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A B S T R A C T   

This paper presents case studies where disasters provided a window of opportunity for change that included 
social action with (potentially) positive effects on the environment. The research literature was screened for 
empirical cases in support of societal changes with a focus on environmental issues, and a more in-depth case 
study of the extensive tree felling after the storm Gudrun in Sweden 2005 was also conducted. The case study is 
explored through available research as well as “grey” literature to identify societal actions taken after the storm 
that had – or not – an effect on environmental conditions. With the help of the framework presented by Birkmann 
et al. (2010), the study aims to characterise the nature of these anthropic changes. The framework was modified 
to focus specifically on societal actions implemented because of an “open window”, and the environmental ef-
fects of the actions. This enabled identifying changes with a positive/negative and intended/unintended effect on 
the environment, as well as determining if a change was based on formal or informal decisions. Several cases 
identified in the literature provide empirical support for the theory that disasters can generate a window of 
opportunity for positive environmental change. However, open windows are not always exploited, as is apparent 
in the case of the storm Gudrun.   

1. Introduction 

A disaster caused by a natural phenomenon may serve as a catalyst, a 
window of opportunity, for anthropic changes with positive effects on 
the environment. The concept of an opportunity window after a disaster 
has been studied from many different perspectives and disciplines, and is 
well-known within Disaster Risk Reduction (DRR) [1–6] and societal 
resilience [7–10]. However, as this article shows, post-disaster envi-
ronmental values have been much less focused upon in the literature, in 
comparison with economic and social aspects. 

The vulnerability and exposure of natural and human systems 
contribute to the severity of a disaster [11], and damage occur in many 
ways that can create both complex and complicated impacts on social 
and environmental systems [12]. On the other hand, disasters have the 
potential to create a window of opportunity for positive change in 
several societal dimensions [2,8,13,14]. Future global environmental 
change, which increases complexity in terms of identifying the range of 
impact as well as their interaction with socio-ecological systems, gen-
erates greater uncertainty about the character and consequences of 
impact and its long-term changes [15]. Understanding how and if win-
dows of opportunity for positive environmental change tend to arise after 

disasters is therefore highly justified. Positive is here defined as a soci-
etal action that results in sustainability, increased biodiversity and 
reduced climate impact, for instance. Hence, this paper aims to inves-
tigate how disasters created by natural phenomena might result in ac-
tions that change the environment (for better or worse). It contributes to 
a field often neglected in practice and in research, but is still extremely 
important since vulnerabilities caused by climate change and human 
impact such as pollution and freshwater usage are increasing. 

The article aims to identify human-made changes with environ-
mental effects after a disaster. With the help of the framework presented 
by Birkmann, Buckle, Jaeger, Pelling, Setiadi, Garschagen, Fernando 
and Kropp [16], the study also aims to exemplify and describe the nature 
of these changes. The rest of this paper is organised as follows. Section 2 
includes a description of the concept of window of opportunity as a 
change-maker, together with a presentation of some of the different 
research fields in which strong evidence indicates that windows of op-
portunity exist. A modified version (environmental perspective added) 
of the framework by Birkmann, Buckle, Jaeger, Pelling, Setiadi, Gar-
schagen, Fernando and Kropp [16] is presented. Section 4 presents 
empirical cases identified in the research literature compiling available 
findings of changes with environmental effect after a natural 
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hazard-related disaster. The framework is used to analyse findings from 
the literature studied to identify changes with a positive/negative and 
intended/unintended effect on the environment, as well as to ascertain if 
a change is based on formal or informal decisions, on the assumption 
that environmental issues may be of a secondary nature to the studies 
reported in the papers, and thus limited in details. To provide a more 
thorough analysis and illustration of possible changes and the effects on 
the environment, the 2005 storm Gudrun in Sweden – a disaster that 
caused extensive tree felling – is in section 5 used as a case study and 
compiled through available research studies and “grey” literature. 
Recognised changes with an environmental effect after the storm are 
then analysed through the modified framework. 

2. Background 

Land plays an important role in the exchange of water, aerosols and 
energy between atmosphere and land surface, serving as a sink for 
greenhouse gas as well as providing essential human livelihoods such as 
freshwater, food supply, biodiversity and ecosystem services. In 
contrast, more than 70% of the global ice-free land surface is affected by 
human use [17]. The pressure of human activities on Earth systems has 
reached a point where measures have to be taken to meet the threat-
ening global environmental changes, described as nine planetary 
boundaries. The boundary rates of biodiversity loss and climate change 
have already been transgressed. The other boundaries are global fresh-
water use, land-system change, chemical pollution, atmospheric aerosol 
loading, ocean acidification, stratospheric ozone depletion and anthro-
pogenic interference with the nitrogen and phosphorus cycles [18]. 

Due to global warming, ecosystems both on land and in the ocean 
have changed. Depending on future global warming, impacts and loss of 
some ecosystems may be irreversible or long-lasting. Biodiversity and 
ecosystems on land are vulnerable to the ongoing climate and weather 
extremes, as well as to climate change. The negative impacts of stressors 
on ecosystems and societies can be reduced through sustainable land 
management. Climate change and adaptation that reduce the vulnera-
bility of natural and human systems are closely linked to Agenda 2030 
and its Sustainable Development Goals (SDGs) and sustainable devel-
opment, for instance, through maintaining ecosystem services and 
ensuring water and food security [19]. It has been estimated that local 
biodiversity intactness has been reduced due to land use and that the 
planetary boundary has been exceed. The remaining areas of natural 
vegetation need to be preserved to reverse the global loss. Restoring 
human-used land will also be beneficial for biodiversity and ecosystems 
[20]. Land use is influenced by drivers such as local land use decisions 
and global trade, which make land use a key issue for sustainability 
transitions and the planetary boundaries [21]. Sustainable land man-
agement and forest management can support several SDGs, contribute to 
climate change adaptation and mitigation, and both reduce and prevent 
land degradation. Greenhouse gas emissions can be lowered by sus-
tainable forest management, reduced forest degradation and deforesta-
tion. Deforestation, afforestation, reforestation and other changes in 
forest cover directly affect regional surface temperatures. For instance, 
an increase of forest cover in tropical regions will result in a lower 
temperature due to enhanced evapotranspiration [17]. 

One of the main threats to human societies is the relationship be-
tween these societies and the natural world since human beings cannot 
exist separate from nature [22]. Natural systems and humans should not 
be treated in isolation since humans have the power to affect ecosystems 
negatively with the risk that our actions stop the systems from providing 
us with ecosystem services. The purpose of sustainable development is 
to maintain and create healthy ecological, economic and social systems 
since these are closely linked [23]. SDG goal number 15 states that until 
year 2020 forests and ecosystems should be restored, preserved and used 
sustainably, as should their ecosystem services [24]. The concept of 
resilience [25] can be used to describe how sensitive an ecosystem is to 
external stresses or shocks, such as chemicals or weather extremes. 

Resilient ecosystems are likely to be the most effective way to protect 
against increasing environmental change [25]. The variety of life forms 
that constitutes an ecosystem is a necessary variable for ecosystem ser-
vices. Despite this, biodiversity loss at the global scale continues at an 
increasing rate [26]. For human security, biodiversity is a critical 
element and a foundation for human survival needs such as food and 
clean water. Biodiversity loss is a source of risk for all ecosystems, with 
big impacts on livelihoods; for instance, it can decrease the protection 
against weather extremes, as described later in the paper. Society has the 
potential to adapt measures to minimize loss of biodiversity, both at a 
local level and through governance structures, but other (e.g., eco-
nomic) interests are often given higher priority [27]. Ecosystem man-
agement and other activities that cope with fading environmental 
conditions are essential to protect and sustain people’s livelihoods when 
threatened by climate change and weather extremes [11]. 

2.1. Change through a post-disaster window of opportunity 

Kingdon introduced the concept of window of opportunity, or policy 
window, in 1984, together with the notion of “three streams of policy 
change” to describe how problems will get onto the political agenda 
[28]. This is not an easy task, since the interacting forces behind the 
opening a window of opportunity and the possible exploitation, 
constitute a huge complexity when it comes to actors, driving forces, 
economic forces, what opened the window, why and when was it closed 
etcetera [16,28–31]. It is important for this study to establish whether 
there is a possibility that disasters generate changes with an environ-
mental effect. Linguistically, according to Oxford Dictionaries,1 the 
definition of the phrase “window of opportunity” is “a favourable op-
portunity for doing something that must be seized immediately”. Focus 
events, often sudden, visible and dramatic, makes problems obvious [28, 
32]. A focus event does not guarantee a policy change, but under certain 
circumstances it can be an important forerunner [32]. The attention 
given to different events varies depending on factors such as newswor-
thiness. Massive attention will be given to airline safety after a rare plane 
crash whilst common health issues tend to receive less attention because 
of their commonality [28]. Kingdon [28] focuses on health and trans-
portation issues, and does not mention environmental opportunities. 

Disasters might provide opportunities for encouraging change, 
developing structural and institutional transformations of societies to 
reduce levels of inequality and increasing a long-term potential for 
sustained development [33]. Structural changes are considered to occur 
due to the creation of new relationships and conditions within socio-
economic, political and environmental spheres [16,34]. According to 
Tukker and Butter [13], it normally takes one or two generations to 
create underlying changes in a society, and in some cases, the only 
efficient strategy for change is through a disaster that opens a window of 
opportunity, since the societal system might be in such a state that it 
cannot be broken. However, neither of these articles [13,33] exemplifies 
environmental opportunities. 

Examples of policy windows can be found in fields such as DRR, with 
the hypothesis that the post-disaster recovery phase provides a window 
of opportunity for promoting DRR more easily than before a disaster. 
The contributing factors (e.g. new knowledge and enhanced political 
will to reduce risks of future disasters) to a window of opportunity 
within DRR are present after a disaster and create pressure to reduce 
disaster risks, but the question is whether they are sufficient. The 
environmental perspective, however, was not mentioned in this study by 
Christoplos [1]. On the contrary, according to Christoplos [1], the hy-
pothesis of a window of opportunity within DRR has not proven accu-
rate. This is also the conclusion of Birkmann, Buckle, Jaeger, Pelling, 
Setiadi, Garschagen, Fernando and Kropp [16], who say that there is not 
enough empirical data to suggest that low-income countries in particular 

1 http://www.oxfordreference.com/Search phrase: window of opportunity. 
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have used disasters as window of opportunity to enhance resilience. 
However, examples can be found, such as after the 1931 earthquake in 
Napier, New Zealand, when reconstruction was made with new building 
restrictions, for instance widening the streets and building codes, mak-
ing the city better prepared for future hazards. The success factors in 
integrating DRR into reconstruction planning and policy were a rapid 
reconstruction process and local knowledge and participation [2]. Even 
if not fully determined, this indicates that disasters do open window of 
opportunity for DRR. One small, but still symbolically important, envi-
ronmental example after the Napier earthquake was that during the 
reconstruction, rubble from the earthquake was recycled as building 
material, for example, debris from ruins were used when arranging the 
Marine Parade frontage [2]. 

Evidence of policy windows are also present in actions taken to 
improve sustainability after a disaster. An identified significant mech-
anism in fostering sustainable changes is the assembling of actor net-
works that integrate actors across scales and timeframes, for example 
between sustainability governance and disaster governance. The crea-
tion of liaisons and research collaborations generates innovations that 
advance sustainable development and disaster risk reduction. Multiple 
local and external actors are aligned when actors link the interest groups 
and needs from disaster to sustainable development, groups that are 
most active in normal times [35]. Windows of opportunity for imple-
menting actions for improving sustainability in Banda Aceh city of 
Indonesia were identified after the Indian Ocean’s tsunami in 2004. Not 
all opportunities were taken or maintained. However, some changes 
were made with potential for sustainable development. The conclusion 
was that damaged areas have the potential to build back better with 
investments that can withstand future impacts as well as improve the 
capacity to recover from disasters [9]. 

2.2. Framework for identifying window of opportunity and changes that 
affect the environment 

Birkmann, Buckle, Jaeger, Pelling, Setiadi, Garschagen, Fernando 
and Kropp [16] present a framework to analyse formal and informal 
changes in the social, legal, economic and environmental dimensions 
after a disaster. The characteristics of the changes are also compiled 
from different studies and include the following attributes: active, 
conscious, reflexive, spontaneous, automatic, reflective, strategic, 
thought through, slow, rapid, planned, unplanned, linear, nonlinear, 
predictable, non-predictable, adaptive, intended, unintended, positive 
and negative. The framework is here modified to focus specifically on 
environmental effects of societal changes, implemented post-disaster 
because of an open policy window. The societal actions can be both 
bottom-up or top-down interventions. The changes are classified with 
respect to three dimensions: positive or negative, intended or unin-
tended, and formal or informal. The building blocks of the framework is 
presented in Table 1, with a further description in sections 2.2.1–2.2.3. 
The original framework considers long-term changes, described as a 
variation that differs from pre-disaster conditions [16]. Another modi-
fication to the framework that is made here is to consider other time 
spans. The enhanced changes (or critical junctures, according to 
Gawronski and Olson [31]), resulting from a window of opportunity, 
have different outcomes and consequences and the length in time of 
these outcomes varies due to the decision made [31]; they can be short- 
[3,31], middle [31] -, and long-term [1,31,35]. Therefore, there is no 
distinction made due to the time span of identified changes. 

2.2.1. Positive and negative change with effect on the environment 
Developments in the post-disaster setting can generate both positive 

and negative effects [33], thus enabling transitions towards the 2030 
Agenda SDGs [36,37]. For instance, after the Kaik�oura-earthquake, New 
Zealand, in 2016, societal changes were made that protect groundwater 
resources and surface water (which also contributes to resilience) and 
also changes based on principles of sustainability and environmental 

best management practices [38]. A sustainable reconstruction approach 
after a disaster will not only reduce disaster vulnerabilities, but also 
conserve resources for future generations. Sustainable reconstruction 
meets both inhabitants’ societal and economic needs, and environ-
mental needs [39]. However, when the aim after a disaster is to rapidly 
reconstruct infrastructure and rebuild houses, the recovery often leads 
to the increase or recreation of existing vulnerabilities and therefore 
making it possible for similar future losses. Also, it precludes 
longer-term policy changes and planning for enhancing sustainable 
development and resilience [11,40]. Lack of changes, or not enough 
changes, will maintain status quo [37,39,41–43], which, for example, is 
the case for Cameroon and DRR in the historical perspective of 50 years 
of disaster [37]. After the tsunami in Sri Lanka 2004, there was more 
focus on disaster response plans than on prevention and adaptation 
plans, which maintained the belief that natural hazard is a non-complex 
phenomenon [16]. Despite frequent earthquakes in Oklahoma, changes 
to increase resilience are seen as unnecessary in the state, which main-
tains status quo [41]. 

The original framework does not give a qualitative assessment of the 
changes as positive or negative [16]. It is not possible to establish ab-
solute positive and negative values for the environment since it is rela-
tive in relation to the stakeholders’ perspectives. This can be illustrated 
by Natural based Solutions (NbS) as one concept to implement more 
green policy into cities by promoting restoration of biodiversity and 
ecosystems because of benefits such as climate change adaptation and 
carbon dioxide storage [44]. The size and number of cities are a threat to 
biodiversity. 

Introducing green policy in the cities will support biodiversity [45, 
46] as well as urban ecosystem services [47]. Even if some of the benefits 
are more certain whilst other are in need of more research and long-term 
evaluation [44], the promotion of natural ecosystems, biodiversity and 
NbS are important contributors to achieving the SDGs [48]. However, 
urban greening and sustainability projects are questioned since these 
might create an equity paradox where former residents can no longer 
afford to stay due to redevelopment and increased rents (green gentri-
fication) [49]. Because of its complexity and relativeness, 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 

Table 1 
Building blocks and description of the used framework for analysing human- 
made changes with an environmental effect after a disaster.  

Effects on environment 
due to post-disaster 
changes made by 
society 

Positive Negative 

Intended Human-made change with 
a positive effect for the 
environment, undertaken 
as an intended decision 
initiated by societal actors 
at any level. 

Human-made change with 
a negative effect for the 
environment, undertaken 
as an intended decision 
initiated by societal actors 
at any level. 

Unintended Human-made change with 
a positive effect for the 
environment, undertaken 
as a secondary outcome 
from a decision initiated 
by societal actors at any 
level. 

Human-made change with 
a negative effect for the 
environment, undertaken 
as a secondary outcome 
from a decision initiated 
by societal actors at any 
level. 

Formal and informal change 

Formal change Changes undertaken by governmental organisations. 
Informal change Changes undertaken by non-state actors, for instance civil 

society.  
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status quo (status quo is not a change per se, but as defined here it is a 
change). No consideration has been taken in the classification to other 
values than the effect on the environmental perspective, hereafter 
referred to as “environment”. 

2.2.2. Intended and unintended changes with effect on the environment 
Disasters are linked to and can provide a space for both planned and 

unplanned changes [34]. Change is a result of social actions taken either 
as intended or as unintended. Similar expressions are mentioned, such as 
conscious/unconscious, planned/unplanned etcetera2 [16]. To analyse 
changes in terms of an unintended view creates a perspective that makes 
it possible to identify unexpected positive and unwanted negative effects 
as a secondary outcome of a decision initiated by societal actors at any 
level. The purpose of the initiated change might not be 
environment-related at all, but as a secondary outcome, the environ-
ment can be affected either positively or negatively. The unintended 
changes are particularly interesting from an environmental perspective 
because of the complexity in predicting environmental consequences 
based on measures regarding either the environment or other societal 
dimensions. Changes initiated after a disaster are made with both ex-
pected and unexpected environmental consequences. Identifying these 
environmental effects increases the knowledge and awareness of ac-
tions, and their effects on other dimensions than the intended perhaps. 

2.2.3. Formal and informal changes with effect on the environment 
A formal change is described as a change undertaken by govern-

mental organisations, whilst informal change is a change initiated by, 
for instance, individuals or civil society [16]. After the great earthquake 
in Lisbon, 1755, the rebuilding of the demolished city was regulated by 
formal changes when the Portuguese state took full control, ordering 
rebuilt houses without building permission to be torn down. The result 
was a new city built in anticipation of future earthquakes, 
seismic-resistant building codes were developed with lowered building 
heights and wider streets [50]. Implementing new development regu-
lations might be seen as an opportunity by a government; however, this 
does not always reflect the needs of the people. After a disaster, a 
community that comes together and is well organised, can get stronger 
and may have more power to make demands on the state to rebuild from 
local needs. This is an opportunity to reduce vulnerabilities for in-
dividuals and to build better homes. An example is the tsunami 2004 in 
Aceh when the surviving villagers returned and started rebuilding their 
homes. As a group, they were stronger in relation to authorities, which 
improved their negotiation position. The disaster provided opportu-
nities for the communities to achieve positive changes [7]. Changes are 
initiated by governmental organisations or individuals. Through the 
distinction of formal and informal changes, it is possible to identify any 
difference in the environmental effect of the changes as well as who 
initiated the change and if it was positive or negative for the 
environment. 

3. Method and material 

Sections 3, 4 and 5 detail the methods and results to identify pub-
lished examples of disasters and (human-made) environmental changes. 
The framework is applied to the data collected from these studies and 
further on, available research and governmental reports after the 2005 
storm Gudrun in Sweden are analysed in the same way, to find out if 
access to more material can deepen the results and understanding of 
environmental change after a disaster. 

3.1. Search strategy for environmental changes after a disaster and 
window of opportunity 

The intention is to give a broad variety of examples from the avail-
able literature that matches the inclusion criteria and the aim of this 
study (investigate how disasters created by natural phenomena might 
result in actions that change the environment (for better or worse)). 
Database searches were conducted with several keywords used both 
individually and combined to find as much relevant material as possible. 
Keywords used were: “window* of opportunit*” OR opportunit*, 
disaster OR disasters, recovery OR reconstruction, environment, sus-
tainability* OR “sustainable development” and resilience. All available 
years were included when searching in the used databases. One inclu-
sion criterion was English language, and a second was one human-made 
change with potential effects on the environment, sustainable develop-
ment, sustainability, ecosystems or socio-ecological systems after a 
natural hazard-related disaster. The search result is contingent on the 
chosen keywords and other words might have given a different result. 
Biological changes caused directly by the disaster were not studied. 

Brundiers and Eakin [35], whose report is based on cases of window 
of opportunity for implementing sustainability after a disaster, suggest 
that one of the obstacles in finding material was inconsistent terminol-
ogy. This statement also applies to searching for material about window 
of opportunity and environment. One way to solve the problem was by 
using manual search in reference lists to relevant articles [51]. To 
explore the chosen concept, even if available research was sparse, there 
was no limitation in terms of geographical, social-economic or other 
alterations in the result. Instead, focus was on the content of the 
material. 

The initial screening of research literature resulted in 9 564 849 
articles. With keyword combinations, 941 hits were left. After reading 
title and abstract, the first selection resulted in 47 articles. Potentially 
relevant material was filtered by also reading conclusions, which further 
limited relevant articles to 21. The final selection was made after 
reading the articles in full, leaving seven articles as relevant. Two more 
articles were included after a manual search in reference lists of the 
included articles. One relevant article by DiCarlo, Epstein, Marsh and 
Måren [52] was found during data collection about environmentalism, 
also illustrating the inconsistent terminology. In total, ten research ar-
ticles were found that matched the inclusion criteria. 

3.2. Search strategy for environmental changes after the Storm Gudrun 

The storm Gudrun that hit Sweden in 2005 was investigated as a case 
study to get the full picture of a disaster and its aftermath in the light of 
the consequential environmental changes. Research was found in the 
databases Scopus, Web of Science and SwePub. The inclusion criteria 
were English and Swedish languages and being a review or original 
article. It should also include forest biodiversity, forest management, 
Swedish forestry or Swedish forest policy. 

The search phrase “storm Gudrun” was used individually in all three 
databases for the years 2005–2019. In SwePub it was also translated into 
Swedish (stormen Gudrun), resulting in a total of 37 articles. After 
reading title, abstract and conclusion, three articles were left and then 
included after reading them in full. 

The following keywords were used both individually and combined: 
forest, storm*, Sweden OR Swedish. In SwePub the searches were also 
made with Swedish translations (skog, storm and Sverige). The initial 
searches resulted in 135 9885 articles, and with keyword combinations 
199 were left; potentially relevant material was filtered by reading title, 
abstract and conclusion, which further reduced the number of relevant 
articles to 26. The final selection was made after reading the articles in 
full, leaving six relevant articles. 

To obtain a more thorough picture, “grey” literature was included by 
searching web pages with the Swedish search phrase “stormen Gudrun” 
for the following authorities: Swedish Forest Agency, Swedish 

2 Based on the linguistic definition in Oxford Dictionaries, intended (“plan-
ned or meant”) and unintended (“not planned or meant”) were chosen instead 
of conscious (“aware of and responding to one’s surroundings”) and uncon-
scious (“not awake and aware of and responding to one’s environment”). htt 
p://www.oxfordreference.com/. 
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Meteorological and Hydrological Institute (SMHI), Swedish Energy 
Agency and the Swedish Parliament. The Swedish Forest Agency was 
also contacted for relevant publications on the subject. In total, twelve 
different reports and publications were found and included. The inclu-
sion criteria were publications that had to do with the aftermath of the 
storm Gudrun and Swedish forestry. 

3.3. Framework 

Identified environmental changes from the ten articles and data from 
the storm Gudrun were analysed through the earlier described modified 
framework by Birkmann et al. [16]. The framework was modified to 
focus on human-made changes with an environmental effect. No limi-
tation was made as to the time perspective of the changes because it is of 
interest to establish that a change with environmental effect has taken 
place after a disaster caused by natural phenomena. The changes were 
analysed from a positive/negative perspective, and as results of inten-
ded/unintended and formal/informal decisions. 

4. Result –cases identified from published literature 

International examples of the screening of the research literature on 
human-made environmental changes after are presented here. The cases 
identified refer to seven disaster events in several countries and regions 
(Honduras, Indonesia, Italy, Japan, Nepal, New Zealand, Sri Lanka and 
USA). A variety of disasters is studied in this paper and the main com-
mon denominator is that they do not go back more than 20 years in time 
and involve one impact. In two places, several consecutive disasters 
were the reason for changes, namely the 2010–2011 earthquakes in New 
Zealand [53,54] and the 2015 earthquakes in Nepal [52]. The rest of the 
studied disasters were one-impact events. Only one article specifically 
focusing on human-made environmental changes after a disaster was 
found [52]. 

The changes described in the papers were then classified according to 
the presented framework by dividing the changes into positive (intended 
or unintended) and negative (intended or unintended), and into formal 
and informal changes. The categories are not mutually exclusive, and 
each change can represent more than one category. Table 2 gives an 
overview of the analysed disasters and if the results were positive/ 

negative and intended/unintended. Table 3 presents the result of 
formal/informal changes, described in sub section 4.5. 

The similarity between the seven disasters is that they all confirm the 
existence of opportunity for change in several dimensions, which may 
generate effects on the environment. The yielded examples of environ-
mental changes have shown to be both positive [16,52,55–57], negative 
[54,58,59], or a combination of both positive and negative [53]. In one 
instance, the data were insufficiently detailed to classify the change 
[60]. Further details are provided in the following sections. 

Among the ten selected papers, three disasters were investigated 
twice by different authors: Earthquake in New Zealand, 2010–2011 [53, 
54], Hurricane Katrina in USA, 2005 [57,58] and the Tsunami in 
Indonesian and Sri Lanka in 2004 [16,59]. In each case, one 
human-made change after these disasters is rated as positive change and 
one as negative. 

4.1. Positive and intended changes with potential benefits to the 
environment 

Evidence of positive and intended changes was described in five 
papers (Table 2). Such changes could be seen after the tsunami in 
Indonesia and Sri Lanka 2004. In Indonesia, mangrove plantations were 
made, and Sri Lanka established organisations and protocols to manage 
environmental recovery [16]. These changes were classified as positive 
since changes in forest cover, such as reforestation and afforestation, can 
reduce temperatures. Also, forests can reduce greenhouse gas emissions 
[17]. 

After the earthquakes in Nepal in 2015, the disaster influenced 
ongoing changes within agriculture in the mountain district Dolakha, 
motivated by, for example, landscape changes. The earthquakes 
damaged fields and other areas, cracks and holes would quickly drain 
water and increase the risk of landslides. In addition, previously used 
crops such as millet and maize would not be supported by the damaged 
fields. Some of the farmers decided to replace their previous crops with 
cardamom. The use of cardamom strengthened the soil, which decreased 
the risk of landslides. Planting cardamom together with alder further 
stabilised slopes, and, in addition, helped to conserve water and biodi-
versity. Such measures also create a natural control of floods and in-
creases soil fertility. Compared to other crops, cardamom is ecologically 
and economically more appealing, as it requires less fertilizer and is less 
labour-intensive than vegetables are [52]. 

During the reconstruction of Christchurch after the earthquakes in 
2010–2011, the goal of the recovery was to build back better than before 
September 2010 when the first earthquake struck. An intensive public 
consultation resulted in more than 100 000 ideas on how to rebuild 
severely damaged areas. The new blueprint highlighted the presence of 
the River Avon running through the city by replacing thirteen blocks of 
housing with open green spaces on both sides of the river in the central 
areas [53]. According to Saunders and Becker [61], there was a need for 
a more visionary land-use planning to achieve long-term sustainability 
and greater resilience. Because of this, areas at risk of liquefying or rock 
falling during an earthquake were no longer seen as habitable due to 
future hazards. The remaining communities, in a land use sense, were 

Table 2 
Overview of the studied disasters and distribution between positive and negative 
changes. Earthquakes in New Zealand [53] and Hurricane Katrina [57,58] are 
mentioned twice since the changes are both positive and negative. The triple 
disaster in Japan [60] is also mentioned twice since it is not possible to decide if 
the change is positive or negative for the environment. These three are marked 
in italics.  

Effects on environment 
due to post-disaster 
changes made by 
society 

Positive Negative 

Intended  � Tsunami, Indonesia and 
Sri Lanka, 2004 [16].  

� Earthquakes, Nepal, 
2015 [52].  

� Earthquakes, New 
Zealand 2010–2011 
[53].  

� Triple disaster: 
earthquake, tsunami 
and Fukushima, Japan, 
2011 [60].  

� Hurricane Mitch, 
Honduras, 1998 [56].  

� Hurricane Katrina, USA, 
2005 [58].  

� Earthquakes, New 
Zealand 2010–2011 
[53].  

� Triple disaster: 
earthquake, tsunami 
and Fukushima, Japan, 
2011 [60]. 

Unintended  � Earthquake, Italy, 2009 
[55].  

� Hurricane Katrina, USA, 
2005 [57].  

� Earthquakes, New 
Zealand 2010–2011 
[54].  

� Tsunami, Indonesia and 
Sri Lanka, 2004 [59].  

Table 3 
Studied articles that include both formal and informal changes after a disaster. 
One disaster fits into two categories and is therefore marked in italics and 
mentioned twice.  

Relationship between formal and informal change 

Relationship Disaster 

Positive formal change → positive informal 
change 

Tsunami, Indonesia and Sri Lanka, 
2004 [16]. 
Earthquake, Italy, 2009 [55]. 

Negative formal change → positive 
informal change 

Hurricane Katrina, USA, 2005 [57]. 
Earthquake, Italy, 2009 [55].  
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considered long term sustainable [61]. (Even though this is here seen as 
a positive change for the environment, the transformation of the city has 
resulted in people being forced to relocate and give up their homes [53, 
62].) A further way to support biodiversity and urban ecosystem services 
is to build green cities [45–47], which further justifies the classification 
of the change as a positive one. 

After the triple disaster in 2011 when Japan was struck by an 
earthquake, followed by a tsunami that damaged the nuclear plant 
Fukushima, a new energy policy was adopted, with the aim to promote 
renewable energy sources, for instance solar energy. However, instead 
of decreasing the use of coal as a step towards sustainability, coal will be 
replaced with clean coal technology. The authors state that the policy, at 
best, can be characterised as a planned transition. The basic structure of 
the energy system remains basically the same as before the triple 
disaster, except that it has lost most of the nuclear power capacity. The 
current energy regime is difficult to change or abandon since it consists 
of substantial investments in nuclear infrastructure and fossil fuel. 
However, it still can be seen as if the structure of the energy regime has 
begun to change [60]. The change can be seen as positive since transi-
tions towards sustainable energy and reduced carbon emissions are 
crucial if the SDGs are to be reached and reduction of global warming 
possible [63]. 

One revolutionary change after Hurricane Mitch in Honduras, 1998, 
was a new landholding system that facilitated acquisition of new land. 
This new system did not require clearing of the forest, and facilitated a 
redistribution of land within the community. It became possible for in-
habitants to own more land, and a subsequent consequence was that the 
rate of forest clearing for rice farming, for example, dropped. In 2002, 
54% of the households claimed that privately owned forests were not 
cleared. The new movement was developed bottom-up, without a leader 
or meetings. Instead, the spreading was done through individual nego-
tiation from neighbour to neighbour [56]. Reduction in forest clearing is 
here classified as positive since it contributes to the planetary boundary 
land-system change [18]. 

4.2. Positive and unintended changes with potential benefit to the 
environment 

Positive and unintended human-made environmental changes were 
found after two disasters. In the aftermath of the earthquake in Italy 
2009, the government offered 20 000 survivors new accommodations. 
The small isolated mountain village Pescomaggiore with 40–45 in-
habitants suffered major losses with 50% of its buildings deemed unfit 
for use. The new housing offered was located 8 km from their village. 
About half of the homeless refused this offer because of the location. As a 
secondary outcome of the initiated suggestion, they decided to create an 
autonomous eco-village, located as close as possible to the original site 
[55]. The eco-village is here seen as a positive change because an 
eco-village is a community that adapts to the Earth’s limits [64]. The 
definition by Global Ecovillage Network is: “An ecovillage is an inten-
tional, traditional or urban community that is consciously designed 
through locally owned participatory processes in all four dimensions of 
sustainability (social, culture, ecology and economy) to regenerate so-
cial and natural environments” [65]. (However, conflicts and different 
interest among the inhabitants of the eco-village resulted in the village 
being abandoned in 2014 [66]). 

In the aftermath of Hurricane Katrina in 2005, several environmental 
and social organisations volunteered during the post-disaster period, as 
a secondary outcome of the government agencies’ slow response. The 
organisations conducted, for example, environmental clean-up and 
coastal restoration in the affected area. One of the coastal areas to be 
restored was the Mississippi River Golf Outlet shipping channel, blamed 
for coastal erosion, wetlands loss and flood related deaths. Another 
example is from 2009 and a donation that made it possible for organi-
sations to sanitise lead contaminated soil in child play areas. Also, an 
industrial area was turned into an environment friendly space for 

recreation [57]. 

4.3. Negative and intended changes with potential harm to the 
environment 

Negative and intended changes for the environment were described 
in conjunction with three disaster events. The first example illustrates 
status quo maintenance, i.e., how the absence of decision results in a 
missed opportunity. After Hurricane Katrina, 2005, a window of op-
portunity was missed when the government in New Orleans would not 
initiate a debris management plan, despite several successful examples 
from other places. The numerous tons of debris from hurricane Katrina 
could have been used for recycling, rebuilding or restoration of wet-
lands. It could have been an opportunity for initiating a new and per-
manent recycle program [58]. 

Despite some positive changes, the triple disaster in Japan 2011 also 
had some negative impacts. The new energy policy might, according to 
the authors, be an attempt to develop a more sustainable energy pro-
duction. However, the concern is that the energy policy still focuses on 
coal, and the question is if coal usage can be sustainable [60]. 

Another change mentioned earlier (as positive and intended) is the 
earthquakes in Christchurch, 2010–2011. The reason for the double 
classification of this change is that recommendations for a light rail 
system between the city centre and the airport was ignored in the 
blueprint. As stated in the paper, the blueprint planners were willing to 
see this idea “wither” and speculate that the reason was the govern-
ment’s intention to build highways. The conclusion is that negative 
trends existing before the disaster continued, and worsened, during re-
covery. The recovery resulted in the city expanding around its periph-
ery, placing considerable pressure on road infrastructure by private 
commuters. The government leadership focused on short-term benefits 
rather than long-term gains in environmental and social sustainability, 
for example, the difficulty to encourage growth in public transport [53]. 
The presented change is here seen as negative for the environment since 
the reconstruction increased the need of a car and did not contribute to 
reducing carbon dioxide, which is crucial to reaching the SDGs and 
reduce global warming [63]. 

4.4. Negative and unintended changes with potential harm to the 
environment 

Finally, the changes can be negative and unintended. Before the 
earthquakes in Christchurch, 2010–2011, there was an initiative of 
sustainable water usage for citizens. After the earthquakes, people were 
forced to get water in bottles, which resulted in a decline of water usage. 
As soon as it was possible to use the water tap again, with boiling rec-
ommendations for more than six weeks, the use of water rose higher 
than before the disaster. The unintended negative change was a sec-
ondary outcome of the sustainable water usage initiative, perhaps 
initiated by the disaster and the temporary loss of water [54]. The 
negative classification is here justified since the changes could have 
contributed to address the planetary boundary global freshwater use 
[18]. 

After the tsunami in 2004, there was a window of opportunity for 
building back better identified in the city of Banda Aceh, Indonesia, 
through a 200-m wide green belt along the coastline. The belt was 
planned within the tsunami-affected area and was not supposed to be 
rebuilt with public housing and infrastructure. A decade later, however, 
not only were most of the houses rebuilt within the belt, but there were a 
great many more houses than before [59]. There is a need to preserve 
and restore land to reverse biodiversity and ecosystem losses [20]. To 
rebuild the green belt goes against this need and is therefore negative. 
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4.5. Connection between formal and informal changes with potential 
effects on the environment 

The proposed framework can also be used to classify these actions 
into formal (undertaken by governmental organisations) and informal 
(undertaken by non-state actors, for instance civil society) changes. An 
attempt was here made to classify the disaster events from the included 
papers into these two categories. Three papers [16,55,57] detailed 
events that resulted in both formal and informal changes (Table 3). One 
disaster [55] fits into two categories and is therefore mentioned twice. 
The sequence of events, in these cases, are that a formal change caused 
another, an informal one. The cases illustrate that both positive and 
negative formal changes might generate positive informal changes 
(Table 3). 

4.5.1. Positive formal change with subsequent positive informal change with 
effect on the environment 

The first scenario described in Table 3 is a positive formal change 
example that might cause a positive informal change. After the tsunami 
in 2004 in Indonesia and Sri Lanka a formal response in Indonesia was 
mangrove plantation, and in Sri Lanka the establishment of organisa-
tions and protocols to manage environmental recovery. For both 
Indonesia and Sri Lanka, the informal response was a heightened 
awareness of the value of environmental services and systems [16]. The 
order of sequence is not described, but it still fits in this category since 
both definitions apply. Also, a possible (but speculative) thought is that 
the formal responses generated the informal heightened awareness. 

4.5.2. Negative formal change with subsequent positive informal change 
with effect on the environment 

A negative formal change might result in a positive informal change. 
After Hurricane Katrina in 2005, the government agencies are here 
labelled as negative formal change since the decision was a slow 
response. This made several environmental and social organisations step 
in, a positive informal change. Activists using the environmental justice 
perspective brought about several policy implications such as integra-
tion of environmental justice principles into disaster and urban planning 
regulation and legislation [57]. In a third step this resulted in a positive 
formal change influenced by the volunteers. 

The earthquake in Italy 2009 also provides an example of how a 
formal change can be both positive and negative, but still generate 

positive informal changes. The categorisation of the formal change is not 
entirely clear since the formal change can be seen as positive in the sense 
that the new accommodations offered to the survivors by the govern-
ment (the so-called CASE Project) were earthquake-proof, sustainable 
and eco-compatible [55]. However, the accommodations that the gov-
ernment offered the survivors could also be seen as negative in some 
aspects. The reasons pointed out are various unresolved issues such as 
the building’s ecological values since several are built on conservation 
land and some sites have no wastewater treatment facilities. Also, the 
location sites are isolated which has created a dependency on cars for 
transportation [67,68]. The new accommodations were supposed to be 
sustainable and eco-compatible. The post-disaster decade has shown all 
the weaknesses of the CASE project and therefore it can be read as a 
negative formal change. Nevertheless, the creation of the eco-village is a 
positive informal change. 

5. Result -the storm Gudrun 2005 

The results described in the previous section support the idea that 
disasters can provide a window of opportunity for change with poten-
tially positive effects on the environment. However, the data contained 
in the published papers are insufficiently detailed to provide any in- 
depth analyses. In this section, the modified framework is therefore 
applied to a Swedish disaster, the storm Gudrun in 2005, for a more in- 
depth analysis. Research articles and “grey” literature are analysed 
through searching for undertaken changes with a possible effect on the 
environment after the storm. According to Johansson [69], authorities 
conducted several evaluations with focus on – among others – trans-
portation, health and economy after this storm. Some of the documents 
can be referred to the environmental field, but mostly these focus on 
other areas of social interest such as transportation, energy supply and 
crisis management. 

The section begins with a short introduction of the storm Gudrun and 
sustainable land management in Sweden, followed by an analysis of 
available reports and research on the storm. The analysis is conducted 
via the earlier presented framework to identify human-made positive/ 
negative, intended/unintended and formal/informal changes with an 
effect on the environment after the disaster. An overview of the result is 
presented in Table 4. 

Table 4 
Overview of positive and negative changes after the storm Gudrun. Three of the four categories are represented, but positive and unintended change have not been 
identified.  

Effects on environment due to 
post-disaster changes made by 
society 

Positive Negative 

Intended  � Awareness of the vulnerability of spruce to storms. Willingness 
among forest owners to change forestry and among consultants at the 
Swedish Forest Agency to support this transition [80,84,85].  

� There is more naturally regenerated birch after Gudrun [85].  
� The Swedish Forest Agency presented a report in 2006 with 

aggregated information from several governments about experiences 
after the storm Gudrun, analysing ecological, social and economic 
consequences for the forestry [72,73].  

� Resources from non-affected areas and other countries helped in the 
clearance work to reduce the spreading of pests [72].  

� Several measures of tax deduction and reduced costs were adopted by 
the government to ease the work of handling and transporting storm- 
felled trees [72,76].  

� No significant changes in the forest policy [73]. 

Unintended   � Leachate of phosphorus, phosphate phosphorus and organic material 
from timber terminals. Possibility for leaching mercury and nitrogen 
[73].  

� The Swedish Forest Agency introduced a financial contribution for 
reforesting with deciduous trees. The goal was to reforest 10 000 ha. 
However, the result was only 3000 ha reforested with deciduous 
trees [86].  
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5.1. The storm Gudrun – course of events 

Storms that cause damage to forests appear frequently in Sweden 
[70]. During 8–9 January 2005, a storm passed across the southern parts 
of Sweden and came to cause the (by far) largest tree felling in modern 
history in Sweden [71]. About 75 million cubic metres of trees were 
felled, corresponding almost to a normal year’s felling throughout the 
country. In the Kronoberg county, the damages corresponded to almost 
six years tree felling, and for some forest owners, a great deal more [72]. 
Of the felled trees, 80% were spruce [73]. Seven people were killed 
during the storm, ten people died in post-disaster work accidents and 
141 accidents with personal injuries were reported [72]. The forestry 
industry faced one of the biggest logistical challenges in Sweden’s 
modern history, affecting 50 000 forest owners. 

The damage to the electric power supplies and telecommunication 
was the most extensive that Sweden had ever experienced, with 730 
0003 households without electricity at midnight on 8 January and 12 
000 customers for more than 20 days [75]. In December of the same 
year, a decision was made by the Swedish Parliament to amend the 
Electricity Act (1997:857). As a result, the electric company customers 
would receive compensation after 12 h of power failure from January 1, 
2006. The longer the failure, the more compensation. In addition, the 
regional network should be secured against falling trees [76]. 

5.2. Sustainable land management in Sweden 

Forestry affects several types of interests related to ecology, economy 
and culture, involving stakeholders from local to national levels, in 
different sectors. The Forestry Act, which regulates forest owning and 
maintenance in Sweden, expects forest owners to be active, to take a 
voluntary responsibility in attaining political environmental goals, such 
as paying careful consideration to nature, and to set aside forestland to 
protect and promote environmental values. The state and authorities 
provide soft steering such as information, recommendations, guidelines, 
advice and education. It is therefore likely that conflicts between envi-
ronmental goals and production arise [77]. The amount of broad-leaved 
deciduous trees has dramatically decreased over the centuries: only 
about 215 000 ha exists today, which is about 1% of the productive 
forest area [78]. Increasing the use of other tree species than spruce is 
one way to reduce risks related to climate change, for instance, in 
forestry [79]. The opportunity for changes existed in forestry after the 
storm Gudrun and the underlying problem – namely the homogeneity of 
forest – was highlighted [80]. 

The 16 Swedish environmental goals, which were approved in 1999, 
contain the ecological dimension of the SDGs set in Agenda 2030 [81]. 
Goal number 12 (“Sustainable Forests”) in the Swedish environmental 
goals asserts: “The value of forests and forest land for biological pro-
duction must be protected, at the same time as biological diversity and 
cultural heritage, and recreational assets are safeguarded. This objective 
is intended to be achieved within one generation” [82]. According to an 
evaluation made in 2004, this goal was deemed unlikely to be fulfilled. 
One of the reasons cited was the homogeneous forest landscape in 
Sweden, cultivated to support the paper industry, and in which 80% of 
the trees are spruce. Among others, advice and education aimed at forest 
owners were one measure to help meet the goal [82]. Another evalua-
tion made in 2019 said that the goal Sustainable Forests is not reachable 
and will not be with existing instruments [83]. One of several important 
obstacles for not reaching the goal of Sustainable Forests is the lack of 
structures important for biodiversity such as mature deciduous forest. 
Advice and education are still important measures, as are protected 

areas of forest such as national parks and nature reserve [83]. 

5.3. Positive and intended changes with effect on the environment 

After the storm Gudrun, positive and intended changes can be seen in 
the collective awareness of the vulnerability of spruce to storms. There 
was also willingness among forest owners to undertake changes within 
the forests [80,85]. After Gudrun, there was more naturally regenerated 
birch, which implies a positive attitude towards broadleaves among 
forest owners [85]. There was also willingness among consultants within 
the Swedish Forest Agency to support a transition towards more varied 
species of trees [84]. On 5 February, less than a month after the storm, 
the magazine distributed by the Swedish Forestry Agency (Skogseko) 
was dedicated to the storm and the aftermath. On the first page the need 
to analyse forestry is pointed out since the forests have changed and 
become more vulnerable, among other things because storm-sensitive 
spruce with its shallow roots was planted on re-purposed farmland, 
which can be more porous [87]. In 2006, the Swedish Forest Agency 
presented a report containing aggregated information from several 
governments about their experiences after the storm on the analysis of 
the ecological, social and economic consequences for forestry. The 
report tried to answer questions such as: How to reforest? What are the 
subsequent risks? Should risks be handled differently in future forestry? 
It is also said that there was an opportunity to set off certain stocks to 
increase natural values, and also to mix spruce with other types of trees 
during reforestation to create bigger variation and reduce risks of future 
storm damage [72,73]. 

Warnings were raised that the felled trees could cause outbreaks of 
pests such as spruce bark beetle [72,87]. The pests lay eggs in dying and 
dead spruce. The most effective counter-measure is therefore to trans-
port damaged trees from the forest quickly [72,73]. Speculations were 
also made about the timber price since the massive storm felling in the 
‘90s in the north of France and south of Germany resulted in a drop of 
25% during a five-year period [87]. The process to take care of felled 
trees in 2005 was carried out with the help of resources from 
non-affected areas and other countries, resulting in a fast process that 
was 90% done after fourteen months [72]. Several measures were 
adopted by the government, which would ease the work to handle and 
transport storm-felled trees such as tax deduction for trees from 
storm-felt forests, storage support, reduction of diesel tax for forestry 
machinery, subsidies for the construction of forests, lost road fees and 
fares from transportation abroad, and contribution to the restoration of 
roads damaged by forestry machinery when there was no ground frost 
[72,88]. 

5.4. Negative and intended changes with effect on the environment 

One year after the storm Gudrun there were an estimation that 
spruce would continue to be the dominant species in reforesting [73]. 
The reason was that forest owners saw new species as a “new” risk. For 
instance, there were uncertainties since they had practical experience on 
how to maintain spruce. Other uncertainties that contributed to the 
forest owners’ scepticism of new species was the market for deciduous 
trees, management of new tree species and increased workload of, for 
instance, fences to protect the plants from elk and deer [80]. Still, this 
was not considered a strong enough reason by authorities for suggesting 
significant changes in the forest policy [73]. Interestingly, the changes 
that were suggested after the storm Gudrun were recommended back in 
1956 after the storm in January that year. A group of foresters delivered 
a report suggesting that other species should be replanted with regard to 
location and soil quality, avoiding massive areas of species with poor 
wind resistance and preferring a variation of coniferous and deciduous 
trees [87]. The decision not to implement and sustain changes in the 
forest policy, even after a disaster such as the storm Gudrun, maintains 
the status quo. The consequences of the storm were negative, but not 
enough changed; therefore, the categorisation is a negative and intended 

3 Compare with a population of 9 047 752 people in the whole country in 
2005 [74] Statistiska centralbyrån, Befolkningsstatistik. BE01 - Befolknings-
statistik. https://www.scb.se/sv_/Hitta-statistik/Publiceringskalender/Visa-det 
aljerad-information/?publobjid¼2555, 2006 (accessed 1 December 2018). 
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change. 

5.5. Negative and unintended changes with effect on the environment 

It is important to remember that damage after storms like Gudrun are 
more extensive than “just” felled trees. The leachate from timber ter-
minals contains high levels of phosphorus, a potential risk of increase 
algal growth, and organic material that is a potential risk of oxygen 
deficiency in the watercourse. Timber from felled trees was also kept in 
the lake Kisasj€on, where the proportion of phosphate phosphorus in 
August 2005 were three to four times above background level. Also, 
leaching of both mercury and nitrogen caused a higher level in the whole 
county of G€otaland [73]. The initial decision to make handling the felled 
timber a fast process, resulted in a secondary change with a negative 
environmental effect due to the storage. 

The Swedish Forest Agency introduced a financial contribution for 
reforesting with deciduous trees. The design of the support was that the 
costs for the landowner should be the same regardless of the choice of 
tree species [86]. Planting other trees than spruce normally means 
increased costs because pines and deciduous trees have to be enclosed to 
protect them from elk and deer. In addition, only about 40% of the 
affected forest owners had storm insurance [72]. The goal was that 10 
000 ha would be reforested with deciduous trees. In total, SEK 328 
million was disbursed among 18 000 applicants during 2006–2010 [86] 
(the financial support is still available for broad-leaved deciduous forest 
[78]). However, the goal of the financial contribution was not met, as 
the result was only 3000 ha, whilst it covered 88 000 ha reforested 
spruce [86]. Because of the choice to reforest with mainly spruce, this 
change is categorised as negative and unintended. When the forest 
owners continued to reforest with mainly spruce they maintained the 
status quo and a forestry with the same vulnerabilities as before the 
storm Gudrun. 

5.6. Positive formal change with subsequent negative informal change 
with a potential effect on the environment 

The storm Gudrun resulted in formal (undertaken by governmental 
organisations) and informal (undertaken by non-state actors, for 
instance civil society) changes. The most prominent difference from the 
results presented in sub section 4.5, where both positive and negative 
formal changes generated positive informal changes, is that in this case 
both positive formal and informal change led to negative informal 
changes (as described in Table 5). 

The opportunity raised by the Swedish Forest Agency to replant with 
other species than spruce [72,73] was based on the report containing 
aggregated information from several authorities after the storm and can 
be considered as a positive formal change. This represents a changed 
viewpoint within the authority, which should also be reflected in their 
recommendations. Information and expertise were provided by the 
Swedish Forest Agency to help in the process of choosing plants and how 
to reforest [73]. The Agency also offered the incentive of financial 
support to replanting. The purpose of the reforestation support was to 
help affected forest owners financially and encourage them to choose 
other types of trees than spruce [86]. Even if the estimation made one 

year after the storm was that spruce would continue to be the dominant 
species when planting due to knowledge of new risks with new species, it 
was not considered a strong enough reason for suggesting significant 
changes in the forest policy [73]. 

A study [84] among consultants at the Swedish Forest Agency, who 
advise forest owners, points to the difficulties in achieving long-term 
changes through voluntary measures. Some of the challenges in advi-
sory practice concern climate change, resource constraints, conflicting 
advice and heterogeneity among forest owners. The current forest 
practices have developed over a long period and are still, in a short-term 
perspective, functional. Without formal regulations, it is a complex task 
to achieve policy goals that require more than the law says [84]. This 
means that soft steering measures are less likely to contribute to both 
ecology and economy [77]. A comparison between forestry in 
Gudrun-affected areas and in non-affected areas shows that changes in 
forestry management are negligible before as well as after the storm in 
both areas. No measures of establishing mixed forests could be detected. 
There are no significant changes regarding the proportion of chosen 
species of plants before and after the storm. In the Gudrun area the 
proportion of spruce was still 90%, and pine was used for small areas 
[89]. This was also reflected in the small number of submitted appli-
cations for financial contribution to fences and deciduous trees [86]. The 
positive formal change effected by the storm Gudrun did not affect the 
forestry in a way that is different from before the disaster. The status quo 
maintains, despite changes at the institutional level, which discredits 
their initial statement that there was no need to make changes in forest 
policy. 

5.7. Positive informal change with subsequent negative informal change 
with effect on the environment 

A positive informal change could be seen among the affected forest 
owners as they demonstrated an interest in trying new types of trees 
since mostly spruce fell during the storm [72]. It is also clear that the 
forest owner’s willingness to change towards broadleaves might be 
underestimated since there is more naturally regenerated birch, which 
implies a positive attitude towards broadleaves. In addition, private 
forest owners are not solely driven by economic values, but also value a 
forest with different trees [85]. According to Lidskog and Sj€odin [80], 
forest owners understood the spruce’s vulnerability to storms and 
possible negative effects of climate change. However, despite the in-
formation and the encouragement to invest in other species, this was 
considered a new risk and the information on how to reforest, provided 
by the Forest Agency, was seen as inconsistent since recommendations 
had varied radically over time [80]. Interviews with forest owners 
affected by the storm Gudrun highlighted another dimension of 
replanting with spruce: When forest owners asked the Swedish Forest 
Agency and timber buying companies about other species, they were 
met with scepticism based on the economic reasons for replanting 
spruce, namely its high profitability. The suggestion that spruce 
replanting might not be profitable if hit by a storm, was dismissed as 
they considered the damage coincidental and they now knew more [85]. 
In the end, the soft steering of forestry [77] turned the positive informal 
change into a negative informal change as the authority failed in 

Table 5 
Studied data after the storm Gudrun to identify formal and informal changes after a disaster. Both positive formal and informal changes result in negative informal 
change.  

Relationship formal and informal change 

Relationship Change 

Positive formal change → negative 
informal change 

Authorities supported a changed forestry towards more deciduous trees. → Forestry continues as before [72,73,77,84,86,89]. 

Positive informal change → negative 
informal change 

Interest and willingness among some forest owners to try new types of trees and deciduous trees. → Not enough support from authorities 
and forest policy to make the decision [72,77,80,85].  
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information and credibility [80,85]. The positive change among forest 
owners was not well received or supported by the authorities. It appears 
as if the forest owners’ willingness to change was drowned in un-
certainties and scepticism. Even if the decision was theirs to make, the 
sought support was not provided. 

6. Discussion –cases identified from published literature 

The variety of examples analysed in this paper provides support for 
the existence of both positive and negative human-made environmental 
changes, confirming that disasters may generate a window of opportu-
nity for this type of change. The literature talks about shock events and 
sudden disasters as generators of windows of opportunity. However, this 
study has identified two disasters [52–54] which, due to several impacts 
rather than one, have caused changes with an environmental effect. On 
the other hand, it has not been possible to determine which of the 
several subsequent disasters was the catalyst of change. 

The disaster impact opens up for new relationships and structures, 
making it possible for new decisions and taking a step forward (or 
backward). The disaster becomes a focus event that mobilises public 
attention and political will to implement an already existing solution 
[28,32]. However, this does not explain the chain of events in some of 
the seven disasters. The new water usage plan, implemented before the 
earthquake in Christchurch, would, according to this theory, have been 
a great success since the people were exposed to the situation of having 
to reduce their water usage. Instead, the opposite occurred [54]. 
Another example is the changes after hurricane Mitch in Honduras. The 
changes were made by the people in response to the disaster, without 
any leaders or political will [56]. However, one might speculate that the 
disasters generated new blueprints as a political response to public 
attention and revived an existing solution not to build in the tsunami 
affected area in Banda Aceh City [59], and inspired Christchurch to 
invest in a green open space along the Avon River [53]. Japan’s new 
energy plan [60] might also be a political response to public attention 
after the triple disaster and the existing solution to more sustainable 
energy. 

An important aspect is that studied events received massive atten-
tion, which probably contributed to change-making processes. Examples 
of changes with positive effects on the environment thanks to decisions 
made by policy makers are from Indonesia and Sri Lanka with mangrove 
plantation and establishment of organisations and protocols to manage 
recovery [16], the green corridor along the Avon River in Christchurch 
[53] and Japan’s new energy policy [60]. Unfortunately, there are also 
changes with negative effects on the environment due to decisions taken 
by policy makers. The first example are from Hurricane Katrina and the 
ignorance of the need to handle the massive amount of debris, despite 
good examples and influence of relevant authorities [58]. After the 
tsunami in Indonesia, a 200-m wide green belt along the affected 
coastline was planned with the intention to keep it from further build-
ings. However, instead of just rebuilding the destroyed houses, a decade 
later more buildings than before are located there [59]. After the 
earthquake in Christchurch, New Zealand, a suggestion of building a 
light rail system to the airport was ignored, and the expansion of the city 
resulted in more car traffic [53]. Focusing on events does not guarantee 
that the changes will have a positive effect. New relationships and 
conditions within socioeconomic, political and environmental organi-
sations will result in structural changes [16,34]. The result of these 
changes, as shown, will have different outcomes. Perhaps the explana-
tion to the different outcomes simply is that removing the already 
established means that every new organisation needs to relearn and 
make its own mistakes. 

The importance of the event and the attention from the outside world 
for informal changes to occur is debatable. Perhaps the attention was 
more important for the formal changes than the informal. Since the 
change was made at the local level in response to a disaster, it is 
reasonable to think that this change was not attention-dependent, but 

rather a necessary response to handling the impact. Hurricane Mitch had 
a massive impact on the society in Honduras, killing thousands of people 
and damaging livelihoods. The response at the local level was to initiate 
changes that made the community less vulnerable, but also affecting the 
forest less [56]. The victims after Hurricane Katrina were aided by 
environmental organisations, which brought an environmental justice 
perspective to the community [57]. The people of Pescomaggiore, who 
decided to build their own eco-village, did that in spite of other offers 
[55]. However, it is possible that the last two examples would not have 
been possible without the attention given to the disaster. If no one had 
known about Hurricane Katrina and its damaging impact, no one would 
have come. As for the people of Pescomaggiore, would it have been 
possible to get land and finances without the help of others thanks to the 
attention that the earthquakes attracted? Here the change itself is a 
response at local level, but others made its possible because attention 
was given to it. Media attention to disaster events is helpful in two ways: 
creating change and implementing changes. 

This study does not explain the background of the decisions that are 
made at institutional or local levels. However, a study of formal changes 
shows that there is a connection in some cases between these and sub-
sequent informal changes. Examples demonstrate that both positive and 
negative formal change may result in positive informal change [16,55, 
57]. No conclusions can be drawn regarding which of the two, or other 
combinations, is most likely. However, the finding of a possible 
connection might be an important step into the conclusion of Birkmann 
et al. [16] that there is a need to further understand change-making 
processes. The most interesting finding is that informal change seems 
to be a response to formal change, as the local level takes matters into 
their own hands in the absence of enough support from the institutional 
level. Another example of changes made without governmental support 
that reinforces this statement is the study of McSweeney and Coomes 
[56] from Honduras after Hurricane Mitch and the new land-holding 
system, which contributed to less impact on the environment as for-
ests were cut to a lesser extent and in addition, vulnerability decreased 
among several social groups, which also contribute to a society’s DRR. 

Out of the seven disasters discussed in ten available papers, only one 
has an environmental focus, namely the study in Nepal where the 2015 
earthquakes led to increased use of cardamom. Not only does cardamom 
use less water and fertilisers, it also stabilises the ground and might 
contribute to biodiversity [52]. This indicates that research about 
environmental changes after a disaster, even if uncommon, is a field 
worth exploring further, as illustrated by DiCarlo et al. [52] and the 
important findings of how a new crop can positively influence both the 
environment and the society. 

6.1. Discussion -the storm Gudrun 

To get more comprehensive and detailed data on environmental 
changes after a disaster and to test the modified framework, the storm 
Gudrun in Sweden 2005 was further studied. In line with Lidskog and 
Sj€odin [80], this article shows that there was an opportunity for change 
within forestry after the storm Gudrun in 2005. The framework used 
added a new dimension to the explanation why there was no change in 
terms of increased biodiversity, which would have contributed to the 
Swedish environmental goals and the SDGs. The cause of the 
storm-sensitive forest (homogeneity and mostly spruce) was well known 
among forest owners and authorities. The need to reforest raised the 
question whether to reconsider or proceed as before. There was a gen-
eral willingness amongst both the Swedish Forest Agency and forest 
owners to make changes that would have reduced the risks of future 
storms as well as increased biodiversity. A solution was available, 
involving no increased costs of deciduous trees as well as information 
that these would reduce the risk of future storms. Why did this not result 
in an opportunity for change within forestry? The positive formal 
changes identified within the Swedish Forest Agency do not result in a 
positive informal change; instead the forestry continues as before. The 
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existing economic resources to reduce the increased costs of deciduous 
trees were rejected, which made it easy to blame the forest owners for 
making a deliberate choice not to contribute to a resilient forest or 
making it possible to achieve the environmental goals. Generally 
speaking, the forest owners were to blame [80], since they had the right 
to make the decisions [77], which makes it difficult to influence the 
owners to make changes [84]. However, forest owners were met with 
scepticism from the authority and forest companies [85] and given 
inconsistent information [80], which naturally made a revolutionary 
change difficult to choose for forest owners. It is easy, for an outsider, to 
justify the choice as natural and obvious and to claim that gaining new 
knowledge should be in the interest of the forest owner. However, this 
new risk that the forest owners considered the new species to constitute 
[80], was a risk that these individuals were forced to take based on 
unsatisfactory information and support, and not enough financial in-
centives to reduce the cost to the same level as for planting well-known 
spruce. 

Geijer, Bostedt and Br€annlund [90] show that conflicts exist between 
conserving forest in line with the Swedish environmental goal Sustain-
able Forest and reducing climate impact by increasing the use of biofuel. 
The main reason for this is that the forest is a limited resource and the 
goal will reduce access to raw supply from the forest. Actions that reduce 
the total inventory of standing timber with 3% would result in price 
increase in all forest markets such as wood fuels, saw timber and pulp-
wood [90]. Perhaps this suggests a possible explanation to why the 
short-term measures were so extensive. The analysed formal and 
informal changes after the storm Gudrun explain why no long-term 
change for the sake of the environment was adopted. Since both 
formal and informal changes were positive and both involved a will-
ingness to change, the reason why no long-term change occurred is 
likely to lie in the collision of formal and informal action for change. 
Common to both formal and informal positive change is that the effect 
becomes negative due to loss of legislative and policy support. The need 
for legislative change was obvious, but was neglected and distracted by 
short-term measures. It has been shown that disasters do generate op-
portunities for change with an environmental effect, but also that the 
time window for change is limited and can be closed when the changes 
have a short-term perspective. 

When the window was open for change, it was not just open for the 
forest owners, but for authorities as well. The negative effect on society 
with several hundred thousand subscribers without electricity resulted 
in an amended law, in the same year as Gudrun, to secure power supply 
and reduce the likelihood of a similar situation [76]. The willingness to 
change among forest owners and the awareness of a greater necessity to 
change forestry at the Swedish Forest Agency offered the opportunity for 
stricter regulations on forestry After all, the cause of loss of electricity 
was felled trees. Instead of making changes at the source, the symptoms 
were treated. 

6.2. Method discussion 

This study set out to show that there is possibility for a window of 
opportunity after a disaster caused by natural phenomena, and that this 
window generates human-made societal changes with an environmental 
effect. The concept of window of opportunity is complex and generates 
several questions such as time span of changes, why the window was 
opened, for how long it was open, when or if it “closes”, who the actors 
were, what the driving forces were, etcetera. Unfortunately the empir-
ical material of this study does not make it possible to answer all of these 
questions, but it was possible to show the existence of the concept by 
offering a wide variety of examples. The case study of storm Gudrun 
contributes a deepened understanding and possible explanations to why 
there were no long-term changes despite the interest of both forest 
owners and authorities. Although Birkmann et al. [16] used the frame-
work to identify long-term changes, it also proved helpful in its modified 
application to categorise the changes and contribute to the aim of this 

study. The framework has the potential to be further refined and the 
questions here unanswered would be of great interest as subjects of 
future research. 

7. Conclusion 

Despite the lack of available data, the framework applied helped to 
analyse environmental changes derived from ten available research ar-
ticles more thoroughly, as well as changes after the storm Gudrun. This 
article provides additional evidence that the phenomena of post-disaster 
windows of opportunity exist and that there can be changes made in 
several areas and to different extent, more or less affecting the envi-
ronment. The evaluations and the experience feedback that the social 
actors involved made and documented, might form an important basis 
for continued research. By studying one disaster more thoroughly, the 
result is more multifaceted and conclusions can be drawn from different 
dimensions. Evaluations with an environmental focus would have 
contributed further to identifying and evaluating environmental 
changes after the storm Gudrun, but the existing evaluations and reports 
mainly lack an environmental focus after the storm Gudrun [69], which 
was an empirical obstacle to this study, almost 15 years later. 

From a risk management perspective, the aftermath of a disaster is 
important for learning lessons and optimising the outcome of the next 
one. Increased complexity in planning and adapting after a disaster with 
respect to future climate changes motivates the need to learn from past 
disasters [15] and implement strategies for change [16]. By using the 
framework and the six building blocks, lessons for the future can be 
learnt of opportunities for environmental change driven by different 
forces. Identifying environmental changes that improve environmental 
resilience and increase sustainability is valuable and of great importance 
to society. As discussed here, changes that contribute to forest biodi-
versity will improve its resilience against weather phenomena, pests and 
other disturbances. Subsequently, a resilient forest will contribute to 
societal resilience when trees do not fall over power lines or block roads 
and railroads, thus contributing ecosystem services that we rely on. 
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