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“Om du har lärt sig något gott hos oss, Tummetott, så kanske du inte 
tycker, att människorna bör vara ensamma på jorden”, sade 
förargåsen högtidligt. ”Tänk på att ni har ett stort land och att ni nog 
kunde ha råd att lämna några nakna skär och några grunda sjöar och 
sumpiga mossar och några öde fjäll och avlägsna skogar åt oss fattiga 
djur, där vi finge vara i fred! I all min tid har jag varit jagad och 
förföljd. Det vore gott att veta, att det funnes en fristad också för en 
sådan som jag.”  
~ Selma Lagerlöf, 1907, Nils Holgerssons underbara resa 
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Abstract 

In the aftermath of natural hazards, opportunities often arise for 
society to make changes that prevent future losses. These changes can 
also have environmental impacts, increase preparedness, and 
contribute to sustainable development. Due to the loss of biodiversity 
and land degradation, there is an urgent need for actions promoting 
positive environmental changes. Reversing the trend of land 
degradation and biodiversity loss is motivated by various reasons, 
such as preserving ecosystem functions and services that offer 
protection against natural hazards and reducing drivers of climate 
change. However, due to land degradation, loss of ecosystems, and 
human settlements in hazard-prone areas, it is also necessary to take 
actions that reduce the risk of tsunamis by improving preparedness. 
Improved preparedness from a people-centered perspective is a 
crucial aspect of sustainable development. 
 
The four papers that make up this thesis present and apply two new 
frameworks – one to assess the environmental effect of human-made 
societal changes, and one to evaluate the maintenance of a TEWS 
(Tsunami Early Warning System) over time. The two frameworks 
capture two aspects of change after a natural hazard: i) environmental 
impacts and ii) Disaster Risk Reduction (DRR). The thesis focuses 
particularly on time, a common aspect in both frameworks. 
 
The results indicate that changes triggered by natural hazards have a 
dual nature in that their impact on the environment can be both 
positive and negative. The thesis also provides evidence that past 
natural hazards can create a delayed window, which can be used as an 
argument for nature conservation during the establishment of 
national parks.  
 
The framework for evaluating the maintenance of a TEWS shows how 
difficult it is to operate all parts of the warning chain over time, from 
tsunami detection to evacuation. If parts of the chain are not 
maintained, the warning system may not be reliable. 
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1 Introduction 

There is an urgent need for actions that promote positive 
environmental1 changes since human activities have resulted in 
several issues related to environmental degradations. Planet Earth 
has a limited amount of resources, defined as planetary boundaries. 
Land-system change and loss of biodiversity2 are two planetary 
boundaries with strong regional operating scales (Rockström et al., 
2009; Steffen et al., 2015). Biodiversity loss is rated as the third most 
likely and the second most impactful global risk, and for the first time 
since Global Risks Report surveys started is it the environmental 
category that has occupied all five of the top spots (World Economic 
Forum, 2020). The primary driver of biodiversity loss is loss of 
species, and loss of species is primarily caused by land-use changes 
such as agricultural expansion and intensification (Rockström et al., 
2009).  
 
Global sustainability, defined as meeting the needs of today while 
making sure that future generations can meet theirs (Brundtland, 
1987), can be achieved if the planetary boundaries do not exceed the 
safe operating space (Rockström et al., 2009). Sustainable 
development concerns three, all equally important, categories: social, 
economic, and environmental aspects. The goal of sustainable 
development is to maintain and create healthy ecological, economic, 
and social systems since they are closely linked (Folke et al., 2002). 
However, the development is currently far from following this track 
(Sustainable Development Solutions Network, 2021). The present 
thesis will contribute to the environmental field, often neglected both 
in practice and in research related to Disaster Risk Reduction (DRR). 
 

 
 
1 In the context of this thesis, the definition on what constitutes the environment is defined similar as 
the definition of nature provided by IPBES (2019). Environment refers to the nature and natural 
world. This includes biodiversity, ecosystems, functions of ecosystems, evolution, and humanity's 
common evolutionary heritage (IPBES, 2019). 
2 Diversity within and between plant and animal species and of ecosystems (IPBES, 2019). An 
ecosystem is a geographic area that form a system that is self-sustaining. The system consists of 
living (such as plants and animals) and non-living (such as temperature and rocks) parts which 
works together. For instance, a forest consists of a variety of several ecosystems (Ågren & Andersson, 
2012). 
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One example of sustainable environmental development is nature 
conservation to reverse land-use changes and restore biodiversity loss 
(Newbold et al., 2016; Rockström et al., 2009). However, economic 
interests are often more prioritized than ecological restoration of 
already degraded areas (Cortina‐Segarra et al., 2021; IPBES, 2019) 
and measures to minimize biodiversity loss (Girot, 2012; IPBES, 
2019). Why the trend of land-use change and biodiversity loss should 
be reversed can be justified by referring to ethical reasons (Rockström 
et al., 2009), but also by considering the fact that degradation in these 
two areas will increase the risk of severe consequences for society. For 
example: 
 

- Biodiversity help sustain ecosystem functions and services3, 
such as protection against natural hazards (IPBES, 2019; Daw 
et al., 2016). There is a relationship between biodiversity, 
environmental sustainability, and environmental resilience, 
which means that sustainably managed environmental areas 
can strengthen the environmental resilience, which increases 
the capacity to cope with natural hazards4 (Folke et al., 2002; 
Marchese et al., 2018). Ecosystems can help regulate hazards by 
absorbing and buffering their societal consequences (IPBES, 
2019). If the environmental area is less affected when exposed 
to a natural hazard, there are also fewer consequences for 
society (Buma et al., 2020; IPBES, 2019). For example, 
mangrove forests reduce the inundation area during a tsunami 
(Beck, 2014).  

 
- Another ecosystem service that biodiversity help sustain and 

humans are depending on (Sutton, 2004), is pollination of 

 
 
3 Ecosystems can provide benefits for people or communities – ecosystem services. Examples of 
ecosystem services are regulation of floods and drought, clean water, nutrient cycling and non-
material benefits such as recreational (Millennium Ecosystem Assessment (MA) Framework, 2003). 
Management for conserving and sustainably use land and water are a basis for maintaining 
ecosystem services (UNDRR, 2017). 
4 Natural phenomena or processes that causes loss of life, injury or health impacts, environmental 
degradation, property damage, or social and economic disruption. A hazard is characterized by 
probability, frequency, location and intensity. The effects and origins of the hazard can be single, 
combined or sequential (UNDRR, 2017). 
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crops for food and resources, and natural purification of water 
for drinking (Daw et al., 2016).  
 

- There is a link between the land surface and the climate which 
means that lost in forest cover due to land-system change, 
increase the drivers of climate change. Especially important is 
the remaining forest cover of boreal, temperate, and tropical 
biomes. For instance, the boreal forest cover affects the albedo 
of the land surface (Steffen et al., 2015). Also, terrestrial (and 
marine) ecosystems capture about 60% of anthropogenic 
carbon emissions. Moreover, consequences from climate 
change will act as a further driver of biodiversity loss and affect 
land systems (IPBES, 2019). 

 
The Kunming-Montreal Global Biodiversity Framework (Convention 
on Biological Diversity, 2022) is a contribution to the achievement of 
the 2030 Agenda for Sustainable Development (UN, 2015c), and a 
response to the Global Assessment Report of Biodiversity and 
Ecosystem Services (IPBES, 2019). The background of the framework 
is the recognition of biodiversity as fundamental to human well-being 
and a healthy planet, since we depend on it for necessary resources, 
recreation, and protection from natural hazards. It includes 23 action-
oriented global targets that need to be initiated and completed by 
2030, to achieve the 2050 vision, reverse the current and future loss 
of biodiversity, and achieve a sustainable development. Target 2 for 
reducing threats to biodiversity says that it should be ensured that by 
2030 at least 30% of degraded land and water areas should be under 
effective restoration. Target 3 for reducing threats to biodiversity says 
that it should be ensured that by 2030 at least 30% of land and water 
areas should be conserved and managed (Convention on Biological 
Diversity, 2022). There is a long way to go for this to be fulfilled since 
only about 15% of the world’s land and 7% of the ocean are protected 
(UNEP-WCMC IUCN and NGS, 2018). According to IPBES (2019), it 
is not possible to achieve the goals to conserve and sustainably use 
environment with current strategies. 
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Changes can be initiated in windows of opportunity that may open in 
the aftermath of a disaster5, and this type of change has been 
identified by The Sixth Assessment Report of IPCC (Schipper et al., 
2022) as one of four themes to accelerate sustainable system 
transitions. Disasters and other disruptive events can help actors to 
put focus on the need for action and implement changes within 
practice, behavior, and policy. The year 2030 has been targeted for 
both Agenda 2030 for Sustainable Development Goals (SDGs) (UN, 
2015c) and the Sendai framework for DRR (UN, 2015b) as crucial for 
reducing climate change and its consequences. There is a significant 
urgency to manage trade-offs between sustainable development, 
climate change adaptation, and mitigation (Schipper et al., 2022). 
 
Instead of focusing on the disastrous aspects of natural hazards that 
are negative for society, which is easy, this thesis has a focus on 
possible positive outcomes for the environment. If there are positive 
aspects to be found in the disaster aftermath, we should try to find 
them, since it is critical to identify new options for sustainable 
environmental development (Pawar, 2023). In the aftermath of a 
natural hazard disaster, changes implemented during recovery can 
affect the three aspects of sustainability. Changes within the 
environmental sphere, which are in focus in this thesis, normally 
receive less attention compared to social and economic interests. 
Changes that can contribute to reduce biodiversity loss and land-
system change should therefore be prioritized to identify and validate 
them, especially since the number of loss events caused by natural 
phenomena such as floods, storms, earthquakes, and droughts is 
increasing (Munich RE). Changes implemented in response to a 
disaster may initiate environmental improvements. However, the 
effect of an implemented change is not guaranteed to last over time, 
since there are subsequent interactions between humans and the 
environment that determine if the changes are going to be short- or 

 
 
5 Hazardous events causing serious disruption of a society’s functions with loss of human, 
environmental, material and/or economic. Conditions of vulnerability, exposure and capacity 
determine how severe the disaster is. The disaster can last for a long period of time. A disaster can 
require assistance from external sources due to the society’s capacity being exceeded by the disaster 
(UNDRR, 2017). 
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long-term ones. Therefore, it is important to understand if an 
implemented change is maintained over time and if actions are taken 
with future aspects in mind. 

1.1 Window of opportunity for change with environmental effect 
This thesis takes its starting point from the concept of window of 
opportunity for change. It originated in political science and tends to 
be used primarily to study policy changes (Birkland, 1997; Birkmann 
et al., 2010; Kingdon, 2011). The concept was introduced in 1984 by 
Kingdon (2011), who presented the idea of possible policy changes 
after a disaster by using three separate streams of policy, politics, and 
problem. The disaster generates a focus event, an event that is severe, 
sudden, and dramatic, which in turn makes changes possible 
(Kingdon, 2011). There are different terminologies used, but 
throughout this thesis “focus event” is used to describe the event that 
makes change possible. Focus events are not only sudden and severe, 
but also difficult or impossible to predict in terms of time and place. 
Moreover, focus events can be initiated either by natural hazards 
(which are in focus in this thesis) or by human activities. This concept 
also captures the possibility of a focus event caused by a disastrous 
event being a social construction of vulnerabilities (Birkland, 2006).  
 
Agrawal (2011) describes disasters as a “natural reset button” since 
they make a new development possible. This is exemplified with the 
development in Tawakha community (Honduras) after Hurricane 
Mitch 1998, where assets and income became more equitably 
distributed. The new development was possible due to changed norms 
of land tenure and aid after the disaster, which provided education 
among pre-disaster land-poor (Agrawal, 2011). 
 
Changes enabled by a window of opportunity are usually presented as 
a limited-time opportunity immediately after a focus event, but there 
can also be changes over a longer time span (Brundiers & Eakin, 
2018; Christoplos, 2006). 
 
Birkmann et al. (2010) explain how changes occur by making a 
difference between impact and change. A natural hazard that causes 
an impact to a society is a passive event. The impact is received by a 
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social actor who initiates an active response. Impacts include both 
direct losses (e.g. fatalities) and indirect losses (loss of income) and 
damages to socio-ecological systems. Change is an active response of a 
difference between the pre-and-post-disaster conditions, but it does 
not have to be consciously made. The change can be both reflexive 
and reflective. The former is more automatic and spontaneous, and 
the latter more planned and strategic. Change can also be positive or 
negative, intended or unintended, formal or informal, planned or 
unplanned, predictable or non-predictable, slow or rapid, linear or 
nonlinear. Changes can be found from individual to international 
level, can be implemented both top-down and bottom-up, and can be 
both long-term and short-term (Birkmann et al., 2010).  
 
It can be difficult, or even impossible, to link a specific change to a 
disaster. Changes can have multiple points of origin. For example, 
Gawronski and Olson (2013) refer to change as a critical juncture, 
which is a change that sets into motion a new path of policy or 
institutional system. It states that a disaster itself cannot be a critical 
juncture, but instead triggers a crisis that requires a choice among two 
or more alternatives of how to handle the crisis (Gawronski & Olson, 
2013). The concept of critical juncture aims to explain both the 
occurrence of political and institutional change caused by disastrous 
events, but also to understand the underlying historic development 
(Gawronski & Olson, 2013; Soifer, 2012). In this thesis, there is a 
focus on opportunities for change after a focus event, but it is of 
course still the case that there can be other reasons for change. 
 
Focus events can create windows of opportunity for change in 
different dimensions such as economic, institutional, social, and 
environmental areas (Birkmann et al., 2010; Santiago & Roxas, 2015). 
Changes can also occur within domains such as health issues 
(Kingdon, 2011; Quarantelli & Dynes, 1985), in DRR (Christoplos, 
2006; Manyena, 2013; Scolobig et al., 2014), and Build Back Better 
(BBB). As seen in Indonesia after the Indian Ocean tsunami 2004, in 
Myanmar after Cyclone Nargis 2008, and in Haiti after the 
earthquake 2010, BBB can include a variety of changes, such as for 
instance economic and physical resilience, political relationships and 
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local technical capacity. For example, the 2004 disaster brought an 
end to the 30-year conflict in Aceh, Indonesia (Fan, 2013).   
 
If the system is in such an established state that it cannot be 
reformed, a window of opportunity might be a solution for not 
maintaining the status quo (Santiago & Roxas, 2015; Tukker & Butter, 
2007). An example of such change is when the DRR processes move 
away from disaster response and recovery, and instead focus on 
disaster mitigation and preparedness6 (Santiago & Roxas, 2015). 
 
Studies investigating environmental aspects of changes taking place 
after focus events are relatively uncommon (Brown et al., 2017). 
Changes enabled by focus events have however been studied within 
different fields related to the environmental perspective, for instance 
in relation to transitions towards sustainability (Brundiers & Eakin, 
2018; Rizzo et al., 2022), such as during post-disaster rebuilding 
(Fan, 2013), or when peripheral Greensburg was 95% destroyed in 
2007 by a tornado, the rebuilding process was based on green and 
sustainable considerations, for example a reduced need for water and 
energy (Che, 2021).  
 
Since societal changes that are enabled by a window of opportunity 
and have environmental effects are less studied, but are important for 
accelerating transitions towards sustainable development, the focus in 
this thesis is to explore that particular type of change. The effects of 
the enabled changes can be both positive and negative for the 
environment, depending on how society takes action. To define what 
is positive or negative for the environment is not a simple task. It is 
complex, context-dependent, and contingent on the chosen research 
topic. An attempt at a definition is made in paper I, and is used 
throughout the thesis: 

 
 
6 Capacities and knowledge to effectively anticipate, respond to, and recover from hazards. Capacity 
and knowledge is developed by individuals, communities, organizations (response and recovery) and 
governments. Formal institutional, legal and budgetary capacities should support activities for 
capacity activities such as early warning systems, evacuation, information and training (UNDRR, 
2017). 
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…a positive change is here defined as a societal action that results in 
increased biodiversity, sustainability, restoration of battered 
environment, greener cities, reduced climate impact, less use of natural 
resources or efforts towards the SDGs. Conversely, negative change does 
not contribute to these areas, either as active changes or as maintaining 
the status quo… 

Because of its many features, change can have unpredictable 
consequences (Birkmann et al., 2010). Taking action for change with 
positive environmental effect can unfortunately result in unintended 
and negative consequences (Jones et al., 2022). The reason is that 
actions are taken with focus on one environmental issue, without 
considering the interaction between different actions, other 
environmental aspects, and how human society may be affected. This 
means that actions taken for positive environmental effect, such as 
sustainability, need to be monitored and evaluated. By acknowledging 
the possibility of negative unintended consequences of a positive 
change, the potentially negative outcome can be transformed to be 
sustainable. To identify negative effects, it can be helpful to use a 
socio-ecological approach to explore the interactions between human 
society and environment, and how changes will interact within the 
system (Jones et al., 2022). 
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1.2 Aim of the thesis 
The overarching aim of this thesis is to study changes enabled by 
windows of opportunity, initiated as a consequence of natural 
hazards. The changes are studied from two different perspectives: 
 

- Societal changes with environmental effect. 
- Time perspective related to societal changes. 

 
The included papers have the following aims (table 1), each of which 
is intended to contribute to the overarching aim of the thesis: 
 

I. Identify human-made changes with environmental effects after 
a disaster. With the help of the framework presented by 
Birkmann et al. (2010), the study also aims to exemplify and 
describe the nature of these changes. 

II. Investigate if historic natural disturbances can generate 
conservation opportunities to establish national parks after a 
significant period of time, and study conservation managers’ 
views on possible future natural disturbances.  

III. Explore if and how natural disturbances are incorporated into 
the management of Swedish national parks and to identify 
possible challenges or examples of barriers for this 
incorporation. 

IV. Contribute to the maintenance of TEWS. This is done by 
developing a framework with key quality indicators for the 
evaluation of technical, social, and governance maintenance of 
TEWS. Following the Indian Ocean tsunami disaster 2004, 
Patong in Thailand is used as a case study to test the framework 
related to technical and social maintenance, by conducting a 
retrospective long-term analysis of the period 2005-2022. 

 
Table 1. Overview of the included papers and which paper is related to the 

different parts of the overarching aim of the thesis. 

Paper Human-made 
changes with 
environmental effect 

Time perspective 
related to human-
made changes 

I X X 
II X X 
III X  
IV  X 
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1.3 Outline of the thesis 
This compilation thesis is based on the four research papers 
presented appended at the end. The compilation part of the thesis is 
organized as follows:  
 
Section 2 presents a background to why it is important to detect 
aspects in the disaster aftermath that can be positive for the 
environment, and why there is a need for increased environmental 
protection and actions for sustainable development. Section 3 
describes the methods and materials used for each of the four papers. 
Section 4 summarizes the results of the papers. First, it is presented 
broadly how the four papers are related to the topic and how paper I 
is the basis for the following three papers. Thereafter, the main results 
for each paper are summarized separately. Section 5 discusses the 
main findings in the papers, how they relate to the overarching aim of 
the thesis, and how the results relate to research in the field. Finally, 
section 6 presents the contribution of this thesis and what the 
conclusions are. 
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2 Background 

Substantial research has been conducted about the interactions 
between social and ecological processes, and to understand how 
human-environmental interactions lead to sustainable outcomes 
(Carter et al., 2014; Clark, 2007; Folke, 2006; Folke et al., 2002; Liu 
et al., 2007). Sustainability science is often defined as research in the 
context of socio-ecological systems (SES) (Agrawal & Chhatre, 2011; 
Clark, 2007). Since this thesis is about societal changes with 
environmental effect, a SES perspective has been adopted to help 
analyse the research results. The background section gives a 
presentation of the significance of time, examples of interaction 
between the environment and society, and the difference between 
natural hazard and natural disturbance. The background establishes 
that not all hazards can be avoided. Management to reduce negative 
consequences of unavoidable hazards do also need a sustainable 
approach. 

2.1 Environmental sustainability in socio-ecological systems 
Staying within the planetary boundaries is a challenging task since the 
resources that must not be exceeded are part of environmental 
systems interacting with human systems (Rockström et al., 2009; 
Steffen et al., 2015). Planet Earth consists of a single, integrated, and 
complex system of interactions between humans and environment. 
Some resources on Earth are limited, defined as planetary 
boundaries. These boundaries operate within the system, affected by 
impacts and interactions among ecological processes and human 
interference (Steffen et al., 2015). This means that global 
sustainability challenges, for instance related to biodiversity loss, land 
use, and climate change, are intertwined across time, space, and 
organizational levels. Negative environmental impacts are often 
missed because management and research isolate system 
components, which makes it easy to miss the interactions with other 
systems (Hanjra & Qureshi, 2010). An example is increased food 
productivity on land by the use of fertilizers, which cause 
eutrophication and reduced food production because of effects on the 
water system (Liu et al., 2007).  
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How land is used is essential to achieve environmental sustainability 
and not exceed the planetary boundaries. This is due to the many 
interconnections between land use and other aspects. For instance, 
not only will nature conservation preserve biodiversity, but also 
provide carbon storage, which can contribute to reduce climate 
change (Heck et al., 2018). This means that sustainable land 
management can support several SDGs (IPCC, 2019). For instance, 
conservation of wetlands can help store carbon dioxide. The ocean 
functions as a giant sink for carbon when seagrass and marine 
animals store carbon dioxide, but for marine animals to thrive there 
have to be corals and other ecosystems available as breeding grounds, 
and those are threatened by pollution. Conservation of wetlands 
reduces the risk of land-based pollution reaching the ocean (UNEP, 
2022). 
 
The interaction between human and environmental systems is 
complex due to aspects of historic development, as well as future 
conditions that are created today. Human perturbations are causing 
land degradation and biodiversity loss, while at the same time land-
system change and biodiversity loss are connected. A historical 
understanding of human perturbation and environmental conditions 
can explain the characteristics and resources of the ecosystem 
(Lambin, 2005; Levin, 1998). This is exemplified by extinction of 
species caused by habitat loss due to land-system change, such as 
deforestation, and a time lag in the consequences. Species extinction 
does not immediately follow habitat losses. Instead, species disappear 
progressively over time in a process also called extinction debt. The 
debt is caused by future biodiversity losses caused by current or past 
habitat degradation or destruction. This time delay (or extinction 
debt) offers a window of conservation opportunity. During the time 
that the debt accumulates it is possible to restore habitats, regenerate 
forests, and take other measures to reverse the otherwise unavoidable 
extinction rate (Semper-Pascual et al., 2018; Wearn et al., 2012). For 
instance, the Brasilian Amazonas today suffer from habitat losses 
which are causing a major extinction debt, but there is still time to 
reverse the process. A temporary reduction in forest degradation 
during 2005-2010 has widened the window of conservation 
opportunity, but land and conservation decisions made today will 
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continue to influence this time window (Wearn et al., 2012). In the 
Argentine Dry Chaco, the extinction debt of birds and mammals is 
estimated to 10-25 years, with the debt especially destructive for 
forest specialists (Semper-Pascual et al., 2018). 

2.1.1 Natural hazard or natural disturbance 
As described in section 1.1, natural hazards can influence society to 
make changes. But since the natural hazards operate in a SES, society 
can affect if and how opportunities for the environment are used. For 
instance, floods create and maintain conditions essential to aquatic 
and riparian species, by transporting sediment onto land or wood 
debris into the water where it helps create habitats (Poff et al., 1997). 
However, many water areas are regulated because of dams built up-
river, which reduces the intensity, duration, and water variation of the 
floods. The regulation negatively affects water and flood plain areas as 
the exchange between land and water is reduced (Poff et al., 1997). 
Society influencing natural processes because of historic decisions will 
affect the environmental opportunities both today and in the future. 
The example with dams and flooding also illustrates the spatial aspect 
of how a building upstream can affect a water system downstream. 
 
Whether an event is a natural hazard or disturbance depends on its 
effect on a SES; namely, its spatial occurrence as well as whether or 
not society is negatively affected by it (Spies et al., 2014). An event 
affecting nature or ecosystems, but not human society, does not have 
to be negative. Instead, the hazard, or disturbance as it is referred to 
in the biodiversity literature, is a key ingredient for environmental 
development (see e.g. (Engelmark, 1999; Franklin et al., 2002; 
Turner, 2010). This means that natural hazards can enhance 
biodiversity development and reduce the impact of subsequent 
natural hazards (a mangrove forest reduces the inundation area 
during a tsunami).  
 
To use the phrase “natural disturbance” is in some ways misleading, 
since the natural environment offers both assets and hazards for 
humanity. For a hazard to turn into a disaster, human and societal 
vulnerability is crucial (Smith, 2013; Wisner et al., 2004). Societal 
risks caused by natural hazards are affected by current environmental 
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developments. Natural hazards may be a result of natural interactions 
that belong to the environmental system, but as a society, it is not 
possible to be isolated from interaction with these events. Natural 
hazards are hazards because of the consequences that they may have 
for society.  
 
Within a SES, a natural hazard can be both a social and an ecological 
opportunity. It is therefore possible to give environmental 
phenomena, like natural hazards, a double interpretation. The 
interpretation depends on the chosen perspective (Kelman et al., 
2015; Buma et al., 2020). This is illustrated by two perspectives on 
forest fires and how they are framed as either a disturbance or a 
hazard. The Scandinavian boreal forests are under the influence of 
land-use change due to an extensive focus on timber production, 
which includes a risk of losing biodiversity. Natural disturbances, 
such as forest fire, can help restore the biodiversity of plant and 
animal species in forest areas (Angelstam, 1998). This positive effect 
on biodiversity was seen after the large forest fire in Västmanland, 
Sweden 2014, a forest area marked by timber productivity 
(Gustafsson et al., 2019). However, the fire was also socially and 
economically a disastrous event for forest owners and nearby 
residents. The fire lasted for 18 days and burned an area of 14 000 ha 
(Lidskog & Sjödin, 2016), most of which was later established as a 
nature reserve. 

2.1.2 Environmental resilience 
Nature conservation can contribute to environmental sustainability 
and improve environmental resilience (Meggle, 2015). The literature 
claims that there is a relationship between sustainability and 
resilience, but that it does not only mean that sustainable 
development involves coping with natural hazards. It is also suggested 
that sustainability is a component of resilience, and that these two are 
separate objectives (Marchese et al., 2018). 
 
In this context, ecosystem resilience is the ability of the system to 
withstand and adapt to external perturbation, both slow and sudden. 
An ecosystem can go gradually extinct as a response to long-term slow 
variables (Levin, 1998; Lew, 2014; Walker et al., 2012), for instance 
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increased nutrition inflow and climate change. Eventually, the 
ecosystem reaches a tipping point and shifts between two stable 
states, the former state when the system is able to cope with 
perturbations and recover, and the second state when it has collapsed. 
For example, a water ecosystem may shift from clear and healthy to 
eutrophicated after a long time of nutrition inflow (Scheffer et al., 
2001). 
 
Different ecosystems have different resilience and ability to cope with 
perturbation. For instance, complex adaptive systems with a high 
degree of biodiversity and many species have greater resilience 
against perturbations, compared to heavily managed systems which 
are not complex systems but instead simplified systems with fewer 
species (Levin, 1998). However, both managed and unmanaged 
ecosystems with reduced biodiversity are more vulnerable (Scheffer et 
al., 2001). An example of a managed system with reduced biodiversity 
is the Swedish production forestry that consists mainly of spruce. 
Spruce is more vulnerable to storm damage, which has made the 
Swedish forests more prone to extensive tree felling during storm and 
strong wind (Lidskog & Sjödin, 2014). Storm Gudrun, Sweden 2005, 
caused the most extensive tree felling in Swedish modern history. The 
felled trees caused fatalities, both during the storm and after in 
connection with clearance work. The felled trees also caused 
consequences for society with economic losses, loss of electricity, 
damages on infrastructure, and people relying on home-care who 
could not be reached due to blocked roads (Lodin et al., 2017; 
Kristiansson, 2006; Westling, 2006). Spruce is also sensitive to 
spruce-bark beetle, which causes substantial damages to both 
standing and storm-felled timber, and this in turn causes economic 
losses. Climate change with warmer temperatures will increase the 
presence of spruce bark-beetle (Jakoby et al., 2019). 
 
It is possible to reduce the storm sensitiveness of Swedish forestry by 
changing it. For instance, increased amounts of deciduous trees will 
reduce vulnerability (Lidskog & Sjödin, 2016; Lodin et al., 2017) and 
also contribute to the Swedish environmental goal “Sustainable 
Forests” (Swedish Environmental Objectives Council, 2004). The 
management should focus on the maintenance and restoration of 
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biodiversity, ecosystems, and natural processes (Welch, 2008), and 
on maintaining current biodiversity as well as prepare it for the future 
by increasing its resilience against climate change (McDonald et al., 
2016). However, there are obstacles to making changes within the 
forestry sector because of economic reasons and the interests of 
Swedish paper and pulp industries7 (Lidskog & Sjödin, 2014).  

2.1.3 Natural hazards and disaster risk reduction  
Sustainable environmental development can reduce societal 
consequences of natural hazards. However, it is not always enough. 
For example, both developed and developing countries have 
settlements within coastal areas that are exposed and vulnerable to 
natural hazards (IPCC, 2012). Disastrous events continue to occur, 
and some are more frequent and more intense, and thus impede 
sustainable development. To strengthen societies and reduce negative 
impacts of natural hazards are crucial objectives for the continuing 
DRR development and the aim of the Sendai framework for DRR 
(UN, 2015b). This can be achieved by enhancing preparedness and 
response. For instance, tsunamis can cause substantial damage on 
land when energy is converted to surface layers and the wave 
increases in height (UNEP-WCMC, 2006). Their frequency of 
occurrence cannot be reduced, and climate change can worsen their 
consequences due to rising sea levels, and natural protection from 
corals and mangroves can be reduced by land-use changes (IPCC, 
2019; UNEP-WCMC, 2006).  
 
Protection in the shape of civil and scientific engineering measures, 
for example a pier built to act as a breakwater, can be necessary to 
reduce the impact of natural hazards on societies (Martins et al., 
2009). Physical measures should also be complemented with 
adaptation measures to improve local coping capacities (Smith, 2013). 
Reducing the vulnerability of environmental and human systems is a 
crucial aspect of Agenda 2030 and its SDGs  (IPCC, 2018).  The reason 
being that sustainable development is also about including people in 
measures to increase preparedness and reduce the negative outcomes 

 
 
7 More about obstacles to making changes within Swedish forestry is presented in paper I. 
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from natural hazards (Pawar, 2023). Therefore, implemented 
measures should be managed in a way that ensures their reliability for 
people at risk (UN, 2015c). 
 
After the Indian Ocean tsunami disaster in 2004, a Tsunami Early 
Warning System (TEWS) was implemented in Thailand to provide 
warning and an opportunity to evacuate in case of a future tsunami 
hazard (Birkmann et al., 2010). Time can be a complicated factor 
when a measure is implemented as a post-disaster response. The 
difficulty is to transform the post-disaster response into long-term 
activities (Ali et al., 2020). Long-term evaluations are useful to 
understand the development of implemented DRR efforts in the 
disaster rebuilding process. This can help us understand both short- 
and long-term perspectives of DRR (Hill & Gaillard, 2013).  
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3 Methods and materials 

A common theme for all papers is that they study events caused by 
extreme natural phenomena. The events can be viewed as a hazard for 
humans (papers I & IV), or as a natural disturbance that contribute to 
environmental development (papers II & III). 
 
All four studies have been conducted using different types of 
qualitative methods (table 2). The research design for the thesis’ four 
papers has its base in case study methods. For two papers there are 
single case studies (papers I and IV), and for two papers there are 
multiple comparative case studies (papers II and III). The method of 
collecting data for the various case studies is based on the methods 
interview, survey, observation, database searches and grey literature. 
 
Table 2. Overview of research design and methods of collecting data for the four 

papers included in the thesis. 

Paper Research design Methods of data collection 
Single 
case 
study 

Multiple 
case 
studies 

Grey 
literature 

Database 
searches 

Qualitative 
interview 

Survey Observation 

I X  X X    
II  X X   X  
III  X X  X   
IV X  X X   X 

 
Following in this section are the methods and materials of each paper 
described more thoroughly. 

Paper I: Disasters as an opportunity for improved environmental 
conditions 
Birkmann et al. (2010) present a framework to analyse long-term 
formal and informal post-disaster changes because of an open policy 
window, in the environmental, social, economic, and legal 
dimensions. In paper I, the framework is modified to focus on 
environmental effects of societal changes. It is also modified to 
consider other time spans. The framework consists of six building 
blocks for change: positive or negative, intended or unintended, and 
formal or informal.  
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Data was collected in two ways. The first involved extracting examples 
from empirical studies of changes with an environmental effect. 
Database searches were conducted in Scopus and Web of Science, 
including all available years without geographical limitations. 
Keywords used were: environment, sustainability* OR “sustainable 
development, “window* of opportunit*” OR opportunit*, recovery OR 
reconstruction, disaster OR disasters and resilience. Keywords were 
used individually and combined. Manual searches based on the 
reference lists of identified papers were also performed. After reading 
titles, abstracts, and papers in full, ten research articles were 
included. 
 
The second data collection involved collecting information for an in-
depth case study of the 2005 Storm Gudrun. Three scientific 
databases were used here, Scopus, Web of Science, and SwePub. 
Included years were 2005-2019. Keywords used were: “storm 
Gudrun”, storm*, forest, Sweden OR Swedish. In Swepub, searches 
was also made with Swedish translations. After reading titles, 
abstracts, and papers in full, six research articles were included. 
“Grey” literature was also included to obtain a more thorough picture 
for the case study. Searches were conducted on the web pages of the 
following Swedish authorities: the Swedish Forest Agency, the 
Swedish Energy Agency, the Swedish Meteorological and 
Hydrological Institute (SMHI) and the Swedish Parliament. Keywords 
used were the Swedish phrase “stormen Gudrun”. In addition, the 
Swedish Forest Agency was contacted and provided relevant 
publications on the subject. After reading, twelve reports and 
publications were included. 
 
As a final step, the framework and its six building blocks were used to 
analyse the data from the two search strategies that provided both 
examples of empirical research, as well as an in-depth case study.  
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Paper II: Can historic natural disturbances enable conservation 
opportunities? Evidence from the establishment of national 
parks in Sweden 
There are 30 national parks in Sweden, established 1909-2018. Data 
is included from all the national parks, to assess if and how historic 
natural disturbances have contributed to the establishment and/or 
extension of the parks. Also, a future perspective is included by 
investigating the attitude towards future natural disturbances among 
conservation managers. 
 
This is a multiple comparative case study of the national parks in 
Sweden. Data consists of a document study of propositions to 
establish all of the parks and extend five parks, as well as a survey. 
 
A survey questionnaire was sent to a representative at the county for 
each national park. The survey consisted of nine main questions to 
collect data about the historic and future perspective related to 
natural disturbances. Each question could be answered with 
yes/no/don’t know. Free text responses were also possible. The 
response rate was 19/30 national parks.  
 
The propositions and free text responses from the survey were 
analysed using qualitative content analysis. The data extracted were 
related to historic disturbances, type of disturbance, year of 
occurrence, if the disturbance has influenced the park area, and if so, 
how. Thereafter, the data were processed into categories to describe 
values enabled by historic disturbances and possible to experience in 
the park. To estimate the time span from focus event to action for 
conservation, the number of years between disturbance and 
establishment (or extension) of the parks were calculated. 
 
Data from the survey about the attitude towards future natural 
disturbances were categorized according to whether or not future 
disturbance is considered as welcome. 
 
The results are presented using descriptive statistics of frequencies 
and percentages. The categories are also illustrated with examples 
from both propositions and survey. 



30 
 
 

Paper III: Desirable effects from disturbance ecology – A 
paradox within conservation management 
This study included 15 national parks in Sweden that were established 
1962-2018. 
 
Natural disturbances are recognized within the disturbance ecology 
literature as an important contributor to biodiversity and ecological 
development. The focus of this study is to see if natural disturbances 
are included in the management of the 15 Swedish national parks. 
 
The study is designed as a multiple comparative case study. The data 
consists of document studies and qualitative interviews. 
 
The document study analyses propositions for establishing the 15 
national parks and for expanding three parks. It also analyses 
management plans for the 15 parks, reviewed plans for the three 
expanded parks, and two additional plans for one park that has 
upgraded the original plan. 
 
The documents were analysed to capture how natural disturbances 
are perceived from a conservation management perspective. Themes 
were categorized according to similarities and differences in terms of 
how disturbances are perceived. The themes capture if and how 
disturbances are described in the documents, type of disturbance, if it 
is historic or possible future disturbance, and if the disturbance is 
considered as positive or negative for the national park. 
 
In this context, positive is defined as when a natural disturbance, 
historic or future, is described as a contributor to the value of the park 
area (for instance, by giving the impression of wilderness). Negative is 
defined differently depending on historic or future perspective. From 
a historic perspective, it is considered negative when a natural 
disturbance has not occurred and effects related to natural 
disturbances are lacking. From a future perspective, it is considered 
negative when natural disturbances are not seen as desirable. 
 
Four main categories were generated from the document analysis: 
historic/future and positive/negative perceptions of natural 
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disturbances. To add further information to the four main categories, 
interviews were performed. Each one of the four interviews represents 
one of the four main categories. 
 
The interviews were semi-structured and followed an interview guide. 
Depending on the answer, follow-up questions were asked. Questions 
were asked about natural disturbances from both future and historic 
perspectives.  
 
The interviews were transcribed and analysed in the same way as the 
document analysis. 

Paper IV: Framework for evaluating the maintenance of a 
tsunami early warning system (TEWS) – A pilot case study in 
Patong, Thailand, of social and technical quality indicators  
This is a pilot case study to develop a framework for maintenance of 
TEWS (Tsunami Early Warning System). The framework includes the 
chain of activities from hazard detection and warning to evacuation 
from a first mile perspective in the context of a tsunami hazard. The 
framework consists of key quality indicators for technical, social, and 
governance maintenance at the local level. The framework is 
developed from a number of prominent literature of the field, for 
instance Twigg (2004). Moreover, the framework is extended with the 
novel indicators “Memory keeping of historic disaster” and “Signage 
system of the evacuation routes”. 
 
To test all three maintenance aspects (social, technical, and 
governance) of the framework would require different approaches and 
methodologies, with a certain demand on efforts and resources. 
Therefore, only two maintenance aspects are tested – technical and 
social maintenance.  
 
A pilot case study was conducted at Patong, Thailand, to perform a 
retrospective long-term analysis of the TEWS implemented after the 
2004 Indian Ocean tsunami disaster, with a focus on technical and 
social maintenance. Data was collected in three ways – published 
empirical research, “grey” literature consisting of news articles and 
web pages year 2005-2022, and field observation in Patong in 2022. 
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4 Summary of the papers 

The four papers that make up this thesis contribute to different pieces 
of the overarching aim, as described further in table 1.  
 
Paper I contains an extensive literature review, which found no study 
that explicitly focuses on the topic of this thesis. The literature review 
however identified a lack of research relating windows of opportunity 
to the environmental field and compiled examples of human-made 
changes with an effect on the environment. A framework by Birkmann 
et al. (2010) was modified to categorize the identified changes as: 
positive/negative, intended/unintended, and formal/informal. The 
six building blocks of the framework were used to determine the 
environmental effect of a change, how the change occurred, and if the 
change was a result of formal or informal decisions. The research gaps 
identified in the literature review were turned into the foundations for 
the subsequent studies of this thesis: 
 

- Paper I also contains a case study of Storm Gudrun to test the 
developed framework and its six building blocks. The storm 
caused extensive damage to society and forestry in Sweden, 
resulting in several measures/actions for managing the 
consequences. The changes made in the aftermath of the storm 
affecting forestry were categorized by using the framework. As 
said in paper I: “It is not possible to establish absolute positive 
and negative values for the environment since value is relative 
in relation to the stakeholders’ perspectives” (Davidsson, 2020 
p. 3). The categorization in the framework and the case study 
contributes to the understanding of differences between 
positive and negative environmental effects and how societal 
changes will affect the environment. 
 

- Natural hazards generate necessary processes, also called 
natural disturbances, which contribute to environmental 
development and biodiversity (Bourg et al., 2015; Engelmark, 
1999; Lake, 2000; Mori, 2011). If an event caused by natural 
phenomena is categorized as a natural hazard or disturbance 
depends on whether or not there are negative consequences for 
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society. Natural disturbances are explored in paper III. It is 
important to understand the two perspectives of a hazard being 
either a disaster or a natural disturbance, since this thesis 
conceptualizes natural hazards as the generator of windows of 
opportunity. 

 
- Paper II also contributes to the previous perspective of a 

natural hazard being a natural process. In this paper, historic 
natural disturbances are studied and the question is asked 
whether or not they can generate an opportunity for nature 
conservation. 
 

- Both paper II and III further contribute to why the 
environmental effects of changes are positive or negative. 
 

-  The modified framework created in paper I categorizes formal 
and informal changes. Paper III later contributes to the 
understanding, and complexity, of this category. The 
management of Sweden's national parks is the responsibility of 
the county administrative boards and the Swedish 
Environmental Protection Agency. However, the management 
takes into consideration the perception of visitors as well as the 
surrounding society, even when that perspective is not the best 
for the natural values within the park area. 

 
- Moreover, the modified framework includes changes that are 

short-, middle- and long-term. Paper II explores the time 
perspectives by studying the possibility of a delayed window, 
instead of a limited time frame for change shortly after a focus 
event. Paper IV studies for how long a change will last by 
conducting a long-term retrospective analysis of a Tsunami 
Early Warning System (TEWS). This is the only study without 
an environmental focus. Instead, it offers an in-depth 
investigation of the time impact on risk management. Both 
paper II and paper IV contribute to the time perspective in the 
thesis as a whole.  
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Following in this section are the results of each paper described more 
thoroughly. 

Paper I: Disasters as an opportunity for improved environmental 
conditions 
Window of opportunity is a concept indicating that disasters can 
enable human-made changes during the recovery phase. The concept 
of window of opportunity is well established within fields like social 
resilience and DRR. This paper shows that human-made changes 
enabled by a disaster can have effects for the environment. This is a 
field much less prominent in the literature, compared to social and 
economic aspects. To explore the environmental effects of human-
made changes implemented because of an “open window”, a 
framework originally presented by Birkmann et al. (2010) was used, 
but here modified to focus specifically on societal actions and the 
environmental effect of the actions. The framework consists of six 
building blocks that can be used to determine if the changes have a 
positive/negative and intended/unintended effect on the 
environment, and also to determine if they were based on formal or 
informal decisions (table 3). 
 
The aim is to identify human-made changes with environmental 
effects after a disaster. With the help of the framework presented by 
Birkmann et al. (2010), the study also aims to exemplify and describe 
the nature of these changes.   
 
This paper compiles and presents empirical case studies where 
disasters have enabled changes and there has been an effect for the 
environment. The identified case studies are categorized with the help 
of the modified framework. To further explore the environmental 
changes, a more in-depth case study was also conducted. The case 
study focused on the extensive tree felling after the 2005 Storm 
Gudrun in Sweden to identify societal actions taken after the storm, to 
ascertain if the actions had an effect on the environmental conditions, 
and if they did, to determine the nature of that effect. 
 
Identified empirical case studies provide support for the theory that 
disasters can generate a window of opportunity for positive 
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environmental change. However, the in-depth case study of Storm 
Gudrun shows that open windows are not always exploited. It is 
possible that short-term perspectives hinder long-term changes that 
could increase forest biodiversity and contribute to the SDGs. 
 
Table 3. The framework and its six building blocks. The framework is used to 

analyse human-made changes after disaster that have an environmental 
effect. 

 
 

Paper II: Can historic natural disturbances enable conservation 
opportunities? Evidence from the establishment of national 
parks in Sweden 
Paper II focuses on the time perspective after focus events. Historic 
natural disturbances are here used as focus events to explore if these 
events can open a window of opportunity for nature conservation. The 
time perspective is studied by exploring positive environmental 
effects manifested after a historic natural disturbance. It can take a 
long time for the effect on ecosystems to develop and therefore it is 
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also conceivable that it can take time before society sees a need to 
conserve the environmental area previously exposed to disturbances. 
The paper introduces the concept of a “delayed window” to 
conceptualize the delayed responses to a focus event. A regular 
window of opportunity is otherwise often described as being open for 
a limited time after the disruptive event to implement changes. The 
aim of the paper is twofold. First, the aim is to investigate if historic 
natural disturbances can generate conservation opportunities to 
establish national parks after a significant period of time. Second, the 
aim is to study conservation managers’ views on possible future 
natural disturbances. 
 
The results show that historic natural disturbances (e.g. fire, flood, 
storm) have contributed to the establishment of about a third (37%, n 
parks = 11) of the 30 national parks. The result also indicates that the 
delayed window for environmental conservation opens when 
biodiversity (for instance rare species) and certain Cultural Ecosystem 
Services (CES) values (values possible to experience by visiting the 
park, for instance primeval impression) become visible. A time span 
could be calculated to indicate how long it takes after a historic 
disturbance before the window for action opens. For biodiversity 
values the time span is 18-829 years, and for CES values the time span 
is 5-829 years (figure 1). 
 
Conservation managers’ views of future disturbances were also 
studied. Despite historic disturbances being perceived as contributors 
to protected areas, future disturbances are less, or not at all, welcome. 
There are several reasons why future disturbances are not seen as 
desirable, but they relate mostly to the park areas being small, 
proximity to populated areas, or the notion that outdoor life should 
not be hindered. 
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Figure 1. Overview of the Swedish national parks reporting the occurrence of 
historic natural disturbances as having contributed to the establishment 
of the park. The contributors are categorized as biodiversity, cultural 
ecosystem service, and other values. The type of disturbance is also 
included. Included is also the estimated time span between historic 
disturbance(s) and the establishment of the park. For biodiversity values 
the time span is 18-829 years, for cultural ecosystem service values it is 5-
829 years, and for other values the time span is 15-164 years. 
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Paper III: Desirable effects from disturbance ecology – A 
paradox within conservation management 
Natural disturbances (fire, flooding, wind etc.) are well-documented 
in the disturbance ecology literature as influencers of ecosystems. 
Natural disturbances generate shifts in ecosystems and are necessary 
to maintain high biodiversity. Because of natural disturbances being 
important for creating ecological processes, conservation managers 
should consider these processes and how they could be part of the 
management. The purpose of this study is to explore if and how 
natural disturbances are incorporated into the management of 
Swedish national parks and to identify possible challenges or 
examples of barriers for this incorporation. 
 
The paper contains a multiple comparative case study of 15 Swedish 
national parks established between 1962 and 2018. The study is based 
on a document study of propositions and management plans, 
complemented with qualitative interviews. After analysing the 
documents, four main categories were generated to describe natural 
disturbances: historic/future and positive/negative perceptions (table 
4). The results indicate that there are both positive aspects of 
including disturbance ecology in the management of national parks, 
as well as obstacles and paradoxes involved when not doing so. 
Examples of positive aspects of historic disturbances include 
increased biodiversity and sense of wilderness within the national 
park area. The importance of historic disturbances is acknowledged in 
the fact that the non-occurrence of historic natural disturbance has 
resulted in a decrease in population of unusual insect species, as well 
as ingrowth of spruce which outcompetes other species of both flora 
and fauna.  
 
However, there are obstacles which explain why future natural 
disturbances are not desired within national park areas in terms of 
practical implications and paradoxes. Practical implications include, 
for instance, small park areas. Paradoxes are constructed when 
visitors expect the park to be green and luscious (that is, created by 
historic disturbance), but do not want the park to be under the recent 
impact of, for instance, fire (spontaneous or human-made), which 
puts the conservation managers in the position of defending and 
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explaining the need of fire, and might in turn make them chose not to 
include natural disturbance in their management. 

Table 4. Overview of the four main categories representing the perception of 
natural disturbances from a conservation manager’s perspective. The 
categories are based on the document analysis. Included are also which 
category and national park the respondent represented. 

Paper IV: Framework for evaluating the maintenance of a 
tsunami early warning system (TEWS) – A pilot case study in 
Patong, Thailand, of social and technical quality indicators   
Tsunami hazards can be rapid events with limited time to prepare for 
evacuation. Therefore, measures have to be in place well in advance. 
The TEWS chain of activities are all important to minimize the 
consequences of a tsunami. Warnings alone are not enough to avoid a 
disaster. It is essential to also focus on disaster awareness and 
capacity building at the community level to make sure that people 
within tsunami-prone areas are aware of proper evacuation 
procedures. TEWS can be designed with a people-centred approach. 
This paper show the significance of people at risk being aware of the 
risk and therefore prepared to evacuate. Moreover, it highlights the 
need to make sure that the TEWS is reliable over time.  

This is a pilot study that aims to develop a framework with key quality 
indicators for technical, social, and governance maintenance of a 
TEWS, emphasizing the chain of activities from tsunami detection to 
evacuation. 

Positive Negative

Historic Natural Disturbance

I. Occurred historic natural disturbances
which have contributed to the

national park area.
Interviewed National Park:

Haparanda Archipelago

II. Not occurred historic natural
disturbance which have been negative for

the national park area.
Interviewed National Park:

Färnebofjärden.

Possible Future Natural Disturbance

III. Possible future natural disturbances
expected to contribute to the

national park area.
Interviewed National Park: Skuleskogen.

IV. Possible future natural disturbances
should be avoided.

Interviewed National Park: Stenshuvud.



40 

The framework is compiled as a synthesis of different frameworks 
mostly aiming at early warnings in general, to help determine the 
maintenance of a TEWS at local level. The framework was further 
elaborated by using literature that more specifically emphasizes the 
chain of activities from tsunami detection to evacuation. It consists of 
key quality indicators for technical, social, and governance 
maintenance. Each key quality indicator has subcriteria indicators 
which are used to specify the different components of each key quality 
indicator. 

The framework was accordingly extended with two more indicators - 
Memory keeping of historic disaster and Signage system of the 
evacuation routes. Memory keeping is added since the 2015 Sendai 
framework for DRR acknowledges people’s experiences of disasters 
and memorial places as important. Signage system is added since the 
literature used to compile the framework highlights evacuation routes 
as crucial to escape a tsunami, but do not to the same extent include 
the signage system which is meant to guide the evacuees.  

Following the Indian Ocean tsunami disaster in 2004, Patong 
Thailand is used as a case study to test the framework related to 
technical and social maintenance key quality indicators (figure 2). A 
long-term retrospective analysis is conducted for the TEWS in Patong, 
years 2005-2022. Data is collected in three ways - research and news 
articles 2005-2022, and field observations of Patong in 2022. 

The results show that since the TEWS was implemented in Patong in 
2005, there have been several events that highlight both problems 
and positive developments related to technical and social 
maintenance of the TEWS. Technical issues have been dominating 
and positive actions are mostly related to social maintenance. 
Examples of technical problems include malfunctioning warning 
towers and language barriers. Examples of social problems are false 
alarms and issues with the signage system for guidance in relation to 
evacuation routes. Examples of positive development include events 
for commemorating the victims of the 2004 tsunami disaster 
combined with education of the public about future tsunami events. 
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  Figure 2. Framework to determine the technical and social maintenance of a 
TEWS. There are key quality indicators and subcritera indicators to help 
analyse maintenance at the local level. 
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5 Discussion  

The concept of window of opportunity for change with environmental 
effect has been studied and applied in this thesis. The concept 
originated in political science, but has here been adapted to an 
environmental perspective. To test the concept on the environmental 
field is motivated by the urgent need for rapid changes and effective 
actions to meet the ongoing environmental degradation. Increased 
restoration, conservation, and management of degraded land areas 
are crucial to reverse the ongoing unsustainable development 
(Convention on Biological Diversity, 2022). Environmental 
sustainability will help maintain ecosystem services, reduce 
consequences of natural hazards, and help store carbon dioxide. 
 
To explore an adapted concept within an undeveloped field of 
research means that several aspects have already been thought 
through and tested by others, but also that there are new aspects to 
consider. The result indicates that it is possible for a focus event to 
enable changes with positive environmental effects. However, there 
are issues related to the changes in terms of time, environmental 
effect, interactions between human and environment, and the 
question if nature can develop freely without human interference to 
contribute to sustainability within a SES. Paper I modified a 
framework to help categorize human-made changes in three ways: if 
they are positive or negative for the environment, if they were 
intended or unintended, and if they were formal or informal changes. 
Biodiversity and sustainable land-use can help reduce consequences 
from natural hazards, but it is not possible to remove all risks. There 
also needs to be DRR and appropriate measures taken to reduce the 
negative consequences of unavoidable hazards. Another framework 
was developed in paper IV to conduct a long-term retrospective 
analysis and determine the maintenance of a TEWS over time. 
Changes implemented after a disastrous event are aimed at reducing 
the negative consequences in case of future hazards. However, 
making changes and implementing measures is not sufficient to 
mitigate the risks of future hazards. It is also crucial to maintain these 
measures over time to ensure they are functioning properly, are 
reliable, and relevant for people at risk. 
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5.1 Framework for categorizing environmental effects 

Changes that affect the environment are characterized by complex 
interactions. The six building blocks in the framework helped explain 
how the changes resulted in different outcomes and how they relate to 
each other. Instead of just categorizing the environmental effect as 
positive and negative, the cause of why the outcome is considered 
positive or negative is also analysed.  
 
A window of opportunity creates space for action, and is a possibility 
to stop maintaining the status quo (Santiago & Roxas, 2015; Tukker & 
Butter, 2007). For there to be changes, somebody is taking action, 
which means that there is a choice made when actions are taken. This 
also means that it is not self-evident that the action for change is 
made with an environmental or sustainable outcome in mind. The 
outcome depends on the agenda of the agent. For instance, after 
Storm Gudrun there were opportunities to make changes in the 
Swedish forestry sector. Swedish forestry is an example of managed 
ecosystems with reduced biodiversity and reduced resilience against 
perturbations such as heavy wind and storm. After the storm, changes 
could have been made that could both reduce the wind-sensitiveness 
(Lidskog & Sjödin, 2016; Lodin et al., 2017) and contribute to the 
environmental goal “Sustainable Forests” (Swedish Environmental 
Objectives Council, 2004). In other words, on one hand there was a 
possibility to increase biodiversity, and on the other hand there were 
economic interests. To make changes in terms of forestry could create 
economic uncertainties for the industries, and possible economic 
uncertainties for forest owners. To continue as before the storm 
would not create economic uncertainties for the industries, but could 
be a risk for forest owners in case of future storm hazards. However, 
the choice that was made was to continue as before, mainly focusing 
on spruce, not to change the forestry to increase the amount of 
deciduous trees and trees species.   
 
To make changes in forestry after Storm Gudrun was to a large extent 
an economic question, and the economic aspect was what came to 
dominate both short-term and long-term processes after the storm. 
For instance, clearance work was done shortly after the event despite 
the lack of ground frost, which can cause damage from heavy 



44 
 
 

machinery. Moreover, no changes were made in terms of the 
preferred focus of the forestry sector, which continues as before with 
mainly wind-sensitive spruce. The many interactions within a SES 
stopped the outcome from being sustainable, from both social and 
ecological perspectives. The biodiversity has not increased, the 
vulnerability of spruce to storm and wind is still a factor and can 
cause further societal and economic risks in the future.  
 
Kelman et al. (2015) argue that when resilience is conceptualized as a 
return to pre-disaster state after a disaster, it means returning to 
vulnerability and other causes that made the disaster possible. 
Instead, disaster should be permitted to fundamentally change a 
system to increase resilience and DRR. Moreover, resilience and 
vulnerability are not only about the present state, but also what 
actions society has taken over the long-term to reach the present state 
(Kelman et al., 2015). Paper I presents similar findings from the case 
study about Storm Gudrun. Extensive short-term measures hindered 
a long-term change within Swedish forestry. The opened window of 
opportunity after Storm Gudrun was a possibility to implement 
formal changes in the shape of legislative and policy support to 
change modern forestry. Instead, forestry continues as before, which 
means maintaining vulnerabilities that historic forest development 
has created. 
 
The framework can help us understand how different forces enable 
environmental opportunities in the future, but it can also be used to 
analyse the changes initiated and implemented after a disastrous 
event. By categorizing these changes over time, we can determine 
their environmental impact and whether it is changing. For instance, 
the framework can help identify changes with a positive 
environmental effect shortly after a disaster, and actions required to 
increase the probability of them turning into long-term changes. An 
example of failed durability is found after the earthquake in Italy 
2009 when a group of people from the damaged village 
Pescomaggiore decided to create an autonomous eco-village adapted 
to Earth’s limits (Nelson, 2018). However, the eco-village was 
abandoned in 2014 because of conflicts (Tomassi & Forino, 2019). It 
is possible that measures or duly support could have resolved the 
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conflicts and helped the transition to a long-term ecovillage. Another 
example is the city of Banda Aceh, Indonesia, where a 200-metre wide 
belt along the coastline was not supposed to be rebuilt after the 
tsunami in 2004. However, a decade later, even more houses and 
infrastructure were rebuilt within the belt than before the tsunami 
disaster (Meilianda et al., 2017). Despite the experiences about the 
risks and initial attempt with regulation, the government did not 
manage to build back better. The framework can also be used to 
identify changes that have a negative impact on the environment and 
take action to prevent them from becoming long-term. For instance, 
after hurricane Katrina in 2005, the numerous tons of debris were not 
used for recycling or rebuilding, nor was a permanent recycling 
program implemented (Ardani et al., 2009). While it may not be 
possible to recycle the debris in retrospect, a recycling program can 
still be implemented. 
 
The framework includes how the changes were implemented with the 
building blocks formal and informal. This makes it possible to identify 
at which societal level changes were initiated, and if one change or the 
other precedes the rest. For instance, informal changes can influence 
authorities and will then be recognized. This was however explored to 
a limited extent in the paper due to lack of data and should therefore 
be studied more thoroughly. Another possible development is to 
explore the time perspective of identified changes. The original 
framework had a focus on long-term changes (Birkmann et al., 2010). 
The modified framework did not make a distinction between 
identified changes in terms of time span. Instead, all identified 
changes with an environmental effect were included. A potential 
improvement of the framework is to develop it to identify short- and 
long-term changes.  

5.2 Framework to determine the maintenance of a TEWS  
Following the Indian Ocean tsunami disaster in 2004, a TEWS was 
implemented in Thailand as an active measure to reduce the risk of 
future hazards (Birkmann et al., 2010). One explanation to why such 
changes are made in the disaster aftermath is that the disaster might 
create consensus about the reasons for the disastrous consequences 
and a shared willingness to reduce the risk of future hazards 
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(Christoplos, 2006; Johnson et al., 2005). The length in time for 
changes made possible due to a window of opportunity can be short-, 
middle-, and long-term (Gawronski & Olson, 2013). While medium- 
and long-term formal changes, such as improved DRR capacity, can 
occur after a disaster, it can be difficult to maintain them over time 
due to limited resources (Blackman et al., 2017).  
 
The Sendai framework for DRR (UN, 2015b) emphasizes the need of 
increased availability of EWS to improve disaster preparedness. 
However, merely implementing a measure to reduce the 
consequences of future hazards is not enough; it must also be 
maintained and reliable over time. A crucial part of sustainable 
development is to include people in disaster preparedness efforts 
(Pawar, 2023). Therefore, TEWS should be maintained over time with 
a people-centred perspective to ensure its sustainability.  
 
Failure to maintain the TEWS can cause mistrust in the warning 
system. As seen in the case study of Patong, there were several false 
alarms that led to unnecessary evacuations. Although false alarms are 
inevitable, they must be managed to maintain trust in the warning 
system. Failure to manage false alarms can undermine the social 
aspect of the system’s maintenance. While it may be argued that 
unnecessary evacuations are better than not evacuating in case of a 
tsunami, failure to evacuate due to mistrust can cause a disaster that 
could have been avoided if false alarms were handled appropriately 
and confidence in the system was maintained. 
 
Despite the implementation of TEWS, disastrous outcomes from 
tsunami hazards can occur if a people-centred approach is not 
considered or fails. The entire chain of the warning system is equally 
important. For instance, if the warning fail but there are natural signs 
of an oncoming tsunami and evacuation can be made with help of 
evacuation routes and signage system, there is no guarantee that 
people will recognize the natural signs and evacuate appropriately. 
Although, some groups have developed such systems. For example, 
the people of Simeulue Island, Indonesia, knew how to respond 
quickly when there were natural signs of a tsunami in 2004. The 
survival capability was part of a traditional narrative and concept 
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related to “smong”. Smong has kept the memory of a disastrous 
tsunami in 1907 with few survivors. When there once again were 
natural signs of a tsunami, people knew from the stories told how to 
react (Sutton et al., 2020). 
 
For future use, the TEWS framework can be helpful in two ways. The 
first is to conduct a long-term retrospective analysis of an 
implemented TEWS to identify weaknesses and possible 
improvements to be made to increase the probability of its proper 
function in case of a tsunami. The second way to use the framework is 
during the implementation of a new TEWS. The framework and its 
indicators can help make sure that the components in the chain of 
activities from tsunami detection to evacuation are implemented. 
 
It has also been shown that there is room to develop the framework 
further with help of other literature, which was done by including 
other literature to create the novel indicators memory keeping and 
evacuation signage. The framework can also be improved by testing 
all three maintenance aspects, which requires a broader approach and 
methodology in comparison with what have been done in this thesis. 
It should also be ensured that the framework captures the people-
centred and bottom up approach.  

5.3 Sustainable environmental development and obstacles 

Natural hazards can enable changes with positive effect for the 
environment. The change can be a response within a limited time 
frame after a focus event, and it can be a response taking place later 
due to a delayed window.  
 
Research about the time span and for how long the window for 
change remains open is limited. Multiple cases of disaster events that 
enable societal changes with environmental effect were analysed in 
paper I. The included disasters occurred years 1998-2015. Due to a 
lack of information, it was seldom possible to answer how long it took 
between disaster impact and implemented human-made changes. 
However, the time span between disaster and changes related to 
forestry could to some extent be identified for Storm Gudrun. The 
storm occurred in January 2005. During that year most of the 
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changes were made, indicating that the window for forestry was open 
about a year after the storm occurred. In the end, no changes were 
made to achieve long-term sustainable forestry. Instead there was a 
focus on short-term measures to save felled timber from outbreaks of 
pests. One long-term change made after Storm Gudrun was noticed. It 
was not related to forestry, but to social resilience. The Electricity Act 
(1997:857) was amended in December 2005 to ensure the electricity 
supply. This also indicates that the window for change was open for 
about a year after the storm. 
 
A different approach is adopted to study the time span in Paper II. 
Instead of a window opening shortly after a focus event, it is 
suggested that a historic natural disturbance can open a delayed 
window for nature conservation. The window opens when an 
environmental development that is appealing to society has had time 
to develop after the historic disturbance. The time span for the 
delayed window to open was estimated to ~10-800 years. 
 
Natural hazards can enable societal changes with environmental 
effect, but the delayed window indicates that environmental 
development can enable societal change that makes it possible for that 
particular environmental development to be conserved. Thus, the 
time frame for societal and environmental development is not the 
same. While a hazard affecting society can quickly enable a change, 
maintaining its functions over time requires significant resources and 
poses an organizational challenge. In contrast, a natural disturbance 
may require visible environmental effects before a change is enabled, 
even if the effect already exists within nature. In both cases, 
maintenance is crucial for long-term sustainability. It is important to 
remember that decisions made today will have a significant impact on 
future outcomes, determining whether they are sustainable or not. 
 
Nature conservation is needed as a measurement to reverse the trend 
of biodiversity loss and land-use change. A delayed window can 
enable nature conservation, for instance in the case of Swedish 
national parks. But it is not enough to just conserve land, there also 
has to be management of the conserved land. The management of 
conserved land can be a cause of conflict since it can be based on 



49 
 
 

different agendas (Washington et al., 2018). From a socio-ecological 
perspective, conservation can be made to achieve benefits either for 
people or for nature. From a people perspective, conservation is about 
protecting environment because of different values important for 
people, such as recreation. From a nature perspective, the point of 
conservation is to protect its own intrinsic values (Washington et al., 
2018). 
 
The aim of conservation is to manage the area to keep those values for 
the future. Moreover, to achieve the targets of the Kunming-Montreal 
Global Biodiversity, the management of conserved areas should 
address the ecological needs of the protected area (Convention on 
Biological Diversity, 2022). Since historic natural disturbances have 
contributed to the environmental values found in the conserved area, 
disturbances should be included in the management (Venier et al., 
2022). Historic natural disturbances have contributed to values found 
in some of the Swedish national parks (e.g. wilderness, rare species 
and biodiversity), but the management experiences conflicts and 
paradoxes when using management tools to sustain the ecological 
development in the park areas. Natural disturbances such as 
spontaneous fires, which have helped shape the national parks, are 
more uncommon today because of modern forestry. In addition, there 
is often resistance from society when the management wants to use 
conservation burning to mimic the effects of a spontaneous fire.  
 
Fire within a national park area is per se not a disaster, but a natural 
disturbance necessary for environmental development (Spies et al., 
2014). However, the conflict with society is based on fear that the fire 
will spread to modern forestry and societies located outside of the 
park and consequently turn into a disaster. Moreover, people visiting 
the parks do not appreciate burned areas because people want to visit 
a green and luscious park. By not allowing natural disturbances, 
which are important for ecological development, the management 
opts for the people perspective. There is a choice made when 
influences from society affect the management of conserved nature. It 
is considered as more important to meet the needs of society and the 
visitors, than to consider the ecological values in themselves, a view 
that is not consistent with the targets of the Kunming-Montreal 
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Global Biodiversity (Convention on Biological Diversity, 2022) for 
environmental conservation and management.  
 
Literature on SES highlights the various components that interrelate 
to affect whether forest and national park management is sustainable 
or not (Ostrom, 2009; McGinnis & Ostrom, 2014; Vogt et al, 2015). 
These components include the resource system (e.g. forest or national 
park), resource unit (e.g. different tree species, plants, and wildlife 
within the resource system), governance systems (e.g. legislations, 
norms, and management practices), and actors (e.g. owners and 
visitors of the resource unit). The characteristics of these components 
can influence the sustainability of the forest or national park (Ostrom, 
2009). SES outcomes, such as sustainability, are determined by the 
complex interactions between social and ecological processes within 
the resource system. Social and ecological processes can together 
influence the species compositions of a forest (McGinnis & Ostrom, 
2014), and the social and economic preferences of owners and visitors 
can affect forest management practices, such as fire suppression for 
recreational or harvest values. However, this can have unintended 
consequences on ecological processes, such as the need for fire to 
reduce other tree species that shade the forest, and can ultimately 
shift the forest composition over time (Vogt et al., 2015; McGinnis & 
Ostrom, 2014). Thus, the sustainability of forest and national park 
management is influenced by a variety of social and ecological factors 
that require active management and consideration of the long-term 
consequences of decisions. 
 
How limiting natural disturbances within national parks will affect 
them in the future is unclear, but consequences such as ingrowth of 
spruce and lack of habitat for fire-dependent species have already 
been identified. These findings are in line with McDonald et al. (2016) 
and the impression that conservation focuses on maintaining the 
current state. Considering the fact that it is well known within the 
management, and in research literature, that disturbances such as 
fire, flood and storm have important benefits, and how they create 
short- and long-term ecological processes, it is worrying that the 
natural processes are hindered. 
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Goal number 15.2 of the SDGs states that “By 2020, promote the 
implementation of sustainable management of all types of forests, 
halt deforestation, restore degraded forests and substantially increase 
afforestation and reforestation globally” (UN, 2015a). Since this goal 
has not been fulfilled, we have passed the year 2020, and there is a 
short-term perspective on both modern forestry and protected areas, 
it is questionable if this goal can be achieved within the near future.  

5.4 Strengths and weaknesses  
A common critique against case studies is that their results may have 
limited generalizability (Flyvbjerg, 2013; Merriam, 1994). One of the 
difficulties when talking about generalizability is that it is interpreted 
in the same way as, for example, experimental studies. 
Generalizability from experimental studies depends on random 
sampling from a defined target population. A case study is instead 
selected purposely, without random sampling. From this perspective 
it is not possible to generalize a case study. It should be remembered 
that case studies are chosen because of the possibility to study 
something in-depth and increase the understanding (Merriam, 1994). 
In fact, some of the most important findings in history, like gravity, 
was discovered from a case study, and the choice of research design 
should depend on the problem of study and the circumstances of the 
problem (Flyvbjerg, 2013). 
 
Another critique against single case studies is that there is a risk of 
bias towards verification and confirmation of the researcher’s 
preconceived ideas. Although, this critique applies to all qualitative 
and quantitative methods for research. The argument is that case 
studies are not objective because they are seen as less rigorous and 
allow more room for the researcher’s own arbitrary judgment. Yet, 
researchers conducting in-depth case studies usually report that their 
preconceived notions were wrong (Flyvbjerg, 2013).  
 
The main advantage of case studies is that they offer the possibility for 
in-depth study and thorough exploration (Flyvbjerg, 2013), which is 
why case studies were chosen as research design for the four papers. 
Different methods for collecting data were used to explore the 
following cases as extensively as possible:  
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- In paper I, the Storm Gudrun was studied as a single case study 
to test a modified framework for classifying changes after a 
natural hazard and increase the understanding of societal 
changes with environmental effect. The methods for collecting 
data are database searches of empirical research and grey 
literature from several authorities related to Swedish forestry. A 
potential weakness with this study is that no interviews are 
conducted with representatives for the forest industry sector 
and forest owners. However, the compiled data include studies 
based on interviews with both forest owners and 
representatives from the Swedish Forest Agency. The 
combination of research literature and grey literature also 
provides a more thorough picture of what occurred within the 
forestry sector after the Storm Gudrun. The combination also 
provided a deepened understanding of a disaster and the 
aftermath recovery. The case study of Storm Gudrun makes it 
possible to test the framework and identify changes after a 
disaster with environmental effect, if the effect was positive or 
negative, how the changes were made and if the changes were 
made intentionally or not.  

 
- In paper II, Swedish national parks are studied in a multiple 

comparative case study. All of the 30 national parks in Sweden, 
established 1909-2018, were included as cases. The methods for 
collecting data were grey literature and a survey. The grey 
literature constitutes the basis of the study, which consists of 
propositions for establishing the Swedish national parks, as 
well as propositions for the five parks that have been extended. 
As a complement to the grey literature, a survey questionnaire 
was used to collect additional data from the parks. Specifically, 
the survey was sent to a representative of each of the 30 
national parks. A potential weakness with this study is that not 
all parks answered the survey, but the answers from the survey 
respondents could be compared and help add nuance to the 
data from the propositions. The combination of survey and grey 
literature with multiple cases enabled comparisons of both 
similarities and differences. 
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- In paper III, 15 (of 30) Swedish national parks, established 
1962-2018, were used as cases in another multiple comparative 
case study. The selected national parks represent more modern 
times of nature conservation and forestry in Sweden. The 
methods for collecting data were grey literature and interviews. 
In this study, the grey literature consists of propositions for 
establishing the included national parks as well as management 
plans for the national parks. Semi-structured interviews were 
conducted to complement this data from the grey literature. A 
potential weakness with this study is that national parks 
established before 1962 were not included, therefore there is a 
bias of included parks more representing the middle and south 
part of Sweden (since the first national parks were located in 
northern mountain areas). The interviews were partially 
conducted to counter this bias by selecting representatives from 
north to south. Another weakness is that there were only four 
interviews with one representative each. But, due to the 
combination of grey literature and interviews, it was possible to 
validate the interview responses with the grey literature. The 
interviews provide other perspectives, nuances and more 
thorough explanations on the management of the parks than 
found in the grey literature. The multiple cases enable 
comparisons for both similarities and differences between the 
parks possible. 
 

- In paper IV, the TEWS implemented in Patong Thailand, after 
the Indian Ocean tsunami disaster was used as a single case 
study to test a theoretical framework for analysing the 
maintenance of a TEWS, compiled as a synthesis of different 
early warning system frameworks, and to increase the 
understanding of a disaster and the aftermath development. 
The case study consists of a long-term retrospective analysis of 
the TEWS in Patong. Reconstruction after a disaster is a 
process that extends over many years. A long-term perspective 
can contribute with increased understanding of that process. 
Data collection methods included searches of empirical 
research, grey literature consisting of news articles and web 
pages, and field observation study. A potential weakness with 
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this study is that no interviews were conducted and data 
included is only in English language. Even so, the news articles 
are from two newspapers located in Thailand. Only six research 
papers from Patong were found, which caused a need to 
complement the data with grey literature. Combination of grey 
literature, empirical research and observation studies makes it 
possible to explore both historical development as well as 
present day status. The combination also enabled to increase 
the understanding of the long-term maintenance of a TEWS 
implemented as a post-disaster measurement and to get a fairer 
picture of the development over time. 

5.5 Final remarks 
The concept of window of opportunity for change has proven useful in 
research fields like policy changes. To use the concept of window of 
opportunity for change with environmental effect is warranted due to 
the need for research on land-use change, biodiversity loss, increased 
risks of natural hazards, climate change, and a need for sustainable 
environmental development. Window of opportunity for change with 
environmental effect is a useful notion in this context, and can be an 
important forerunner to make big leaps in terms of sustainable 
development. Acknowledging the possibility of environmental 
changes after a focus event could make policy processes (from local to 
national) open to this possibility and therefore boost the outcome of 
environmental effects. The present thesis also shows that established 
concepts can be made even more useful by moving to other research 
fields. 
 
Changes because of focus events can be made in the aftermath of a 
hazard. The enabled changes can contribute to sustainable 
development by reversing the current negative development of 
biodiversity loss and land-use change, and increase preparedness for 
natural hazards that cannot be avoided. The change itself can be 
positive, such as nature conservation or implementation of a warning 
system. But initiated changes that contribute to a sustainable 
development may not be enough and there is no guarantee that they 
will remain constant over time. There can be variations over time due 
to a lack of resources or institutional challenges of maintaining 
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implemented changes, as well as managing with both a present and a 
future time frame in mind. 
 
The changes studied here are all related to a sustainable development, 
including biodiversity loss, land-use change, nature conservation and 
people-centred TEWS. Birkmann et al. (2010) suggest that increased 
knowledge of the various ways that changes due to focus events can be 
characterized can improve understanding of societal responses to 
disastrous events, and contribute to further development of policies 
and frameworks to improve outcomes after a disaster. This is 
especially important since changes can have a dualistic nature, 
making it difficult to predict all possible outcomes. For instance, 
formal changes may aim to increase resilience and reduce 
vulnerability in case of a similar future hazard, but the outcome can 
be something else entirely. This was evident after the Indian Ocean 
tsunami disaster, when people in the hazard area were relocated. 
While relocation was beneficial for some, it led to disruptive social 
networks and new risks for others (Birkmann et al., 2010).  
 
Changes with an environmental effect also display this dualism. 
Multiple data sources analysed changes after Storm Gudrun and 
revealed that changes with positive aims were not guaranteed to be 
exclusively positive for the environment. For example, the intention 
was to reduce the spread of pests in forests by quickly removing felled 
trees. However, this was negative for the environment due to the 
leachate of mercury and phosphorus when the massive tree felling 
was stored at timber terminals. The effect was in one way negative, 
caused by an unintended change, but on the other hand, it was also 
positive since it reduced the spread of pests. This illustrates the 
considerations that should be made when choosing how to respond to 
a disaster, and that a change can result in multiple outcomes for the 
environment. 
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6 Contributions and conclusions 

This thesis has contributed with two frameworks – one to determine 
the environmental effect of societal changes, and one to determine the 
maintenance of a TEWS over time. Both frameworks are inspired by 
the purpose of the Sendai framework for DRR and the SDGs. 
 
The modified framework for analysing changes with an 
environmental effect makes it possible to identify if the changes are 
positive or negative for the environment. Changes can result in a 
negative effect for the environment, even if the intention was the 
opposite. This framework can help identify negative effects, and by 
identifying them, give an opening to adjust and reduce the 
environmental impact. By recognizing these possibilities and 
outcomes, it is possible in the aftermath of a disaster to make 
considerations to implement changes with an intended positive 
environmental effect and make them long-term. Changes with a 
positive environmental effect can be chosen, and changes with a 
negative environmental effect can be avoided. 
 
The framework to determine the maintenance of a TEWS has a clear 
focus on reducing the impact of a future tsunami hazard by taking a 
people-centred approach. The presented framework is compiled as a 
synthesis from previous literature about EWS, which fills a gap to 
present a framework explicitly focusing on TEWS. The framework 
shows how important it is to operate all parts of the warning chain, 
from tsunami detection to evacuation, to ensure the functioning of the 
warning system. Furthermore, the pilot case study conducted as a 
long-term retrospective analysis illustrated the difficulty of 
maintaining several aspects of a warning system over time. This 
framework can reduce the outcome of a future tsunami hazard by 
ensuring that the TEWS is reliable over time. 
 
This thesis can hopefully contribute to improving tsunami 
preparedness through the implementation of sustainable and people-
centred TEWS. Furthermore, it may help promote positive 
environmental changes following focus events and ensure their long-
term viability. Through these efforts, it is hoped that this work can 
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help accelerate sustainable development to reverse the alarming 
trends of biodiversity loss and land degradation. 
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