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Abstract

Recently, disaster damages have become more widespread due to climate change and the
interaction between disasters, and the complexity of solving this problem is increasing.
Consequently, many buildings have been severely affected, with some houses being razed
or flooded, losing their residential function. The damage to housing facilities not only de-
stroys the life-cycles of individuals and households but also causes functional loss and
productivity decrease in local communities. As a countermeasure, the central and local
governments provide their citizens with housing facilities, such as temporary housing, to
make their lives stable. This study conducted interviews with disaster victims who expe-
rienced housing damage from various natural disasters, from the victims of the earth-
quake in Pohang in 2017 to the landslide in Yecheon and Bonghwa in 2023, and victims
who lived in temporary housing between 2017 and 2024 immediately after they suffered
such disasters. It then investigated the housing facilities themselves. The study conducted
in-depth interviews through one-on-one meetings with the disaster victims directly and
their satisfaction levels with their temporary housing facilities were investigated. This
study also explored certain issues to be improved on and inconveniences in housing
through the statements and experiences of the disaster victims. Based on the interviews,
the study identified and gathered the actual problems in and of the housing facilities.
Furthermore, based on the results of these investigations, this study developed modular
temporary housing units which reflect the various needs and demands of different house-
holds. This study contributes to the stability in the living situations of disaster victims. It
increases the disaster resilience of the local communities.

Keywords: post-disaster recovery; community resilience; temporary housing solutions;
empirical field survey; modular design

1. Introduction

Recently, disaster damages have become more widespread due to climate change
and the interaction between disasters, and the complexity of solving this problem is in-
creasing [1]. Consequently, a large majority of buildings are widely affected, and some
houses are razed or flooded, losing their function as residences. Disaster victims have diffi-
culties in maintaining a stable life as their houses are damaged. In fact, the damage to the
housing facilities not only destroys the life-cycles of individuals and households but also
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causes functional loss and productivity decrease in the communities. To improve the disas-
ter resilience of local communities and to stabilize the living situation of the victims, the
government provides disaster victims with housing facilities, such as temporary housing.

Generally, temporary housing facilities are provided only to the victims of urgent
disaster cases, such as those whose house is destroyed or damaged in the disaster-affected
area. In the past, temporary housing facilities focused on the functional aspect as a place
for urgent evacuation and basic habitation. Temporary housing used to be adopted as a
facility to support the basic survival needs of disaster victims. These days, however, tem-
porary housing facilities serve as the starting point of rebuilding the local communities
struck by disasters. Beyond the purpose of habitation, these facilities empower the disas-
ter-struck individuals and communities to not only recover from the disaster and restore
themselves back to the conditions before the disaster but also empower them to overcome
vulnerabilities existing before the occurrence of disasters and to resist disaster damage.
Therefore, the support of temporary housing facilities means helping disaster-struck com-
munities maintain disaster resilience.

Housing is related to the disaster resilience of cities, directly or indirectly. Cities con-
sist of a variety of elements, including housing, commercial facilities, and roads, among
which housing, as a main element of cities, requires careful management for cities to over-
come their vulnerability. Housing recovery for disaster victims is closely connected with
the livelihood, health, dignity, and the restoration of their communities [2,3]. Jones. P un-
derstands the basic residential space as an urban infrastructure that meets the social and
economic needs of the citizens [4]. Ismail, F. Z. et al. have shown that there is a connection
between the post-disaster reconstruction of housing and the sustainability and resilience
of the cities from the disasters [5]. Also, Tran, T. A. has conducted a case study to identify
the factors that increase disaster resilience in housing reconstruction [6]. He argues that
the proposals of housing reconstruction for disaster victims and their resilience should
consider various factors including socio-economic, institutional, and local aspects. Lee, S.
and Lee, S. have investigated the cases where low-income families suffered the same hous-
ing damage every year before and after complete restoration and recovery from natural
disasters, such as floods and typhoons [7]. In those cases, the victims stated that although
they were aware of the importance of housing restoration strategy, it was difficult to im-
prove the restoration itself because of their lack of knowledge on effective house recon-
struction and the associated costs. Therefore, temporary housing facilities provided to dis-
aster victims are an essential element to strengthen the resilience of both individuals and
community and, from a wider perspective, the local societies and cities. Nevertheless,
when disaster victims build their permanent housing, they face many limitations.

Consequently, temporary housing facilities often take the form of transitional hous-
ing, ranging from tents to modular or prefabricated structures, mid- to long-term housing,
and finally permanent housing [8]. To maintain the normal lifestyles of disaster victims
and restore disaster victims to their pre-disaster state, current temporary housing facilities
must be cost-effective and multifunctional. Simultaneously, they must be built within a
limited budget, taking into account constraints such as residential convenience, construc-
tion and transportation, government budgetary issues, and post-construction operational
and management difficulties [9]. Davidson, C. H. et al. summarized various discussions
that arise in post-disaster housing reconstruction projects [10]. The first issue concerns
urban management and disaster recovery methods from a macroscopic perspective, in-
cluding decentralization of urban governance, urban policy development, and community
participation. The second issue concerns negotiations with communities regarding housing
supply and disaster relief policies. They emphasize the need for technical capacity and effi-
cient use of limited resources during the construction process, reflecting the priorities of
disaster-affected communities [11]. Daniel Félix et al. pointed out that temporary housing,
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such as tents, container homes, trailer homes, and other temporary structures, may not be
sustainable in terms of living conditions and culture [12]. Nevertheless, temporary housing
is essential for disaster recovery, as it provides affected households with a place to live and
stabilizes their daily lives until long-term reconstruction is completed.

Previous studies explored ways to utilize temporary housing facilities as permanent
housing. For example, Wagemann, E. analyzed the temporary housing facilities in Chile
and Peru and suggested a solution and guidance to change and utilize temporary housing
as permanent ones, regardless of external funding [13]. Askar, R. et al. worked on the
process that integrates the temporary housing form and the permanent housing form
through a full-scale and prompt provision of housing [14]. Through this, they implied
potential sustainability. In addition, Montalbano, G. and Santi, G. suggested prefabricated
structures in consideration of the sustainability or economic, social, and environmental
impacts of temporary housing solutions [15]. In particular, they divided prefabricated
structures into the closed type that includes a washroom and kitchen, etc., and the open
type that has separated units, and suggested a low-cost and high-efficiency building pro-
cess by combining different building materials, such as lumber and corrugated cardboard.
These studies attempted to minimize the damage of the disaster sufferers, especially those
who lost their houses due to the disasters, by applying various building techniques and
processes to the housing solutions. Nevertheless, it appears that the disaster victims who
cannot afford permanent housing in the aspects of costs and their life-cycle endure a lower
living standard than at the time when they had their own permanent housing.

From a disaster-recovery perspective, housing recovery goes beyond mere physical
restoration to include the restoration of victims’ livelihoods, ensuring their dignity and
maintaining the community’s recovery and dignity. A long-term housing recovery plan
requires the following theoretical characteristics [16]. Housing must, above all, be struc-
turally resilient to potential hazards, manifesting in the form of hurricane-proof roofs and
fire-resistant exterior materials. Furthermore, the recovery process must consider envi-
ronmental sustainability, with solar-power facilities and the use of recycled materials as
prime examples of green reconstruction. Housing must go beyond mere survival space to
ensure quality of life, embodied in the selection and design of spaces appropriate to the
household’s life-cycle. The recovery process must consider factors such as income level,
disability status, gender, and age, as recovery conditions can vary depending on individ-
ual and household characteristics. Finally, housing recovery must be understood within
the context of economic vitality and community interaction. Disaster victims must con-
sider accessibility to work to restore their livelihoods, while also being connected to the
revitalization of the local economy. These complex needs lead to the strengthening of
transformative capacities that enable victims to absorb the shock of new disasters, main-
tain a basic standard of living, adapt to changing circumstances after a new disaster, and
transform crises into opportunities.

This study aims to improve the problems of temporary housing facilities provided to
disaster victims who have suffered residential damage due to disasters. To this end, the
study defines the elements of improvement measures for housing recovery from a disas-
ter-recovery perspective. In order to identify these measures, cases of temporary housing
facilities applied to domestic disaster victims between 2017 and 2024 were examined. Spe-
cifically, the study focused on victims whose permanent housing was damaged by natural
disasters such as typhoons, floods, landslides, and wildfires, and who were subsequently
accommodated in temporary housing. The investigation of temporary housing included
site inspections of the facilities and interviews with disaster victims. Based on the findings,
the study presents improvement measures for temporary housing facilities that consider
the living convenience of disaster victims. Furthermore, it proposes temporary housing
solutions that meet the diverse needs of disaster victims, including housing types and
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livelihoods, while also considering the sustainability of the temporary housing facilities
after residents move out. Accordingly, this study suggests temporary housing that ad-
dresses the transitional issues of existing facilities from a disaster-recovery perspective
and strengthens the resilience and sustainability of housing during the recovery process.

The current study aims to improve the quality of life of disaster victims by upgrading
the existing temporary housing and expanding the functional aspects of this housing
through distribution of new modular housing. Adequate per capita living space is a fun-
damental condition for ensuring the stability of disaster victims and constitutes a factor
influencing their resilience to future disasters [17]. This study focused on the distribution
and enhancement of modular housing utilized as temporary housing for the following
reasons. First, such modular housing is highly time-efficient, as it can be prefabricated,
transported, and relocated with relative ease during the post-disaster reconstruction pro-
cess [18,19]. Second, modular units allow for flexible modifications to accommodate the
diverse needs of occupants [20,21]. Modular housing offers the versatility to be combined
with additional units for various purposes and supports structural modifications over
time [22]. Compared to reinforced concrete, steel-frame, and mixed-structural alterna-
tives, the distribution of modular housing utilized as temporary housing provides supe-
rior time efficiency and high scalability, making it a highly suitable option for supporting
disaster victims.

This paper consists of the following sections. Section 2 reviews the general status and
research efforts about temporary housing facilities. Section 3 investigates the temporary
housing facilities and temporary housing installed in the disaster-struck areas in Korea
over the last eight years. Section 4 summarizes the findings from the field investigation
and suggests modular housing that considers the residential form of disaster victims and
includes an improvement proposal.

2. Related Work

Temporary housing facilities, in general, are defined as structures provided to disas-
ter victims and survivors in the areas struck by disasters [23]. They are facilities in which
disaster victims live temporarily and receive education and health services, etc. [24]. There
are four types of housing used after disasters [2]. The first one is emergency shelter. Emer-
gency shelters provide immediate safe havens for those displaced from their home in
emergency situations. Underground parking lots and subway trains, etc., are utilized for
this purpose. The second type is temporary shelter. Temporary shelters refer to public
shelters provided in the aftermath of a disaster to offer temporary refuge for people dis-
placed by the disaster. Generally, schools, sports facilities, and tents for short-term living
are utilized for this purpose for several days or weeks until more refined housing facilities
are provided [23]. The third type is temporary housing. Temporary housing units are pro-
vided in the form of a modular house or rental apartment. Temporary housing offers a
longer period of stay than temporary shelters, and in the case where high-quality living
standards are provided, it can be a solution for permanent housing [23]. The last one is
housing for permanent residence. Permanent housing should suggest a sturdier structure
and better living conditions than temporary facilities and should mean a place that helps
disaster victims return to their regular life, such as working and generating profits [25].
Disaster victims either use temporary housing immediately after the occurrence of disas-
ter and then use permanent housing, or use permanent housing directly, skipping the
phase of temporary housing. However, it is practically difficult for disaster victims to en-
ter permanent housing directly because of costs and time, as permanent housing takes a
longer time to be constructed.
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Temporary housing facilities are the minimum means to help disaster victims con-
tinue their lives. As mentioned earlier, the types of housing used after disasters are di-
vided into four: emergency shelter, temporary shelter, temporary housing, and perma-
nent housing. Of these, temporary housing facilities encompass emergency shelter, tem-
porary shelter, temporary housing, and permanent housing [2]. Temporary housing facil-
ities are deployed soon after disasters and frequently remain in operation for extended
periods. The problems associated with the housing solution as disaster relief include (1)
safety, (2) supply, (3) living convenience, (4) consideration for the elderly, (5) harmony with
the local community and environment, (6) livelihood and employment, (7) funding, and (8)
time to build temporary houses, etc. [26,27]. Of these, the external limitation that requires
more consideration is safety against disasters. People who escape disaster move into an
emergency or temporary shelter or housing facility, but the place itself may be vulnerable
to the disaster [28]. Cajucom, E. P. et al. performed a GIS study on the disaster shelters in
Manila and have found out that about 45% of those shelters are located in an area vulnerable
to flooding and about 12% are located in a dangerous zone within a fault line [29]. Lagmay,
M. and Racoma, B. A. have confirmed that the Manila shelters are at risk of flooding and
landslides [30]. Based on such research results, this paper argues that temporary housing
facilities should be located in safe areas even after the end of the disaster situation, or the
surroundings of the facilities should be well organized to ensure safety.

As for the internal limitations, the most important factors are safety and convenience.
Ramos, R. A. et al. investigated the disaster shelters in the Philippines after typhoon Hai-
yan and concluded that more than half of the shelters did not meet the washroom require-
ments of the World Health Organization (WHO) [31]. Iwata, T. et al. conducted a study
on the construction and the problems of wooden temporary housing, one of the temporary
housing facilities built after the 2011 Great East Japan Earthquake and Tsunami [32]. In
that study, they compared the maintenance and repair aspects between the wooden facil-
ity and other standard temporary houses built without using wood and suggested some
improvements to the wooden temporary houses. Their study revealed that wooden tem-
porary houses are vulnerable to breakage due to rain, leakage, and damage to the base,
and to the natural environment. In addition, they tried to solve the inconvenience of the
disaster sufferers through the satisfaction survey on the temporary housing facilities.
Chen, P. T. et al. examined the satisfaction level of the people who lived in temporary
housing after the typhoon that occurred in Taiwan in 2009 [33]. Their study revealed that
the temporary houses had soundproofing and insulation issues. It also found that in the
cases where the temporary houses were built with inadequate design or construction
work, it was difficult to improve the living environment of the disaster victims by correct-
ing or repairing the problems. Hong, Y. examined the application of temporary container
houses [34]. Hong explains that, compared to steel-frame structure or modular houses,
container-type temporary houses are more useful in terms of sustainability as they are
easier to assemble and take less time to build. Container-type temporary houses are used
and studied in many countries, including The Netherlands and South Korea. However,
according to Hong, container-type temporary houses also have several problems, such as
the amount of sunshine, ventilation, water, wastewater management, soundproofing, in-
sulation, and view, as well as the issues of reusability or sustainability to be utilized for
permanent housing [35]. In this context, the researchers have suggested a method to de-
velop a modular-type structure based on the container houses and have argued the avail-
ability of recycling the container-type temporary houses.

Previous studies explored ways to utilize temporary housing facilities as permanent
housing. For example, Wagemann, E. analyzed the temporary housing in Chile and Peru
and suggested solutions and guidance to change and utilize temporary housing as per-
manent housing, regardless of external funding [13]. Askar, R. et al. worked on a process



Sustainability 2025, 17, 9225

6 of 25

that integrates the temporary housing form and the permanent housing form through a
full-scale and prompt provision of housing [14]. Through this, they implied potential sus-
tainability. In addition, Montalbano, G. and Santi, G. suggested prefabricated structures
in consideration of the sustainability or economic, social, and environmental impacts of
temporary housing solutions [15]. In particular, they divided prefabricated structures into
the closed type that includes a washroom and a kitchen, etc., and the open type that has
separated units, and suggested a low-cost and high-efficiency building process by com-
bining different building materials, such as lumber and corrugated cardboard. These stud-
ies attempted to minimize the damage to the disaster victims, especially those who lost
their houses due to the disasters, by applying various building techniques and processes
to the housing solutions. Nevertheless, it appears that the disaster victims who cannot
afford permanent housing in the aspects of costs and their life-cycle endure a lower living
standard than at the time when they had their own permanent housing.

Also, temporary housing solutions failed to consider the sustainability of temporary
housing from the design stage. In Japan, the recommended use period for temporary
housing was two years. Nevertheless, some disaster victims of the Great East Japan earth-
quake used the temporary housing for three years or more as the restoration work was
delayed or permanent housing was not available for them. According to Iuchi, K. et al.,
after the Great East Japan earthquake that took place in March 2011, the number of resi-
dents dwelling in temporary housing was 267,000 [36]. In Korea, the recommended period
of temporary housing is one year but, in some cases, people live in temporary housing for
alonger period of time. For example, the earthquake victims in Pohang lived in temporary
housing for an extended period of time [37].

Therefore, previous studies have categorized the problems of temporary housing
into external and internal factors. External factors include persistent lack of site stability
and structural vulnerability, while internal issues include inadequate basic living condi-
tions, such as reduced insulation, soundproofing, and convenience. Consequently, some
studies have explored ways to improve temporary housing and transition to permanent
housing. However, disaster victims facing life-cycle constraints that make permanent
housing difficult to build experienced a lower standard of living than permanent housing,
and the transitional nature of temporary housing has been largely overlooked. Further-
more, designs predicated on short-term use have failed to consider long-term occupancy
and reusability.

This study addresses the challenges inherent in the transitional nature of temporary
housing, strengthening it as a core element from a disaster-recovery perspective. The fol-
lowing improvements are proposed. First, we designed detachable and connected modu-
lar housing to accommodate diverse family compositions and lifestyles, addressing the
issues of flexibility and expandability inherent in existing temporary housing, substan-
tially alleviating the lack of space. This guarantees convenience and privacy for disaster
victims, contributing to a better quality of life. Second, we proposed a design that consid-
ers the long-term usability of temporary housing. This approach enhances long-term occu-
pancy and functional reusability, laying the foundation for sustainability. Such a design also
overcomes the lack of sustainability inherent in the housing design. Furthermore, to our
knowledge, very few studies have conducted long-term surveys, collected case studies, and
accumulated data over several years to interview disaster victims and improve temporary
housing. Furthermore, no existing studies have developed design plans for the distribution
of temporary housing based on these improvements. In this respect, this study goes beyond
simply presenting problems and developing improvement plans, contributing to strength-
ening disaster resilience through empirical evidence and long-term analysis.
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3. Proposed Methodology

This chapter introduces the methods and research area for field-based empirical re-
search.

3.1. Theoretical Approach and Analytical Framework

Resilience theory originated from the ecological concept of Holling and expanded to
encompass socio-ecological dynamics [38,39]. The concept was subsequently adopted and
developed into a global policy framework for disaster-risk reduction. The Sendai Frame-
work, at the UN level, proposed “Build Back Better” for international disaster reduction
and specified disaster recovery policies [40]. However, in terms of housing recovery, con-
siderations in the immediate post-disaster recovery phase, long-term post-disaster recov-
ery plan, and recovery planning have been consistently studied, but not fully organized
[16,41-44]. This paper categorizes these considerations into three categories, focusing on
temporary housing from a disaster-recovery perspective.

The capacities that can be considered in the housing-recovery process within disas-
ter-recovery theory can be broadly categorized into three capacities. The first is the ability
to absorb the shock of a disaster. This can be defined as the ability to learn external
knowledge and information from shocks, such as disasters, and maintain daily life [16,41].
Absorptive capacity is not a commonly used concept in disaster-recovery theory, but it
can be understood as a comprehensive concept that includes elements that build disaster
resistance by considering potential factors and installing structural mitigation facilities.
This is an element that ensures basic survival and safety by providing minimum facilities
immediately after a disaster, thereby recovering from the shock. The second category re-
fers to the ability of victims to return to their daily lives after a disaster [16,42]. The concept
of adaptability generally refers to the ability to cope with and manage risks or stress. This
capacity refers to the ability to carry out housing recovery so that disaster victims can
achieve a qualitative improvement in their housing quality in the medium- to long-term
and consider their life-cycle. Finally, there is the ability to transform for the better. Trans-
formative capacity refers to the ability of temporary housing to go beyond restoration to
its previous state, ensuring long-term reusability and environmental sustainability, as
well as broader community recovery [16,43,44]. This design considers not only short-term
use but also mid- to long-term use from the outset. This design improves the overall qual-
ity of life for long-term residents and, upon conversion to local public facilities, enables a
more advanced recovery system than before the disaster.

Therefore, to address the transitional issues of temporary housing, this study rede-
fines the concepts discussed in existing housing-recovery strategies into absorptive capac-
ity, adaptive capacity, and transformative capacity. Strengthening these elements in-
creases disaster resilience. Figure 1 illustrates the capacities emphasized at each recovery
stage from a disaster-recovery perspective.
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Figure 1. Temporary housing requirement capacity.

3.2. Overview

This study examined existing cases of temporary housing support in Korea and de-
veloped improvement measures based on field surveys of disasters such as earthquakes,
heavy rains, and landslides that occurred between 2018 and 2024. Field surveys were con-
ducted through face-to-face interviews with disaster victims living in disaster-stricken ar-
eas, and the results were used to identify problems with the temporary housing systems
installed in those areas. These interviews included interviews with victims who lost their
homes immediately after the disaster, both in their temporary housing facilities and with
local officials responsible for disaster relief. Based on the identified problems, the study
identified the inconveniences experienced by disaster victims and proposed improvement
measures, referencing relevant laws and regulations regarding temporary housing sup-
port. Furthermore, based on these improvement measures, the study redesigned tempo-
rary housing according to its functional requirements. Figure 2 illustrates the overall pro-
cess of this study.
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In this study, the terms “investigation” and “facility survey” have the following
meanings, respectively. First, “investigation” refers to visiting the disaster area and con-
ducting face-to-face interviews with the disaster victims whose homes had sustained sig-
nificant structural damage or been destroyed. The primary purpose of the interview was
to assess the conditions at the disaster site immediately after the event and to collect data
on the age, gender, and family composition of the disaster victims, as well as the incon-
veniences they experienced while residing in temporary housing. The questions are di-
vided into two categories: the function and structural problems of the housing in general,
and subjective problems such as individual lifestyle and the number of family members.
“Facility survey” refers to the investigation of temporary housing installed at disaster
sites. This study examines the inconveniences that the disaster victims experienced, and
the damage or functional defects of the temporary housing built in the disaster sites.

3.3. Survey Subjects and Sampling

This study was conducted from December 2017 to June 2024. The survey focused on
the areas in Korea with the highest number of displaced persons in each year. To select
the subjects, we first identified the residents of temporary housing through administrative
and field data. We then contacted all identified victims based on their addresses to con-
duct a comprehensive survey. Participation was voluntary; those who could not be con-
tacted or who did not express a willingness to participate were excluded. While some
cases were excluded from the analysis, we attempted to encompass the entire population
to the extent possible. Table 1 describes the disaster types and housing facilities surveyed
in this study.

Table 1. Investigation list by year.

Years Disaster Classification Period Disaster Area
2017~2018 Earthquake December 2017~ Pohang-si, Gyeongsang-do
August 2018 ’
23 May 2019~ Goseong-si, Gangwon-do

Forest fires

24 May 2019 Sokcho-si, Gangwon-do
Forest fires 11 June 2019~ Goseong-si, Gangwon-do
2019 14 June 2019 Sokcho-si, Gangwon-do
Forest fires 19 August 2019~ Goseong-si, Gangwon-do
22 August 2019 Sokcho-si, Gangwon-do
30 October 2019~ Uljin-gun, Gyeongsang-do
Typhoon 1 November 2019 Samcheok-si, Gangwon-do
Heavy rain 14 September 2020~ Chungju-si, Chungcheong-do
vy ral 15 September 2020 Jecheon-si, Chungcheong-do
2020 Gurye-gun, Jeolla-do
Heavv rain 21 September 2020~ Gokseong-gun, Jeolla-do
y 23 September 2020 Damyang-gun, Jeolla-do
Hampyeong-gun, Jeolla-do
. 25 October 2021~ Chungju-si, Chungcheong-do
2021 H
0 eavy ram 27 October 2021 Jecheon-si, Chungcheong-do
‘ 6 July 2022~ Samcheok—s.l, Gangwon-do
Forest fires $ July 2022 Donghae-si, Gangwon-do
2022 Y Uljin-gun, Gyeongsang-do
. 21 July 2022~ )
Forest fires 23 July 2022 Uljin-gun, Gyeongsang-do
. 19 July 2023~ Bonghwa-gun, Gyeongsang-do
2023 Landslide 21 July 2023 Yecheon-gun, Gyeongsang-do
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2024

Landslide

24 June 2024~ Bonghwa-gun, Gyeongsang-do
26 June 2024 Yecheon-gun, Gyeongsang-do

3.4. Field and Facility Survey: Procedures and Analytical Methods

This study conducted interviews based on a semi-structured questionnaire targeting
victims living in temporary housing, ranging from the 2017 earthquake to the 2024 land-
slide disaster. Interviews lasted an average of 40-50 min, maintaining the same question
order according to a pre-designed protocol and adding in-depth questions based on re-
spondents’ responses. Semi-structured interviews are highly effective in understanding
the perspectives of disaster victims and elucidating the psychological and economic diffi-
culties they experience after a disaster [45,46]. The main questions focused on the incon-
veniences and improvements experienced by victims in temporary housing. Specifically,
the satisfaction survey was structured into five items: (1) overall satisfaction with tempo-
rary housing, (2) satisfaction with the interior space, (3) satisfaction with the water supply
and drainage facilities, (4) satisfaction with the heating and cooling systems, and (5) sat-
isfaction with insulation. Table 2 shows the questions asked to all of the participants in
the interview.

Table 2. Details of face-to-face investigation.

Class

Details

Satisfaction

Overall satisfaction with temporary housing

Satisfaction with internal area

Satisfaction with heating and cooling systems

Satisfaction with home insulation

Improvements
and inconveniences

Elements based on statements and experiences of disaster victims

Permanent

Survey of temporary housing purchase desire and fair price

This study was conducted in compliance with the ethical guidelines of the affiliated
research institute, protecting the safety and privacy of the interviewees. Interviews were
conducted with prior informed consent for research purposes, and the collected data were
processed anonymously. The collected data were initially categorized through open cod-
ing, followed by axial coding to label recurring keywords. Categories were then derived
through thematic analysis, and these categories were mapped to a theoretical framework
based on the elements of absorptive capacity, adaptability, and transformative capacity
redefined in this study. To enhance the reliability of the analysis, at least two researchers
conducted the interviews and coded the data, and the collected data was peer-reviewed
to resolve any discrepancies.

The facility survey was conducted on-site by the same researcher, based on the com-
plaints and concerns identified through semi-structured interviews. The survey items
were based on a checklist covering structural stability, water supply and drainage facili-
ties, power supply and heating system malfunctions, insulation and ventilation condi-
tions, and the safety of outdoor spaces and the installation site. All surveys were docu-
mented with field notes and photographs. The collected data were cross-checked with
victim statements and used to identify recurring complaints or functional deficiencies.
Previous studies have mainly relied on resident surveys to measure satisfaction with the
living environment and limited themselves to suggesting improvements to facilities, but
the research team’s investigation combined victims” experiential statements with facility
inspections to derive the problems of temporary housing in a more empirical and system-
atic way [33,47,48].
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4. Results and Improvements

This chapter presents the major issues identified through field research and discusses
improvement measures.

4.1. Survey Results

This study describes the case-analysis results by the type and the year of disaster
occurrence. For example, in November 2017, an earthquake occurred in Pohang. The in-
vestigation of the Ministry of the Interior and Safety revealed that 92 people were injured
and 1792 people temporarily lived in the temporary shelters due to the Pohang earth-
quake. Afterwards, a total of 200 households and 476 people moved into a rental house or
temporary housing, etc. [49].

The housing service at the early temporary shelters was provided to the disaster vic-
tims in a form that did not give them separate personal living spaces. The results of the
field survey on the indoor shelters, such as the gymnasium or other public facilities, are
as follows. Firstly, the air quality was poor due to the over-acceptance of the evacuees and
the temperature was not properly managed. Secondly, the relief supplies were intended
for adults and thus the children and infants did not receive sufficient supplies. Some vic-
tim groups displayed trauma-related symptoms due to the disasters but there was a lack
of psychological support programs. Lastly, the support contents for the groups vulnerable
to safety, including critically ill patients, pregnant women, the elderly, and children, were
lacking. Later, the central and the local governments conducted supplementary work and
repair for distributed arrangement and long-term stay of the disaster victims and then
provided them with partitions in tent form which could protect their privacy (Figure 3).

Before 18 November 2017 ‘ After 19 November 2017

Figure 3. First-aid temporary shelters.

Then, in December 2017, temporary housing was installed. To check the inconven-
iences following the change of the season, this study conducted an on-site examination of
the temporary housing after eight or nine months’ passing from the housing installation.
The target facility of the investigation was 32 units of temporary prefabricated housing
that were installed individually, another 32 units of temporary housing installed in a com-
plex, and two types of container housing, 35 units and 15 units, respectively.

This research examined 96 households out of 110. The questions given to them fo-
cused on the inconveniences and things that would require improvement in their view.
Additionally, the safety and pleasantness of the facility, and adequacy and aesthetic im-
pression, etc., of the space were examined. The results are as follows. First, concerning the
inconveniences of the entrance space, of the total respondents, 83.3% pointed out the in-
convenience of the entrance space. They mentioned that the containers remodeled for
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housing purposes were inconvenient, especially when it rained, as they did not have eaves
and shoe shelves. Because of that, the disaster victims had to put extra panels under the
roof on their own. The disaster victims who lived in the prefabricated temporary housing
facility, too, stated that they had experienced difficulties in the case of rain as they had to
put their shoes indoors because the eaves were not big enough to provide adequate rain
protection. Other inconveniences included no shoe shelves, no eaves or awning, or func-
tional problems thereof, the size of the door, no insect net, story height, and door knobs,
etc. Figure 4 illustrates a case in which a displaced person carried out additional construc-
tion work. Of the respondents, 69.8% complained about the limited washroom space. In
particular, they pointed out the lack of a laundry room, limited space, inconvenient loca-
tion of the laundry room, and the lack of storage space as inconveniences. Furthermore,
about 87.5% said the kitchen sink was inconvenient and about 85.4% said the cooking
space was too small. The major inconveniences were the lack of storage space and the
overall small space of the housing. In the overall satisfaction survey, this study carried out
a survey about the size and the supporting period of the facilities. The levels of satisfaction
with the overall facility size were divided into ‘very dissatisfied’, ‘dissatisfied’, ‘neither’,
‘satisfied’, and ‘very satisfied’, and the results of the survey showed that the ratio combin-
ing ‘very dissatisfied” and “dissatisfied” was about 56.1%, which indicated that more than
half of the temporary housing residents felt the space was too small. Also, about 73% of
the respondents answered that the supporting period of temporary housing facility

should be no less than two years.

Figure 4. The case of additional space construction to prefabricated temporary housing.

Furthermore, this study conducted a facility survey on the temporary housing facili-
ties set up for the disaster victims of the 2019 forest fire and typhoon. The numbers pre-
sented first are the results of the forest-fire damage. The fire broke out on 4 April 2019,
causing house damage to 566 households and 1289 people [50]. As a countermeasure, 333
units of temporary housing were installed to which 666 people moved. The research team
conducted a survey on this housing three times in May, June, and August 2019. The first
survey was an on-site examination about the fabrication and installation of temporary
housing. The team interviewed the public officials in charge of the installation of the tem-
porary housing on-site. According to them, the most serious problem was uneven housing
quality due to the diversification of housing providers. At the second on-site survey, the
team found that the eaves or awnings installed in the entrance of the housing were too
short to provide adequate rain protection. Also, because the housing was designed in con-
sideration of moving, the floor vibration was noticed on the bottom part of the housing.
The lack of eaves gutters caused rain to flow into the living space. In the last survey, the
team confirmed that in the case of a group moving in, the housing site was so small that
the housing units were too close to one another, causing difficulties in protecting privacy.
They also pointed out the lack of insect nets in the houses built in rural or mountainous
areas as another problem.
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Typhoon Mitag in October 2019 caused flooding to 378 houses and 24.4 hectares (ha)
of farmland [51]. This study conducted a survey on the temporary housing site and 14
household victims of the typhoon that occurred in October 2019. Unlike forest fires, ty-
phoons caused damage that weakened the ground around the houses or landslides.
Therefore, in the case of typhoon, the study found that it was essential to ensure the safety
of the housing site. In some cases, where the housing ground became weak and cranes
were used, the structure of the houses bent, or rain leaked into the house. Nevertheless,
the research found that a gutter was installed at the eaves, separately, to improve the in-
convenience pointed out previously. Moreover, many elderly victims felt uncomfortable
using the home appliances as they did not know how to use them. Different than in the
case of the previous housing, some cases of the temporary housing distributed in 2019 had
interior walls installed in order to divide the space. In such cases, noise and cooking smells
from outside could be blocked, but the additional walls might reduce the actual living
space of the housing to a certain degree (Figure 5).

Figure 5. Interior images of temporary housing.

In September 2020, the research team performed an on-site investigation on 10 house-
holds who received the support of temporary housing because of disaster damage from
the localized heavy rains occurring in August 2020. In August 2020, heavy rainfall resulted
in the provision of 148 temporary housing units [52]. The results of the investigation are
as follows. First, the exterior walls were not described minutely enough in the drawing
that each constructor built them non-uniformly. Moreover, in the case of installing tem-
porary housing, the height of the entrance threshold was set as 30~40 cm depending on
the installation environment, which made it difficult for the elderly to pass through the
door (Figure 6).

Figure 6. Issues surrounding the height of the entrance door threshold.
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In 2021, in order to investigate the inconveniences caused by long-term stay at tem-
porary housing of the disaster victims, the research team examined the victims of localized
heavy rains that occurred in 2020. Seven households were subject to this investigation.
The team found that the residents who experienced inconveniences in moving due to the
high entrance-door threshold had installed additional facilities, such as a sloped pathway.
The team also found that when the residents moved out from the temporary housing, the

base placing to fabricate and install the housing became an issue (Figure 7). In addition,
freezing and bursting of the pipes and water leakage were constantly pointed out as prob-
lems, and some family members complained that the space was too small.

Figure 7. Issue of the high entrance-door threshold (left) and after-treatment of basic placing (right).

In March 2022, a forest fire broke out again in Gangwon-do, damaging approximately
20,000 ha and affecting 322 houses [53]. After that, the government provided prefabricated
temporary housing. The research team of this study investigated it twice in July 2022,
about four months after the disaster’s occurrence. The first investigation targeted 20
households and the second one targeted 89 households, totaling 109 households. The re-
sults are as follows. The disaster victims answered that they generally stayed at temporary
housing for one year or more, and in this context long-term housing support was re-
quested. Also, in the case of the citizens over 80 years of age, they wanted to continue to
stay at the temporary housing as it was difficult for them to wait until permanent housing
was completed. Similar to the previous study, no eaves or awning in the housing caused
inconvenience to the residents. To solve this problem, the temporary housing installed in
2022 had a folding or a fixed-type awning, but the folding awnings showed loose-screw
problems. Moreover, in the event that three or more people lived in the house, they felt
the space was too small to live in and store things. As for the external environment of the
housing installation, it appeared necessary to check the safety in and around the housing
location in some cases (Figure 8). Regarding the question about overall satisfaction with
the housing, 60% of the respondents answered that they were satisfied, 16% answered that
it was neither bad nor good, and 24% answered that they were not satisfied with the hous-
ing, which was an improvement from the previous satisfaction rate.
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Figure 8. Things to be improved (left): lack of space; (right): risk of soil erosion and loss).

In the case of the 2022 temporary housing, individually installed facilities still had
the issue of high placing, causing inconvenience to the residents. However, in the case of
group migration, the basic placing was conducted on a wider ground than in the previous
cases, and the floor structures were installed to reduce the inconvenience due to the high
entrance threshold (Figure 9).

Figure 9. Entrance inconvenience (left): individual installation; (right): group migration area).

In 2023, Korea experienced localized heavy rains and the resulting damage on mul-
tiple occasions. The estimated number of localized-heavy-rain victims from June to Sep-
tember was more than 10,000. In particular, the localized torrents of rain in July caused
the loss of lives, including both death and disappearance, and severe house damages.
Damage assessments recorded 294 houses that were fully or partially destroyed, 2284
houses flooded, and 68,567 ha of crops damaged [54]. The research team investigated the
Bonghwa-gun and Yecheon-gun areas in Gyeongsang-do, which experienced more seri-
ous disaster damage and even landslides, causing destruction to the houses and lives of
people. The team visited the area four days after a mortality accident and investigated the
site before the temporary housing was established.

The investigation results were divided into two categories. First, the temporary hous-
ing facilities required some improvements. Until temporary housing was established, dis-
aster victims often stayed at public facilities, such as the gymnasium or community center,
for a short period of time. During this process, many victims who stayed at such facilities
expressed the inconvenience they felt as there was a lack of shared bathrooms, shower
facilities, and laundry facilities. In some cases, the facilities did not even provide first-aid
kits to the occupants who moved in at a later time. Second, improvements were required
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in restoring severely damaged housing areas. In particular, the villages which were com-
pletely destroyed by the impact of landslides were expected to take a significantly long
time to recover from the disaster. In this context, this study judged that it would be nec-
essary to install a landslide prevention system and arrange divisions for group migration.
Figure 10 shows the images of villages completely destroyed.

Figure 10. Cases of damaged village (two places in Yecheon-gun, Gyeongsangbuk-do).

The investigation team of this study visited 10 households in the area where the tem-
porary housing was installed in 2024, right after the heavy rains and landslides in 2023.
The total number of households subject to the investigation was 10, the average number
of household members was 1.8, and the average age was 63.6. First, to the question of
overall satisfaction, 30% answered “satisfied’, 60% answered ‘neither’, and 10% answered
‘dissatisfied’. It is meaningful that the dissatisfaction level in the overall impression of the
housing was only 10%. To the question of satisfaction with the internal area, 10% an-
swered ‘satisfied’, 50% answered ‘neither’, and 40% answered “dissatisfied’. The internal
area of the temporary housing provided to the respondents was 2.8 m x 8 m, or about 22.4
m?. For reference, the minimum housing area for the household of two people is 26 m? in
Korea. Most of the respondents were dissatisfied with the internal area, and they an-
swered that the proper number of people to live in temporary housing should be two. As
for satisfaction with the water supply and drainage system, 80% answered ‘satisfied’, 10%
answered ‘neither’ and 20% answered “dissatisfied’. Regarding their satisfaction with the
heating and cooling systems, 50% answered ‘satisfied” and 50% answered ‘neither” but
some expressed their concerns about the costs. As for the satisfaction with home security,
50% answered ‘satisfied’, 30% answered ‘neither’, and 20% answered “dissatisfied’. The
respondents who said that they were dissatisfied with the security system of the tempo-
rary housing lived near the roads, and some of them requested the installation of a win-
dow guard. Figure 11 shows cases where a window guard or storage space was added to
the initial model either by the temporary housing residents themselves or through the
support of private organizations.
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Figure 11. Cases of inconvenience improvements.

4.2. Temporary Housing Improvements

The research team visited a total of 594 temporary housing units for eight years from
2017 to 2024 in relation to the disasters that occurred in Korea and met with the disaster-
struck households for investigation. Many of the interviewees mentioned that the tempo-
rary housing provided to the disaster victims of 2017 had an inconvenient entrance path-
way as they had no eaves. Additionally, they pointed out the lack of laundry rooms and
cooking spaces as the biggest problem. In the 2019 interview, the housing quality, the lack
of eaves and too-short eaves were pointed out, and floor vibration and leakage were men-
tioned as functional problems. After that and until 2024, the overall area of the temporary
housing was most frequently and continuously noted as a problem. In particular, the dis-
aster victims who lived in the temporary housing complained that the internal area of the
housing was too small and there was a lack of storage space.

This paper addresses the issue of insufficient living space in housing for disaster vic-
tims, which is essential for enabling them to recover from disaster impacts and sustain
their daily lives. Living space is the most fundamental element that allows victims to re-
turn to normalcy and maintain their livelihoods. Accordingly, securing adequate living
space constitutes a key factor in enhancing resilience [17,55]. Liu, H. et al. classified resil-
ience into production-space resilience, living-space resilience, and ecological-space resili-
ence, defining 14 indicators for assessing living-space resilience. In their study, per capita
living area was identified as the fourth-highest-ranking indicator among the 14, highlight-
ing the importance of spatial adequacy [17]. Alawneh, S. M. and Rashid, M. emphasized
that living space has a significant impact on quality of life in creating a resilient environ-
ment [55]. Consequently, improvements in the residential environment ultimately en-
hance the quality of life of individuals and households and increase resilience to disaster
impacts [56].

The concrete solution that this study suggests subdivides the existing supporting sys-
tem and improves the functions of temporary housing in consideration of the household
members. The first method of improvement is to design additional modules for temporary
housing. In particular, this study proposes a method to provide one additional module
for a room (2.8 m x 4 m) to the original unit (2.8 m x 8 m), depending on the number of
households, a method to provide a storage space (2.8 m x 2.8 m) if any member of the
household does farm work, a method to provide a room and a storage unit together, and
a method to remove the washroom in the original unit and instead provide an additional
module consisting of only a room and a utility room to the original structure as a method
of improvement. Furthermore, this study has drawn up a space-composition proposal for
suggested housing types and consulted a qualified architect about the design to review



Sustainability 2025, 17, 9225 18 of 25

the actual building work and constructability. In this study, four types of temporary hous-
ing units were considered based on spatial configuration and purpose:

Type A: Single-room unit.

Type B: Dedicated storage-only unit.

Type C: Combined room and storage unit.

Type D: Unit consisting only of a master bedroom, a secondary room, and a utility
space.

Figures 1215 are illustrations of bird’s-eye views of each type.
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Figure 12. Type A.
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Figure 13. Type B.
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Figure 14. Type C.

Figure 15. Type D.

The proposed modular housing units were differentiated into four types according
to household needs and functional purposes. Type A is designed as a single-room unit
equipped with an entrance area, a shoe cabinet, built-in wardrobes, and basic heating and
cooling systems to ensure thermal comfort. Type B functions as a dedicated storage mod-
ule; it is equipped with electrical facilities but excludes floor heating, reflecting its role as
an auxiliary rather than a primary living space. Type C provides an additional room along
with a separate storage unit, thereby combining residential and functional needs. Type D
is a 2.8 m x 8 m unit designed considering households with a larger number of members;
it replaces the bathroom with a multipurpose utility room, thereby increasing flexibility
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and usability for long-term occupancy. Together, these modular types offer diverse con-
figurations that can be adapted to different family compositions and living requirements.
In addition, the proposed modules were reviewed by a licensed structural engineering
office to ensure structural safety and insulation continuity, thereby confirming their con-
structability and suitability for long-term occupancy.

This study focuses on the distribution of housing that can offer specific functions,
depending on the members of households, as opposed to the unified temporary housing.
In addition, the study has improved the temporary housing by aiming to minimize the
inconveniences, especially the inconveniences caused by the small area, reported by the
disaster victims. To solve the water-leakage issue in the existing windows, the research
team applied self-expanding sealing tapes to address leakage complaints. For the long-
term residents, or in the cases where the disaster victim/long-term residents were elderly
or lacked financial abilities to rebuild permanent housing, the research team changed the
OSB plywood flooring to waterproof plywood flooring to block moisture and prevent
twisting in flooring. This contributed to solving the inconveniences most of the long-term
residents have experienced.

The field survey results of this study suggest that the recurring deficiencies of tem-
porary housing can be understood as mor than mere inconveniences and redefined as
absorptive capacity, adaptability, and changeability from a disaster-recovery perspective.
Specifically, issues such as eaves, rain gutters, and site-safety inspections were identified
as areas where absorptive capacity could be improved by ensuring minimum comfort and
safety. Furthermore, the additional modules (Types A-D) designed to consider household
composition and occupation addresses the need for adaptability. Furthermore, the devel-
opment of standard design documents and the consideration of long-term occupancy and
reusability can be understood as enhancing the transformative capacity of temporary
housing, transforming it from a transitional facility to a vehicle for local recovery.

4.3. Discussion

Previous studies have improved temporary housing through case analyses based on
literature reviews. Perrucci, D. and Baroud, H. conducted a literature review on pre-dis-
aster maintenance of temporary housing, housing construction, and design modeling to
enhance the sustainability of temporary housing [57]. Similarly, Abulnour identified key
characteristics of post-disaster temporary housing, including rapid availability, utilization
of local resources, compatibility with local lifestyles, provision of a planned design life,
and optimization of evacuation distances [23]. Approaches to meeting such core charac-
teristics have been described as maximizing “modularity”, which is suitable for meeting
specific occupant needs, improving quality of life, and simplifying storage methods
[34,58,59]. Literature review-based studies have the advantage of examining a wide range
of cases and drawing validated conclusions from years of accumulated research data.
However, they face limitations in deriving improvements based on the actual living envi-
ronments of residents. For instance, strategies for improving temporary housing models
have often considered only transportation or inventory management aspects, without
constructing housing based on occupant convenience and preferences.

In addition, studies have been conducted to improve temporary housing by deriving
enhancement measures from expert panels [60-63]. Maceika, A. et al. developed specific
criteria for improving modular construction projects —covering aspects such as construc-
tion time, building lifespan, building components, and energy ventilation systems—and
evaluated them using the Delphi method [63]. Such studies have the advantage of collect-
ing opinions from experts in various fields to produce multidimensional improvement
plans. However, this approach has a limitation in that it cannot capture inconveniences
arising from the actual experiences of residents. The present study addresses this gap by
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focusing on user experience and considering the continuity of life for disaster victims at
both individual and household levels, achieved through the modularization of temporary
housing facilities and the expansion of actual living space.

The research team conducted in-person visits to disaster areas and gathered direct
feedback from disaster victims. However, the suggestion of the team concerning the im-
provement of existing temporary housing was directed toward and focused on natural
disasters such as forest fires, localized heavy rains, landslides, and earthquakes. Also,
most of the household members who were subject to the investigation of this study were
the elderly, as well as those who lived not in urban but rural or suburban areas. In sum,
the improvement proposal this study has made focuses on specific groups and specific
disasters, and therefore further studies are necessary to investigate other types of disaster
victims who suffer housing loss or damage.

Furthermore, this study has two limitations. The first is the difficulty of generaliza-
tion. The study focused on the elderly population in rural areas of Korea. This limits its
ability to fully encompass the diverse social classes and living environments of disaster
victims. Several studies have explored the improvement of temporary housing. In Japan,
temporary housing for disaster victims was provided in small container-type units
equipped with a living room, kitchen, and bathroom, with modular units being added as
the number of users increased [34]. Another example is the temporary housing used to
address the emergency after Hurricane Katrina in 2005 [15]. The U.S. Federal Emergency
Management Agency (FEMA) provided mobile homes and travel trailers to accommodate
displaced residents. However, residents faced challenges such as limited space, poor in-
terior finishes, and the absence of air conditioning. These cases demonstrate that lack of
space and living inconveniences are recurring issues even in international contexts.

The second limitation is that the temporal dimension of temporary housing was pri-
marily explained through qualitative research. Despite examining various disaster cases
and victim types over a long period of time, the results do not demonstrate statistically
significant changes in housing demand by length of residence or differences in regional
contexts. For example, quantitative modeling across various household types, such as el-
derly households, agricultural households, and multi-generational households, was not
conducted. Future research should introduce methodologies such as functional data anal-
ysis (FDA) and perform analyses such as function-on-scalar regression to effectively esti-
mate parameters that enhance household resilience [64,65]. Building on the presented
qualitative research findings, quantitative evidence should be expanded to provide a
more three-dimensional explanation of the relationship between temporary housing and
resilience.

5. Conclusions and Future Work

This study examined the needs for improvements after the distribution of temporary
housing to the disaster victims who suffered house destruction or damage due to disasters
between 2017 and 2024. The research team of this study conducted various on-site inves-
tigations, examined the disaster-struck houses, and interviewed the temporary housing
residents. Building on these efforts, the study proposed methods to enhance the daily sta-
bility of disaster victims by diversifying uniform temporary housing models.

The contributions of this study are anchored in the theoretical framework of disaster
recovery. By adopting the perspectives of absorptive, adaptive, and transformative capac-
ities, the study identified the core elements that must be considered in temporary housing.
Through long-term field investigations, the study confirmed recurring problems such as
insufficient living space, leakage, poor insulation, and accessibility barriers. Based on
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these findings, the study proposed concrete design improvements—such as modular ex-
pansion, functional separation of spaces, and standardized construction details—that pro-
vide practical solutions to strengthen resilience in temporary housing.

Future work should extend these findings to urban disaster contexts, where higher
density and infrastructure complexity present additional challenges. Moreover, follow-up
studies on residents living in the improved modular housing will be necessary to verify
whether the proposed model contributes to stability, psychosocial recovery, and resilience
outcomes over time. By combining long-term qualitative evidence with potential quanti-
tative approaches, future research can further validate how temporary housing functions
not only as a short-term response but also as a key component in building resilience at the
household and community levels.
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