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a b s t r a c t

Objectives: This study aims to develop a theoretical framework for the flexible surge capacity, inspired by
existing surge capacity, complexity theory, and collaborative theoretical frameworks, and discuss its
implementation and use in emergencies.
Study design: This was a descriptive study.
Methods: Theoretical frameworks for surge capacity, the complexity and resilience theory, and collab-
oration were reviewed and combined to develop a theoretical framework for the flexible surge capacity,
incorporated with standard practical tools used in disaster and emergency management as inter-
connecting collaborative factors.
Results: The expanded number of disasters, public health emergencies, and the emergence of new risks
and vulnerabilities indicate a complex situation and an apparent need to revisit the core of preparedness
for unexpected incidents. Four crucial elements as parts of surge capacity, that is, staff, stuff, space, and
systems, need to be considered in the planning and managing disasters and emergencies. Within the
ordinary contingency plans, primary and secondary surges are planned and prepared. However, there are
situations where those surges may not exist or are impossible to deliver. In such situations, available
community resources should be used, described as flexible surge capacity. The flexible surge capacity
framework incorporates a balanced and innovative process of integrating various resilience factors in
complex incidents and collaboration among multiagency organizations.
Conclusions: The flexible surge capacity theoretical framework was developed. Nonetheless, further
studies on the willingness of the medical and non-medical organizations to partake in the flexible surge
capacity system are required.
© 2022 The Author(s). Published by Elsevier Ltd on behalf of The Royal Society for Public Health. This is

an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).
Introduction

With an increasing number of disasters, public health emergen-
cies, and armed conflicts, there has been a plethora of publications,
which could have been categorized into several research topics, such
as the 5Cs (command, control, communication, coordination, and
collaboration), citizen participation, self-organization, risk percep-
tion, vulnerability, and the use of advanced technologies. These
studies address the gaps and shortcomings of the management in all
four phases of disaster management, that is, mitigation, preparation,
response, and recovery.1
u.se (P. Phattharapornjaroen).

ier Ltd on behalf of The Royal Soci
Such a broad change in disaster and emergency management
demonstrates an obvious need to revisit the core of preparedness
for unexpected incidents. In addition, global geopolitical changes,
hybrid conflicts, climate change, and pandemics are new risks that
create new vulnerabilities that influence the principles of disaster
preparedness in a broad range of nations, from high-income to
middle- and low-income countries. Moreover, one of the experi-
ences gained in the current pandemic caused by COVID-19 was the
need for a more comprehensive multiagency collaboration and the
creation of diverse technical and practical innovations and
measures.2,3

Two crucial factors need to be considered in the planning and
managing disasters and emergencies that all constitute the four
vital elements of surge capacity (SC). The first factor consists of the
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first three elements of SC, that is, elements that need to be scaled
up or down during disaster management. These are staff, stuff,
and space, often planned through contingency plans, using
available resources within the organizations or facilities. The
system is the second crucial factor and the fourth vital element of
SC, that is, the guidelines and instructions that govern the quality
and quantity of staff, stuff, and spaces. In most cases, the system is
the contingency plan itself.4 It describes how medical and non-
medical management is organized to give staff a structural
framework for working and prioritizing their activities. For years,
emergency services in several countries, including Sweden and
the United Kingdom, have implemented and used a joint frame-
work, so-called the Joint Emergency Services Interoperability
Principles, which were initially used by prehospital units but later
used found to be useful even in hospital and clinical environ-
ments. These principles originate from MIMMS (Major Incident
Medical Management and Supports) and are shortened as
CSCATTT, which stands for command and control, safety,
communication, assessment, triage, treatment, and transport.
CSCATTT paradigm provides a systematic and structured approach
for individuals and organizations involved in major incidents,
both as a planning and evaluating tool.5e7

In practical terms, there is a primary capacity surge when di-
sasters strike. According to the contingency plan (system), this
surge targets the available staff, stuff, and spaces and is, in most
cases, sufficient to overcome disaster challenges. However, with an
extension of the process of the disaster or with simultaneous in-
cidents elsewhere requiring central resources, a secondary surge is
necessary. Both the primary and secondary surges should be seen
as integrated parts of resilience. Still, the transition may create a
complex situationwhen the process may happen simultaneously or
in a randomorder.8 This overwhelming situation can be understood
with the help of complexity theory, which emphasizes interactions
and the accompanying feedback loops that constantly change sys-
tems. Although it proposes that systems are unpredictable, they are
also constrained by order-generating rules.8 Such rules can
enhance the interaction between diverse parts of the management
system and the collaboration between organizations. Most
healthcare systems are capable of a second surge based on their
available but out-of-duty resources. Staff can be called into work
and functional, but not used resources and spaces can be used.4

Additional extension of an incident or a multidomain incident
such as a terror attack, an armed conflict, or when the infrastruc-
ture necessary for delivering support is affected necessitates extra
resources, which may not exist or be possible to deliver. Such a
scenario should use the community resources and has been
described as flexible SC (FSC).7e9

The idea of resource flexibility in disaster management is
nothing novel and has been mentioned by several studies that have
also targeted communities as a relevant resource.10,11 However, the
description of such a flexible system was first published in 2020,
suggesting a partnership with diverse medical and non-medical
institutions and facilities, led by public health authority.9 There is
a theoretical framework for SC, but a similar framework for FSC is
missing. Such a theoretical framework should consider the multi-
agency involvement of several non-governmental and govern-
mental organizations at the local level, which implicates a need for
interaction and collaboration. Collaboration is a complex process
that aims at building a relationship between two partners and
typically encompasses factors such as trust, open communication,
mutual respect, shared goals, and values among actively partici-
pating members to yield shared responsibility and decision-mak-
ing.12 A critical point in collaboration is to create interactivities
using practical tools such as CSCATTT, which is widely used in
emergency management.
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This article aims to develop a conceptual, theoretical framework
for FSC, inspired by the existing SC, complexity, and collaboration
theoretical frameworks, and discuss its implementation and use in
emergencies. A conceptual framework illustrates what can be ex-
pected through the research. It defines the relevant variables for the
study and maps out how they might relate to each other. It also
represents expected causes and the expected effects. These steps
must be conducted before the details can be planned.13

Conceptual framework of SC

Inspired by the works of Hick et al.,10,11 Bonnett et al. described
the SC framework in 2006.4 According to the authors and based on
their review of published papers, there are several so-called surge-
generating events. These events are either contained (geographi-
cally defined and the incident site is integral to the event, such as in
bombings, tornadoes, flooding, etc.) or are population based (not
defined geographically and can propagate throughout a population,
such as pandemics, bioterrorism, etc.).4 All these events cause a
healthcare system to respond, expand, or scale up9 in three broad
areas: (1) public health SC aiming to increase the overall ability of
the public health system to manage a significant incident, (2)
facility-based, and (3) community-based surge capacities.

The latter highlights the significance of communities’ off-site
treatments facilities or as a unified area for command and control
units to overview the multiagency operation and the work in
healthcare facilities.10,11 It also highlights the importance of a
multilevel response to a disaster and that a response should be
tiered, scalable, and flexible in treating many patients.4,9

It is not a secret that proper preparedness is built upon ordinary
and daily activities and standards of care. With appropriate stan-
dards of care and daily operation, a facility can increase its volume
with its available resources, and there is no need for modification in
the system.4 Disasters and emergencies influence the daily activ-
ities of health systems. A contained event requires immediate re-
sources around the affected area and rapid transport of casualties to
the hospitals, which may lead to overwhelming hospitals.6 Such a
situation requires extra resources, either being recruited from other
hospitals or provided by evacuating non-disaster patients. Concern
should be given to the event in which the hospital is a target itself.
On this occasion, a total hospital evacuation is inevitable.6 On the
other hand, a population-based event requires proper isolation of
infected or affected victims and selective transport to the hospitals.
On such occasions, appropriate community care must be available
to comfort patients and allow them to be tested and treated at
home without seeking already affected hospitals.14

According to Bonnett et al.,4 the surge starts as an intrinsic
surge, including facilities and communities. A primary surge is a
facility-based surge by activating disaster plans and implementing
all steps and instructions. Operations will expand, but the situation
will be contained within the hospital. In the second step, the
community-based surge is activated when the situation expands.
Off-site care centers and surge hospitals will start to work, over-
viewed, and supervised by municipal or regional coordination
centers. The final step is when the community-based surge is not
enough or available. This inadequacy indicates a need for extrinsic
surge, which includes receiving assets from unaffected areas or
evacuating victims to unaffected areas based on the type of event.4

Complexity and resilience framework

Using the vital elements of SC, Therrien et al.8 expands the
discussion on the needs of healthcare facilities to respond to an
event by integrating the Hick et al. concept, which generates a
model for health systems' readiness for and response to a wide
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range of scenarios15 to the strategies based on the four crucial el-
ements of SC, that is, trained personnel (staff), supplies and
equipment (stuff), rooms in which to treat patients (structure) and
policies and procedures (systems),16e18 and the concept of resil-
ience, which from a crisis management perspective is the ability to
“bounce back.”8,19 This response may indicate flexibility in the
system (intrinsic) scale up and down and adjust its functioning
before, during, or following changes and emergencies to sustain
critical operations under expected and unexpected conditions.20 It
also means building capacity in crisis by reducing vulnerability and
improving response planning. However, Therrien et al. noted that
other organizational concerns in disaster and emergency man-
agement should also be addressed.

There is simply an interorganizational perspective that governs
the connection between and dependency among organizations and
influences the system's ability to respond to crises. Organizational
resilience is thus partly dependent on the collaboration between
various agencies' capacity to obtain accurate and recent informa-
tion necessary equipment to jointly manage an influx of patients in
each hospital and region based on previously negotiated coordi-
nation mechanisms and the power dynamics between organiza-
tions.21,22 Complexity theory focuses on interaction dynamics, the
unpredictable properties of interaction, and the relation between a
system and its environment.8

Detailed and dynamic complexity is essential to manage such
complexity as SC. The former is updated knowledge on the risk or
etiology and management of scientific uncertainty, resources
management, and internal decision-making and communication.
The latter is the systematic management of stakeholders on
municipal, regional, and national levels, the disparity, and inequity
of the care between populations, and the risks presented by the
public, policymakers, and professionals. To overcome these
Fig. 1. Collaboration ch
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complexities and establish a robust network, common de-
nominators found in 4S of SC can obtain interorganizational con-
sistency. To develop and communicate various treatment or
protective procedures to prevent early deaths or the spread of
infection (system), to establish a unified triage system for assess-
ment of patients (system), shared knowledge (staff), shared bed
and equipment (stuff), are all examples of factors that can decrease
the uncertainty, link diverse groups, facilitate resource coordina-
tion, and enhance the ability to respond.23 Another essential tool
that can be used in the event of disasters and emergencies to in-
crease the compatibility of the multiagency management is the use
of CSCATTT, which is part of MIMMS education in several countries.

Taking this conceptual theory into the World Health Organiza-
tion's change of activity in disaster and emergency management
from reactivity to proactivity,9 the complexity of a crisis depends on
the type of event, the presence of scientific uncertainty, and the
speed at which it develops. Therefore, the response can be different
if there is a pandemic or a terror attack.8 In conclusion, Therrien
et al. suggest a balanced and innovative process of integrating
various resilience factors, building on a pragmatic approach based
on complexity theory and the four “S” of SC.

Collaboration framework, incorporating CSCATTT

The collaborative framework aims at identifying and building
those critical relationships that ease up and accommodate the pro-
cess of achieving a goal. Fig. 1 shows the collaboration components.
The words joint and shared are crucial to collaboration, which does
initiate with cooperation, and coordination to end up with collabo-
ration. From a theoretical perspective, two units start as separate
entities, but they approach their final collaboration path, as they find
mutual interests and contact points. Total collaboration is an
aracteristics.12,24,25
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integration process that lets units achieve a fusion. Fusion, however,
is not a goal in disaster and emergency management because di-
versities are significant factors enabling the management of entire
affected areas with diverse populations.24,25

Collaboration research emerges from several disciplines and
professional fields. In their review, Patel et al.24 found that the
following are some essential factors for successful collaboration:

1. Context: This is the most critical factor determining the tasks
and the types of individuals and teams working together. It also
determines the kinds of support the collaboration needs.

2. Support: Appropriate support and resources can be decisive for
the outcome of a collaboration. Well-designed teams with
inadequate support are deemed to fail in their missions.

3. Tasks: Defining tasks is an essential factor in achieving the ul-
timate goals at all levels of response and engagement.

4. Interaction process: A collaborative approach requires an envi-
ronment where collaborators engage in the interaction process,
such as learning, coordination, communication, and decision-
making.

5. Teams: These are individuals with shared tasks and common
goals, a specified organizational function contributing to
corporate objectives.

6. Individuals: These are people that interact to achieve collabo-
ration. Individual performance (social and technical) is crucial to
teams' performance.

7. Overarching factors: These are factors that are relevant to and
interact with factors 1e6, such as trust, conflict, experience, goals,
incentives, constraints, management, time, and performance.
Trust is simply necessary for any collaboration, which may face
disputes. A trustful relationship facilitates better communication,
leadership, and the implementation of diverse security or medi-
cal measures. However, experienced people can overcome a
conflict by having a clear goal and appropriate incentives. Con-
straints should enhance collaboration at its best, supported by
decisive and trustful management, knowing that almost all fac-
tors inherent to collaboration and interactions will change over
time and may influence the performance and outcome.

From disaster and emergency management perspectives, the
context is the etiology of the incident, which needs support and
teams that canwork on the scene. Each team needs to have defined
tasks performed by educated individuals. As disaster management
is a multiagency performance, there must be an interactive process,
that is, learning from each other, coordinating, communicating, and
enhancing the mutual decision-making, which requires a mutual
assessment of the situation. The communication and interaction
between teams and organizations or the overarching factors can be
expressed as CSCATTT, used as a planning and evaluation tool.
Consequently, it can also be used as interaction points during
interagency collaboration. It facilitates all necessary parts of
collaboration, that is, cooperation, coordination, communication,
information sharing, cross-functional activities, resource pooling,
sense-making, empowerment, and goal-congruence. It also clarifies
the benefits and challenges in collaboration.25

Conceptual framework of FSC

Having adopted SC theoretical framework adding the
complexity and collaboration frameworks, Fig. 2 shows the FSC
framework development. The concept is useful when the extrinsic
surge has been initiated. In the Bonnett framework, after a hospital
surge, the community resources are called in before going to
extrinsic resource surge. Community resources in this model are
medical facilities in the affected community. In contrast to
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Bonnett's model, the extrinsic surge in FSC starts directly after a
failure in the facility-based surge. Then the first approach is to ask
from other similar facility resources locally, regionally, and na-
tionally. Suppose these resources are insufficient or cannot be
delivered due to infrastructure disruption around the incident site.
In that case, an FSC may initiate and use medical and non-medical
facilities within the community.

Such surge results in two different approaches on the incident
sites, depending onwhether it is a contained event or a population-
based event.4 The resources could be recruited to the incident site
or the affected area could be evacuated. In most scenarios, staff,
stuff, and to some degree even space (field hospital) can be brought
to the affected areas. However, this may not be possible with
affected infrastructures, requiring community resources. In a
population-based scenario, medical facilities cannot risk having
infected individuals admitted to the hospital. Thus, community
resources could be used to serve those remaining at home without
overwhelming and threatening hospitals’ capacity.4,6,8,9

Both scenarios require an FSC, including medical and non-
medical resources. The FSC framework suggests medical re-
sources be divided into certified and authorized primary and allied
healthcare centers, including dental and veterinary clinics, phys-
iotherapists, and pharmacists. The non-medical resources, accord-
ing to an FSC framework, refer to all public and private facilities in
the local area, such as schools, hotels, sports complexes, and similar
facilities. Implementing such a system requires legal and individual
willingness and a set of interactions points that enhance and
facilitate collaboration between different units and agencies.
Viewed from a theoretical perspective of complexity, FSC suggests a
stepwise action of different levels of society to activate available
local resources, but it may not follow a stepwise presumption.9

Future investigations should investigate legal requirements for
the implementation of FSC, but the willingness of individuals, both
professional and lay people, should also be evaluated. Previous
reports26e29 have already shown that healthcare workers may not
be willing to work under some circumstances, whereas laypersons
seem eager to do more on the scene. These issues need to be dis-
cussed and clarified in future research.

Another critical point of discussion is the leadership of this
community-based organization. Khorram-Manesh (FSC) proposed
public health professionals as the ones who could carry this re-
sponsibility because of their broad experience in community work
and knowledge of community health issues. However, using other
specialists in different positions may also be needed. Irrespective of
who will take part and how this system will be created, multi-
agency collaboration requires training in all interaction points, for
example, as part of the collaboration, learn about Incident Com-
mand System, how command and control works, and how it can
bind various organizations, horizontally, and own organization,
vertically. A mutual understanding of leadership facilitates better
communication in safety and management areas. In addition, it
results in achieving a common situation assessment that further
accommodates better management within the healthcare facility,
the triage, treatment, and transport areas. The latter three needs are
also considered multiagency tasks, particularly in mass casualty
situations and in a case that requires other resources than the
involved professional assets. These collaborations allow primary
triage of victims and treatment of light injuries by allied healthcare
workers and a new logistics line that may involve both allied
healthcare workers and laypeople.

As disasters and emergencies needing an FSC are rare, table-top
exercises and simulations should be used to understand FSC's
usefulness better. Current pandemics and the Ukraine conflict
present opportunities to test home isolation care and hospital
evacuation as two scenarios that can engage the community's
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resources. From an organizational perspective, the sustainability of
collaboration depends on the factors, the benefits, and the chal-
lenges obtained from collaborating. These items can be trained and
tested to help organizations understand and better collaborate to
maximize benefits and the challenges curtailed.30e32

Conclusions

In conclusion, this paper has described the theoretical frame-
work for the FSC, its use, and implementation. A conceptual,
theoretical framework is necessary to understand the relevant
variables for the need and use of FSC before the details at the local
level can be planned. For years the topic of “surge capacity” has
primarily been operating on a larger scale; the benefit of FSC is to
bring the concept down to the individual, the family, and com-
munity level, where it truly belongs. FSC does not campaign for
independent action of each facility. Still, a collaboration, allowing
each facility to do what it is best to do, for example, hotels and
restaurants can provide food services, and schools can take care of
children and victims in need of shelter, etc., working throughout
disasters and emergencies, and led by authorities such as public
health with the knowledge in prevention and community-based
healthcare management (e.g. infectious diseases). Future studies
are needed to investigate the willingness of diverse medical and
non-medical organizations in taking part in such a system to test
and evaluate the system in an event when the population should
not overwhelm a hospital, such as in the current coronavirus
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pandemic, and in a situation when the hospital needs community
resources, such as in an incident, leading to hospital evacuation, for
example, armed conflict.
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