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Review Article 
Mind the gap: State of the art on decision-making related to post-disaster 
housing assistance 
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A B S T R A C T   

A growing awareness of the long-term impact of emergency management plans is shifting the focus of post- 
disaster housing studies towards integrated recovery and development. These would benefit from knowledge 
about decision-making challenges and dichotomies which determine the success or failure of housing assistance 
programs, and of methods and tools that can support their holistic resolution. To establish common grounds in 
this area, this paper systematically reviewed the literature on temporary housing built after sudden natural 
hazards, from a decision-making perspective, using reflexive thematic analysis methods. This enabled the 
identification of critical decision-making components (i.e. open challenges, trade-offs, dilemmas and contra-
dictions) and necessary synergies at three levels: the operational, the managerial and the strategic. Results 
highlight the value of a structured review of the literature to identify decision-making gaps and opportunities for 
knowledge integration across domains, besides the need of a constructive decision-making alignment at all 
decision-making levels to enable holistic recovery planning. Additionally, they show the importance of an in- 
depth examination of decision-making dichotomies for developing novel methods and tools, which respond to 
contextual needs and local dynamics. Being one of a few studies in a rather underexplored area of research, the 
primary aim of this review is to offer a broad and structured overview of decision-making issues documented in 
the literature to date, which connects both theory and practice. The results could be operationalised in future 
research aimed at supporting Build Back Better efforts towards a truly human-centred housing assistance culture, 
by investigating the connected decision-making dynamics in specific contexts.   

1. Introduction 

Urban sustainable development is currently facing considerable 
challenges linked to climate change, growing inequalities, lack of in-
frastructures, health hazards, population growth and rapid urbanisation 
processes [1]. The increasing occurrence of disasters with important 
human (mostly in developing countries) and economic (mostly in the 
global North) losses [2], thus, represents a major threat to contemporary 
cities. During the past few decades, the field of disaster risk reduction 
has received an increasing attention [3]. Many studies have highlighted 
the limitations of non-democratic, reductionist and technocratic ap-
proaches to disaster recovery [4,5], which in the long term can 
perpetuate, rather than reduce, vulnerabilities [6–9]; as well as the 
benefits of alternative systemic ones [10] in supporting communities 
[11]. Turner [12] and Davis [13] have advocated an holistic under-
standing of post-disaster housing recovery processes since the 70s. 

However their multifaceted complexity has been rediscovered only 
recently [14–16], especially in urban contexts [2,17]. This under-
standing has pushed humanitarian actors, which include governments 
and non-governmental organisations (NGOs), to rethink the meaning of 
post-disaster housing assistance, shifting it from a mere provision of 
shelter products to a continued effort to support people’s health, security 
and livelihood in the aftermath of a disaster [18]. Therefore, contrarily 
to the past practice of gauging the impact of housing recovery pro-
grammes from cost, coverage and speed [19], their success nowadays is 
assessed in terms of vulnerability minimisation and quality of life 
improvement [20,21]. In the 4th priority of action of the Sendai 
Framework of Disaster Risk Reduction, which institutionalises the Build 
Back Better (BBB) principle, the UN highlights the importance of con-
necting disaster relief and development to improve resilience to future 
hazards [22]. Kennedy et al. [23] suggests that BBB implies tackling the 
root causes of vulnerability via foresight planning and by addressing 
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issues of equity, fairness, and livelihoods, as well as safety and security 
in humanitarian shelter provision. As a matter of fact, when housing 
recovery is not human-centred and people-led [24], the livelihood of the 
affected population is at a stake and there is a risk of alienating people, 
harvesting corruption, triggering the migration of residents and weak-
ening social capital [5,25,26]. BBB also suggests that urban crises ulti-
mately put to test the effectiveness of pre-existing housing policies and 
laws as well as of organisational and planning structures [9,10,27]. 

As past issues have often emerged from an ill-managed or unac-
knowledged complexity, the approach assumption of this paper is that 
holistic decision-making processes play an important role in achieving 
BBB objectives. Fayazi and Lizarralde [28] note that, despite a shared 
non-reductionist understanding of post-disaster recovery processes, 
there is still insufficient knowledge of the underlying conflicting 
decision-making components, which determine the success or failure of 
housing recovery programs. To further research in this field, the paper 
presents a review of natural hazard-related studies from the viewpoint of 
decision-making: an issue that is rather underexplored and yet implicitly 
embedded in many existing studies on post-disaster housing assistance. 
This assumes that new relevant knowledge (e.g. decision-making factors 
which influence the outcomes of housing assistance programs and 
context-related constrains which influence the selection of suitable 
methods and tools) is generated by systematically reviewing 
decision-making information reported in several weakly related empir-
ical and theoretical studies. Because linking relief and development will 
be imperative in future - most probably urban - disasters [29,30], this 
review effort represents a timely research contribution. 

1.1. Housing assistance approaches 

Although housing recovery is a continuum, often housing assistance 
programs adopt a phased approach, involving the use of different solu-
tions (e.g. emergency shelters, temporary shelters, temporary and per-
manent houses) to cover housing needs at different stages of the ’disaster 
management cycle’ [31]; what simplifies progress tracking, 
task-management of humanitarian actors, and separates their re-
sponsibilities. Incremental approaches (e.g. core housing, provision of 
site and services, semi-permanent shelters and transitional housing) 
[32–34], as well as novel housing assistance solutions such as cash 
grants for housing rental or material procurement [35] have been 
considered recently, due to the massive challenges brought by an 
increasing number of emergencies worldwide. However, deploying in-
cremental housing solutions in private plots or resorting to non-physical 
housing solutions is administratively and logistically complex in dense 
urban areas [36], which are often highly vulnerable. While under 
certain conditions resources might be saved by skipping intermediate 
housing stages (i.e. going from tents to permanent houses) [37], Tem-
porary Housing (TH) solutions such as housing kits, mobile homes and 
prefabricated houses are a highly popular choice for re-establishing 
household routines while coping with adverse climatic conditions, 
conservation requirements, lack of local capacities, lengthy debris 
removal, pressuring media and donors’ attentions and unavailable sur-
plus housing stock [38], both in developed (e.g. Italy, Japan and USA) 
[31,39,40], and in developing countries (e.g. China, Nicaragua, Peru, Sri 
Lanka) [13,33,41,42]. Despite TH provide many benefits, their use is 
controversial due to their: cultural inadequacy causing conflicts be-
tween people and local authorities [28,43], high cost [44], long-term 
social impact [5] and negative environmental qualities [36]. Some of 
these shortcomings could however be imputable to an unsatisfactory 
alignment of decisions due to conflicts between relief and development 
objectives, and to a poor coordination of humanitarian actors [14,28], 
independently from the specific housing approach (i.e. phased or in-
cremental) and solution adopted. 

1.2. A decision-making gap? 

Decision-making has been identified as a possible cause of ineffective 
housing recovery planning in several areas. For instance, Platt & 
Drinkwater [45] note that evidence-based deliberation should be better 
exploited to assist experts in complex assessment tasks and achieve 
long-term strategic objectives. Ritchie and Tierney [46] identify 
assessment, logistics, governance and coordination as major 
decision-making challenges for humanitarian actors. Johnson & Liz-
arralde [47] report that decision-making is too often concentrated at one 
level (e.g. that of the disaster manager), where project actors are 
required to work with limited data and without clear leadership, rather 
than being delegated to the level/scale in which knowledge is available. 
This decisions’ concentration has been spotted in the provision of TH 
more than in that of emergency and permanent housing [48]. As housing 
needs are specific to a context, several researchers suggest that inclusive 
decision-making plays a key role in the delivery of a truly 
human-centred housing assistance after disasters [29,36,49–51]. In fact, 
when housing-related decisions are driven by ill-defined goals, are 
non-inclusive and based on dynamic, incomplete, or inaccurate infor-
mation, they can have unpredictable outcomes. Beyond the fact that 
empowering people means involving them in making decisions [52], the 
decontextualized framing of decision-making problems by humanitarian 
actors (e.g. focused on off-the shelves indicators) has been described as 
highly problematic because of difficulties in scrutinising the appropri-
ateness of choices, understanding local vulnerabilities and providing 
true accountability [35]. 

1.3. Scope and objectives of the literature review 

The aim of this review is to establish common grounds concerning 
decision-making challenges and dichotomies, capitalising on the wealth 
of experiences documented both in developing and developed countries. 
For reasons of relevance and consistency, it focuses on TH, which are 
highly diffused and yet highly controversial [53] and its scope is 
restricted to theories and practices of housing assistance after sudden 
natural hazards (e.g. earthquakes, tsunamis and typhoons), considering 
both mono- and hetero-disasters. The literature on man-made disasters 
is rich of studies on housing recovery but, despite it may be interesting to 
analyse it in the future, related research is out of the scope of this review. 
The ultimate objective of this paper is to identify critical 
decision-making components and discuss which methods and tools are 
best suited to support their holistic resolution. To this end, the paper 
illustrates open decision-making challenges and dichotomies emerging 
from the inherent complexity of the decision-making tasks (trade-offs), 
their contextual constraints (dilemmas) or from their inconsistent res-
olution (contradictions). 

1.4. Existing reviews 

Many disciplines, including architecture, economics, engineering, 
environmental psychology, geography, medicine, social science, and 
urban planning contribute to the research on post-disaster housing 
assistance. When collecting the documents needed for the review from 
this varied literature, the authors have identified four review papers 
related to TH [54–57]. These are primarily focused on specific opera-
tional issues and on progress in the building industry. Two of them [54, 
57] propose recommendations for designing TH plans based on a qual-
itative review of construction-related problems reported in theoretical 
studies and field reports, while another [55] reviews best practices and 
products for building sustainable TH. The methodology and documents’ 

selection criteria of these three studies are not explicitly stated. The 
remaining one [56] is a systematic literature review of academic 
research on post disaster reconstruction, which uses counting methods 
to identify research trends. Contrarily to what was found in these four 
papers, the scope of this study is broader, holistically considering the 
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operational (i.e. tactical), managerial and strategic standpoints on TH 
programs. It, therefore, presents an original contribution to the body of 
knowledge through a critical and structured review of the scientific 
literature focusing on an analysis of decision-making challenges and 
dichotomies related to TH. 

The paper is structured as follows: the two-steps methodology 
adopted in the research is outlined in section 2. Section 3 presents the 
framework adopted for the literature review. Section 4 presents the re-
view outputs, whereas section 5 summarises results and discusses their 
implications for practice. The conclusions and promising research di-
rections are presented in Section 6. 

2. Methodology 

The methodology adopted to perform this literature review encom-
passes two steps: (i) a 3-rounds document selection; (ii) a thematic 
analysis of critical decision-making challenges and dichotomies related 
to mid-term housing assistance based on a tailor-made review 
framework. 

2.1. A ‘quasi-systematic’ literature review 

The review method follows clearly defined criteria in both docu-
ments’ selection (see section 2.1.1) and analysis (see section 2.1.2). 
Given the limitations of performing a conventional systematic literature 
review in a research area that is still rapidly evolving [58], the scope of 
the documents’ search is kept relatively broad in terms of content and 
disciplinary field, which makes the review ‘quasi-systematic’. Moreover, 
documents’ quality, in terms of number of citations and good refer-
encing, is not assessed to avoid excluding relevant conceptualisations, 
potentially innovative, still awaiting empirical validation. If, on the one 
hand, this choice may inadequately reflect the weight of evidence, on 
the other hand, this type of assessment is not central to the scope of this 
review. 

2.1.1. A 3-rounds document selection 
The documents’ selection was done in three subsequent rounds: (i) 

extraction of target-papers using Scopus search engine; (ii) visual ex-
amination of abstracts, conclusions, and as necessary, main texts; (iii) 
snowball search of selected full texts. The initial documents’ extraction 
was conducted on peer reviewed academic contributions to restrict the 
search to methodologically sound work. This first round was carried out 
between September and October 2019, using the following search string: 
“temporary housing” OR “temporary shelter” OR “temporary accom-
modation” OR “housing recovery” OR “transitional shelter” OR “interim 
housing” AND “disaster”. The string is based on the pluralistic defini-
tions adopted in the shelter sector to date and include concepts related to 
shorter-term and longer-term housing assistance [18,31]. In the second 
round the abstracts, conclusions and, where necessary, main texts of the 
544 target papers previously identified were scanned to check if the 
documents fell within the scope of the review (section 1.2). More than 
half of the documents were excluded based on this assessment, but 
additional rules for keeping or excluding the documents were iteratively 
refined during the visual examination process. For instance, the avail-
ability of the full text in English was initially used to filter out the 
documents. However, later it was decided to keep some references with 
a sufficiently informative English abstract (i.e. containing hypothesis 
and results), in order to include the perspective of countries such as 
China and Japan, which have a long track-record in dealing with di-
sasters. Moreover, some documents were excluded to reduce redun-
dancy due to overlaps with past work by the same authors. Of the 
massive amount of available grey literature - i.e. quality documents 
produced by academics, businesses, governments, humanitarian 
agencies, which are not controlled by commercial publishers [59] - 22 
relevant examples were included. Limiting their number allowed to fit 
better the scope of this study but their inclusion was instrumental to 

avoid a potential content bias related to the documents’ selection 
method. The final round involved a snowball search of the 182 retained 
full texts to include relevant research that was not previously retrieved 
and add variety to the documents’ sample. To assist theory develop-
ment, an effort was made to minimise the use of subjective selection 
criteria at this stage, so only documents responding to the criteria set in 
round two and with an original content or that were frequently cited 
were included at this stage. In the end, 200 documents published from 
1978 to 2020 were selected. 

2.1.2. Extraction of decision-making challenges and dichotomies 
The analysis of the selected documents follows a tailor-made review 

framework. This was built after performing an unstructured search of 
links between the field of cognitive science and disaster management 
studies. The search focused on holistic approaches, which could facili-
tate the simultaneous identification and resolution of critical decision- 
making issues and was limited to a restricted selection of mainstream 
references, which were either directly suggested by researchers with 
expertise in design decision-making, who were informally consulted, or 
cited by these and relevant to the scope of the search. When a working 
draft of the final tripartite review framework (Section 3) was created, 
the search was interrupted. This step supported a reflexive thematic 
analysis [60] of decision-making challenges and dichotomies in the 200 
documents previously selected. 

The thematic analysis process involved iterative code-adjustments, 
by splitting and collapsing codes or turning them into themes, as 
required. Meaningful pieces of content were tagged with labels (i.e. 
evocative codes consisting of a few words) directly within the texts to 
allow a comparative appreciation of contextual factors in relation to 
similar decision-making instances. The content analysis was undertaken 
using either a critical inductive or an interpretative deductive approach: 
the former was adopted when decision-making issues were reported in 
the text and were identified as an assumed reality, the latter was adopted 
when issues were not explicitly reported but could still be logically 
deducted from the information embedded in the documents and fit the 
coding system. This involved: (i) familiarising with the data; (ii) iden-
tifying relevant pieces of content and labelling it; (iii) tentatively 
collating the identified challenges and dichotomies into themes while 
refining the codes/themes in a recursive way. The candidate outputs 
were finally checked against the documents’ content, and the research 
questions according to the review framework, to produce relevant 
results. 

3. Review framework 

In disaster management both the processes of and the options for 
choice are important [61]. Therefore, the framework is conceived to 
identify decision-making challenges and dichotomies, and put them into 
the context of the corresponding decision-making process, by relating 
them to the organisational level in which decisions are made. 

3.1. Decision-making dichotomies 

Dichotomies are common in decision-making theory. For instance, 
Kahneman [62] describes decision modes through the personification of 
2 fictional dichotomic systems operating in one’s mind at a different 
speed, which correspond to deliberation (slow and effortful) and intui-
tion (fast but often biased). According to him, experts’ mental energy, 
must be adequately budgeted to prevent them from relying too much on 
intuition; which is not reliable in ‘noisy’, if not ‘wicked’ (i.e. teaching 
experts the wrong lessons) decision-making environments [63]. While 
time pressure, which surely influences experts’ capacity to deal with 
difficult decision-making tasks [64–66], remains a major constraint in 
post-disaster housing assistance programs [67], dichotomous thinking 
can foster deliberation via complexity reduction in the identification of 
critical decision-making tasks [68]. This suggests its suitability as a 
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framework to study key decision-making components, which seek a 
practical application in a crisis context. Therefore, the following cate-
gories of decision-making dichotomies are identified in this review:  

• Trade-offs: compromise solutions balancing two or more desirable, 
but incompatible qualities.  

• Dilemmas: difficult situations, which require choosing between 
alternative options.  

• Contradictions: issues characterised by the presence of inconsistent 
elements. 

Additionally, to be sufficiently comprehensive in the review, open 
decision-making challenges are also mapped. 

3.2. Decision-making levels 

According to Wallace & Balogh [61] disaster management choices 
can be clustered at three different levels, corresponding to a varying 
time horizon and degree of decision control: operational, managerial 
and, strategic planning and policy. Fig. 1 illustrates a similar tripartite 
hierarchical model, which is adopted in this review to classify 
decision-making components according to the different types of de-
cisions and agents involved:  

• Operational: technical decisions taken by designers, architects, 
planners, and other professionals responsible for the execution of 
emergency management plans. 

• Managerial: decisions taken by disaster managers and other pro-
fessionals in charge of coordinating efforts and liaising with key 
stakeholders during disaster response, recovery, mitigation, and 
preparedness.  

• Strategic: meta and programmatic decisions taken, e.g., by national 
governments, local authorities, and policy makers; possibly informed 
by a holistic vision. 

This simple model seems suitable to identify dependencies within 
and across organisational levels, so as to obtain meaningful insights for 
BBB practices. According to a decision alignment perspective [69], the 
proposed division enables observing how higher-level decisions 
constraint the scope of those at the lower levels and, conversely, how 
well lower level ones align with those above (this idea is illustrated by 
the arrows in Fig. 1). This perspective assumes that misaligned mana-
gerial and operational decisions are likely to undermine the fulfilling of 
high-level goals and generate decision-making contradictions. More-
over, the systematic association of decision-making challenges and di-
chotomies to the operational (technical), managerial (coordination) and 
strategic levels, is instrumental to activate auditing mechanisms within 
(intra) levels, and across (inter) the three domains. Naturally, this model 
is a simplification of reality as, depending on the specific organisational 
structure in place, there can be no hard boundaries between the three 

domains, and decisions can be taken at one or more levels simulta-
neously. Despite this apparent limitation, adopting this framework adds 
flexibility in the exploration of decision-making challenges and di-
chotomies across multiple contexts. 

4. Review results 

Decision-making themes are presented in this section following the 
format: open challenges, trade-offs, dilemmas, and contradictions; 
divided among the operational (4.1), managerial (4.2), and strategic 
(4.3) levels. 

4.1. Operational decision-making 

Operational decisions (Table 1) include planning, design, and exec-
utive construction choices. They often involve a critical trade-off be-
tween speed and deliberation, whose resolution requires flexibility, a 
place-based approach, the alignment with strategic priorities and 
interdisciplinary collaboration between all those who exercise an in-
fluence on the built environment [48,70,71]. 

4.1.1. Technical problem definition and problem-solving history tracking 
‘Wicked’ problems are defined by designers and planners in different 

ways, mostly according to their abilities and priorities rather than ac-
cording to the problem itself [72]. Designing and planning for 
complexity and performance requires reconciling higher level goals, 
exploiting multiple disciplinary competencies and both creativity and 
analysis [73]. Existing simulation tools give a limited support in this 
front and tend to be used in a confirmatory way to check design pro-
posals against regulatory targets [74]. While system performance has 
been proposed as new design and planning paradigm, and integrated 
spatial models (e.g. ecological systems and land use, water and energy 
infrastructure) as a promising tool to deal with urban complexity and 
uncertainty [75,76], lots of relevant options may be overlooked or 
accidentally lost simply because of a collection of partial appreciations 
of the problem, which drive its framing by the experts (including those 
in disaster-related fields other than planning and design). In addition, 
information on how to map decision-making processes in common 
design workflows has not been found in the literature, meaning 
problem-solving history is normally undocumented. These issues un-
dermine knowledge transfer and obscure accountability, which ensures 
that well-balanced decisions and actions are made after a natural 
disaster though transparency, co-operation and governance capacity 
[77], besides potentially belittling stakeholder’s participation in design 
and planning proposals. 

4.1.2. Choice of specifications and performance criteria 
Housing as a process means involving both specifiers and end-users 

in projects’ design and development. If to BBB “is important to 
consider how ‘safer’ and ‘better’ are defined, and by whom” [24], 
making supporting information and design decisions more explicit may 
help enriching and - in certain circumstances also reconciling - the 
different perceptions of various professional experts and households. 
Better mutual understanding may guide a more comprehensive assess-
ment of proposals, conflict reduction, and possibly lead to the imple-
mentation of better compromise solutions [70]. Local authorities and 
governments can bring an effective contribution to this process, by 
balancing the control of non-technical individuals over technical de-
cisions [19]. Additionally, digital information and fabrication technol-
ogies may open opportunities for lean housing production and process 
innovation in both TH design and planning [71]. The local institutional, 
organisational and technological context may thus act either as an op-
portunity or as a constraint for human-centred architecture and plan-
ning. There is nonetheless uncertainty regarding the actual impact of the 
decentralisation of the means of production and knowledge in the 
making of TH. Overall, there is a need to disambiguate and possibly go Fig. 1. Tripartite hierarchical structure and decision-making levels.  
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beyond universal minimal technical criteria, such as those contained in 
the Sphere handbook [78], to adequately translate functional re-
quirements into coherent design and planning specifications made of 
fit-for-purpose metrics and values. Kılcı et al. [79] point out that a lack 
of advanced criteria, methods and tools to plan and implement transi-
tional housing after an earthquake, may impact on the quality of 
reconstruction operations in unpredictable ways. Similarly Nappi & 
Souza [21] note that “the lack of criteria with respect to the selection 
and location of temporary shelters […] can lead to unforeseen factors, 
threatening the quality of the logistics operation as a whole”. Omidvar 
et al. [80] report cases where a lack of comprehensive criteria in 
selecting shelter sites has led to the selection of arid and thus socially 
unsustainable lands for housing. Kennedy et al. [23] highlight the 
importance of adopting risk reduction criteria in planning transitional 
settlements. 

4.1.3. Multi-dimensional design decision-making 
Operational technical criteria should be aligned with those used at 

the strategic and managerial levels. Decisions need to be taken at the 
right moment and coherently across the different spatial scales: the 
architectural, the neighbourhood, the city and the regional. For 
example, if environmental sustainability is a priority, this needs to be 
factored both in the choice of land for the temporary housing sites by 
considering the land use prior to and after the disaster [82] as well as in 
the choice of the materials and building technology of the transitional 
houses in order, e.g. to allow for recycling recoverable components [47]. 
If spatial physical resilience is a priority, modularity at the level of both 
design and planning can be beneficial [83–86]. Threshold elements, 
such as the building envelope, constitute critical design components 
linking multiple scales and sustainability dimensions. While some au-
thors propose criteria related to one scale only, others such as De 
Berardinis and De Gregorio [15,81] list cross-scale criteria suitable to 
achieve integrated design goals. For example, to ensure temporality, 
they look simultaneously at the construction (reversibility of the pro-
cess), use (adaptable spatial configuration) and location (moveable 
construction) of TH solutions. Furthermore, they identify in-
terdependencies between site and housing unit layouts such as the shape 
of plots, which may contemporarily influence the possibility to adapt the 
housing units and build semi-private outdoor living spaces. These ex-
amples show that, when two or more aspects are related, one may act as 
a constraint to the other and operating trade-offs becomes necessary. 

4.1.4. Operational trade-offs 

• Site selection. Selecting a site is challenging because multiple fac-
tors need to be in equilibrium: the centrality of the location and the 
higher cost of land, as well as potential bureaucratic issues connected 
to land ownership (e.g. securing leases from landowners) and sub-
sequent evacuation of an attractive area; the choice of cheaper non- 
urbanised areas and the cost of preparation works; the capacity of the 
selected site and that of the existing grid; the availability of public 
facilities to overtake (e.g. schools, sports areas) and the resulting lack 
of services; the choice of closer terrain with a difficult topography 
and the need of water drainage and other infrastructure [7,82,87]. 
Furthermore, the size and configuration of the initial settlement 

Table 1 
Summary of operational decision-making themes and dichotomies.  

Operational Description Disaster Type Country/ 
Context 

References 

Open 
Decision- 
Making 
Challenges 

Technical 
problem 
definition and 
problem- 
solving history 
tracking 

Generic 
natural 
hazard 

Not 
specified 

[72–77] 

Choice of 
specifications 
and 
performance 
criteria 

Earthquake, 
earthquake +
tsunami, 
generic 
hazard, 
typhoon, 
volcanic 
eruption 

Developed, 
developing, 
not specified 

[19,21], 
[23,24], 
[70,71], 
[78–80] 

Multi- 
dimensional 
design 
decision- 
making 

Earthquake, 
generic 
natural 
hazard, 
hurricane 

Developed, 
developing, 
not specified 

[15,47, 
81–86]  

Trade-Offs Site selection 
(many) 

Earthquake, 
generic 
hazard 

Developed, 
developing 

[7,82, 
87–90] 

Houses, site 
design and 
infrastructure 
(many) 

Earthquake, 
earthquake +
tsunami, 
generic 
hazard, 
generic 
natural 
hazard, 
typhoon 

Developed, 
developing, 
not specified 

[23,54,71, 
87,91–95]  

Typologies, 
materials and 
building 
technology 
(many) 

Earthquake, 
earthquake +
tsunami, 
generic 
hazard, 
hurricane 

Developed, 
developing 

[14,23,31, 
47,81, 
96–98] 

Dilemmas Professional 
values and 
existent 
policies 

Earthquake, 
generic 
natural 
hazard 

Developed, 
developing, 
not specified 

[9,18], 
[97,99] 

Bottom-up 
initiatives and 
changing role 
of professionals 

Earthquake, 
earthquake +
tsunami, 
generic 
hazard 

Developed, 
developing, 
not specified 

[16,18], 
[93,100], 
[101,102] 

Contradictions Scarce 
availability of 
land and use of 
single storey 
solutions 

Earthquake Developing [42] 

Combination of 
a reversible 
system with 
glued joints and 
moist external 
finishes 

Earthquake Developed [81,103] 

Combination of 
sustainable 
architectural 
solution and 
use of 
irreversible 
ground attacks 

Earthquake Developed [7,81,103] 

Provision of 
housing 
solutions with 
different safety 
construction 
standards in the 
same disaster 
event 

Earthquake Developed [6] 

[104,105]  

Table 1 (continued ) 
Operational Description Disaster Type Country/ 

Context 
References 

Planning of 
large 
temporary sites 
and lack of 
community 
relations after 
disasters 

Earthquake, 
earthquake +
tsunami 

Developed, 
developing  

C. Pezzica et al.                                                                                                                                                                                                                                 



International Journal of Disaster Risk Reduction xxx (xxxx) xxx

6

needs to be considered in the choice, because the creation of TH sites 
in small settlements can foster urban decentralisation [88–90]. 

• Houses, site design and infrastructure. The design and construc-
tion of both hard and soft infrastructure should foster tangible and 
intangible aspects of community development and be timely inte-
grated with the design of the houses and sites’ layout, considering 
ownership issues [91]. Among other things, this can: improve 
accessibility and thus logistics [87], walkability, care and social 
gathering [54]; enable the implementation of passive design strate-
gies [71]; sustain urban agriculture via water recycling [92]; help 
reducing the risk of violence and abuses on vulnerable categories of 
people such as women and children, e.g. by locating latrines in 
well-lit areas close to the housing units [93] or by adding a second 
door and a way out on the rear of the transitional houses [94]. 
Additionally, this can avoid situations where infrastructure con-
struction threatens the stability of houses, but rather supports syn-
ergies that reduce housing exposure to natural elements [23]. It can, 
however, bring some challenges to pre-design and planning. For 
example, pre-installed solar panels coming with prefabricated 
structures may be orientated in a suboptimal way due to the position 
of the houses on site, which reduces power production capacity as 
well as the possibility to compensate for their share of embodied 
carbon [95].  

• Typologies, materials and building technology. When choosing 
housing typologies, materials and construction technologies there is 
a need to balance components’ durability with the many un-
certainties connected to the houses’ lifespan, intended and real. 
Some researchers have proposed a ‘speed and seed’ approach where 
building components made of durable materials are engineered to be 
flexible and adaptable, allowing incremental changes [96]. More-
over, past research has shown the impact of typology and materials 
on the psychological wellbeing of the affected population [97]. 
Additional considerations concern: the use of windproof materials 
and the need of ventilation [98]; the use of high performance ma-
terials and their local availability [47]; the choice of a performative 
building technology and the capacity of local people to adopt it at a 
later time for safely adapting TH units to their needs [14]; the use of 
traditional building methods and the availability of necessary ma-
terials [23]; the use of new efficient technologies that add complexity 
to old threats [31]; the presence of buy-back options and the un-
availability of clear criteria to establish end-of-use prices [81]. 

4.1.5. Operational dilemmas  

• Professional values and existent policies. Architects and planners 
are familiar with aesthetic and behavioural aspects of design and 
concepts such as ‘genius loci’; which refer to the idea of layered 
historic identity and sense of place, besides beauty, tradition and 
home. Professionals may however be forced to ignore these values if 
they are not explicitly stated in the major disaster guidelines [18]. 
This can result in the design of uniform TH site layouts that ignore 
the original social organisation and settlement patterns of the 
affected communities, leading to a socio-spatial disarticulation. 
Albeit beneficial from the perspective of psychological and physical 
recovery [97], these values may conflict with instances of resource 
efficiency due to connected higher urbanisation requirements [99]. 
Moreover, excessively ambitious plans which require time or 
threaten developers’ private profit can generate social conflicts [9].  

• Bottom-up initiatives and the consequent changing role of 
professionals. When people are required to take responsibility for 
the financing, planning, design, construction and management of 
their homes, architects and planners need to assume the role of 
expert consultants [18] and become facilitators/mediators between 
local people and governments. Professionals can assess design pro-
posals in terms, for example, of their lightness, easiness of assem-
bling and installation, thermal resistivity and comfort [100], 

evaluate the potential to re-use and recycle the houses, as well as the 
land and the infrastructure [101], and undergo post-occupancy as-
sessments to feed forward future practices [16]. Additionally, they 
may be required to evaluate the eligibility of local skills [93], 
including the informal sector, supervise the building construction 
process and ensure that local resources are used in a sustainable way 
[102]. Further activities include awareness raising and advocacy, 
construction monitoring and training for capacity building. Per-
forming these tasks can be challenging due to potential conflicts of 
values between professionals and lay people and may require both 
hard and soft skills, which are not always part of professionals’ 

training. 

4.1.6. Operational contradictions 
As shown in Table 2, operational contradictions are likely to emerge 

from ill-resolved technical trade-offs. Therefore, appropriate design 
methods should either address these first, potentially through the use of 
Axiomatic Design [106], or accepting that contradictions are inevitable 
but potentially resolved through innovative design methods such as 
TRIZ [107]. Machine learning could be used in different scientific do-
mains to facilitate operational knowledge management and further 
foster creativity, besides enabling knowledge transfer and wider infor-
mation sharing in practice. For instance, computer vision techniques can 
contribute to augment BIM capacities and speed up situation assessment 
[108], convolutional neural networks could be exploited to rapidly 
perform spatial and environmental analyses, and statistical learning can 
help to comparatively evaluate multiple design options and their spatial 
resilience patterns [109]. However, related development efforts may 
require development time and resources, which are usually available 
only in the preparedness phase; besides knowledge about how to flexibly 
tailor methods and tools so that they can suit different design/planning 
workflows [110]. 

Table 2 
Operational decision-making contradictions.  

Contradiction Underlying conflicting 
objectives 

Consequences of 
contradiction 

Scarce availability of 
land and use of single 
storey solutions 

Save land resources while 
improving safety in 
relation to aftershocks  

• Unhealthy (lack of floor 
space)  

• Unsafe (reduced 
privacy, solitary 
environment)  

• Mental health issues  
• Expenditure of ground 

Combination of a 
reversible system with 
glued joints and moist 
external finishes 

Re-use the structure 
while using fast and 
cheap methods to mount 
structures and apply 
finishes  

• Delay in dismantling  
• Impossible components’ 

re-use 

Combination of 
sustainable 
architectural solution 
and use of irreversible 
ground attacks 

Ensure the sustainability 
of the building while 
constructing reliable 
foundations rapidly  

• Not reversible 
(impossibility to move 
the unit and recycle it)  

• High land consumption 

Provision of housing 
solutions with 
different safety 
construction standards 
in the same disaster 
event 

Ensure safety of 
construction while using 
standard solutions across 
a large area  

• Waste of material 
resources where 
standards are higher 
than necessary  

• Unsafe conditions 
where standards are 
lower than necessary 

Planning of large 
temporary sites and 
lack of community 
relations after 
disasters 

Keep people close 
building large uniform 
TH settlements while 
maintaining social 
capital  

• Difficulties in 
maintaining community 
bonds if issues of 
leadership, ownership, 
transparency, planning 
and participation are 
not addressed  
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4.2. Managerial decision-making 

Managerial decisions (Table 3) involve project management and 
coordination including financing, housing procurement, progress 
monitoring and reporting, besides communication with stakeholders. 

4.2.1. Standardisation of managerial procedures 
If existing, managerial decisions are supported by a strategic plan, 

which is updated every time according to the specifics of the disaster (e. 
g. economic and political context, extent of damage, weather etc.) [67]. 
Otherwise, these and operational decisions are made after a disaster in 
an impromptu planning phase, under pressure of time. As a matter of 
fact, the typical operating environment is characterised by changing 
circumstances, which challenges the possibility to standardise mana-
gerial procedures. Nonetheless, Nappi & Souza [21] argue that identi-
fying relevant patterns in disaster management can bring an advantage 
in the coordination of future humanitarian efforts. 

4.2.2. Managerial collaboration 
The review evidences an absence of methods to ensure an effective 

collaboration across sectors (e.g. academia, government, industry, 
informal sector, international funding agencies and NGOs) towards 
improved performance [5,67,111]. Collaboration is a rather underex-
plored area of research in the emergency management literature. Con-
treras et al. [5] report a lack of empirical research relating collaboration 
patterns, engagement and task interdependency with specific collabo-
ration conditions. Despite being a somehow limited attempt, the pio-
neering work of Xu et al. [48] suggests that network science could be 
successfully exploited to study collaboration networks; which would 
have the advantage to gather under the same methodology social and 
spatial analysis. A multi-level network analysis can indeed help studying 
both self-organised social resilience mechanisms and the physical 
resilience properties of urban infrastructure, as well as the role played in 
these by ’weak ties’. Additionally, a poor collaboration can cause a 
duplication of tasks and functions (e.g. between local administrations 
and government disaster management agencies), leading to conflicts 
and confusion in both managerial and operational decision-making ac-
tivities [20]; 

4.2.3. Data management and decision support systems 
An additional challenge is represented by the explosion of data 

during crises and the parallel absence of accurate and timely data 
elaboration and information gathering protocols to support decisions 
[45]. Furthermore, there is a risk in decontextualizing the use of deci-
sion support systems (DSS). DSS should reflect the legal framework and 
planning practice of a country, including bureaucracy and assistance 
procedures, and account for local resources and contextual data. For 
instance, a Life-Cycle Analysis (LCA) should always be performed using 
applicable values of embodied energy and carbon. Using a dataset in a 
LCA analysis which is built for another country with different charac-
teristics, as done in a few of the reviewed documents [95,112], puts into 
question the validity of the analysis and the possibility to learn from its 
results. Varied carbon emission inventories should hence be made 
available and integrated in BIM platforms, if BIM models (which have 
started to appear in prefabricated post-disaster housing supply tenders) 
are to allow performing sustainability assessments rather than giving a 
competitive advantage to construction companies with CAD capacities. 
Similar limitations have been found by Vecere et al. [113] in a 
comparative analysis of 6 DSS estimating the need of public sheltering 
after a disaster. The number of homeless people to house can be hardly 
established using a universal tool immediately after a disastrous event 
because, for instance, entitlement to housing assistance may depend on 
local rules for needs’ assessment [99]. The number of houses needed 
may become a dynamic quantity, not just because of aftershocks, but 
also due to subsequent updates of lengthy (and/or contested) structural 
surveys [6] or modifications of key policies [8]. 

Table 3 
Summary of managerial decision-making themes and dichotomies.  

Managerial Description Disaster Type Country/ 
Context 

References 

Open 
Decision- 
Making 
Challenges 

Standardisation 
of managerial 
procedures 

Earthquake, 
generic 
natural 
hazard 

Developed, 
developing, 
not 
specified 

[21,67] 

Managerial 
collaboration 

Earthquake, 
generic 
hazard 

Developed, 
developing, 
not 
specified 

[5,20,48, 
67,111] 

Data 
management 
and Decision 
Support Systems 

Earthquake, 
earthquake 
+ tsunami, 
generic 
natural 
hazard, 
generic 
hazard 

Developed, 
developing 

[6,8,45, 
95,99,112, 
113] 

Trade-Offs Speed versus 
quality 

Cyclone, 
earthquake, 
earthquake 
+ tsunami, 
flooding, 
hurricane, 
volcanic 
eruption 

Developing [8,23,36, 
46,47, 
114] 

Customised 
solutions versus 
standardisation 

Earthquake, 
earthquake 
+ tsunami, 
generic 
natural 
hazard, 
hurricane 

Developed, 
developing 

[50,66, 
115–117] 

Participation 
versus process 
efficiency 

Cyclone, 
earthquake, 
earthquake 
+ tsunami, 
flooding, 
generic 
natural 
hazard, 
typhoon, 
volcanic 
eruption 

Developed, 
developing 

[5,19], 
[23,24,28, 
48,49,52, 
66,93,114, 
118–120] 

Dilemmas Use of available 
decision support 
systems 

Earthquake, 
generic 
hazard, 
hurricane 

Developed, 
developing, 
not 
specified 

[64,65,80, 
106, 
121–124] 

Use of 
participatory 
practices 

Generic 
hazard, 
generic 
natural 
hazard, 
typhoon 

Developed, 
developing 

[19], 
[125,126] 

Contradictions Timely use of 
available 
funding and 
actual needs 

Earthquake, 
earthquake 
+ tsunami 

Developed, 
developing 

[8,23,99] 

Need for 
customisation 
and unsuitable 
protocols/ 
practices 

Earthquake Developed [45,127] 

Importance of 
participation as 
part of 
preparedness 
and focus on 
methods for the 
response phase 

Earthquake, 
generic 
natural 
hazard 

Developed, 
developing 

[36,66,67] 

Rural 
intervention 
skills and urban 
response 

Cyclone, 
earthquake, 
earthquake 
+ tsunami, 
flooding, 

Developing [18,29,32, 
114,128] 

(continued on next page) 
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4.2.4. Managerial trade-offs  

• Speed versus quality. A balance should be stricken between these 
two variables in different fronts, including environmental sustain-
ability [36]. In relation to the delivery of TH solutions, the push for 
quick and visible outputs regardless of their quality may cause, for 
example, the provision of infrastructure and services (e.g. power, 
roads and water grid, school and healthcare facilities) to be left 
behind [47]. To rapidly fulfil donors’ expectations, NGOs may target 
areas that are more easily accessible and offer a higher probability of 
success in the short term [46]. As both speed and quality are key for 
promoting livelihoods, safety and security [23], consensus should be 
reached case by case on the appropriate speed for construction. A 
balanced choice needs to be made also between TH quantity versus 
quality [114] because housing anxiety and difficulties in coordi-
nating housing recovery efforts can arise when there is both a pres-
sure to rebuild and to go beyond providing a mere stock of houses 
[8]. 

• Customised solutions versus standardisation. Customised solu-
tions may serve a variety of purposes including aesthetic (e.g. 
culturally adequate solutions fostering interpersonal identity and 
sense of ownership as opposite, e.g. to the Disneysation of temporary 
settlements), functional (e.g. accessibility for disabled people), 
health (e.g. good indoor air quality, comfort and care) and safety (e. 
g. protection against violence and hazards); which standard solutions 
can hardly satisfy. It is key to address different vulnerabilities such as 
those of children, disabled people, the elderly and women living in 
TH sites, because they can be exposed to a variety of mental (e.g. 
anxiety, depression, post-trauma stress, social isolation) and physical 
diseases (e.g. musculoskeletal, respiratory) [50,115–117]. However, 
attempts to introduce a top-down customisation can cause delays in 
material procurement, and in the manufacturing and distribution of 
the temporary houses [66].  

• Participation versus process efficiency. Despite this being a 
largely discussed topic, the benefits of different types of participation 
in relation to the outcomes of shelter programmes are not yet well 
understood. Davidson et al. [52] suggest the importance of user 
participation in the project design and planning phases. Opdyke et al. 
[19] note that, under certain conditions, overlooked forms of 
participation such as ‘sweat’ labour can further project goals , stating 
it is important to give more control to people over decisions in the 
early planning stages and during construction activities than in the 
design phase. In the past few decades, a nourished number of authors 
[114,118,119], have argued that participation is necessary for 
effective problem solving and to reduce dependency of affected 
populations by supporting local efforts and abilities, speed up re-
covery and underpin the continuation of cultural values. However, 
recent research has challenged the ubiquitous validity of this 

assumption. For instance, Maly [24] notes that participation does not 
always guarantee to achieve a people-centred recovery because, if 
detached from long-term capacity-building efforts, it may not lead to 
community empowerment [19]. Here, two key components are civic 
awareness and civic rights [48]. Fayazi & Lizarralde [28] argue that 
participation does not always help resolving conflicts between 
stakeholders. Rather, a late and simplistic engagement in such a 
practice may intensify discussions over solutions that experts 
consider too costly and technically infeasible or create voice oppo-
sition to highly needed projects, policies and programs. This can 
nonetheless be a positive sign of communities struggling to take back 
control [49]. Subasinghe [93] highlights that regarding self-labour 
as non-skilled can result in verbal and physical conflicts with local 
aid managers or in shelter abandonment due to an unhealthy 
competition with foreign volunteers. Nevertheless, relying on 
self-labour only may not be sufficient in large-scale disasters and, if 
deadlines are missed, issues arise due to the resulting discontent 
[23]. Participation takes time [120] and requires transparency of 
information and actions, which is not always there [5] because a 
time-limited participation of organisations and actors (due to the 
turnover of relief organization personnel) may prevent actual 
knowledge sharing and may be influenced by stereotyped cultural 
judgements. A continued fruitful participation of all stakeholders, 
depends both on citizens’ and local authorities’ capacity to engage in 
the process and on the presence of social capital and local collabo-
ration networks [66]. 

4.2.5. Managerial dilemmas  

• Use of available DSS. Whether to use or not available DSS is a 
dilemmatic element because of a lack of methods to tailor existing 
DSS to the problem of post-disaster housing assistance and because 
further research on disaster operation management is needed [65, 
121]. Most of the operational research done to date concerns 
deterministic decision support systems such as multi-criteria or 
multi-objective optimisation methods to: assess temporary housing 
alternatives and allocate displaced families to them using a selection 
of KPIs or/and bottom-up inputs [122,123]; choose desirable tem-
porary settlement locations [80]; estimate optimal inventory levels 
for temporary housing procurement [64]; and identify sustainable 
housing types [124]. Arguably these methods are not fit to explore 
‘what if’ questions considering participatory practices, nor to allow 
for hesitancy in decision-making, because they tend to force choices 
even if decision-makers are in doubt, rather than accommodate it in 
solutions’ development [106].  

• Use of participatory practices. This emerges as a dilemmatic and 
yet key component of managerial decision-making to reach 
consensus among stakeholders considering their priorities and per-
ceptions. Research indicates that, under certain conditions, citizen 
participation can advance social sustainability by enhancing urban 
disaster management, but its impact in different contexts is still 
unclear. Participation in shelter projects can be understood in the 
minimum terms of a sequence of decisions and actions [19]. It seems 
thus important to define when these decisions and actions are made 
and by whom: being individuals, communities, or local governments. 
A suitable selection of the time in which participants are engaged (e. 
g. situation assessment, design and planning, resource procurement 
and construction, monitoring and management, preparedness), and 
their level of control over the process are crucial to achieve the 
intended outcomes and may be chosen and varied in relation to a 
specific context. Participants should be defined with a suitable level 
of detail, considering their participation capacities as well. The 
concepts of ‘user’ and ‘citizen’ are not interchangeable, as they 
reflect a different focus/goal in the participatory process and refer to 
individuals with different institutional rights. For the principle of 
equifinality, there is no unique solution concerning participation. In 

Table 3 (continued ) 
Managerial Description Disaster Type Country/ 

Context 
References 

generic 
hazard, 
hurricane, 
volcanic 
eruption 

Complex 
operational tasks 
and use of 
unskilled human 
resources 

Earthquake, 
earthquake 
+ tsunami 

Developing [23,46] 

Preference for 
local materials 
and 
unsustainable 
procurement 

Earthquake, 
earthquake 
+ tsunami 

Developing [23,36]  
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fact, it can be pursued both at the managerial and at the operational 
levels via different routes among which, in the former case, sweat 
equity and serious games and, in the latter, co-design and collabo-
rative planning. Digital 3D modelling, online collaborative plat-
forms, physical prototyping and testing, real-time simulations, social 
networks and Virtual Reality applications can be differently exploi-
ted to support participatory processes. For each of these modalities it 
should be in place a protocol suitable to assess the effectiveness of the 
process against its objectives. In fact, many technological platforms 
suggested in the literature as suitable for using in participatory 
spatial planning processes, design and project management (e.g. 
CityEngine, GIS and BIM applications, Rhino/Grasshopper) are not 
yet accessible by the lay public [125] nor fully scalable [126]. 
Overall, the review identifies a lack of a solid framework for different 
modes of participation in post-disaster housing decision-making as 
well as of methods for assessing their different impact on decision 
outcomes. 

4.2.6. Managerial contradictions 
Table 4 presents numerous examples of managerial contradictions, 

related to coordination of recovery efforts, financing, information and 
human-resources’ management, participation and scheduling (the two 
at the bottom of the table are labelled as managerial despite they orig-
inate in practice from an ill-resolved coordination of trade-offs between 
this and the operational level). To tackle these issues, comparative 
studies of housing management practices in different contexts have 
recently started to emerge; which allow an iterative definition of simi-
larities and differences useful to derive theoretical insights, inform 
future housing efforts and help towards the reported lack of systematic 
institutional memory in the shelter sector [114]. A key example, 
although oriented to practitioners, is represented by the Shelter Projects 
series [129]. Additionally, Patel and Hastak [66] suggest that process 
trade-offs existing between cost, resources and time can be strategically 
balanced case-by-case in the preparedness phase, by simulating post 
disaster response and iteratively modifying managerial guidelines. 
Future managerial scenarios will also have to consider how to build trust 
in different contexts and how to deal with new emerging problems such 
as that of the ’tourism of macabre’ or ’dark tourism’, involving people 
making selfies in front of the ruins. 

4.3. Strategic decision-making 

Strategic decisions (Table 5) address in different ways the issue of 
balancing long-term versus short-term housing priorities and needs and 
are generally guided by an inspirational vision besides being concerned 
with permanent reconstruction. To be truly useful in pursuing a devel-
opment recovery the vision needs to be consistent with a dynamically 
changing reality [18] and should be supported by contextual knowledge 
and strong leadership. This decision-making level dictates the scope of 
managerial decisions in terms of long-term objectives and available 
funding. 

4.3.1. Lack of contextual standards 
Because of contextual differences, across a large disaster area, solu-

tions of strategic issues do not have to be unique and homogenous [51]. 
Trade-off decisions should rather be approached case by case as 
appropriate. A plethora of research on policymaking related to TH was 
conducted in the past using case-studies (e.g. the coastal zone policy 
after the 2004 tsunami in Sri Lanka), which possibly reflects the need to 
adopt a contextualised approach and to overcome the temptation to look 
for ‘one size fits all’ solutions. The latter is reflected, for instance, in the 
ubiquitous use of the Sphere’s minimum housing standards [78], albeit 
their adoption in different contexts is culturally problematic because 
either it ignores the higher state of development of a country [14] or the 
lower living standards of the non-affected population [32]; which causes 
social tensions between the displaced and the host community. 

Providing substandard solutions relatively to the context can cause de-
lays, improvisation and increase the cost of the solutions eventually 
adopted [130]. To solve this issue Davis & Alexander [18] suggest 
setting shelter standards nationally rather than internationally; ac-
cording to local cultures and economies and possibly after consulting 
local governments. 

4.3.2. Lack of contextual knowledge 
The current quest for human-centred solutions seems not to be 

backed up by a sufficiently detailed characterisation of end-users [131] 
and contexts, with the subsequent risk of stereotyping people and situ-
ations due to cultural and knowledge gaps. For example, studies 
addressing the needs of minorities differ in their focus according to the 
context: elderly needs are mainly researched in the developed world, 
where issues linked to an ageing population are more pressing; whereas 
gender differences are more studied in the global South. Possibly, the 
cause of the current research polarisation is the practical orientation of 

Table 4 
Managerial decision-making contradictions.  

Contradiction Underlying conflicting 
objectives 

Consequences of 
contradiction 

Timely use of available 
funding and actual 
needs 

Maximise use of 
available funding while 
tailoring response to 
actual needs  

• Development policies 
based on self-help are 
weakened  

• Heritage conservation 
goals are undermined  

• Contribute to build new 
vulnerabilities by 
causing competition or 
confrontation among aid 
organisations 

Need for customisation 
and unsuitable 
protocols/practices 

Provide a customised 
response while following 
protocols or common 
practices  

• Disaster managers 
relying on standard 
protocols and expert 
intuition despite the 
availability of custom 
information  

• Critical information not 
shared when needed 

Importance of 
participation as part 
of preparedness and 
focus on methods for 
the response phase 

Make key decisions as 
part of preplanning while 
enabling participation in 
disaster response  

• Ineffective preplanning  
• Ineffective participatory 

processes (preparedness 
should be understood as 
an early engagement in 
participatory planning) 

Rural intervention skills 
and urban response 

Answer requests from 
donors to aid in urban 
disasters despite 
inexperience in the field 
while providing a skilled 
housing assistance  

• Biased response to a 
growing number of 
urban disasters  

• Interactions with the 
market and the private 
sector to ensure an 
effective response and 
recovery can be 
ineffective or inexistent 

Complex operational 
tasks and use of 
unskilled human 
resources 

Resolve complex 
operational tasks while 
employing unskilled 
local human resources  

• Excessive workloads  
• Delays  
• Sub-standard service 

delivery  
• Weaken recovery 

policies  
• Coordination difficulties 

Preference for local 
materials and 
unsustainable 
procurement 

Use of local materials to 
boost environmental 
sustainability while 
ensuring a quick 
provision of needed 
resources  

• Unsustainable 
procurement practices 
are encouraged  

• Environmental 
vulnerabilities are 
created, putting at risk 
local ecosystems  

• The risk of landslides, 
topsoil erosion and 
impairment of water 
supply increases  
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the field, where typically research follows action. Assuming the usual 
modalities of interventions as a starting point for research may however 
induce an anchoring effect, skewing research efforts in some areas while 
overlooking other promising ones such as, for instance, discussing op-
portunities and threats of the digital revolution in the shelter sector. This 
may involve evaluating the impact of the sharing economy (e.g. Airbnb), 
social media and of bottom-up collaborative web-platforms on housing 
recovery processes in different countries as well as that of the decen-
tralisation of the means of production and knowledge in the making of 
TH. 

4.3.3. Strategic trade-offs 
Some of the dichotomies listed below can be recognised as recurring 

dilemmas rather than actual trade-offs, but the latter expression is used 
to highlight that balanced and fit-to-context compromise solutions, in 
the form of hybrid approaches i.e. seeking a positive synergy between 
opposites, are perhaps more appropriate and more viable options in 
strategic planning.  

• Top-down versus bottom-up: these represent two opposite modes 
of governance corresponding to control and trust routes, respec-
tively. The first being centralised and the second highly decentral-
ized with distribution of risk among project actors involving a 
‘people-driven’ procurement. The latter allows coping with limited 
resources and response capacities by supporting self-recovery but 
requires: achieving high levels of coordination, especially in complex 
urban environments [19]; empowering local actors in different 
phases of decision-making (from strategic planning to 
post-occupancy management); and implementing plans for building 
local capacities. Within the realm of the public administration, a 
hybrid solution may correspond to a mixed decentralized model for 
recovery management with inputs from the central government as 
well as from the regional and municipal administrations [51].  

• Sustainability as efficiency versus resilience. Sustainability and 
resilience are umbrella terms, which can be used to identify different 
priorities, which may eventually end up being in contrast [45]. For 
example, a narrow and improper definition of sustainability as a 
purely economic principle ruling in short term (i.e. maximum cost 
saving in the short term), may hinder social and environmental 
resilience [36,79]. Community resilience is higher when there is a 
contemporary overlap of economic (households’ livelihood), envi-
ronmental (natural resources and services) and social (community 
bonds) capital; which are interdependent dimensions creating truly 
sustainable communities [132].  

• Individuals versus society. Strategic decisions should help striking 
a balance between individual and collective aspects of life [20]. 

Furthermore, they should consider the rights of all stakeholders, 
rather than only those of a restricted group of individuals in order to 
avoid tensions and conflicts over the use of resources [47]. In plan-
ning, this means seeking a rational urban form rather than priori-
tising patterns of land ownership [18]. This trade-off is reflected in 
the equity versus fairness dilemma, that is the choice between all 
people being treated equally or according to their (subjectively 
assessed) needs [114] and prioritising the preservation of 
pre-existing territorial communities [30]. Under certain conditions, 
the decision of providing support to vulnerable people first, may 
cause the disruption of former communities and their isolation from 
society [39].  

• Resettlement versus minimum displacement. Displacement 
should be generally avoided because resettlement has a social cost in 
terms of loss of livelihood and social fragmentation [5,30] as well as 
infrastructure. In some instances, it weakens the capacity of the 
affected community to take a larger role in reconstruction activities. 
Instead of preventing risk for health, relocation in unsuitable tran-
sitional housing sites may cause mental stress, putting at higher risk 
vulnerable categories of people with lower income and education 
levels [133]. Additionally, difficult living conditions and 
socio-economic factors can lower communal civility [49], trigger 
violent behaviours [93], and worsen drinking habits [134]. Historic 
failures in both planned and spontaneous resettlement plans, show 
that, simply moving the location of a settlement does not necessarily 
reduce vulnerability [88]. Given its impact on the territory and the 
life of its inhabitants, when this strategy is considered, it should rely 
on an inclusive and participatory plan, supporting the 
socio-economic resilience and equity of disaster-stricken commu-
nities [135]. Among other key issues to address are the ownership of 
assets, including for example the houses themselves, the availability 
of land for urban gardening and that of knowledge resources, such as 
skills’ development and consolidation programmes aimed at 
strengthening individual and group adaptive resilience capacity 
[132].  

• Temporary versus permanent. To enable a coherent alignment of 
strategic objectives with decisions taken at lower levels, a choice 
regarding the future of the temporary houses needs to be made early 
on. If a long-term strategy in not in place, results may be unpre-
dictable and problematic or cause the waste of important resources. 
The unplanned use of temporary solutions as permanent ones and the 
lack of a clear pathway towards permanent housing solutions may 
compromise peoples’ safety, security and quality of life [67,136] and 
cause management issues connected to the absence of formal and 
functional coherence in TH sites [137]. However, the speed of re-
covery may vary according to different contextual factors related to 

Table 5 
Summary of strategic decision-making themes and dichotomies.  

Strategic Description Disaster Type Country/Context References 
Open Decision-Making 

Challenges 
Lack of contextual standards earthquake, earthquake + tsunami, generic hazard developed, developing, 

not specified 
[14,18,32,51,78, 
130] 

Lack of contextual knowledge earthquake Developing [131] 
Trade-Offs 

(Dilemmatic) 
Top-down versus bottom-up earthquake + tsunami, typhoon developed, developing [19,51] 
Sustainability as efficiency versus resilience cyclone, earthquake, earthquake + tsunami developed, developing [36,45,79,132] 
Individuals versus society cyclone, earthquake, earthquake + tsunami, 

flooding, generic hazard, hurricane, volcanic 
eruption 

developed, developing [18,20,30,39,47, 
114] 

Resettlement versus minimum displacement cyclone, earthquake, earthquake + tsunami, generic 
hazard 

developed, developing [5,30,49,88,93, 
132–135] 

Temporary versus permanent earthquake, generic hazard developed, developing [47,67,136–139] 
Contradictions (Inter- 

level) 
Collection of disaggregated data and one size 
fits all response 

earthquake, generic hazard developing, 
developing 

[140,141] 

Push for environmentally sustainable TH 
solutions and lack of holistic planning 

earthquake, earthquake + tsunami, developed, 
developing 

[23,36,67] 

Programmed temporariness and actual 
permanence of TH 

earthquake, earthquake + tsunami, generic hazard, 
nuclear hazard 

developed, developing [7,81,88,142, 
143]  
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the situation before and after the disaster [47]. A possible strategy to 
address this issue is to reduce the overall lifecycle costs of housing 
assistance, by making economically, politically and technically 
feasible to reuse, store, sell or recycle the temporary houses and sites 
[67,138]. Under certain conditions, adopting a circular economy 
model has the potential to augment the value of the resources 
already immobilised for local communities by exploiting the assets in 
different forms in the long term. Furthermore, strategic choices 
should acknowledge that, far from being exceptional, temporary 
housing is currently embedded - in several non-ordinary and tran-
sitory forms - in the urban and social fabrics of most big cities 
worldwide [139]. 

4.3.4. Strategic contradictions 
Due to their generic character, strategic decisions do not usually 

generate intra-level decision-making contradictions, but still require to 
coherently resolve difficult trade-offs, which if not numerous, are huge 
in terms of their consequences for the future of the affected population 
and territory. Since strategic decisions establish the objective of lower 
level decisions, contradictions at this level can be interpreted as a 
misalignment between strategic intentions and lower-level actions. 
Fig. 2 illustrates that besides intra-level dichotomies, which decrease in 
number but increase in importance going from the operational to the 
strategic level, the literature presents examples of inter-level contra-
dictions across two or more decision-making levels. The latter point is 
further exploded in Table 6, which summarises information extracted 
from the literature to highlight ’intention and action’ gaps. 

5. Discussion 

The resolution of intra- and inter-level contradictions is crucial for 
BBB, as they materialise a clear mismatch between disaster recovery and 

development goals. To tackle them, it is key to reconcile objectives in 
two directions: (i) among different technical disciplines and (ii) between 
experts and people. 

The multi-domain nature of several decision-making dichotomies 
identified in the review indicates that dichotomies could be better 
addressed via interdisciplinary and transdisciplinary decision-making; 

Fig. 2. Map of trade-offs (grey, top) and contradictions (light blue, bottom) found in the review. (For interpretation of the references to colour in this figure legend, 
the reader is referred to the Web version of this article.) 

Table 6 
Strategic decision-making contradictions.  

Contradiction Inter-level 
misalignments 

Consequences of 
contradiction 

Collection of 
disaggregated data and 
one size fits all 
response 

Lack of adequate 
professional expertise, 
executive protocols, 
financing, and 
leadership  

• Consideration of physical 
accessibility only (e.g. 
provision of a ramp)  

• Insufficient inclusion of 
disabled people in 
decision-making for 
defining guidelines for 
shelter clusters or to 
design and test housing 
infrastructure 

Push for environmentally 
sustainable TH 
solutions and lack of 
holistic planning 

Absence of a plan to re- 
use TH infrastructure 
and land and 
operational difficulties 
in re-cycling material 
from rubble  

• Low environmental 
impact of TH is 
ultimately not achieved 

Programmed 
temporariness and 
actual permanence of 
TH assistance 
programs 

Lack of an end-of-life 
plan for TH units and 
sites  

• Long-term economic, 
environmental, and 
social negative impacts  

• Impact on health and 
safety of inhabitants (e.g. 
loss of vitality, physical 
and mental stress etc.), 
leading, in some cases, to 
disaster-related deaths  
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what confirms the claim of Spokane et al. [144], that cross-disciplinary 
expertise is needed to reduce post-disaster housing vulnerabilities of 
individuals and communities. The fact that the literature on TH is 
populated by a multiplicity of points of views, each taking in relatively 
low consideration the others, affects decision-making in a negative way. 
For instance, Yang et al. [145] report that geological disasters and 
vegetation density have not been used together for assessing the suit-
ability of TH sites simply “because of different research backgrounds”. 
Additionally, this paper shows that existing knowledge is not sufficiently 
exploited by decision-makers for the following reasons: lack of human 
resources and training, reliance on unsuitable protocols, time and 
money pressure, or simply because they are unaware of, or unable to, 
search though the plethora of available information. Indeed, it was the 
fragmentation of the TH literature [26], which in the first place, sug-
gested the opportunity of its systematic analysis, to reorganise inter-
disciplinary knowledge in the area of decision-making. Other reviews on 
TH have not previously undergone a similar process because they were 
mainly focused on just one decision-making level, namely the opera-
tional, and concerned with specific decision-making tasks such as TH 
design and planning; what represents a missed opportunity for broader 
lessons learning and conflicts’ resolution. 

Even if at an aggregate level, this review shows the variability of 
decision-making challenges and dichotomies based on contextual fac-
tors. These factors can cause conflicts over TH-related decisions between 
experts and local people [49], because citizens are prone to contextual 
cognitive biases when evaluating risk and acting upon it (e.g. the 
availability heuristic) [146]. Nonetheless, the gaps that contribute to 
separate the real utility of TH (value effectively delivered by pro-
fessionals operating in humanitarian contexts) from its expected value 
(needs and expectations of affected people) should be mapped in an 
organised manner and then closed. This may involve mapping decisions 
and organisational structures in different case studies, possibly starting 
from existing documental evidence, using a standard notation system (e. 
g. BPMN) to identify bottleneck activities, misalignments of decisions 
and overlapping roles; what would enhance accountability, process 
transparency and reproducibility, besides enabling the assessment of 
participatory processes and the extraction of common decision-making 
patterns. Business process mapping methods, as well as other tools 
developed for the industry, may however need to be adapted to better 
reflect the values and performance objectives of humanitarian housing 
programs [147], starting from an in-depth examination of 
decision-making dichotomies. Additional research is nonetheless needed 
to analyse more in detail decision-making dynamics in specific contexts 
and develop novel tools and methods suitable to inform truly 
evidence-based decisions. Field research will need to consider risks of 
research fatigue in certain population groups and overcome methodo-
logical challenges in studies addressing underrepresented minorities (e. 
g. disabled, minor ethnic groups, old people etc.). To tackle these issues 
researchers could resort to co-operation with humanitarian actors, local 
governments and news agencies, and to the use of storytelling and 
narrative analysis [148] in addition or in alternative to statistic assess-
ments, which seem complicated because of the different ways in which 
these different organisations measure, obtain and record information. 
Narratives could be particularly relevant to assess the alignment of 
participatory processes across all decision-making levels and can be 
judged according to the soundness of their arguments via knowledge 
engineering methods, which could be also exploited to examine the 
contradictory certainties that characterise different domains of 
expertise. 

6. Conclusion 

This research has surveyed and deconstructed the existing body of 
knowledge to grasp common decision-making issues in post-disaster 
housing assistance programs across disparate disciplines. Using a sim-
ple tripartite framework to group decision-making challenges and 

dichotomies it was possible to grasp cross-scale dependencies amid 
strategic, managerial, and operational choices. In this way it was 
possible to prove the hypothesis that decision-making contradictions are 
generated by a misalignment of decisions made at these three different 
levels. The identified challenges and dichotomies are not necessarily 
applicable to all contexts and may be relevant only under specific cir-
cumstances. Additionally, the list is not exhaustive and does not 
differentiate between disaster types and specific housing approaches, 
solutions, and countries. Nonetheless, this review allowed to establish 
common grounds in a critical research area and conclude that:  

• Existing knowledge could be better exploited through analysis of 
post-disaster decision-making.  

• Interdisciplinary and transdisciplinary decision-making is essential 
to address dichotomies. 

• A constructive alignment of decisions made at the strategic, mana-
gerial and operation levels is needed to enable BBB.  

• An in-depth examination of decision-making trade-offs, dilemmas 
and contradictions is the next step towards developing new methods 
and tools to support and address BBB.  

• These tools and methods should be responsive to contextual needs 
and local dynamics. 

In relation to the latter point, promising ways forward to be validated 
in future research were identified at the three analysed decision-making 
levels:  

• Operational: exploit methods such as Axiomatic Design or TRIZ to 
deal respectively with trade-offs and contradictions and adopt a data- 
driven approach exploiting machine learning capacities to deal with 
multiple dimensions following people-centred performance criteria. 

• Managerial: use comparative studies of housing management prac-
tices and scenario testing to identify and tackle likely contradictions 
in advance, make a tailored use of available DSS tools and exploit 
graph analysis methods to tackle resilience in collaboration 
networks.  

• Strategic: exploit/adapt industry-standard methods such as BPMN to 
map inter-level decision-making gaps, analyse narratives with 
knowledge engineering methods and make use of participatory 
processes to produce strategic guidelines tailored to both end-users 
and contexts. 

Ultimately, this review uncovered the existence of a decision-making 
gap, which manifests itself at all the three analysed decision-making 
levels, through the many decision-making challenges and dichotomies 
often left unaddressed in post-disaster housing recovery planning, in 
developing and developed countries alike. The contemporary connect-
edness, information decentralisation and the possibility to access an 
increasing amount of computational power offer a unique opportunity to 
advance knowledge of the mechanisms that drive related decision- 
making and to support deliberation. Yet, to foster more holistic prac-
tices, a better understanding of how decision-makers operate in different 
disaster contexts is needed, which will require a critical mass of targeted 
empirical research (e.g. direct observation, human interaction, and 
systematic documentation). Decision-making challenges and di-
chotomies need to be better documented and analysed and potentially 
will then yield the discovery of patterns at different decision-making 
levels, which can then suggest further methods and/or tools to be 
used. To this end, academic research resorting to interdisciplinarity and 
cross-sector collaboration could provide a much-needed support to ex-
perts and decision-makers in the shelter community operating under 
high cognitive stress. Future research may build on the theoretical 
outputs of this study to assess the weight of the links amid decision- 
making challenges and dichotomies reported in the literature. Addi-
tional research could also attempt testing in real-life scenarios the 
viability of the identified decision support methods as tools to orient 
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critical decisions and explore more in detail how data/information are 
managed and mined across the three decision-making levels in practice. 

Declaration of competing interest 

The authors declare that they have no known competing financial 
interests or personal relationships that could have appeared to influence 

the work reported in this paper. 

Acknowledgments 

This research did not receive any specific grant from funding 
agencies in the public, commercial, or not-for-profit sectors.  

Annexes. 

Annex 1 
Abbreviation table.  

Abbreviation Extended Version 
BBB Build Back Better 
NGO Non-Governmental organisation 
TH Temporary Housing 
BIM Building Information Modelling 
DSS Decision Support System 
LCA Life-Cycle Analysis 
CAD Computer Aided Design 
KPI Key Performance Indicator 
GIS Geographic Information System 
BPMN Building Process Modelling Notation 
UN United Nations  
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[76] F.C. Karaoğlan, S. Alaçam, Design of a post-disaster shelter through soft 
computing, Int. J. Archit. Comput. 17 (2019) 185–205, https://doi.org/10.1177/ 
1478077119849694. 

[77] Global Shelter Cluster, Shelter Accountability Resources, 2013. http://www. 
ecbproject.org/cluster-accountability. (Accessed 3 December 2019). 

[78] Sphere Association, The Sphere Handbook: Humanitarian Charter and Minimum 
Standards in Humanitarian Response, fourth edi, Practical Action Publishing, 
Geneva, Switzerland, 2018. www.spherestandards.org/handbook. 

[79] F. Kılcı, B.Y. Kara, B. Bozkaya, Locating temporary shelter areas after an 
earthquake: a case for Turkey, Eur. J. Oper. Res. 243 (2015) 323–332, https:// 
doi.org/10.1016/j.ejor.2014.11.035. 

[80] B. Omidvar, M. Baradaran-Shoraka, M. Nojavan, Temporary site selection and 
decision-making methods: a case study of Tehran, Iran, Disasters 37 (2013) 
536–553, https://doi.org/10.1111/disa.12007. 

[81] P. De Berardinis, S. De Gregorio, Temporary Systems after the Earthquake in 
L’Aquila, 2014, pp. 47–58, https://doi.org/10.2495/MAR140041. 

[82] S.M.A. Hosseini, O. Pons, A. de la Fuente, A combination of the Knapsack 
algorithm and MIVES for choosing optimal temporary housing site locations: a 
case study in Tehran, Int. J. Disaster Risk Reduct. 27 (2018) 265–277, https://doi. 
org/10.1016/j.ijdrr.2017.10.013. 

[83] H. Yu, M. Liu, Exploration of modularization and sustainable design of temporary 
housing for disaster succor and repertory, Dalian Ligong Daxue Xuebao/J. Dalian 
Univ. Technol. 49 (2009) 714–717. 

[84] O. Eren, A proposal for sustainable temporary housing applications in earthquake 
zones in Turkey: modular box system applications, Gazi Univ. J. Sci. 25 (2012) 
269–287. 

[85] T. Gunawardena, T. Ngo, P. Mendis, L. Aye, R. Crawford, Time-efficient post- 
disaster housing reconstruction with prefabricated modular structures, Open 
House Int. 39 (2014) 59–69. 

[86] A. Feliciotti, O. Romice, S. Porta, Design for change: five proxies for resilience in 
the urban form, Open House Int. 41 (2016) 23–30. 

[87] J.I. Moon, S.H. Lee, A study on the planning method of temporary residences for 
refugees following a disaster: focused on Korean temporary residences, J. Asian 
Architect. Build Eng. 6 (2007) 251–258, https://doi.org/10.3130/jaabe.6.251. 

[88] D. Alexander, Preserving the identity of small settlements during post-disaster 
reconstruction in Italy, Disasters 13 (1989) 228–236, https://doi.org/10.1111/ 
j.1467-7717.1989.tb00712.x. 

[89] C. Pezzica, C. Chioni, V. Cutini, C. Bleil de Souza, Assessing the impact of 
temporary housing sites on urban socio-spatial performance: the case of the 
Central Italy earthquake, in: O., Gervasi et al. (eds) Computational Science and Its 
Applications – ICCSA 2020. LNCS, 12251. Springer, Cham. https://doi.org 
/10.1007/978-3-030-58808-3_24. 

[90] V. Cutini, The city, when it trembles: earthquake destructions, post-earthquake 
reconstructions and grid configuration, in: 2013 Int. Sp. Syntax Symp, Sejong 
University Press, 2013. 

[91] M.-K. Tsai, Designing postdisaster temporary housing facilities: case study in 
Indonesia, Nat. Hazards Rev. 16 (2015), https://doi.org/10.1061/(ASCE) 
NH.1527-6996.0000163. 

[92] D. Salaheldin Ismail Elsayed, Perceiving urban resilience within post-quake 
recovering processes. An experimental approach for emergency housing in Emilia 
Romagna, Italy, in: Res. Dev, 2018, pp. 333–349, https://doi.org/10.1007/978-3- 
319-61988-0_26. 

[93] C. Subasinghe, Spatial confrontations: abandonment of self-labor in transitional 
sheltering after a natural disaster, Int. J. Disaster Risk Reduct. 6 (2013) 78–86, 
https://doi.org/10.1016/j.ijdrr.2013.09.005. 

[94] A. Piccioli, Reducing GBV risks through better shelter programme design, Shelter 
Displac, Forced Migr. Rev. 55 (2017). https://podcasts.ox.ac.uk/people/alberto 
-piccioli. (Accessed 4 December 2019). 

[95] L. Dong, Y. Wang, H. Li, B. Jiang, M. Al-Hussein, Carbon reduction measures- 
based LCA of prefabricated temporary housing with renewable energy systems, 
Sustainability 10 (2018) 718, https://doi.org/10.3390/su10030718. 

C. Pezzica et al.                                                                                                                                                                                                                                 

http://refhub.elsevier.com/S2212-4209(20)31477-1/sref37
http://refhub.elsevier.com/S2212-4209(20)31477-1/sref37
http://refhub.elsevier.com/S2212-4209(20)31477-1/sref37
http://refhub.elsevier.com/S2212-4209(20)31477-1/sref38
https://doi.org/10.1007/978-3-319-10202-3_3
https://doi.org/10.1007/978-3-319-10202-3_3
https://doi.org/10.1108/DPM-01-2018-0022
https://doi.org/10.1108/DPM-01-2018-0022
https://doi.org/10.1142/S1793431110000765
https://doi.org/10.1007/978-3-642-23753-9_70
https://doi.org/10.1007/978-3-642-23753-9_70
http://refhub.elsevier.com/S2212-4209(20)31477-1/sref43
http://refhub.elsevier.com/S2212-4209(20)31477-1/sref43
http://refhub.elsevier.com/S2212-4209(20)31477-1/sref44
http://refhub.elsevier.com/S2212-4209(20)31477-1/sref44
http://refhub.elsevier.com/S2212-4209(20)31477-1/sref44
https://doi.org/10.1016/j.ijdrr.2016.03.010
https://doi.org/10.1016/j.ijdrr.2016.03.010
https://doi.org/10.1193/1.3637637
https://doi.org/10.1193/1.3637637
https://doi.org/10.1016/B978-0-08-047163-1.00046-1
https://doi.org/10.1016/B978-0-08-047163-1.00046-1
https://doi.org/10.1080/17477891.2016.1142417
https://doi.org/10.1193/1.1767162
https://doi.org/10.1193/1.2202650
https://doi.org/10.1193/1.2202650
https://doi.org/10.1193/1.4000025
https://doi.org/10.1016/J.HABITATINT.2006.08.003
https://doi.org/10.1111/j.1467-7717.1982.tb00550.x
https://doi.org/10.1111/j.1467-7717.1982.tb00550.x
https://doi.org/10.1016/j.habitatint.2013.03.006
https://doi.org/10.1016/j.habitatint.2013.03.006
https://doi.org/10.1016/j.proeng.2016.04.082
https://doi.org/10.1016/j.proeng.2016.04.082
https://doi.org/10.1016/j.habitatint.2013.10.005
https://doi.org/10.1007/s10901-014-9431-4
http://refhub.elsevier.com/S2212-4209(20)31477-1/sref58
http://refhub.elsevier.com/S2212-4209(20)31477-1/sref58
https://archivesic.ccsd.cnrs.fr/sic_00581570
https://archivesic.ccsd.cnrs.fr/sic_00581570
https://doi.org/10.1007/978-981-10-5251-4_103
https://doi.org/10.1007/978-981-10-5251-4_103
https://doi.org/10.2307/3135008
http://refhub.elsevier.com/S2212-4209(20)31477-1/sref62
https://doi.org/10.1177/0963721415591878
https://doi.org/10.1177/0963721415591878
http://refhub.elsevier.com/S2212-4209(20)31477-1/sref64
http://refhub.elsevier.com/S2212-4209(20)31477-1/sref64
http://refhub.elsevier.com/S2212-4209(20)31477-1/sref64
http://refhub.elsevier.com/S2212-4209(20)31477-1/sref64
https://doi.org/10.1016/j.cie.2014.12.036
https://doi.org/10.1016/j.cie.2014.12.036
https://doi.org/10.1108/17595901311299026
https://doi.org/10.1108/17595901311299026
https://doi.org/10.1111/j.1467-7717.2007.01018.x
https://doi.org/10.1108/DPM-07-2018-0226
https://doi.org/10.1108/00251740610707721
https://doi.org/10.2148/benv.32.4.354
https://doi.org/10.18848/1833-1874/CGP/v05i04/38107
https://doi.org/10.18848/1833-1874/CGP/v05i04/38107
https://doi.org/10.1016/b978-008043868-9/50007-3
https://doi.org/10.1016/b978-008043868-9/50007-3
http://refhub.elsevier.com/S2212-4209(20)31477-1/sref73
http://refhub.elsevier.com/S2212-4209(20)31477-1/sref73
http://refhub.elsevier.com/S2212-4209(20)31477-1/sref73
http://refhub.elsevier.com/S2212-4209(20)31477-1/sref74
http://refhub.elsevier.com/S2212-4209(20)31477-1/sref74
https://doi.org/10.1016/j.scs.2019.101867
https://doi.org/10.1016/j.scs.2019.101867
https://doi.org/10.1177/1478077119849694
https://doi.org/10.1177/1478077119849694
http://www.ecbproject.org/cluster-accountability
http://www.ecbproject.org/cluster-accountability
http://www.spherestandards.org/handbook
https://doi.org/10.1016/j.ejor.2014.11.035
https://doi.org/10.1016/j.ejor.2014.11.035
https://doi.org/10.1111/disa.12007
https://doi.org/10.2495/MAR140041
https://doi.org/10.1016/j.ijdrr.2017.10.013
https://doi.org/10.1016/j.ijdrr.2017.10.013
http://refhub.elsevier.com/S2212-4209(20)31477-1/sref83
http://refhub.elsevier.com/S2212-4209(20)31477-1/sref83
http://refhub.elsevier.com/S2212-4209(20)31477-1/sref83
http://refhub.elsevier.com/S2212-4209(20)31477-1/sref84
http://refhub.elsevier.com/S2212-4209(20)31477-1/sref84
http://refhub.elsevier.com/S2212-4209(20)31477-1/sref84
http://refhub.elsevier.com/S2212-4209(20)31477-1/sref85
http://refhub.elsevier.com/S2212-4209(20)31477-1/sref85
http://refhub.elsevier.com/S2212-4209(20)31477-1/sref85
http://refhub.elsevier.com/S2212-4209(20)31477-1/sref86
http://refhub.elsevier.com/S2212-4209(20)31477-1/sref86
https://doi.org/10.3130/jaabe.6.251
https://doi.org/10.1111/j.1467-7717.1989.tb00712.x
https://doi.org/10.1111/j.1467-7717.1989.tb00712.x
https://doi.org/10.1007/978-3-030-58808-3_24
https://doi.org/10.1007/978-3-030-58808-3_24
http://refhub.elsevier.com/S2212-4209(20)31477-1/sref90
http://refhub.elsevier.com/S2212-4209(20)31477-1/sref90
http://refhub.elsevier.com/S2212-4209(20)31477-1/sref90
https://doi.org/10.1061/(ASCE)NH.1527-6996.0000163
https://doi.org/10.1061/(ASCE)NH.1527-6996.0000163
https://doi.org/10.1007/978-3-319-61988-0_26
https://doi.org/10.1007/978-3-319-61988-0_26
https://doi.org/10.1016/j.ijdrr.2013.09.005
https://podcasts.ox.ac.uk/people/alberto-piccioli
https://podcasts.ox.ac.uk/people/alberto-piccioli
https://doi.org/10.3390/su10030718


International Journal of Disaster Risk Reduction xxx (xxxx) xxx

15

[96] S. Viscuso, A. Zanelli, Insulated membrane kit for emergency shelters: product 
development and evaluation of three different concepts, Procedia Eng. 155 
(2016) 342–351, https://doi.org/10.1016/j.proeng.2016.08.037. 

[97] G. Caia, F. Ventimiglia, A. Maass, Container vs. dacha: the psychological effects of 
temporary housing characteristics on earthquake survivors, J. Environ. Psychol. 
30 (2010) 60–66, https://doi.org/10.1016/j.jenvp.2009.09.005. 

[98] Y. Yu, E. Long, Y. Shen, H. Yang, Assessing the thermal performance of temporary 
shelters, Procedia Eng. 159 (2016) 174–178, https://doi.org/10.1016/j. 
proeng.2016.08.152. 

[99] D. Alexander, Housing crisis after natural disaster: the aftermath of the November 
1980 southern Italian earthquake, Geoforum 15 (1984) 489–516, https://doi. 
org/10.1016/0016-7185(84)90021-6. 

[100] R. Thapa, H.B. Rijal, M. Shukuya, H. Imagawa, Study on the wintry thermal 
improvement of makeshift shelters built after Nepal earthquake 2015, Energy 
Build. 199 (2019) 62–71, https://doi.org/10.1016/j.enbuild.2019.06.031. 

[101] N. Cosgun, H. Arslan, Analysis of recycling and re-use possibilities of temporary 
earthquake houses construction materials in the context of waste management, 
J. Environ. Protect. Ecol. 12 (2011). 

[102] J. Ashmore, E. Babister, T. Corsellis, J. Fowler, I. Kelman, A. McRobie, 
P. Manfield, R. Spence, A. Vitale, R. Battilana, K. Crawford, Diversity and 
adaptation of shelters in transitional settlements for IDPs in Afghanistan, Disasters 
27 (2003) 273–287, https://doi.org/10.1111/j.0361-3666.2003.00233.x. 

[103] T. Seike, Y. Kim, Y. Hosaka, S. Ida, T. Masuda, Intraregional reuse of emergency 
temporary housing in Japan, Sustain. Cities Soc. 42 (2018) 650–662, https://doi. 
org/10.1016/j.scs.2017.11.001. 

[104] Y. Ueda, R. Shaw, Managing and bridging communities in temporary housing: 
case of the great East Japan earthquake and tsunami in Kesennuma city, Japan, 
Nat. Hazards 80 (2016) 567–587, https://doi.org/10.1007/s11069-015-1984-3. 

[105] M. Rafieian, A. Asgary, Impacts of temporary housing on housing reconstruction 
after the Bam earthquake, Disaster Prev. Manag. Int. J. 22 (2013) 63–74, https:// 
doi.org/10.1108/09653561311301989. 

[106] S. Kır, H.R. Yazgan, Hesitant fuzzy axiomatic design technique: a case for 
humanitarian relief, J. Intell. Fuzzy Syst. 34 (2018) 4181–4189, https://doi.org/ 
10.3233/JIFS-171872. 

[107] F. Zhao, H.Z. Yang, T. Wang, X.X. Liu, Research on the construction of emergency 
shelter public facility, Adv. Mater. Res. (2010) 827–830, https://doi.org/ 
10.4028/www.scientific.net/AMR.102-104.827. 

[108] C. Pezzica, J. Schroeter, O.E. Prizeman, C.B. Jones, P.L. Rosin, Between images 
and built form: automating the recognition of standardised building components 
using deep learning, ISPRS Ann. Photogramm. Remote Sens. Spat. Inf. Sci. IV-2/ 
W6 (2019) 123–132, https://doi.org/10.5194/isprs-annals-IV-2-W6-123-2019. 

[109] Valerio Cutini, Camilla Pezzica, Street network resilience put to the test: the 
dramatic crash of Genoa and Bologna bridges, Sustainability 12 (11) (2020), 
4706, https://doi.org/10.3390/su12114706. 

[110] C. Pezzica, V. Cutini, C. Bleil De Souza, Rapid configurational analysis using OSM 
data: towards the use of Space Syntax to orient post-disaster decision making, in: 
Proceeding 12th Int. Sp. Syntax Symp, Beijing JiaoTong University, Beijing, 2019, 
pp. 147.1–147.18. 

[111] UKSF, UK Shelter Forum, vol. 25, 2019. http://www.shelterforum.info/uk-shelte 
r-forum-25-photos-and-presentations/. (Accessed 20 November 2019). 

[112] F. Pomponi, A. Moghayedi, L. Alshawawreh, B. D’Amico, A. Windapo, 
Sustainability of post-disaster and post-conflict sheltering in Africa: what matters? 
Sustain. Prod. Consum. 20 (2019) 140–150, https://doi.org/10.1016/j. 
spc.2019.06.007. 

[113] A. Vecere, R. Monteiro, W.J. Ammann, S. Giovinazzi, R.H. Melo Santos, Predictive 
models for post disaster shelter needs assessment, Int. J. Disaster Risk Reduct. 21 
(2017) 44–62, https://doi.org/10.1016/j.ijdrr.2016.11.010. 

[114] E. Leon, I. Kelman, J. Kennedy, J. Ashmore, Capacity building lessons from a 
decade of transitional settlement and shelter, Int. J. Strat. Property Manag. 13 
(2009) 247–265, https://doi.org/10.3846/1648-715x.2009.13.247-265. 

[115] N. Tanida, What happened to elderly people in the great Hanshin earthquake, Br. 
Med. J. 313 (1996) 1133–1135. 

[116] P. Mecocci, A. Di Iorio, S. Pezzuto, P. Rinaldi, G. Simonelli, D. Maggio, 
P. Montesperelli, A. Longo, A. Cherubini, N. Chiarappa, G. Abate, U. Senin, 
Impact of the earthquake of September 26, 1997 in Umbria, Italy on the 
socioenvironmental and psychophysical conditions of an elderly population, 
Aging Clin. Exp. Res. 12 (2000) 281–286. 

[117] A.R. Giuliani, A. Mattei, F. Santilli, G. Clori, M. Scatigna, L. Fabiani, Well-being 
and perceived quality of life in elderly people displaced after the earthquake in 
l’aquila, Italy, J. Community Health 39 (2014) 531–537, https://doi.org/ 
10.1007/s10900-013-9793-7. 

[118] S. Ellis, S. Barakat, From relief to development: the long-term effects of 
‘temporary’ accommodation on refugees and displaced persons in the Republic of 
Croatia, Disasters 20 (1996) 111–124, https://doi.org/10.1111/j.1467- 
7717.1996.tb00521.x. 

[119] F.S. Ling, Y. Shiozaki, Y. Horita, Evaluation of the reconstruction plans for 
tsunami victims in Malaysia, J. Asian Architect. Build Eng. 5 (2006) 293–300, 
https://doi.org/10.3130/jaabe.5.293. 

[120] M.C. Comerio, Housing recovery lessons from Chile, J. Am. Plann. Assoc. 80 
(2014) 340–350, https://doi.org/10.1080/01944363.2014.968188. 

[121] S.M. Amin Hosseini, A. De La Fuente, O. Pons, Multi-criteria decision-making 
method for assessing the sustainability of post-disaster temporary housing units 
technologies: a case study in Bam, Sustain. Cities Soc. 20 (2016) (2003) 38–51, 
https://doi.org/10.1016/j.scs.2015.09.012. 

[122] O. El-Anwar, K. El-Rayes, A. Elnashai, Multi-objective optimization of temporary 
housing for the 1994 Northridge earthquake, J. Earthq. Eng. (2008) 81–91, 
https://doi.org/10.1080/13632460802013602. 

[123] O. El-Anwar, L. Chen, Automated community-based housing response: offering 
temporary housing solutions tailored to displaced populations needs, J. Comput. 
Civ. Eng. 30 (2016), 04016019, https://doi.org/10.1061/(ASCE)CP.1943- 
5487.0000588. 

[124] S.M. Amin Hosseini, A. De La Fuente, O. Pons, Multi-criteria decision-making 
method for assessing the sustainability of post-disaster temporary housing units 
technologies: a case study in Bam, Sustain. Cities Soc. 2016 (2003), https://doi. 
org/10.1016/j.scs.2015.09.012. 

[125] E. Daher, S. Kubicki, Technologies in the planning of refugees’ camps: a 
parametric participative framework for spatial camp planning, in: 2017 IEEE 
Canada Int. Humanit. Technol. Conf, IEEE, 2017, pp. 207–212, https://doi.org/ 
10.1109/IHTC.2017.8058189. 

[126] N.J. Yau, M.K. Tsai, E.N. Yulita, Improving efficiency for post-disaster transitional 
housing in Indonesia: an exploratory case study, Disaster Prev. Manag. Int. J. 23 
(2014) 157–174, https://doi.org/10.1108/DPM-04-2013-0071. 

[127] S. Tatsuki, Challenges in counter-disaster measures for people with functional 
needs in times of disaster following the great East Japan earthquake, Int. J. Jpn. 
Sociol. 21 (2012) 12–20, https://doi.org/10.1111/j.1475-6781.2012.01158.x. 

[128] T. Bamforth, When systems break down: the role of international aid and 
humanitarian response in disaster recovery, in: Alan March and Maria Kornakova, 
Urban Plan. Disaster Recover, 2017, pp. 47–71. 

[129] Global Shelter Cluster, Shelter Projects: Case Studies of Humanitarian Shelter and 
Settlement Responses - World, ReliefWeb, 2018. https://reliefweb.int/report/wo 
rld/shelter-projects-2017-2018-case-studies-humanitarian-shelter-and-settleme 
nt-responses. (Accessed 5 December 2019). 

[130] P.B. Marino, F.B.M. de Cuerva, M.S.S. Ceano-Vivas, Planificación de la vivienda 
de emergencia en desastres naturales. Terremotos de Haití y España, Rev. INVI 31 
(2016) 115–141, https://doi.org/10.4067/invi.v0i0.1000. 

[131] M. Taheri Tafti, R. Tomlinson, Long-term socio-spatial transformation of 
earthquake-affected neighbourhoods in Bhuj, Int. J. Disaster Resil. Built Environ. 
7 (2016) 230–258, https://doi.org/10.1108/IJDRBE-07-2014-0049. 

[132] Y. Kaluarachchi, Building community resilience in the Re-settlement of displaced 
communities, in: Procedia Eng, Elsevier Ltd, 2018, pp. 443–450, https://doi.org/ 
10.1016/j.proeng.2018.01.057. 

[133] N. Ma, H. Ma, H. He, X. Yu, E.D. Caine, Characteristics of Wenchuan earthquake 
victims who remained in a government-supported transitional community, Asia- 
Pacific Psychiatry 5 (2013) E73–E80, https://doi.org/10.1111/appy.12074. 

[134] T. Takatorige, Drinking habits and characteristics of urban male residents with 
high alcohol intake–analysis of temporary housing residents after the Great 
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