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Increased urbanization and extreme climate events in recent years have led to a rise in the frequency and severity of
widespread natural disasters. The disaster management cycle is a common framework that helps emergency manage-
ment organizations develop procedures that can minimize the devastating impacts of natural disasters. Recently, re-
searchers have begun to explore how big data and artificial intelligence can be used to develop virtual digital twin
(DT) models of disaster situations that provide real-time decision support for each phase of the disaster management
cycle. This study presents a systematic literature review of the burgeoning research area of DT-based decision support
systems for disaster management. We identify the various locations and disaster types featured in DT case studies, the
data collection techniques and computational methods utilized to create virtual representations of disaster-affected
areas, and the decision-making tasks that DTs have been applied to. Based on our findings, we highlight several re-
search gaps in the current literature and provide a set of recommendations that can serve as guidelines for future stud-
ies. Overall, this review provides researchers and practitionerswith insights into the current trends and future research
directions for DT-based decision support systems for natural disaster management.
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Figures and tables
Fig. 1. The four phases of the disaster management cycle adapted from Song et al. [1]

Fig. 2. A conceptual model of a digital twin. This figure is adapted from Purcell and Neubauer [2].
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Fig. 3. The temporal distribution of the reviewed publications on DT-based DSS for disaster management.

Fig. 4. A keyword cloud illustrating the keywords that appeared most frequently in the reviewed publications.

Fig. 5. The worldwide distribution of countries featured in the reviewed DT-based DSS for disaster management case studies.
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Fig. 6. A comparison between the outputs produced by the DTs in the reviewed publications and the decision tasks they are associated with.

Fig. 7. The number of DTs that have provided real-world DM assistance for each disaster type and DM phase.

Fig. 8. The disaster types studied in the reviewed DT-based DSS publications and the DM phases being addressed.
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Fig. 9. The data sources and data types used to develop DT-based DSS for disaster management in the reviewed publications.

Table 1
Summary of research questions, findings and identified research gaps based on the reviewed publications.

Research Question Findings Research Gap

RQ 1 - What are the most common disaster types that
have been studied in the DT-based DSS for DM litera-
ture?

Earthquakes, floods, and wildfires are the most
commonly studied disasters.

There is a lack of DT cases studies on disasters in non-urban
locations and no studies conducted in Africa or South America.

RQ 2 - What data sources and data types have been used
to develop DT-based DSS for DM?

Most DTs for DM use multi-source heterogeneous data
for DT development.

Expert knowledge is rarely used as a data source during DT
development.

RQ 3 - What computational methods have been used to
create virtual models of disaster situations in DT-based
DSS for DM?

Many DT implementations use a combination of
process-based models, 3D modelling and ML.

There are very few computational methods that can be used to
develop virtual DT models for disaster situations with limited
data availability.

RQ 4 - How have DTs been used to facilitate decision
making in each phase of DM?

DTs primarily provide decision support for multiple
phases of DM through scenario planning and disaster
risk assessment.

There is a lack of DT-based DSS that facilitate interorganizational
collaborative decision making for DM.

Fig. 10. The six categories of techniques mentioned in the reviewed DT-based DSS for disaster management publications.
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Fig. 11. The decision-making applications mentioned in the reviewed DT-based DSS for disaster management publications and the DM phases being addressed.
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