaboration. For example, studies of advocacy
coalitions within policy subsystems suggest that engag-
ing in collaboration among actors sharing similar beliefs
is a strategy actors deploy in order to gain influence in
public policy-making (Weible et al., 2020). Less attention
has, however, been devoted to the level of “intermediate
gains” situated in-between the benefits to the individual
actor and the abilities of the network to effectively
address the common challenge. That is, if and how collab-
oration enhances individual actors’ abilities to effectively
address specific tasks or problems, which are part of the
overarching governance challenge. Finally, the specificities
of any given collective-action problem are rarely taken into
account when studying collaboration and effectiveness. In
effect, many studies indirectly treat all collective-action
problems as one and the same. Consequently, studies have
overlooked whether and how certain attributes of a specific
problem influence collaborative effectiveness (Bodin, 2017;
Van Gestel et al., 2012).

In response to the three aforementioned knowledge
gaps, the study employs a “meso-level” perspective to
examine collaborative effectiveness. The meso-level per-
spective is situated in-between the level of the entire net-
work, and the specific benefits individual actors gain from
collaboration. Analytically, focus is set on investigating
whether and how the ways by which an individual actor
collaborates with others affect their capacity for contrib-
uting to addressing the overall collective-action problem.
This meso-level perspective of collaboration and effec-
tiveness is paramount to many fields of research. Not
least in the literature on network governance, in particular
in studies involving settings where the network is not
“controlled” by a single leader but operates more autono-
mously through the actors’ extensive collaborative rela-
tionships with peers in addressing a number of different
tasks (e.g., Cristofoli et al., 2021).

The study employs a network lens to bridge the
network-level and the individual-level perspectives of
effectiveness, and differentiate achieved effectiveness
between different components of the distributed
collective-action problem. It draws empirically upon two
unique datasets of actor collaboration during the acute
phase of major wildfires in Sweden (Västmanland in 2014)
and Canada (Fort McMurray in 2016), spanning geograph-
ical scales, and administrative levels (Boin & Lodge, 2016).
Networks are made of nodes and links, where nodes rep-
resent entities—in this case, these entities translate into
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individuals and tasks. The focus on individuals instead of
organizations stems from the fact that in the study contexts,
the individuals are primarily seen as, and act, as “team
members” of the disaster response headquarters, although
they represent different organizations, and are expected to
perform services on behalf of their organizations. Links
include relationships between entities, here represented by
collaboration among the actors (operationalized as a set of
specific relationships; exchange of information, coordination
of activities, joint planning, and discussion of common
tasks), actor-to-task engagements (i.e., what specific tasks an
actor spend considerable time and effort in addressing),
and task interdependencies (two or more tasks that rely
on some common resources or activities to be effectively
addressed). A network perspective thus represents a
powerful analytical approach to theorize whether and
how different meso-level actor-task relationships relate
to effectiveness.

Here, these meso-level patterns of relationships are
disentangled by paying attention to certain patterns in
which actors and tasks connect to each other—so-called
configurations—in an integrated multilevel network
model of actors and tasks (Figure 1). In doing so, the
study builds from and extends recent advances in multi-
level network modeling (Bodin & Nohrstedt, 2016; Wang
et al., 2016). Using this model, the analysis explores the
assumption that effectiveness in a wildfire disaster
response situation not only requires multiple actors to
collaborate to reconsolidate organizational agendas, prac-
tices, and expectations in pursuit of shared goals, but also
their ability to identify, coordinate, and address
interdependent tasks together. Hereby the study sets out
to answer the following question: what meso-level config-
urations of individuals and tasks are associated with effec-
tiveness during the response to major wildfires?

A NETWORK THEORETICAL PERSPECTIVE ON
DISASTER RESPONSE EFFECTIVENESS

Scholars studying collaboration networks in different con-
texts and research fields acknowledge that many, if not
most, collective action problems are not “monolithic” but
distributed. Although commonly accepted, it is still rare
that distributed collective action problems are dis-
aggregated into sets of interdependent sub-problems in
an effort to study them empirically. Examples of such dis-
aggregation include, for example, interdependent policy
challenges or issues (Hedlund et al., 2021; Metz
et al., 2020; Mewhirter et al., 2018), and how ecological
components of a biophysical system relate to each other
through different ecological processes such as trophic
interactions (Barnes et al., 2020). In spite of these different
study contexts, recent research, primarily within the realm
of environmental governance, has made some progress
regarding the types of structural patterns (collaborative
links and engagements with specific sub-problems or

tasks) that shape collaborative effectiveness (Bodin,
Alexander, et al., 2019; Sayles et al., 2019).

These works have shaped a new direction in collabo-
rative network scholarship focusing on potential relation-
ships between social interactions (collaborative or
conflictual ties among individuals, organizations, or other
social entities) and problem characteristics and outcomes
(drivers and impacts concerning those problems that social
interactions seek to address). Although most of these previ-
ous works are focused on the governance of natural
resources (including responding to natural hazards such as
wildfires), the underlying assumption that most complex
societal challenges consist of a series of interdependent
sub-problems that typically need to be addressed through
collaboration is, as stated earlier, highly relevant in other
research fields studying collaborative problem-solving.
Inspired by these contributions, a set of specific propositions
depicted as a series of specific actor-task configurations are

A. Social network

B. Task network

X. Cross-network �es

F I G U R E 1 Conceptualization of an actor-task multilevel network.
The actors and their collaborative ties are captured by the social
network at the top (network A). The network at the bottom captures the
tasks and their interdependencies (network B). The ties connecting
actors in the social network with the tasks in the task network represent
all the actors’ engagements with tasks during the wildfire response
(network X). For each of these task engagements, the actors assessed
their level of effectiveness (i.e., the “strength” of the ties linking actors
with tasks in network X). The main objective of this study is to seek
explanations why certain engagement ties were associated with higher
or lower levels of effectiveness.
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elaborated (Table 1). These configurations distinguish
between pure structural effects (focusing exclusively on the
pattern of links among and between actors and tasks), and
structure and influence effects (actors’ task effectiveness is
jointly influenced by the structure and by other actors’ task
effectiveness).

The first structural effect identified here is the number
of ties (i.e., links) an actor possesses (ACool, Table 1). Since
collaboration is typically associated with increased capac-
ity to solve complicated collective-action problems
(Ansell & Gash, 2007; Newig et al., 2018), a first somewhat
naïve assumption would be that the number of collabora-
tors per se would positively affect effectiveness. This
builds on the premise of “the more the merrier”; a propo-
sition that has been challenged mainly based on argu-
ments that the marginal return of additional ties
decreases as more ties are formed (Nohrstedt &
Bodin, 2014; Uzzi & Spiro, 2005).

The second structural effect captures to what extent
actors engaged in the same task also collaborate (ATtri,
Table 1). The tendency for actors to choose collaborators

based on shared engagement with a common task or
objective has been observed in different settings, ranging
from small scale fishermen collaborating with other fish-
ers targeting the same fish species (Barnes et al., 2020) to
policy actors choosing collaborators based on shared
engagement with the same policy issues (Hedlund
et al., 2021) or overlapping jurisdictions (Hamilton
et al., 2021). This configuration is assumed to have a posi-
tive effect on the effectiveness since it implies that the
collaborating actors can coordinate activities to enhance
their joint performance in addressing the common task or
objective. This configuration has also been empirically
associated with performance at the network level in natu-
ral resource governance settings (Barnes et al., 2019;
Bodin et al., 2014).

The third structural effect (TAtri, Table 1) describes a
configuration where an actor is engaged in two different
but interdependent tasks or objectives. This configuration
builds from the common assumption that the existence
of interdependencies between any two or more objec-
tives prompts the need for “systemic thinking” and efforts

T A B L E 1 Propositions regarding certain patterns of collaborative ties and task engagements that relate to the effectiveness

Actor-task
configuration Name Description

F
Actor collaborations (ACool) The extent to which the focal actor (F) collaborates with others that are not engaged in

the task in question. It captures the possibility that an actor’s number of ties with
other actors not engaged in the task in question could influence its task
effectiveness

F
Actor-task triangle (ATtri) The extent to which the focal actor (F) collaborates with others who are also engaged in

the task in question. It captures the possibility that actors that collaborate with other
actors engaged in the same task would perform better at that task

F Task-actor triangle (TAtri) The extent to which the focal actor (F) engages in tasks that are interdependent. It
captures the possibility that actors that engage in interdependent tasks perform
better at these tasks

F
Actor and task square (ATsqr) The extent to which the focal actor (F) collaborates with others who are engaged in

different, but interdependent tasks. It captures the possibility that actors that
collaborate with others that engage in interdependent tasks are more effective

F
Actor and task square with

diagonals (ATsqrd)
The extent to which the focal actor (F) collaborates with others who are engaged in

different, but interdependent tasks. Further, at least one of the actors is also
engaged in the corresponding and interdependent task. This configuration follows
the same logic as “Actor and task square” above

F
Performance influence through

actor-task triangle (ATtriP)
The effectiveness of the focal actor’s collaborators on the task in question. It captures

the possibility that the effectiveness of the focal actor is influenced by the
effectiveness of the collaborating actors engaged in the task in question

F
Actor’s general perception of

performance (AP)
The extent to which the focal actor perceives its own effectiveness as high or low. It

captures the effect of various individual characteristics of the focal actor (such as
different cognitive biases, varying perceptions of what high effectiveness entails,
etc.)

F

Tasks performance (TP) The extent to which a focal task is associated with a certain level of effectiveness. It
captures that different tasks can be more or less challenging to address effectively

Note: Circles represent actors and squares represent tasks. “F” denotes the focal actor or task that is being evaluated. Dark gray means that the (possibly adjacent) actor’s or
task’s overall effectiveness is taken into account when evaluating the focal actor’s performance on a specific task.
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to coordinate actions taken to address these objectives.
Hence, an actor that engages with two interdependent tasks
would be well-positioned to address the different tasks in
ways to better utilize the interdependencies. Thus, this con-
figuration is hypothesized to be positively associated with
effectiveness. Previous studies in similar and other contexts
have demonstrated mixed effects of this configuration at
the network level, albeit mostly leaning towards positive
(Barnes et al., 2020; Bodin, Alexander, et al., 2019).

The fourth structural effect captures a situation where
two collaborating actors are addressing two different but
interdependent tasks (ATsqr, Table 1). Following the same
arguments as for the two preceding effects, two collabo-
rating actors would be well-positioned to achieve produc-
tive synergies by coordinating their activities across these
tasks. Accordingly, this configuration is hypothesized to
be positively associated with effectiveness. Previous stud-
ies have, however, demonstrated mixed results for this
specific configuration (Barnes et al., 2020; Bodin,
Alexander, et al., 2019). The final structural effect (ATsqrd,
Table 1) builds on the same premises, but with the addi-
tional feature that one or both of the collaborating actors
are engaged in both interdependent tasks. A previous
wildfire response study indicated a positive effect of this
configuration on effectiveness, albeit on the network level
(Bodin & Nohrstedt, 2016).

The “joint structure and influence-effect” (ATtriP,
Table 1) extend the configuration described above where
two collaborating actors are addressing the same task or
objective but also incorporate an actor-induced “spill-
over” effect. The underlying argument is that the focal
actor’s task effectiveness would increase if the collaborat-
ing actors are performing well in their efforts to address
the shared task. The logic here is that since these actors
are all addressing the same task, and if the collaborators
are doing well, the focal actor’s abilities to succeed
increases, for example through learning from collabora-
tors with sought-after skills (Leach et al., 2014). To our
knowledge, this configuration has not been empirically
tested in any previous study.

In addition to these propositions, the study also
includes a set of controls to account for data limitations
related to respondents’ varying inclination to report high
versus low effectiveness. The first control configuration
(Actor’s general perception of performance [AP]; Table 1)
controls for individual actors’ varying propensities to
report high or low effectiveness and thus separates any
such propensity from observed variability in the focal
actor’s effectiveness across all the tasks they are engaged
in. The same configuration is used to control for the fact
that actors have varying levels of previous experience in
crisis management and also different levels of profession-
alization in terms of years engaging with crisis manage-
ment and response.

Further, not all tasks are equally challenging, which may
contribute to differences in actor ratings of effectiveness
between tasks. The final control configuration (Tasks

performance [TP]; Table 1) therefore accounts for the possi-
bility that different tasks are associated with high or low
effectiveness. By including this control, the risk for any
performance effects arising due to varying task idiosyn-
crasies is eliminated.

This work hereby synthesizes and empirically tests
propositions concerning what factors make collaboration
more or less effective in relation to complex governance
challenges. To the authors’ knowledge, this is the first
time these emergent propositions are subject to empirical
testing by using data collected from the response to two
major disaster events. A notable reason this has not been
done before (besides the challenge to acquire network
data) is that there is a lack of appropriate analytical
methods. Network data is inherently difficult to analyze
statistically due to the inherent assumptions of interde-
pendencies, which violates a basic requirement in regres-
sion analyses. The authors have developed a new
statistical model that builds upon and extends existing
network autocorrelation models (e.g., Doreian, 1989) and
is able to account for actor and task interdependencies.
Further, the datasets entail unique information about
actors’ perceptions about their own effectiveness in
addressing individual tasks during major wildfire disas-
ters. The comparison between Canada and Sweden also
presents an opportunity to assess whether contextual dif-
ferences, for instance concerning organizational aspects,
spatial scales, and previous disaster experiences, may
shape effectiveness. Although an elaborated comparative
analysis of the possible implications these contextual dif-
ferences (and similarities) have on collaboration and
effectiveness is beyond the scope of this study, some of
these differences are nonetheless discussed in relation to
the study results.

STUDY CONTEXT, DATA-COLLECTION, AND
MODELING PROCEDURE

Case-study setting

Turbulence and rapidly unfolding events make it difficult
to study the operations and effectiveness of multi-actor
collaborations in disaster response networks (Bodin,
Nohrstedt, et al., 2019; Nowell & Steelman, 2015). This
brings challenges to acquire data about tasks, actors, and
collaborative relationships. Using a combination of docu-
ment analysis, interviews, and surveys, this work com-
pares collaborative responses to two major wildfires in
Canada (Fort McMurray, Alberta, 2016) and Sweden
(Västmanland, 2014; Table 2). The same research design
and methods for data-collection were applied in both
cases, making the datasets comparable. Given that disas-
ter response networks are generally closed to outside
observers, many previous studies rely on organizational-
level data. Although such data is useful, it is often pres-
ented at a quite low level of resolution which makes it
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difficult to investigate if and how individuals collaborate.
Another important limitation to existing research on
disaster response networks is that studies generally do
not empirically investigate collaboration instrumentally,
that is, how collaborative relationships are used to
address different problems. This study makes an effort to
overcome these limitations.

The Västmanland wildfire started on July 31, 2014,
during ground preparation work on the border between
the municipalities of “Sala” and “Surahammar” in the
“Västmanland” region. Due to extreme temperatures and
strong winds, the fire spread at a rapid pace, spanning an
area of 15,000 ha and four municipalities (“Sala,”
“Surahammar,” “Norberg,” and “Fagersta”) leaving one
person dead. A total of 1200 individuals were evacuated
while another 4500 were considered for evacuation as
the fire was approaching the city of Norberg. The acute
phase of the wildfire, which is the focus of this analysis,
extended from July 31 to August 8 when most fires above
ground had been extinguished.

The wildfire response was initially coordinated locally by
the rescue services and other public organizations in each
municipality. This followed the “principle of responsibility,”
which is one of the pillars of the Swedish crisis management
system, prescribing that actors responsible for activities dur-
ing normal times maintain that responsibility during major
crises. As the fire escalated, there was a growing need for
coordination among various actors, which led to the
formation of a cross-boundary regional “headquarters”
organization located in the village “Ramnäs” located in
“Surahammar” municipality. The headquarters organization
(the target for this study) was inspired by the experiences of
key individuals but was not designated in any plans and
formed ad hoc in response to emergent coordination needs.
The unclear formal status of the headquarters organization
caused some uncertainty and conflict as to what organiza-
tion was formally in charge. Each municipality maintained
its own crisis management organization with representa-
tives from different sectors but contributed with personnel
and expertise to the regional headquarters. As the wildfire
escalated, there was a growing need to coordinate the
response across municipal borders, which resulted in a shift
of formal responsibility for the disaster response to the
regional level (County Administrative Board of

“Västmanland”) on August 5. The regional headquarters
remained in place, and much of the cross-municipality coor-
dination led by the County Administrative Board was exe-
cuted from within the headquarters organization.

The Fort McMurray wildfire was identified on May
1, 2016. The initial location of the fire was in a heavily for-
ested region approximately 7 km from the community of
Fort McMurray in northern Alberta, Canada. The commu-
nity was home to approximately 67,000 permanent resi-
dents at the time (Statistics Canada, 2017) and a large
number of transitory residents (the city is located near
massive oilsands mining projects which is a major
employer). The intensity of the fire increased very quickly,
resulting in the mandatory evacuation of 88,000 people
by May 3 (3 days after it was identified). At its height, the
fire spanned nearly 600,000 ha and destroyed over 2400
structures.

Rapid responses and changes in authority for the
emergency paralleled the quick escalation of the fire. In
Alberta, the authority for emergency response normally
rests with the municipality and scales up as emergencies
become more severe, with four operational levels of
emergency response (Nohrstedt et al., 2019). While the
Regional Emergency Operations Centre led the initial
response, by May 3 the fire had resulted in escalation to
the highest operational level (4) requiring full provincial
government coordination (as set out in the Emergency
Management Act 2000 accessible at www.qp.alberta.ca).
At this level, emergency responders were deployed from
all levels of government, with dynamic incident action
plans being reported a minimum of three times per day.
The Government of Alberta holds formal authority at this
highest level of emergency response and operates out of
a Provincial Operations Centre (POC, which was the target
for this study). Representatives of all ministries and other
relevant organizations (e.g., non-governmental organiza-
tions, city emergency management, and industry) have a
representative within the POC that is involved in coordi-
nating the emergency response (Personal communica-
tion, October 3, 2016). The POC operates using an
Incident Command System (ICS) which sets out a single
chain of command intended to simplify command and
reporting and support an efficient and effective response
(Alberta Agriculture and Forestry, 2017). While the POC
retains formal operational control, the Regional Emer-
gency Operations Centre remained an important part of
the response, and close coordination between the two
was required throughout.

Data collection

Retrieving individual-level data from the acute phase of a
disaster is very demanding (Henderson et al., 2009) due to
ethical and logistical challenges (Spence & Lachlan, 2010)
and issues of randomization and generalizability. Based on
informant interviews with a total of 30 key individuals

T A B L E 2 Descriptive statistics of the wildfires in Canada and
Sweden (adapted from Bodin, Nohrstedt, et al., 2019)

Canada–Fort
McMurray

Sweden–
Västmanland

Area burned (ha) 589,552 15,000

Building destroyed 2400 70

Fatalities 0 1

Direct and indirect costs (billion
USD)

7.56 0.8

Individual evacuated 88,000 1200
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(Sweden: n = 16, Canada: n = 14) participating in the wild-
fire response, the authors identified core tasks in each case
and multiple task interdependencies (further described
in Supporting Information Appendix S1).

To identify and validate the most critical tasks facing the
actors in the two cases and interdependencies among those
tasks (i.e., situations where efforts to resolve two or more
tasks relied on some common resource and/or action), the
authors employed the same procedure in both cases, fol-
lowing Bodin and Nohrstedt (2016): interviewees identified
the main tasks encountered during the acute phase of the
wildfire and interview scripts were reviewed for interdepen-
dencies among those tasks; and, relevant public and internal
organizational documents were reviewed to augment both
the task list and to identify interdependencies among tasks.
In the Swedish case, the authors relied on an analysis of a
public inquiry launched after the wildfire (Swedish Govern-
ment Offices, 2015) and in the Canadian case, a local emer-
gency management plan of the Government of Alberta
(Government of Alberta, 2016) was consulted. In this step,
the authors specifically focused on three manifestations of
interdependency: (i) descriptions of organizational solutions
based on a perception that tasks are interdependent;
(ii) descriptions of rules prescribing behaviors or responsibili-
ties based on a recognition that tasks are interdependent;
and, (iii) descriptions of managerial flaws related to failure to
recognize that tasks are interdependent. Based on the infor-
mation retrieved through these steps, the authors identified
for each case a one-mode “task-interdependency network”
where each node represented a task and each link a com-
mon resource and/or activity required to address each task
(Network B, Figure 1).

This study only included strong interdependency links
based on high degrees of task “coupling,” that is, situa-
tions where common resources/activities were of key
importance to address two related tasks (this assessment
was guided both by the interviews and the document
analyses, and later verified as described below). In the
Swedish case, this resulted in 13 interdependency links
between 11 unique tasks, and in the Canadian case
20 interdependency links among 14 tasks. Finally, one
individual per case with detailed insights into the wildfire
response was consulted and asked to validate the com-
pleteness and relevance of these task networks. In both
cases, these “reliability tests” did not result in any revi-
sions of the list of tasks or the links between them.

Subsequent analyses of survey responses showed that
some of the identified tasks were addressed by very few
actors (and for the few that engaged with these tasks, the
level of engagement with the task was reported as low).
To avoid trying to fit a model to a data structure where
essentially no or very limited data exists for certain posi-
tions (i.e., links from actors to tasks), these tasks were
removed before conducting the network analyses (four
tasks were removed in the Canadian case, and none in
the Swedish case). As a result, no relevant information,
given this study’s objective to statistically discern

relationships between network structures and effective-
ness, was removed, and accordingly, this decision did not
influence the results.

The semi-structured informant interviews also provided
information about other individuals involved in the disaster
response. This data was cross-checked with contact-lists
(retrieved from some interviewees) containing the names of
all individuals participating in the headquarters organization.
Two online surveys were then administrated (conducted
April–May 2015 for Sweden, November–December 2016 for
Canada) targeting these near-complete samples of individ-
uals with sustained engagement in the early phases of the
disaster response organizations (headquarters) operating at
the regional (multi-municipality) level. Both surveys were
administrated using Dillman and colleagues’ tailored-design
method (Dillman et al., 2014): invitation letters were sent by
email, followed by the survey, and two follow-up emails.
Individuals who did not respond after the follow-up email
received a reminder by phone.

Survey respondents were asked to indicate their level of
collaboration (much, little, or no) with the other pre-defined
individuals using a roster approach, the tasks in which they
engaged (using pre-defined tasks), level of engagement in
each task, and perceived effectiveness of them and their
closest collaborators in addressing tasks (the phrasing of the
question was “How effective do you think you and your
nearest collaborators were in addressing these different
tasks?”). The authors mentioned “nearest collaborators” in
the last question to instigate the respondents to evaluate
their performance at least in part deriving from collaborative
efforts from their peers and not solely based on their own
individual experience (see also Supporting Information
Appendix S1). A social tie was defined based on two respon-
dents nominating each other by indicating much
collaboration.

Respondents were asked to rate effectiveness on a
four-level scale; from “Not at all effective,” “Somewhat
effective,” “Effective,” to “Very effective.” Ideally, self-
reported effectiveness is supplemented with some exter-
nal “objective” measure, for instance, how affected
populations rated the effectiveness of the response in
terms of basic service provision. However, such assess-
ments would need to account for multiple factors that are
inherently bound to individual tasks, which is a daunting
task. Further, the models used for this analysis controlled
both for potential individual biases in terms of perception
of what constitutes “Very effective” and “Not at all effec-
tive” (AP, Table 1), and for any inherent differences
among the tasks in terms of how effectively they were
addressed, on average, across all actors (TP, Table 1).

Modeling procedure

Network autocorrelation modeling, which accounts for
the inherent interdependencies that characterize network
data, was employed to test how actors’ effectiveness was
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shaped by the actor-task configurations described in
Table 1. The existence of a tie between two actors in a
sense violates the assumption of independence between
these two actors, which network autocorrelation models
account for when seeking explanations of whether and how
certain factors may affect actors’ attributes (an attribute is a
node-level variable that captures some characteristics of the
actors, for example, their level of previous experience from
major events).

The general functionality of the network autocorrela-
tion model was adapted to account for the multi-level
network structure of the dataset (Figure 1), which is
detailed in Supporting Information Appendix S1. The
reported level of effectiveness for the actor-task ties con-
stitutes the dependent variable. Actors’ previous experi-
ence in crisis management and their level of
“professionalization” (i.e., their estimated time devoted to
“crisis preparedness” in their everyday work) as node-
level co-variates. An important distinction of this
approach from previous network autocorrelation model
applications, besides the use of multilevel network data,
is an effort to explain tie weights (actor-task effectiveness)
rather than any node-level attribute, although such attri-
butes were used as predictors in some of the models.
While this approach differs from how standard autocorrela-
tion models are generally used, it nonetheless relies on the
same statistical modeling approach to account for data
interdependencies (Supporting Information Appendix S1).

For this study, a range of models was tested by adding
and removing predictors in a sequential but non-automated
way. This was done to identify the most important predic-
tors, and to control for potential interaction and con-
founding effects (see full procedure in Supporting
Information Appendix S1). The authors also tested models
where the structural terms (Table 1) were normalized or not
(Supporting Information Appendix S1). Akaike Information
Criterion (AIC) was used to select the best fitting models.

RESULTS

The results show patterns of interaction among actors
and between actors and tasks which contribute to
explaining effectiveness within collaborative wildfire
response networks. In the Canadian case, actors’ effective-
ness for any given task was higher when their collabora-
tors were also working with the same task (ATri term;
Table 3). Their effectiveness was also higher when they
worked on interdependent tasks (TAtri term; Table 3). In
the Swedish case, these effects were evident only with
the denser type of actor-task configuration (ATsqrd;
Table 2), where the focal actor’s collaborator is connected
to the task in question, and to at least one other
interdependent task to which the focal actor is also con-
nected. Because the ATri and TAtri terms are simpler con-
figurations (Table 1), which are structurally contained
within the ATsqrd term, the negative effects found for the
ATri and TAtri terms in the Swedish case (Table 3) should

be interpreted as the model is compensating for the lack
of effect that these contained substructures have on their
own (this is elaborated and validated in Supporting Infor-
mation Appendix S1).

Overall, these results confirm the propositions that
“closed” actor-task configurations, that is, structures that
connect actors and tasks together in closed loops, are
associated with higher effectiveness. These findings are
contrasted by the lack of positive effect that having many
ties to others not engaged in the task has on effective-
ness (ACool term is significantly negative in Canada, and
was omitted from the Swedish model since doing so led
to a better model fit, albeit alternative models showed
this term to significantly negative; Table 3 and Table S2 in
Supporting Information Appendix S1). In sum, these
results suggest that it is important for actors to have the
“right” ties and not just ties to other actors in general.

As expected, the study unveiled differences in perfor-
mance scores across tasks (TP term; Table 3). In urgent sit-
uations when much is at stake, such as major wildfires,
some tasks can be more difficult to deal with than other.
For example, some tasks might be more time-consuming
or demand more resources, or higher levels of coordina-
tion across jurisdictional boundaries. Hence, different task
characteristics can explain differences in effectiveness
across tasks. The results, however, show that the relative
differences in effectiveness among the tasks were not the
same for both cases. In Sweden, “Situational Awareness”
and “Evacuation” stood out negatively (the latter only
marginally significant), whereas “Media Contacts” stood
out as positive albeit only marginally significant. In
Canada, only “Logistics and Supply” was negative and
significant. These results indicate that the difficulty to
address certain tasks depends on context.

Similarly, the results show that effectiveness varies
across actors. The AP term has a positive and significant
effect on reported task effectiveness (Table 3). This sug-
gests actors differ in their perception of higher or lower
effectiveness, and/or that some actors perform better in
general due to some intrinsic characteristics that make
them “high performers.” These results related to actor
characteristics (AP term) and tasks (TP term) furthermore
confirm the importance to include control variables to
separate these significant effects from other effects that
stem from how actors and tasks are entangled.

Interestingly, the results also show that an actor’s col-
laborator’s performance on any given task has a positive
effect on the focal actor’s performance on that task. How-
ever, this “influence effect” was only evident in the Cana-
dian case (ATtriP term; Table 3). Furthermore, the direction
of the effect is not clear, that is, it is possible that the focal
actor’s performance on the task has a positive effect on the
collaborators’ performance, and/or these effects are mutu-
ally reinforcing. This result could also reflect a shared under-
standing of effectiveness among respondents, where
effectiveness ratings by respondents take into account their
collaborators’ effectiveness rather than solely their individual
effort (here it can be noted that the way the questions about
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T A B L E 3 Results of network autocorrelation models of individual task effectiveness

Term Description

Actor-task

configuration Canadaa Swedena

Intercept 0.9347i 2.3858i

ACool Actor Collaborations: Extent to which focal actor (F) collaborates with

others not engaged in the task in question
F

�0.0192g n/ab

ATri Actor-task triangle: Extent to which focal actor (F) collaborates with

others who are also engaged in the task in question
F

0.0093g �1.6584cf

TAtri Task-actor triangle: The extent to which the focal actor (F) engages in

tasks that are interdependent
F

0.1099h �0.3929cf

ATsqr The extent to which the focal actor (F) collaborates with others who are

engaged in different, but interdependent tasks
F

0.0456 n/ab

ATsqrd The extent to which the focal actor (F) collaborates with others who are

engaged in different, but interdependent tasks, and at least one of

the actors are also engaged in the corresponding and

interdependent task

F
n/ab 2.4447f

ATtriP The effectiveness of the focal actor’s collaborators on the task in

question (influence effect)
F

0.0396f �0.0716

AP Actor’s general perception of effectiveness (control)
F

0.6981i 0.4833i

TPd Task effectiveness (controle)

F

Evacuation 0.0054 �0.6184f

Risk assessment �0.0300 n/a

Situational awareness 0.1132 �0.6765h

Logistics and supply �0.5286i �0.3646

Information to the public 0.0054 0.0916

Media contacts 0.0146 0.4951f

Intra-organizational relations 0.0051 �0.1137

Inter-organizational relations �0.2408 �0.1029

Firefighting n/a �0.5871

Donations n/a �0.1866

Social care n/a 0.7499

Self-help �0.1062 n/a

Work Actors’ level of “professionalization,” that is, amount of hours devoted

to crisis preparedness

�0.0639f �0.0759

Res. SE 0.6131 0.6306

AIC 1200 329.2

Adjusted R 2 0.3516 0.2792

Note: The estimated effects can be interpreted as the prevalence of each term influencing an actor’s task effectiveness.
aThese results are derived from the best-performing models for each case. In the Tables S1 and S2 in Appendix S1, results from alternative models with higher AICs are presented.
bACool was tested but subsequently omitted since the model testing procedure indicated that a model without this term performed better (however an alternative model shows this term to be significantly

negative; see Tables S1 and S2 in Appendix S1). ATsqr was tested (for the Swedish case) but subsequently omitted as it was not important in explaining performance, however, including ATsqrd led to a better

performing model (see Tables S1 and S2 in Appendix S1). For the Canadian case, the same applied albeit reversely.
cThe negative effect derives from entanglement with the term ATsqrd. Alternative models demonstrate they have no effect on performance on their own (Tables S1 and S2 in Appendix S1).
dIf n/a, the task was not assessed as important for that case during the responder interviews and was thus not included in the data gathering process.
eBaseline task was set to “Infrastructure,” thus all estimates are defined in relation to how effective the infrastructure task was addressed.
f90%.
g95%.
h99%.
i99.9%.
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performance were phrased in the survey underscores this
interpretation, see Supporting Information Appendix S1).
Whatever the underlying causal mechanism may be, this find-
ing confirms the importance of a methodological approach
that accounts for these autoregressive effects (see modeling
procedure and Supporting Information Appendix S1).

It is important to distinguish between the observed
structural and influence effects. The structural effect
observed in the ATri term in the Canadian case and in the
ATsqrd term in the Swedish case demonstrates that it is
beneficial for an actor to collaborate with others who
work on the same tasks they also work on—irrespective
of how their collaborator performs. Yet, the influence
effect (ATtriP in the Canadian case) suggests that, on top
of this structural effect, collaborating with others who
perform well gives an additional effectiveness effect
(again, while acknowledging difficulties in distinguishing
between different causal mechanisms).

Contrary to the theoretical expectation, there is no sig-
nificant effect from actors’ experience in responding to prior
events (captured by Exp term [Experience] in alternative
models in Tables S1 and S2 in Supporting Information
Appendix S1) nor from their level of “professionalization,”
that is, hours dedicated to crisis preparedness (Work [level of
professionalization] in Table 3). Since the study measures per-
ceived performance, the analysis investigated whether more
“experienced” and “professional” actors might have higher
(or lower) expectations of what “good” performance entails
(and any such collinearity could also distort the analysis). How-
ever, correlations among EXP, WORK, and AP never exceeded
0.2 (Table S3 in Supporting Information Appendix S1), thus
the findings are deemed robust.

DISCUSSION

This work shows that when individual actors that partici-
pate in the response to major wildfires engage in two
interdependent tasks, or when two actors working on the
same task collaborate, their self-reported effectiveness to
address those tasks increases. The results, however, also
suggest that the effects of these closed actor-task config-
urations are context-dependent. The positive effect on
effectiveness associated with closed actor-task configura-
tions is only observed in Sweden for the entangled con-
figuration where two collaborating actors are both
engaged in addressing two interdependent tasks (ATsqrd;
Table 3). In Canada, the positive effects appear for the less
entangled but still closed (i.e., “leaner”) actor-task config-
urations encompassing either two collaborating actors
and one common task or a single actor addressing two
interdependent tasks (TAtri, and ATri; Table 3). In other
words, in Sweden dense actor-task entanglement was
needed for these closed configurations to have an impact
on effectiveness. These differences may be explained by a
combination of previous experience of disaster events,
pre-existing social relationships, and differences in crisis
management system design.

Although the average level of previous experience
from disaster events among the actors in both cases was
approximately the same, actors in Canada had experi-
enced major natural disaster events more recently in the
region, including a major flooding event just a few years
earlier in Southern Alberta and a previous wildfire in the
Lesser Slave Lake region (KPMG, 2012; MNP LLP, 2015).
Respondents referenced previous disaster responses that
prompted reflection and learning, resulting in a greater
emphasis on relationship-building. For example, one
interviewee shared that:

I think what you would have seen is I think
seven years ago [referring to the Lesser Slave
Lake wildfire]; the response would have been
much less coordinated, much less synchro-
nized, much less coherent.

Unlike Sweden, the Canadian crisis management sys-
tem relies on a more hierarchical structure (D. Nohrstedt
et al., 2019). The ICS in Canada sets out a clear chain of
command and reporting procedure for emergency
response, whereas the Swedish system relies on distrib-
uted responsibilities to ensure that all organizations,
including local public organizations (i.e., municipalities),
maintain their responsibility even in the face of crises and
emergencies. The interviews conducted for this study,
however, suggest that the up-scaling of the crisis
response in Sweden from the municipality level to the
regional level was not seamless, but caused some confu-
sion among some actors involved in the response
(D. Nohrstedt et al., 2019). For example, one of the leaders
of the regional headquarters stated:

I think that the problem [an unclear division
of responsibility between the regional head-
quarters and the municipalities] was partial
that there was no personnel to work on two
fronts as we did and people did not see the
‘Ramnäs’ [i.e., regional] headquarters as a com-
munity organization where problems were
solved for the municipalities. We are aware that
there was some duplication, that is, something
that has to be investigated. (clarification com-
ments within square brackets)

Prior literature discusses the potential performance
effects of disaster management systems based on hierar-
chical authority structures versus systems based on hori-
zontal relationships and self-organization. This study
suggests that a clear chain of command may facilitate
effectiveness associated with closed but less entangled
(i.e., leaner) actor-task configurations. In contrast, in less
hierarchical systems effectiveness is enhanced through
densely entangled closed actor-task configurations, that
is, when many collaborating actors work on the same sets
of interdependent tasks. These results corroborate the
observation in previous literature that a clear chain of
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command might reduce uncertainty about roles and
responsibilities, which in turn reduces the need for broad
collaboration. This, however, may come at the expense of
a lack of flexibility and ability to improvise and innovate
(Ansell et al., 2010; Nowell et al., 2018; Waugh &
Streib, 2006; Wise, 2006). Canadian actors, on average,
had established more social ties with others prior to the
wildfire compared to the Swedish actors (Bodin,
Nohrstedt, et al., 2019). This suggests that transaction
costs could be minimized; these actors needed less time
to establish relationships with relevant collaborators and
instead instantly capitalize on joint expertise by “activat-
ing” pre-existing relationships. In Canada, this was partly
the result of training activities, prior to the wildfire, with
the objective to develop social ties among the individuals
most likely to be called in in the event of a future disaster.
As one respondent stated: “It’s not enough just to have
coffee. You actually have to think about the bad thing
and what’s going to happen …. You had to practice it.”
These observations are, in parts, at odds with one of the
alleged benefits of command and control approaches,
namely that such a hierarchical system is much less
dependent on actors’ pre-established relationships
(Henstra, 2010). The results of this and previous studies
instead suggest that who the actors knew prior to the
event, and how many others they knew, affect their abil-
ity to effectively address the task with which they are con-
fronted. Furthermore, it suggests that deliberate efforts in
the Canadian case to actively build social ties among
actors to prepare for future events might have enabled
these actors to successfully exploit closed but less
entangled actor-tasks configurations. This could thus be
seen as an alternative or complementary explanation to
the potential effect of having a clearer chain of command
as discussed above.

The results, furthermore, suggest that having many
collaborators during the disaster that are not working on
the tasks in which an actor is engaged will not increase
effectiveness. Rather, many collaborators seem to
decrease effectiveness. This finding indicates that there
are significant gains in choosing collaborators wisely and
that those decisions should consider what tasks the
potential collaborators are engaged with, and how these
tasks interdepend on other tasks. The study results also
indicate that if an actor’s collaborators perform well, the
actor will also do better, on average. Caveats are, however,
that the causal direction could go both ways, the effect was
only found in the Canadian case, and this finding may have
resulted from the phrasing of the survey question. Thus, the
results of the structural effects of closed actor-task configu-
rations are judged to be more robust.

All in all, the observed differences across the two
cases suggest there is a need to pay close attention to
contextual attributes in theorizing these configurations,
and to develop a better understanding of the causal
mechanisms linking these configurations to effectiveness
(Bodin, Alexander, et al., 2019). Future research should also

study factors increasing effectiveness in relation to specific
tasks, that is, discern why, as the analyses suggest, some
tasks appear to be more effectively addressed than other
tasks.

CONCLUSION

The study demonstrates that actors’ ability to do their job
effectively during major wildfires depends on with whom
they collaborate, with what tasks they engage, and the
ways by which actors and tasks are interconnected. The
findings also demonstrate that the institutional
context partly shapes if and how these actor-tasks config-
urations affect performance. Yet, although some possible
explanations for why such contextual differences influ-
ence these performance effects are discussed in this
study, more research is warranted to assess what specific
mechanisms may drive effectiveness in actor collabora-
tion in different settings.

The study makes several contributions to public
administration and governance research on collaboration.
First, the study demonstrates that effectiveness in collab-
oration is not uniformly distributed across the collaborat-
ing actors nor the specific tasks they are addressing.
Tracing these effects necessitated a novel methodological
approach, which required detailed information about spe-
cific multi-level network relationships (tasks-to-tasks; actors-
to-actors; tasks-to-actors). This approach serves to unveil
how the distributed nature of a complex collective problem
gave rise to significant variability in effectiveness.

Second, the meso-level perspective elaborated here
provides an important new way to empirically assess
aspects of collaborative performance, specifically whether
collaboration is able to effectively deliver tangible bene-
fits or not. Instead of applying a dichotomous or linear
perspective on effectiveness, it enables scholars to con-
duct more nuanced analyses to document why some
aspects of a collaborative challenge might be effectively
addressed while others are not. This is an important per-
spective to avoid too simplistic assertions such as collabo-
ration can address all complex collective-action problems
effectively (cf. Silvia, 2018).

The results of this study also corroborate and extend
the previous although limited work explicitly analyzing
collaborative network structures, and how certain struc-
tural characteristics contribute to effectiveness. Whereas
most previous works examined social network structures,
this study added and explicated the distributional character-
istics of the problem, which enabled new insights from a
meso-level network perspective. In sum, the results demon-
strate that closed network structures involving both actors
and tasks, that is, when actors that are addressing similar
tasks collaborate, or when an actor addresses several
interdependent tasks, increase effectiveness.

Wildfires represent just one context among many in
which collaboration happens under urgent conditions
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and requires a wide range of interconnected tasks to be
addressed in concert. Beyond wildfires, the findings
reported here could inform efforts to address other signifi-
cant collective action problems that also span a wide range
of different levels of urgency, issues, and tasks (DeFries &
Nagendra, 2017; Hedlund et al., 2021). Thus, there are good
reasons to engage in concerted efforts to learn across
research fields to advance knowledge on how patterns of
collaboration may affect effectiveness in different settings,
including various types of distributed governance prob-
lems at different levels of salience and urgency.
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