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Abstract
The frequency and severity of natural hazards are predicted to increase with climate change. Collaboration among actors across
scales and organizational boundaries is essential to address this escalation. Pre-existing social networks are generally considered a
catalyst enabling actors to more quickly address collective action problems. However, empirically derived knowledge about if,
how, and why pre-established social networks facilitate effective collaborations in addressing natural hazards is scarce. We use
survey data from crisis responders of large-scale wildfires in Sweden and Canada to investigate factors that shape actors’ (i)
ability and willingness to form new social ties with other actors and (ii) propensity to “activate” pre-existing social ties. Our
results show that many new social ties were established in both events, but also that pre-existing ties comprised a considerable
proportion (54–82%) of all ties in use. Using exponential random graph models for temporal networks, we demonstrate that two
actors that are working with or have previously worked with a common third actor are more likely to activate pre-existing social
ties. Further, new social ties tend to be formed around a few central actors, whereas the opposite seems to apply for the activation
of pre-existing ties. The extent to which actors consider others’ organizational affiliation, formal role, previous experience, and
level of professionalization differs between the cases. We suggest these tie formation and activation differences can be attributed
to diverging organizational contexts varying in their reliance upon self-organizing versus command-and-control approaches.
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Introduction

In 2017, natural hazard events (e.g., wildfires, droughts,
floods, hurricanes) resulted in 9,503 fatalities and USD 314
billion economic losses globally (CRED 2018). Climate
change is predicted to further increase the severity of natural
hazards (IPCC 2014; Mora et al. 2018), in particular, the mag-
nitudes and frequencies of wildfires (Westerling et al. 2008;
Pechony and Shindell 2010). Effective collaboration among
actors (e.g., first responders, various local, regional, and na-
tional government agencies, community representatives,
NGOs) can mitigate such costs (Nohrstedt et al. 2018).

Successful collaboration depends on individuals’ decisions
to engage in collaboration with others, which are enabled and
constrained by surrounding institutions (rules, norms, and
structures). Given the scarcity of time, energy, and other re-
sources, individuals must choose collaboration partners wise-
ly (Scott and Thomas 2016). A recurrent problem in turbulent
task environments is that these choices are constrained by
considerable uncertainty regarding the potential benefit of col-
laborative relationships, unclear expectations, and limited
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response time. Major wildfires generally bring a dramatic es-
calation of service demand and a host of other acute problems
that quickly outstrip local community resources. These prob-
lems often defy contingency plans and call for rapid coordi-
nation, adaptation, and improvisation among multiple stake-
holders working across organizational boundaries (Weick
1993; Nowell et al. 2018). Unless the appointed responders
and key stakeholders already have working relationships,
which is unlikely in major large-scale hazards, this inevitably
implies that if working social relationships are not formed or
re-activated from the past, collective action will struggle.
Consequences could range from inefficient use of available
resources (Bodin and Nohrstedt 2016) to outright organiza-
tional collapses that paralyzes response systems leading to
possible fatal consequences (Weick 1993).

What factors drive social (collaborative) tie formation un-
der these conditions is largely uncharted territory in past re-
search (Nowell and Steelman 2015b). In this work, we address
this knowledge gap by empirically investigating factors that
influence the ability and willingness of actors engaged in
multi-actor wildfire responder networks in Sweden and
Canada to form new social ties with actors with whom they
have not interacted with before, and to make use of pre-
existing social ties. The social ties we study represent relation-
ships between actors working together professionally to solve
problems associated with crisis management. These types of
investigations require temporal information about social ties,
i.e., data on actors’ ties before and during the event, which
raises methodological and analytical challenges.

Although these questions, albeit in different contexts, have
been discussed before across different scientific disciplines
(e.g., Ostrom 2005; Olsson et al. 2006; Giest and Howlett
2014), it is only relatively recently that quantitative analytical
approaches have been developed to facilitate investigations of
networks at different time points. We analyze survey data
using the recently developed separable temporal exponential
random graph models (STERGM) modeling framework
(Krivitsky and Handcock 2014) to discern factors explaining
the creation of new social ties and the activation of pre-
existing social ties.

Studying collaboration during natural hazards has dual
benefits. Besides the importance of enhancing the understand-
ing of collaboration during natural hazards, this work contrib-
utes with new knowledge about collaboration in addressing
environmental problems more generally. Collaboration is of-
ten the only available means to effectively address
transboundary environmental problems involving multiple ac-
tors in complex governance situations (Bodin 2017).
However, numerous studies convincingly demonstrate that
forming and maintaining collaborative initiatives consume
time, energy, and other resources (e.g., Sandström et al.
2014). It is often argued that in many collaborative processes,
a key to success has been to “go slow” to gradually build trust

and enhance social learning (e.g., Olsson et al. 2006).
Meanwhile, many critical societal challenges (e.g., climate
change, conservation failures, unsustainable resource overuse)
need urgent collective action. Thus, “going slow” is obviously
not always a feasible option. We argue that studies of collab-
oration need to pay more attention to what factors facilitate or
hinder swift formation of collaborative processes, including
the formation of new social ties among heterogeneous actors
in turbulent environments where collaboration is needed the
most.

One approach to address this research gap is to study col-
laboration in situations of intense time pressure, i.e., when the
nature of the collective action problem requires immediate
action. In a wildfire situation, the notion of “urgency” refers
often to actions that must take place in a matter of hours or
days. Rapidly evolving wildfires fit the bill as they bring spe-
cific challenges for collaboration due to urgency to take ac-
tion, pervasive uncertainties, and direct threats to core societal
values (Nohrstedt et al. 2018). In a hazard response situation,
actors are forced into a “go-fast” collaborative process that
requires swift collective action. Further, responses to large-
scale wildfires typically involve a broad range of diverse ac-
tors that need to find ways to work together—a situation that
resembles many pressing environmental problems.

Theoretical considerations in understanding
social tie formation

Our research adopts a social network perspective focusing on
actors (social entities such as individuals, organizations,
states) and the relationships that exist among them (informa-
tion exchange, exchange of good and services, social support,
conflicts). Actors and relationships are modeled as networks
consisting on nodes and ties, respectively, and the pattern of
ties among the nodes are the central focus for further analyses
(Prell 2012). Broadly speaking, social network analysis is typ-
ically used to inform theories about why social networks are
structured in certain ways and/or what behavioral effects cer-
tain network structures can have on either individual nodes
and/or on the network as a whole (see further in e.g. Robins
2015). Here, we are mainly interested in what factors stimulate
actors to either form new social ties and/or to activate pre-
exiting ties.

Previous studies have established three broad drivers that
lead to social tie formation (Rivera et al. 2010; Alexander et al.
2018). First, pre-existing ties influence if and with whom new
ties are formed. For example, having many social ties can in
itself be self-reinforcing in the sense that “popularity drives
popularity” making others more prone to engage with others
already having many social ties (e.g., Robins et al. 2005).
Second, ties are often formed based on the attributes of actors.
For example, an actor that is perceived as trustworthy is likely
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to be attractive as a collaboration partner (Calanni et al. 2015).
Third, exogenous contextual factors such as culture and norms
influence whether and how ties are formed. For example, un-
der different levels of political uncertainty, preferences in tie
formations can change (Fischer 2015). All three types of
drivers are investigated in this study. However, we incorporat-
ed a limited number of factors for each type of driver, includ-
ing certain network characteristics that occur frequently in
different kinds of social networks (e.g., Henry and Vollan
2014). This is detailed below.

Structural drivers

Two key structural characteristics of any type of network are
centralization and transitivity (Prell 2012)(Fig. 1a, b). The
former refers to a scenario when some actors (nodes) are more
central than the others (i.e., have more ties). This could result
from the popularity effect (e.g., Robins et al. 2005).
Transitivity refers to a tendency of two actors with ties to a
common third actor also being tied to each other. This tenden-
cy often leads to clustering, i.e., the formation of tightly con-
nected subgroups (e.g., Watts and Strogatz 1998). The ratio-
nales behind two actors with a common third actor to also be
connected are many. It could be the result of actors’ desire to
avoid cognitive dissonance, in this case deriving from possible
social tensions having two friends themselves not being
friends could cause to all actors (Cartwright and Harary
1956). Other reasons could be based on reputation, i.e., if
you ask someone you already are socially tied to for advice
about with whom to reach out to, it is likely that you will be
referred to someone your contact already know (cf.
Granovetter 1973). Finally, the preference to engage in tran-
sitive network structures could also result from a perception of
uncertainty and risk. Risks in the sense that the collective
problem to solve could imply higher costs than benefits for
an individual actor, unless everyone else also contribute
(Berardo and Scholz 2010), and/or uncertainties about the

benefits and costs associated with the establishment of a social
tie (Nohrstedt and Bodin 2019). Centralization and transitivity
are often referred to as open (“bridging”) and closed (“bond-
ing”) structures, respectively (Berardo and Scholz 2010).

Attributes as drivers

It is very common that actors consider various attributes of
others when they form social ties (Calanni et al. 2015)(Fig.
1c). Homophily refers to the case when two actors with similar
attributes tend to be socially tied (if attribute similarity or the
formation of social ties comes first is still debated, and likely
varies across different contexts) (McPherson et al. 2001).
Further, it is also common that actors with certain attributes
tend to be more or less socially tied (i.e., the inclination being
engaged in many/few social ties is at least partly defined by
some attribute) (see e.g., Alexander et al. 2018). We limited
these investigations to a set of attributes that are particularly
relevant in crisis management, including actors’ professional-
ization (the extent to which crisis management represents a
substantial part of actors’ formal responsibility), experience
(from responding to major crises), organizational affiliation
(considering that wildfire response involves collaboration
across organizations), and whether they were designated some
key coordinating role or function in the wildfire responder
network (e.g., Bodin and Nohrstedt 2016). For the Sweden
case, a key actor was defined as someone being formally
assigned a specific and crucial leadership role. Similarly, in
Canada, operations chiefs, their deputies, and certain other
leaders that informants assessed to have played a huge part
in the response were defined as key actors.

Contextual drivers

The number of contextual factors that could influence social
tie formation is vast, including institutions, culture, incentives,
and norms (Robins 2015). In this study, we compared Sweden
with Canada, which entails numerous institutional and cultural
differences. Although we acknowledge we are only able to
address a small number of these differences, we will nonethe-
less elaborate some of them in the light of our results.

We are studying societal responses to escalating wildfires.
This context is unique compared with other situations where
there is less urgency and lower threat (Sandström et al. 2014;
Nowell and Steelman 2015; Nohrstedt and Bodin 2019).
There is growing research into these less critical processes,
which has enhanced the understanding of collaboration “go-
ing slow”. However, current understandings of social tie for-
mation processes under the condition of extreme time pressure
and high threat is still very limited (Nohrstedt et al. 2018).

a b c

Fig. 1 Drivers of social tie formation. (a) and (b) present centralization
and transitivity, respectively. Solid lines represent (possibly pre-existing)
ties, and dotted lines represent ties that actors are more prone to create,
based on the existence of the other ties (solid lines). Hence, (a) and (b)
represent structural drivers. In (c), the dotted line represents a tie being
formed based on the attributes of the actors (the different colors represent
differing attribute values). The example hence illustrates either a case
where actor differences mutually stimulate the creation of a tie
(“opposite attract”, i.e. heterophily) or a case where certain attributes
makes actors more (or less) attractive for others to connect with (more
or less socially "active")
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We relied on a largely explorative approach when analyz-
ing potential factors and conditions explaining both the crea-
tion of new ties as the activation of pre-existing ties (i.e., tie
persistence). Hence, we refrain from posing any predefined
hypotheses about what factors, if any, that explain tie forma-
tion and activation better than others.

Methods

Cases

We studied collaborative social tie formation using original
survey data from wildfire responder networks in Sweden
and Canada. Our cases involve two major wildfires: the
“Fort McMurray” wildfire in Canada (2016) and the
“Västmanland” wildfire in Sweden (2014) (Fig. 2).

Although the scope and impacts of the Fort McMurray
wildfire exceeded the Västmanland wildfire (Table 1), both
cases constituted unprecedented events by national standards.
Hence, they provide excellent candidates for a comparative
study as both cases were extreme events posing challenges
that no single actor nor authority was able to address alone
(cf. Nowell et al. 2018).

In addition to providing a broad cross-national empirical
basis, our study provides opportunities to investigate if and

how contextual differences in the emergency response sys-
tems might affect social tie formation and activation process-
es. In Canada, municipal and provincial responses to wildfires
operate under the Incident Command System (ICS), which
brings together organizations under a single chain of com-
mand. At the municipal level in Fort McMurray, the regional
emergency operations center (REOC) operates as required,
when an emergency occurs, staffed by municipal employees.
A provincial operation center (POC), tasked with serving as a
communication and response coordination center, is located in
the capital city of Edmonton and is staffed 24/7. When the
POC is activated, as the operational level increases from rou-
tine (level 1) to mandatory full-provincial government coordi-
nation (level 4) as it was for the Fort McMurray wildfire, it
becomes staffed by all ministries and relevant organizations
and a series of coordination protocols are enacted. At level 4,
the POC has the authority to lead the response, but retain some
flexibility in how they engage with the REOCs.

The emergency response system in Sweden is less hierar-
chically organized and is based on the “principle of responsi-
bility”, prescribing that any actor that is responsible for an
activity under normal conditions maintains that responsibility
in times of crisis. This responsibility includes initiating and
maintaining collaboration with other relevant actors. During
major emergencies that outstrip local resources, the regional
level (county administrative board) can take over the

Fig. 2 Location of study areas and wildfire spread. The map on the top
shows the location of the two wildfires (the red rectangles). The lower left
the 2016 Canadian wildfire in and around Fort McMurray, and the lower

right the 2014 Swedish wildfire in the county Västmanland. The coloring
schemes illustrate how the wildfires rapidly escalated within the course of
days
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responsibility for coordinating the crisis response. This also
happened in the studied case. In addition, a few days into the
event, a “headquarters” organization was established ad hoc to
coordinate the response among organizations. Unlike Canada,
the Swedish crisis management system does not prescribe any
multi-organizational structure for coordination equivalent to
the ICS; rather, the responsibility for fostering and
implementing collaboration is distributed across governmen-
tal organizations at local, regional, and national levels.

Data collection

For Canada, our study focused on collaboration among indi-
viduals representing various organizations in the POC. For
Sweden, we focused on the ad hoc headquarters’ organization
forming gradually to coordinate the response to the wildfire,
which consisted of individuals representing multiple private
and public organizations at different levels. Although the POC
and the headquarters’ organization operated within different
institutional systems, they were both staffed with a diverse
group of individuals (actors) with a shared responsibility for
leading and coordinating key activities (ranging from public
information to evacuation). We refer to these actors and their
collaborating partners as “wildfire responder networks” (cf.
Nowell and Steelman 2015).

To enable cross-case comparison, we developed a common
procedure for data collection. We conducted informant inter-
views and administrated two online surveys with a selection of
managers involved in the wildfire responder networks (see
supplementary material for further information on study
population and response rates).

To collect social network data, survey respondents
were asked to indicate their level of collaboration with
all other respondents included in the surveys, both be-
fore and during the wildfire. Each respondent thus se-
lected whom they collaborated with from the predefined
list of participants, including whether they had collabo-
rated with them before the wildfire. Hence, our data is
“pseudo-longitudinal” since it captures social ties at dif-
ferent time points, although it was gathered at one time

point. Relying on respondents’ abilities to remember
and differentiate between social ties at different time
points is generally a daunting task (cf. Marsden 1990).
However, in our case, we provided the respondents with
a predefined list of potential collaborators, which elim-
inated the risk that the respondents did not recall their
past and present collaborators (and also the timing and
setting of past collaboration). Thus, we argue that our
survey design building on recognition instead of recall
provided us with reliable information to determine
whether social ties during the wildfire event were newly
created or not (and whether past social ties were acti-
vated during the event or not).

In the survey, collaboration was defined as “regular profes-
sional contacts aiming at some result, for example exchange
of information, coordination of activities, common planning,
and discussion of common tasks”. To differentiate between
different levels of intensity of collaboration, respondents were
asked to indicate their level of collaboration with other indi-
viduals based on a 3-point scale (no collaboration, little col-
laboration, much collaboration). We then applied a strict def-
inition of the collaboration by only accounting for ties where
respondents nominated others by indicating the highest inten-
sity of collaboration (“much” collaboration). All reported ties
were considered being bidirectional. A less restrictive criteri-
on was used for pre-existing ties (all ties were considered
regardless of strength). We used different threshold criteria
since we assume the absolute majority of the respondents to
have been involved in many different activities and settings
before the wildfires, thus requiring a pre-existing relation to be
denoted as “much collaboration” suggests that the tie would
need to be used intensively across many different contexts; a
requirement we deemed as too limiting for a pre-existing tie to
be relevant when actors’ activate ties during the acute phase of
the wildfires.

We also relied on the survey to collect data about individual
attributes by asking respondents about their organizational
affiliation, previous experiences from major crisis events,
and professionalization. For experiences, the respondents
could select between “no experience”, “little experience”,
and “much experience”. We then defined and set the actor
attribute “experience” to 1 for all respondents that selected
“much experience”. For the attribute “professionalization”,
the respondents were presented with five options: “0 h/week”,
“1–2 h per week”, “2–8 h per week”, “8–16 h per week”, “>
16 h per week”, and the attribute value was set to 1 if the
respondent selected “> 16 h per week”, which denotes a high
level of professionalization.

Finally, we assessed how well the respondents perceived
the ability to collaborate effectively with others using four
survey questions: How well did you (and your immediate
collaborators) perform in... (1) “...establishing contact with
individuals that you needed to collaborate with?”, (2)

Table 1 Wildfire hazard statistics Fort McMurray (Canada) and
Västmanland (Sweden)

Canada—Fort
McMurray

Sweden—Västmanland

Areas burned (hectares) 589,552 15,000

Buildings destroyed 2400 70

Fatalities 0 1

Direct and indirect costs
(billion USD)

7.56 0.8

Individuals evacuated 88,000 1200

Working at the “speed of trust”: pre-existing and emerging social ties in wildfire responder networks in... 2357



“...reaching agreement on joint goals and working proce-
dures?”, (3) “...sharing information?” and (4) “...coordinating
activities?”. The respondents could respond with either “not at
all well”, “reasonably well”, “well”, and “very well” (these
levels were given the numerical values 1–4 in our analyses).

Network analysis

We employed two different approaches in analyzing the net-
works. Descriptive analyses of the networks were first con-
ducted to evaluate the number of collaborative ties before and
during the wildfires. We also evaluated the proportion of pre-
existing ties that were, on average, “activated” during the
wildfires.

These descriptive analyses, however, only provide limited
possibilities to explore explanatory factors associated with
new ties, and/or the activation of pre-existing ties. To investi-
gate these factors, we relied on the statistical modeling frame-
work of exponential random graph models (ERGM, see e.g.,
Lusher et al. 2013). ERGM are similar to regression models,
where the dependent variable is represented by the empirical
network, and the independent variables by the possible prev-
alence (or lack thereof) of different micro-level network con-
figurations (also referred to as network motifs, see e.g., Milo
et al. 2002). The similarity with regression model is mostly on
a conceptual level. For example, ERGM are able to cope with
data interdependency that is inherent to network data, which
often makes standard regression analyses ill-suited for the
task.

ERGM enable explorative analyses that unveil what spe-
cific configurations that seem to drive the formation of the
empirical network, as well as testing of specific hypotheses
regarding specific configurations assumed to influence the
formation of the empirical network. In particular, given that
many of these network configurations can be interpreted in
terms of social processes, such as reciprocity when an incom-
ing social tie tend to be reciprocated with an outgoing tie,
ERGM provide an analytical device to unravel what social
processes have potentially given rise to the observed social
network. Aword of caution is warranted, as the link between
process and structure is inferred and not explicitly empirically
tested.

Given our analytical focus on centralization, transitivity, and
actor attributes that drive (or inhibit) social tie formation, we
opted for including corresponding configurations in the
ERGM. Several different variants of corresponding configura-
tions do, however, often exist. To facilitate comparison,we strove
to include the same configurations in both cases. Model perfor-
mance was assessed using Akaike information criterion (AIC),
dealing with trade-offs between model fit and model simplicity
(Akaike 1973). If a model performed better when including dif-
ferent variants of a configuration, we opted for keeping the
models as similar as possible while minimizing the AIC.

Since our datasets include a temporal component (pre-
existing and ties in use during the crisis), we applied a recent
extension to ERGM: the separable temporal ERGM
(STERGM) (Krivitsky and Handcock 2014). Using
STERGM, we are able to distinguish between newly created
social ties and ties that existed at that previous point in time.
Technically, STERGM fits two independent ERGM to the
dataset—one model focusing on the creation of new ties and
one on the persistence of existing ties (which in our terminol-
ogy corresponds to the activation of a pre-existing tie).

ERGM and similar models often suffer from convergence
problems (see e.g., Lusher et al. 2013), especially when more
complex configurations are included (encompassing more
than two nodes, such as a transitive triangle of three actors).
In those cases, when it was not possible to include all config-
urations of interest, we thus used another approach. Using
ERGM and STERGM, the analysis usually includes a
goodness-of-fit (GOF) estimation after the models have been
fitted to the data. The purpose of the GOF is 2-fold: to evaluate
if the model is stable (i.e., it has converged on estimates for the
modeled configuration that remain stable throughout an indef-
inite number of simulations) and to estimate how good the
model is in capturing the structural characteristics of the em-
pirical network beyond the explicitly modeled configurations.
The latter involves assessing the model’s ability to reproduce
the structural characteristics of the empirical network given a
larger set of configurations. If such differences, for any tested
configuration, exceed 2.0 standard deviations (derived from
the set of simulated networks), it is commonly considered a
significant deviation (Lubell et al. 2014; McAllister et al.
2015). In this work, we therefore followed previous works
and relied on the GOF procedure to estimate the prevalence/
absence of configurations that we were not able to include in
the models due to convergence problems.

Since STERGM are applied to temporal network data, the
simulated networks generated during the GOF procedure rep-
resent the combined results from both the formation and tie
activation models. The differences between the simulated net-
works and the empirical network are assessed based on the
collaborative network used during the wildfire response (the
pre-existing network is used as the starting [seed] network,
upon the simulated tie formation/non-activation are based).

Results

Table 2 presents descriptive statistics concerning the distribu-
tion of social ties, including averages for individual actors and
totals across the two networks. Thus, for individuals, we show
whether activation of pre-existing ties among actors is more or
less common on average compared with the formation of new
social ties. For the two networks as a whole, we show the
distribution of the total number of pre-existing ties versus
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the number of new ties as well as the proportions of pre-
existing ties that were not activated.

When comparing across the two cases, our results show
that the network in Sweden had a smaller proportion of pre-
existing ties per actor (6.9) than the Canadian responder net-
work (13.7). However, both cases had a quite similar number
of ties in use during the event (7.0 versus 9.6 per actor). In
Sweden, 46% of the ties-in-use were new, whereas in Canada,
only 18% were new. The non-activation of pre-existing ties
was quite similar in both cases (46 and 43%, respectively).

The results from the STERGM are presented in Table 3. To
minimize the AIC, the ERGM configuration triangle was
sometimes used instead of gwesp, although both capture the

overall tendency of transitivity (Table 3). It was not possible
due to convergence issues in both cases, to include any of the
transitivity configurations in the tie formation models
(Table 3).

The GOF estimations revealed that all models fitted the
data relatively well, however with the exception of transitivity
(see supplementary material—Tables S1 and S2). In Canada,
the t ratio of the triangle configuration was > 3, thus clearly
significant (Table S1). In Sweden, the ratio was > 2 and also
considered statistically significant (Table S2). Since transitiv-
ity was possible to include in the activation but not in the
formation models, this indicates that establishing new ties that
form closed triangles was more common than by chance

Table 3 Formation of new ties and activation of pre-existing ties

Fort McMurray/Canada Västmanland/Sweden

Network configuration1 Formation2 Activation2 Formation2 Activation2

Density (edges)
The overall propensity for ties to be formed between any two actors

− 2.48 (0.26)*** − 3.91 (0.44)*** − 2.33
(0.26)***

− 0.61
(0.33).

Centralization (gwdeg)
The propensity to form ties to actors already having ties

(negative value implies centralization)

− 4.79 (0.56)*** 2.22 (0.32)*** − 2.85
(0.37)***

Transitivity (triangle)
Three actors all being tied to each other

0.17
(0.27)***

Transitivity (gwesp)
Three actors all being tied to each other

0.45 (0.038)***

Open triangles, i.e. ‘V’-shaped structure (gwdsp)
Two actors being tied to a common third actor

0.000040
(0.00072)

Homophily based on organizational affiliation (nodematch) 0.067 (0.25) 0.42 (0.12)*** 0.77 (0.37)* 0.14 (0.23)

Homophily based on similar level of experience (nodematch) 0.084 (0.18) 0.21 (0.12). 0.29 (0.20) − 0.022
(0.23)

Homophily based on similar level of professionalism (nodematch) − 0.22 (0.18) − 0.10 (0.12) 0.90 (0.24)*** 0.23 (0.20)

Networking activity based on being highly experienced (nodefactor)
The propensity of highly experienced actors to have many social ties

0.010 (0.13) 0.097 (0.078) 0.26 (0.15). − 0.21 (0.19)

Networking activity based on high level of professionalism (nodefactor)
The propensity of actors being highly professionalized in crisis

management to have many social ties

0.17 (0.15) − 0.38
(0.081)***

− 0.24 (0.18) 0.053 (0.14)

Networking activity based on having a key role/function (nodefactor)
The propensity of ACTORS being assigned certain key functions to have many

social ties

1.59 (0.28)*** 0.31 (0.19) 1.98 (0.31)*** − 0.02 (0.21)

1 Names of the corresponding network configuration in the statnet R package in parentheses (Hunter et al. 2008). Brief descriptions of the network
configuration are presented in italic
2 Number in parentheses represent standard errors and (***)p < 0.001, (**)p < 0.01, (*)p < 0.05, (.)p < 0.1

Table 2 Descriptive statistics of the two responder networks

Västmanland/Sweden (74 respondents) Fort McMurray/Canada (108 respondents)

Pre-existing ties per actor 6.9 13.7

Ties in use during the crisis per actor 7.0 9.6

Pre-existing ties being activated 279 (54% of all ties used during the crisis) 849 (82% of all ties used during the crisis)

New ties 240 (46% of all ties used during the crisis) 188 (18% of all ties used during the crisis)

Pre-existing ties not activated 233 (46% of the pre-exiting ties were not used
during the crisis)

635 (43% of the pre-exiting ties were not used
during the crisis)
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(although we stress that the statistical robustness underlying
this claim is weaker than for the other configurations that we
were able to explicitly include in the formation and activation
models, Table 3).

The only factors that we can derive from the data that
explain the formation of new ties in the case of Canada were
centrality and the “key actor” attribute (an actor with a desig-
nated role as leader within the crisis responder organization)
(Table 3). Hence, in Canada, new ties going to already well-
connected actors and/or to actors being designated specific
key roles/functions were most likely to form. In Sweden, the
same factors were significant, but so were also homophily
based on organizational affiliation and level of professionali-
zation (Table 3).

Our results demonstrate that the activation of pre-existing
ties was enhanced by transitivity in both cases (Table 3). In
Canada, there was also a strong tendency for pre-existing ties
not being activated if they increased centralization (i.e., the
activation of pre-existing ties worked in favor of decreased
centralization) (Table 3). The Swedish case displays a some-
what similar characteristic, yet not as strong and only margin-
ally significant, and only apparent when using an alternative
and less well-fitting activation model (Table S3). Further, in
Canada, any two actors being affiliated to the same organiza-
tion increased the tendency for activation of pre-existing ties
(Table 3). Actors with high levels of professionalization were
less prone to activate their pre-existing ties compared with
actors with lower levels of professionalization. None of these
attribute-driven effects were significant in the Swedish case
(Table 3).

Finally, the averaged responses from the survey items eval-
uating perceived collaborative effectiveness are presented in
Table 4, showing that Canadian actors consistently perceived
a higher level of collaborative effectiveness than the Swedish
actors.

Discussion

New and pre-existing ties

The similarities in numbers of ties-in-use per actor during both
wildfires suggest that there is a limit in the number of ties that

actors are able to effectively utilize (due to e.g., cognitive
limitation), and/or that are, on average, needed to get the job
done. Since the actors in Canada had twice as many pre-
existing ties to draw from, but ended up only using 2.6 more
ties per actor, we argue that a marginal return of engaging in
more collaborations decreases beyond a certain point is justi-
fied (Nohrstedt 2017; Hileman and Bodin 2019). Additional
support for this interpretation comes from the responses to one
of the survey questions concerning collaborative effective-
ness. In both cases, the actors responded that establishing con-
tact with individuals worked, on average, more than “well”
(Table 4), indicating that the actual number of collaborative
ties was not constrained by difficulties to establish contacts
(therefore suggesting that actors did engage with other actors
as long as they experienced the benefits from a collaborative
tie would outweigh the costs, without perceiving being
constrained by some externally imposed barriers to
collaboration).

Although no major barriers in establishing contacts in any of
the cases were observed, the results suggest that in the Canadian
case, less time was spent on establishing new social ties, which
in theory would give the actors more time for collective action
(increased collaborative effectiveness, see Table 4). Stated dif-
ferently, the higher number of pre-existing ties between the
actors in the Canadian case suggests they did not need to create
that many new ties to get the job done (cf. Parise and Rollag
2009). Evidence from the interviews shows that representatives
of provincial government agencies in Canada engaged in pre-
crisis network building activities to establish ties that would be
activated in an emergency response: “I often say no amount of
legislation and regulation can replace the culture of collabora-
tion, cooperation that we have in Emergency Management in
Alberta. That’s critically important. When we’re not busy
responding, we’re usually busy preparing, practicing or collab-
orating before.We always say the worst time tomeet somebody
is in the emergency, or the worst time to meet your new partner
is during the emergency. You’re better off to do it before or
after. We spend an awful lot of time working on stakeholder
engagement and building our networks so we can leverage that
in an event”.

Some preparations had been made in the Swedish case as
well in order to foster collaboration in the region. This was
partially done through a regional-level forum called “USAM”,

Table 4 Collaborative
effectiveness (mean values and
standard deviations for survey
questions about collaborative
effectiveness)

Fort McMurray/Canada Västmanland/Sweden

Establishing contact with individuals1 3.34 (0.88) 3.19 (0.87)

Reaching agreement1 3.15 (0.92) 3.05 (0.84)

Sharing information1 3.07 (0.99) 2.77 (0.96)

Coordinating activities1 3.00 (0.99) 2.89 (0.85)

1 All survey responses (“Not at all well”, “Reasonably well”, “Well”, and “Very well”) were coded on a scale 1–4,
respectively
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a platform involving municipalities, government agencies, re-
gional authorities, and associations for facilitating collabora-
tion to prepare for and respond tomajor crises. However, there
was some uncertainty among the actors concerning the oper-
ational role of USAM during the wildfire, which in turn
seemed to constrain collaboration based on pre-existing ties.
As phrased by one local-level respondent: “We have USAM
in the county and we meet four times every year to talk about
collaboration. But when this [the wildfire] happened, this
group did not come together […] People ended up in a swarm
of people from other parts of the county whom had not met
before.”

Overall, our results suggest some possible factors that
could help explain the observed differences between the cases.
To begin with, formation of new social ties in the Canadian
case was only driven by centrality and designated roles of
certain (key) individual actors, whereas in the Swedish case,
the personal attributes organizational affiliation and the level
of professionalization also contributed (in addition to central-
ity and key individuals). Formation of new social ties solely
based on certain key roles and centralization indicates a pro-
cess where the nature of the collaborative task was solely
driving the formation (Nohrstedt and Bodin 2019)—here like-
ly the need for effective coordination of activities and re-
sources that is in general favored by centralization (Lubell
et al. 2016). The effect of personal attributes suggests that
actors in the Swedish case were more sensitive to whom their
new peers were, indicating a process where actors felt more
constrained in their search for new collaborative relationships.
The constraint could be due to limited information about who
the other actors in the headquarters actually were, which could
make actors more prone to seek collaborators in their imme-
diate social “neighborhoods”, and/or a sense of uncertainty in
terms of various risks associated with establish new social ties
(Fischer 2015; Nohrstedt and Bodin 2019).

Our evidence indicates that in both cases, transitivity (three
or more actors all social tied to each other) stimulated the
activation of pre-existing ties. Transitivity likely also played
a role in the creation of new ties, although this finding is less
statistically reliable. This pattern demonstrates that dense clus-
ters of actors previously working together had a tendency to
activate pre-existing ties, which in turn suggests that actors not
only considered individual pre-existing ties in the activation
process but also that the social-relational context where the
pre-existing ties are embedded played a role. As stated, tran-
sitivity can emerge for many different reasons. Two individ-
uals with a common friend tend to become friends over time
due to difficulties for the common friend in maintaining sep-
arate relationships. Alternatively, transitivity can be due to a
general perception of risk and uncertainty associated with col-
laboration (Berardo and Scholz 2010), including the risk that
is attributed to potentially inefficient use of valuable time and
resources (Nohrstedt and Bodin 2019).

In Sweden, transitivity was the only factor that could ex-
plain tie activation, whereas in Canada, other factors also
played a role. The tendency of actors with higher levels of
professionalization to be less prone to activate ties was signif-
icant, although we argue this is likely explained by their rela-
tively larger pre-existing personal networks (more simplistic
ERGM—not shown here—demonstrate that actors at higher
levels of professionalization had significantly more pre-
existing social ties than others).

The lack of robust statistical support for transitivity as a
driver of new ties, we argue, is a somewhat unexpected find-
ing since transitivity is quite common in most social networks.
Nonetheless, the goodness-of-fit analysis indicates that transi-
tivity might still be present, especially in Canada (Tables S1
and S2 show that the models were not able to fully replicate
the high level of transitivity in the networks during the
wildfire events). In addition to the underlying mechanisms
behind transitivity outlined above, another reason for transi-
tivity could be related to difficulties to quickly find adequate
collaborators (akin to a “search problem”). Given the urgency
in the studied cases, one could assume that pre-established
collaborative ties would be utilized when searching for suit-
able new collaborating partners (like asking existing partners
“do you know someone who can help with..?”). We argue that
the tendencies of two peers to a common friend to also be-
come friends have limited explanatory value in this case due
to the relatively short life cycle of the responder networks.
Instead, we suggest that both the perception of collaborative
risks (Nohrstedt and Bodin 2019) and the search problem are
more plausible explanations underlying the indicative (and
thus less reliable) observation of transitivity in the formation
of new ties.

The result indicating that key actors were no more inclined
than others to activate pre-existing ties is interesting. Being
assigned a key role often implies responsibility to facilitate
coordination among other actors (van Meerkerk and
Edelenbos 2014); thus, one might expect these actors to be
more prone than others to activate pre-existing ties. However,
key actors had larger pre-existing networks (more simplistic
ERGM—not shown here—demonstrated a significant net-
work activity effect of the key attribute). Hence, a potential
explanation might be that their large pre-existing personal
networks implied that having an “average” propensity to ac-
tive ties was sufficient to build “large-enough” personal
networks.

Contextual factors

Our findings also suggest ways by which contextual factors
may explain differences in social tie formation in the two
cases. Interviews indicate Canadian actors were relatively
well-prepared in terms of having more pre-existing social ties
comparedwith actors in the Swedish case. This seems to result
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from deliberate attempts to build relationships, as captured by
a respondent from the Canadian case: “With industry, with
NGOs, with anybody that we can get to come out to our
events. We’ll go to their events. It’s kind of funny, from one
perspective you might just say is all you’re doing is having
coffee and gossiping. That really makes a huge difference
because what I say okay, when the bad thing happens, you
have to move at the speed of trust. The only way you can
move at the speed of trust is if you actually know the people
beforehand. Even if all you’ve ever done is had a coffee or
heard about them and know them by reputation”.

Further, Canadian actors formed new ties only based
on centrality and roles/functions and also appeared more
prone to activate pre-existing ties with key actors, al-
though this finding is only marginally supported by the
data. The strong prevalence of the centralization tenden-
cy for new ties implied a collaborative context charac-
terized by “command and control” (new ties tended to
go to highly connected individuals, therefore suggesting
these individuals acted to coordinate activities and pos-
sibly also to exert leadership through issuing com-
mands). As stated by one respondent: “…we go from
coordinating to actually commanding. Instead of kind of
suggesting or finding out what people are doing and
trying to prioritize it and coordinate it, we actually have
the legal authority then to say we’re not doing this,
we’re doing that”.However, it seems as the Canadian
case included both command and control and self-
organization processes since the activation of pre-
exiting ties instead favored less centralized structures
(Table 3).

Our evidence indicates that actors in the Swedish case
seemed partially constrained in forming new ties (not
constrained in quantity, but in terms of factors that influ-
enced social tie formation). This may be due to fewer pre-
existing ties, but likely also due to uncertainty about other
actors, risks associated with new collaborative ties (given
the urgency of the situation, an actor is likely not willing to
“try-and-see” if new social ties are beneficial or not, see
Nohrstedt and Bodin 2019), and the absence of clear goals
for the ad hoc headquarters’ organization. As stated by one
county-level respondent: “We had practiced a headquarters
organization. But the problem, I think, is that you do not
have staff to work on two fronts. People did not see the
headquarters in Ramnäs as a ‘societal headquarters’ where
we solved problems for the municipalities […] This per-
spective – who we work for and what the goal is – should
have been more clear”. Since there was no clear protocol or
procedure for organizing the headquarters, considerable
time and effort were devoted to finding staff, which to
some degree was accomplished through utilizing personal
networks and facilitated by familiarity with other organi-
zations. In addition, many individuals—most with personal

connections to the county staff—contacted the headquar-
ters’ coordinators to offer their help. This was, according to
the respondent, very much driven by pre-existing ties
among crisis management professionals.

Conclusions

Results of this study demonstrate many similarities
concerning drivers of collaboration across the two wildfire
cases, although several differences were also identified. Our
findings also shed light on the relationship between institu-
tional design and collaborative performance in disruptive cri-
sis situations. Previous studies of how different institutional
systems respond to emergencies and disasters generally con-
clude that, all else being equal, systems promoting self-
organization are more effective than hierarchical command-
and-control structures in coping with rapid transformations
and uncertainty (Comfort 1994; Harrald 2006).

Our study overall supports these suggestions (with the
caveat that the analysis relied on self-reported perfor-
mance). The respondents in both cases rated collaborative
effectiveness quite high (Table 4). Further, in both cases,
establishing and activating pre-existing ties occurred rela-
tively frequently, indicating that actors were indeed able
and willing to at least partly self-organize their collabora-
tions with others. However, a key difference between the
Swedish and the Canadian cases, where the latter scored
higher in collaborative effectiveness while also being less
dependent upon the creation of new social ties, indicates
that relying too much on self-organization might come at
the expense of effectiveness (see also Nowell et al. 2018).
Hence, we suggest a stronger focus in future work on
studying and elaborating whether and how the ad hoc
and the pre-planned command-and-control approaches to
collaboration can be combined in ways to maximize the
different benefits deriving from these approaches. Such
research endeavors would greatly benefit from gathering
and analyzing temporal network data (preferably longitu-
dinal in cases where possible and feasible). We also en-
courage more work to investigate whether and how les-
sons learnt from highly time-critical collaboration during
crises could be utilized to speed up collaborative process-
es in other contexts.
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