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ABSTRACT
Integrating flood mitigation strategies into building codes on a global scale is a noteworthy 
initiative aimed at reducing the risk associated with flood-prone areas. The field of flood 
mitigation is constantly evolving and indirectly influences future building codes. However, 
there is a significant gap in research regarding optimizing building codes to mitigate 
flood-related risks. Therefore, this study aims to investigate the publication trends in 
mainstreaming flood mitigation into building codes by identifying the current state and 
critical key areas that potentially impact future building codes using bibliometric analysis. 
This research adopted a systematic review using the Web of Science database from 2002 
to 2022, using the keywords «building code» and «flood». Bibliometric indicators were 
employed to summarize the key findings, including subject areas, publication trends, 
leading global contributors, influential institutions, citation patterns, authorship dynamics, 
and keyword analysis. The realm of research has experienced noteworthy expansion, 
emphasizing the necessity for further investigation. The findings also indicate that critical 
areas require attention in performance-based design, retrofitting of existing buildings, 
community resilience, the long-term effectiveness of flood mitigation measures, and the 

equity and social needs of the implications of 
flood-resilient building codes. In conclusion, 
such investigations are crucial in reducing 
community risk and creating resilient and 
sustainable communities in flood-prone 
areas.
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resilient building
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INTRODUCTION

A growing body of evidence agrees that the 
building codes formed the minimum standard 
for building designs and construction to 
meet performance requirements and ensure 
the safety of occupants and buildings 
(Nwadike & Wilkinson, 2021). It is a 
widely held view that building code is 
determined as a competent measure to 
protect lives, properties, and the built 
environment generally against a disaster 
of any kind (Nissanka et al., 2019). These 
codes are based on scientific research and 
engineering principles and are intended to 
ensure that buildings are safe and durable 
and can withstand the forces of nature and 
other hazards (Case & Codes, 2020). The 
research to date recognized the importance 
of building codes in reducing flood risk, 
particularly considering the increasing 
frequency and severity of flooding events 
worldwide.

Previous research by Escarameia et al. 
(2012) emphasized that building codes can 
significantly reduce the risk of flood damage 
to buildings, requiring flood-resistant 
construction materials and techniques 
supported by studies from the American 
Society of Civil Engineers (2015). Other 
studies have focused on the role of building 
codes in promoting community resilience to 
floods and on the importance of integrating 
flood risk reduction measures into building 
codes and other regulations (Aerts & Wouter 
Botzen, 2011). Over the years, a significant 
amount of research has been conducted 
on the effectiveness of building codes in 
reducing flood risk (Ingargiola et al., 2013).                                                                    

Much of the criticism has attracted a 
Global Resiliency Dialogue conducted in 
2021, managed by a voluntary collaboration 
of building code developers and experts, 
where they discovered that building codes 
need to be more effective to deal with 
environmental changes (International 
Code Council, 2021a). Developing and 
implementing flood-resilient building 
codes and standards is important to flood 
risk reduction and disaster preparedness 
(International Code Council, 2021b). 
Governments, professional organizations, 
and other stakeholders are working together 
to develop and implement more robust and 
effective flood-resilient building codes and 
standards and to promote their adoption 
and enforcement (Aerts & Wouter Botzen, 
2011; Gnan et al., 2022a; Ingargiola & 
Quinn, 2013; López-Marrero & Tschakert, 
2011; Piatek & Wojnowska-Heciak, 2020). 
Another recent study by Gnan et al. (2022) 
described that investing in flood mitigation 
with better evidence provides government 
decision-makers when considering building 
code changes.  

It has been demonstrated that the field 
of flood mitigation is constantly evolving, 
and the research trends indirectly influence 
future building codes. Therefore, this study 
aims to investigate the publication trends 
in mainstreaming flood mitigation into 
building codes by identifying the current 
state and critical key areas that indirectly 
play an important role in future building 
codes using bibliometric analysis. To the 
best of our knowledge, this study is the first 
to use a bibliometric analysis of building 
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code focusing on flood mitigation. We 
address the following research questions to 
discover the bibliometric indicators:  

RQ1: What is the status of research 
on mainstreaming flood mitigation in 
building codes?

RQ2: What are the key topic areas 
discussed in mainstreaming flood 
mitigation into building codes research?

RQ3: What areas involving flood 
resilient building code need additional 
study?

LITERATURE REVIEW

In the evolution of disaster risk management, 
numerous frameworks have been introduced 
to reduce the risk of hazards such as the 
International Decade for Natural Disaster 
Reduction, Yokohama Strategy and Plan 
of Action for A Safer World, the United 
Nations International Strategy for Disaster 
Risk Reduction, Johannesburg Plan of 
Implementation, Hyogo Framework for 
Action (2005–2015), followed by a recent 
international framework which is The 
Sendai Framework (2005–2030) (United 
Nations for Disaster Risk Reduction, 2015). 

The Sendai Framework, ratified in 
Sendai, Japan, in March 2015, focuses 
on disaster risk reduction by establishing 
four priority areas to empower the city’s 
resilience (Thepot et al., 2016). As part 
of its implementation, flood mitigation is 
addressed as one of the priority areas. The 
goal is to reduce the risks associated with 
flooding and enhance the city’s ability to 
recover from such disasters. One of the 

priorities highlighted in the framework is the 
need to enhance disaster preparedness for 
an effective response using building codes 
as part of the tools for developing resilient 
buildings and cities (Wei et al., 2021). 
The philosophy supporting the integration 
of flood mitigation into building codes is 
rooted in disaster risk reduction principles 
as part of disaster management (Wei et al., 
2021). Notably, these principles link the key 
objective of risk reduction and resilience to 
reducing the risk of flood-related damage 
and enhancing the resilience of communities 
and their built environment (Ingargiola 
& Quinn, 2013). By incorporating flood-
mitigating measures into building codes, 
cities, and regions, Maqsood et al. (2016) 
found that the adverse impacts of flooding 
on people, property, and the economy can 
be minimized.

F l o o d  m i t i g a t i o n  h a s  b e c o m e 
increasingly important with the increase in 
climate change and the likelihood of more 
frequent and severe floods. Therefore, a 
review of existing research in mainstreaming 
flood mitigation in building codes was 
carried out with a focus on the bibliometric 
method to identify and analyze the literature 
related to flood mitigation in building codes. 
Bibliometric analysis is a quantitative 
research method used to evaluate the 
productivity and impact of scientific 
research in a particular field (Baier-Fuentes 
et al., 2019; Kamarrudin et al., 2022; Kent 
Baker et al., 2020). 

Bibliometric analysis, which involves 
analyzing patterns and trends in academic 
literature, can help identify emerging 
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strategies, technologies, and knowledge 
gaps in the field (Puspitarini et al., 2023). By 
examining the frequency of keywords and 
citations in scholarly articles, bibliometric 
analysis can give insight into the most 
influential research and help guide future 
research and policy decisions. For instance, it 
can identify areas where new building codes 
may be necessary to protect communities 
from floods better or highlight promising 
approaches to flood prevention that warrant 
further investigation. 

Among the  va luable  resources 
available to advance our understanding of 
this technique significantly is the paper 
published by Lim and Kumar (2024). 
The authors discussed the applicability 
of sensemaking in bibliometric analysis 
using three processes: scanning, sensing, 
and substantiating to derive a meaningful 
interpretation. In short, bibliometric 
analysis is a valuable tool for navigating 
the constantly evolving landscape of flood 
mitigation. 

METHODS

This paper generally used bibliometric 
analysis to summarize the key findings, 
including subject areas, publication trends, 
leading global contributors, influential 
institutions, citation patterns, authorship 
dynamics, and keyword analysis. The paper 
employed a combination of performance 
analysis and science mapping to answer the 
research questions. 

The performance analysis is used to 
answer RQ 1, and science mapping is used 
to answer RQs 2 and 3. The performance 
analysis provides insight into the research 

trends, publication patterns, and the most 
influential authors in the field (Nik Hassan 
et al., 2022; Puspitarini et al., 2023), 
where the status of research related to 
mainstreaming flood mitigation in building 
codes can be identified through this analysis. 
The science mapping is used to visualize 
the trends and key topic areas discussed 
in mainstreaming flood mitigation into 
building codes research. In addition, this 
study also adopted the PRISMA (Preferred 
Reporting Items for Systematic Reviews 
and Meta-Analyses) method, which 
provides systematic guidelines in academic 
literature (Saja et al., 2021; Tariq et al., 
2021; Zairul, 2021) and consists of four 
steps; identification, screening, eligibility, 
and inclusion. 

First, the identification step is conducted 
using the selected database. Database such 
as Scopus, Emerald, and Science Direct 
commonly collect numerous databases, 
are commonly collected by researchers. 
However, the Web of Science (WOS) 
database has been chosen as the referral 
source as it has been recognized and widely 
used in the academic field because the key 
elements in the Web of Science database, 
such as the contents that cover diverse 
disciplines and high citation publications 
offer a reliable material in managing the 
review (Zhu & Liu, 2020). In addition, the 
Web of Science is the only database with 
citation tracking that offers reliable and 
comprehensive citation data, including 
information on the number of times a 
publication has been cited and its h-index. 
This information is valuable for evaluating 
the impact of publications and authors in 
answering research question number one.
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The initial search string “building 
code” AND “flood” was entered into 
the Web of Science search engine. The 
second step is screening, where the subject 
filters are applied. The time frame in this 
study is limited between 2002 and 2022 
to analyze the research patterns within 
twenty years; the source type is restricted 
to journals, and the document type excludes 
irrelevant papers. In addition, this twenty-
year period provides a sufficient time 
frame to gather a comprehensive dataset 
of publications, allowing for a more robust 
and representative analysis of research 
trends and patterns. This quantitative data 
was collected worldwide on February 
20th, 2023, to ensure comprehensive 
coverage of building codes research and the 
broader context in understanding the flood 
mitigation field.

By referring to Figure 1, the search 
yielded 215 documents. After scanning 
the abstracts of all documents in the list, 
further exclusions were made relevant. 
One of the papers has been removed due to 
nonrelevant topics with the search string. 
After the documents were screened, 214 
documents of building codes focusing on 
flood remained in the final database. The 
data was processed using various methods 
to acquire the information needed to answer 
the RQs. Certain findings were directly 
obtained from the Web of Science. Other 
findings were exported or manually recorded 
to an Excel file. The data was exported in 
Research Information Systems (RIS) and 
Comma-Separated Values (CSV) formats 
as part of the data sets. The VOS software 

(Visualization of Similarities Viewer) 
was utilized to represent the bibliometric 
networks because it is an open instrument 
for building and viewing networks (Wahid 
et al., 2020) (Figure 1).

RESULTS AND DISCUSSION

To answer research question number one 
(What is the status of research related to 
mainstreaming flood mitigation in building 
code?), we analyzed the publication trend 
in mainstreaming flood mitigation into 
building codes using total publications by 
year, country, journal, contributing author, 
and organization. 

Table 1 represents the number of 
publications on building codes focusing on 
mainstreaming flood mitigation between 
2002 and 2022. The sharp increase in 
publications after 2017 corresponds to 
the beginning of the Sendai Framework 
initiatives, which acknowledges the need 
to align building codes as part of national 
disaster risk management (Table 1). 

With a total of 32 documents, the 
maximum productivity was recorded 
in 2022, while the lowest productivity 
was found in 2003, with a total of 1 
document. Generally, a significant number 
of publications increased between 2017 
and 2019, reflecting the rising interest in 
mainstreaming flood mitigation in building 
code research and its great potential for 
advancements, as shown in Figure 2. On 
the other hand, the Covid pandemic caused 
a drop in output between 2020 and 2021 
before returning to the top spot in 2022 
(Figure 2).
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Mainstreaming flood mitigation in 
building codes has attracted considerable 
attention from researchers, as indicated by 
the contributions from 55 countries. Table 2 
lists the top 10 publishing countries, with the 
top three being the United States, England, 
and Germany. Meanwhile, the top publishing 
country in Southeast Asia is Vietnam, with 
ten publications and 130 citations, followed 

by Malaysia, with four publications and 52 
citations (Table 2). Meanwhile, Figure 3 
demonstrated the network visualization map 
of the bibliographic co-citation between 
the countries where the most dominant 
article linked between the United States of 
America, Netherlands, Germany, Canada, 
Austria, England, Wales, Scotland, Austria, 
Italy, France and Malaysia (Figure 3).  

Table 1
Publication by year

Year TP %TP TC %TC
2022 32 15.0 811 17.56
2021 22 10.3 830 17.97
2020 26 12.2 682 14.77
2019 29 13.6 468 10.13
2018 17 7.9 349 7.56
2017 16 7.5 286 6.19
2016 8 3.7 264 5.72
2015 8 3.7 182 3.94
2014 8 3.7 178 3.85
2013 10 4.7 140 3.03
2012 9 4.2 125 2.71
2011 6 2.8 78 1.69
2010 4 1.9 86 1.86
2009 4 1.9 46 1.00
2008 2 0.9 39 0.84
2007 2 0.9 20 0.43
2006 3 1.4 16 0.35
2005 1 0.5 9 0.19
2004 2 0.9 8 0.17
2003 1 0.5 1 0.02
2002 4 1.9 0 0.00
Total 214 100.0 4618 100.0

Notes. TP=total number of publications; NCP=number of cited publications; TC=total citations; %=percentage 
of total publications
Source: Authors’ work 
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Figure 2. Total publications and citations by year

Source: Authors’ work

Table 2
Publication by countries

Country Total 
Documents

Total 
Citations

United States 83 1949
England 33 1166
Germany 19 400

Netherlands 18 491
Peoples 
China 14 348

Italy 18 206
Wales 7 362

Australia 8 333
Canada 11 74
France 5 67

Source: Authors’ work

Based on our dataset, 882 authors from 
425 organizations published articles related 
to the building code subject, focusing on 
flood mitigation. Table 3 lists the top five 
contributing authors. Five authors have the 
most publication documents and highest 
citations (Table 3). 

The 214 articles appeared in 145 
journals. Table 4 lists the top 10 journals 
with the most articles and highest citations 
on flood mitigation in building code. The 
leading journal is the Natural Hazards and 
Earth System Science Journals, which 
published eight journals with 264 citations, 
at the sixth strongest link strength. This 
ranking is followed by the Journal of 
Hydrology, Water, and Journal of Flood Risk 
Management, each published in 7, 6, and 5 
journals (Table 4). 
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Figure 3.  Network visualization map of the 
bibliographic co-citation

Note. Unit of analysis = Countries; Counting method: 
Fractional counting; Minimum number of documents 
of a source = 4

Source: Authors’ work

Table 3
Publication by authors

Author’s Name Organizations Documents Citations
Miguez, Marcelo Gomes Federal University of Rio de Janeiro 7 50

Aerts, Jeroen Cjh Vrije Universiteit Amsterdam 5 200
Botzen, W.J Wouter Vrije Universiteit Amsterdam 5 133

De moel, Hans Vrije Universiteit Amsterdam 4 218
Heidi Kreibich GeoForschungsZentrum Potsdam, 

Germany
4 114

Source: Authors’ work

Table 4
Publication by journals

Journal Documents Citations Total Link Strength
Natural Hazards and Earth System Sciences 8 264 16.67
Journal of Hydrology 7 262 20.00
Water 6 72 26.00
Journal of Flood Risk Management 5 24 25.00
Environmental Science and Policy 4 49 6.00
Journal of Cleaner Production 4 44 9.00
Journal of Coastal Research 4 30 21.83

Figure 4 demonstrates the network 
visualization map of the bibliographic 
coupling sources between the top journals, 
where the most recent article was published 
in the Journal of Flood Risk Management 
and the Journal of Hydrology (Figure 4).

Citation metrics are quantitative 
measures used to evaluate the impact 
and influence of a particular research 
publication, researcher, or institution within 
the scientific community (Donthu et al., 
2020). Referring to the citation metrics 
in Table 5, the publication trend of the 
selected documents as of February 20th, 
2023, indicates significant growth in this 
field (Table 5).

Twenty years of research development 
with  214 papers  among countr ies , 
organizations, and authors has been 
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Table 4 (Continue)
Journal Documents Citations Total Link Strength

Natural Hazards Review 4 12 3.00
Coastal Engineering 3 157 9.00
Earths Future 3 115 17.33

Source: Authors’ work

Figure 4. Network visualization map of the bibliographic coupling-sources

Note. Unit of analysis = Sources; Counting method: Fractional counting; Minimum number of documents of 
a source = 3

Source: Authors’ work

Table 5
Citation metrics

Metrics Data
Publication years 2002-2022

Citation years 20 
Papers 214

Citations 4664
Citations/year 222.10

Citations/paper 21.79
Papers/author 4.20

h-index 34
g-index 60

Source: Authors’ work

recognized with a value of 34 for h-index 
and g-index of 60. This citation measure was 
created with Harzing’s Publish and Perish 
software, which presented the raw citation 
metrics as an RIS-formatted file from the 
Web of Science database.

To answer RQ2: What key topics 
are discussed in mainstreaming flood 
mitigation into building codes research? The 
selected articles were examined using co-
occurrence analysis in VOS software based 
on the text data. A content analysis method, 
co-occurrence analysis, assesses how 
closely related terms are used in literature 
(Kamarrudin et al., 2022). Figure 5 shows 
a network visualization of all terms with at 
least ten occurrences. Of 7177 terms in total, 
80 terms meet the threshold. However, for 

each of the 80 terms, a relevance score was 
calculated using the VOS software, where 
the most 48 relevant terms were selected, 
as shown in Figure 5. Those selected terms 
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were divided into three clusters, and the 
nodes’ size depicts the terms’ frequency.

The node’s color denotes the cluster to 
which it belongs (Eck & Waltman, 2023) 
(Figure 5). 

The three clusters indicate the top 
key topic areas in this research area. 
The first cluster in red is associated with 
building code, hazard, risk, vulnerability, 
property, measure, loss, implementation, 
construction, damage, earthquake, and 
hurricane. It led to the theme of “disaster 
preparedness and mitigation in construction 
and property management”. The second 

cluster, denoted by green color, includes 
keywords such as model, river, simulation, 
technique, uncertainty, water level, depth, 
flood event, comparison, and application. 
It led to the second theme, «river and 
flood modeling and simulation». The third 
cluster, highlighted in blue, is associated 
with the city, climate change, flood risk, 
infrastructure, interaction, magnitude, 
resilience, sea level rise, and the world. This 
third cluster emphasizes the theme of “urban 
resilience to climate change and flood risk”. 

In answering RQ3: What areas involving 
mainstreaming flood mitigation in building 

Figure 5. VOSviewer visualization of a term co-occurrence based on cluster

Note. Unit of analysis = Text Data; Counting method: Binary counting; Minimum number of occurrences of 
a term = 10

Source: Authors’ work
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code need additional study, the literature 
gaps highlighted these needs. Some of these 
areas include: 

1.	 Per fo rmance -based  des ign : 
A demand for further research 
on performance-based design 
approaches (Lourenço et al., 2020; 
Nwadike et al., 2020; Nwadike 
& Wilkinson, 2022; Rezende et 
al., 2019; Wilkinson et al., 2019)  
that consider the specific flood 
risk characteristics of a given 
site and provide a more flexible 
and adaptable approach to flood-
resilient design and construction. 

2.	 Retrofitting of existing buildings: 
There is a need for a study on 
cost-effective methods (Maqsood 
et al., 2016; Orooji et al., 2022) 
for retrofitting existing buildings 
(Miano et al., 2019) in flood-
prone areas to improve their flood 
resistance and resilience (Paprotny 
et al., 2021).

3.	 Communi ty  res i l i ence :  The 
necessity for research on the role 
of community resilience (Andráško 
et al., 2020; Douglas et al., 2010; 
Hudson et al., 2022) in promoting 
effective flood mitigation strategies 
and on the factors that contribute to 
the success or failure of community-
based flood resilience initiatives 
(Wang et al., 2019; Wedel et al., 
2008).

4.	 L o n g - t e r m  e f f e c t i v e n e s s : 
The analysis of the long-term 
effectiveness of flood mitigation 
measures (Kreibich et al., 2015; 
Paprotny et al., 2020), including 
building codes and standards 
and the factors that affect their 
effectiveness over time (Henderson, 
2008; Ripple, 2020).

5.	 Equity and social needs: There is a 
demand for research on the equity 
and social justice implications of 
flood-resilient building codes and 
standards (King et al., 2016; Kondo, 
2016; Pradhan et al., 2017) and on 
how these policies can be designed 
and implemented to promote social 
justice and address the needs of 
marginalized communities (Aerts, 
2018; Aerts & Wouter Botzen, 
2011). 

Having analyzed the current trends in 
some detail, we can now return to significant 
implications for philosophy and practice 
in mainstreaming flood mitigation into 
building code. The co-occurrence analysis 
of these research areas recognized that 
buildings play a critical role in community 
resilience, and this theory can be expanded 
to include other forms of disaster mitigation. 
As flood-resistant buildings become more 
common, built environment professionals 
must adapt their practices to meet these new 
standards, which require additional training 
and expertise in flood-resistant design and 
construction techniques. Overall, a greater 
study in this area is critical for improving 
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the creation and implementation of effective 
flood-resilient construction regulations and 
standards, as it represents a significant shift 
in both theory and practice associated with 
flood risk reduction principles. 

CONCLUSION

Referring to the objective of this study, 
the current state and critical key areas 
that may shape the future practice of 
flood mitigation have been identified. 
The main theme established by the co-
occurrence analysis highlights the current 
and future flood mitigation practices. These 
practices include building codes in disaster 
preparedness and mitigation in construction 
and property management, river and flood 
modeling and simulation, urban resilience 
to climate change, and flood risk. 

Consequently, the research publication 
patterns in mainstreaming flood mitigation 
into building codes show that while authors 
from different countries have contributed 
to the field, their relationships remain 
homogeneous within countries. The analysis 
of keywords and co-occurrences reveals 
that the study has continued to center on 
property performance, catastrophe risk, 
and the influence of preparedness on 
community resilience. To further investigate 
the primary subject matter of this study, 
a comprehensive co-citation analysis was 
conducted, and the results of this analysis 
revealed that the themes could be classified 
into three distinct clusters, each with its 
unique characteristics and attributes. These 
findings provide valuable insights into 

the topic and can be used to inform future 
research and decision-making.

Notwithstanding the unique features 
of the bibliometric analysis, this study has 
certain limitations. First and foremost, this 
study uses the Web of Science database as 
its major source of documents. Although the 
Web of Science is one of the most extensive 
databases for scholarly publications, it is 
always remarkable to observe what occurs 
when coupled with other databases. Next, 
due to the broad scope of the Flood and 
Building Code concept, we only looked at 
the relevant literature with limited search 
queries. Third, no further techniques have 
been used to triangulate the keyword 
co-occurrence network mapping. The 
results were generated directly from the 
specified terms, such as «building code» and 
«flood», based on the article title, abstract, 
and keyword mostly because studies that 
concentrate on a certain subject use the 
papers’ title, abstract, and keywords only.

T h i s  s t u d y  p r o v i d e s  v a l u a b l e 
contributions to the field by identifying 
key areas that require further investigation 
and development. Despite the absence of 
groundbreaking findings, the research offers 
new insights that can inform future studies. 
The identification of these areas can help 
researchers focus their efforts and resources 
on the most pressing issues, thereby 
advancing the field of flood mitigation 
from the perspective of a bibliometric 
analysis lens. Overall, this study underscores 
the importance of ongoing research and 
development in the field and highlights 
the need for continued exploration and 
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innovation to protect communities from the 
consequences of flooding.

The Implications of Bibliometric 
Analysis

Bibliometric analysis depicted the research 
landscape for mainstreaming flood-resilient 
building codes. Nonetheless, recent research 
highlights the essential role of sensemaking 
in extracting valuable insights from such 
analyses. This study explores several fruitful 
avenues for applying sensemaking within 
this context:

1.	 Identifying knowledge gaps and 
research priorities: By analyzing 
relationships between publications, 
we identified areas lagging behind 
practical needs, informing our 
discovery of a gap in research 
on performance-based design, 
retrofitting of existing buildings, 
community resilience, long-term 
effectiveness strategies together 
with the equity and social needs 
for developing countries where the 
publications are mostly led by the 
United States of America, followed 
by England and Germany. 

2.	 Understanding citation patterns 
and knowledge transfer: Co-
authorship and citation patterns 
highlight collaboration networks 
and knowledge transfer, revealing 
leading institutions and researchers. 
It  suggests opportunities for 
knowledge-sharing initiatives, as 
seen in the concentration of disaster 

preparedness and mitigation in 
c o n s t r u c t i o n  a n d  p r o p e r t y 
management research in the US. 

3.	 Tracking the evolution of best 
practices and emerging trends: 
The dynamic shifts in publication 
topics and keywords offer crucial 
insights into how our understanding 
and approaches to flood mitigation 
are evolving. Refer to Figure 6, 
the network visualization map of 
a term co-occurrence based on the 
year published demonstrated how 
the keywords evolved throughout 
the year. It paves the way for 
formulating potential research 
directions and tailoring research 
to effectively address current 
challenges, as reflected in the 
literature gaps previously discussed 
(Figure 6). 

T h i s  r e s e a r c h  s h o w c a s e s  t h e 
transformative potential of sensemaking 
in bibliometric analysis. Its impact extends 
beyond pinpointing research gaps and 
guiding future directions with robust data. 
It fosters a collaborative environment by 
identifying key players in the field, ultimately 
accelerating progress in mainstreaming 
flood-resilient building codes.

Recommendation of Future 
Bibliometric Analysis Studies

With increasingly frequent floods threatening 
communities worldwide, robust research 
and implementation efforts are crucial to 
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building resilience. One key strategy is 
mainstreaming flood mitigation measures 
into building codes, ensuring structures 
can withstand rising waters and protect 
residents. Bibliometric analysis has emerged 
as a powerful tool for gaining insights into 
the research landscape and informing future 
directions. Building on the previous studies, 
below are the recommendations for future 
bibliometric analysis studies focused on 
mainstreaming flood mitigation in building 
codes:

1.	 Deeper explorations focused on 
themes like flood types, building 
types,  material  choices,  and 

disaster management integration 
to yield a richer and more nuanced 
understanding.

2.	 Discover the flow of knowledge 
through maps of interdisciplinary 
research partnerships. The next 
potential research may involve 
unveiling partnerships between 
engineers, architects, policymakers, 
and social scientists and highlighting 
international collaborations to 
exchange knowledge and best 
practices between developed and 
developing countries. 

Figure 6. Network visualization map of a term co-occurrence based on year published

Note. Unit of analysis = Text data; Counting method: Binary counting.

Source: Authors’ work
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3.	 Track the evolution of best practices 
and emerging trends by analyzing 
time-based trends in publication 
topics and keywords. It may include 
examining how research responds 
to new regulations, policies, and 
disaster events. 

By focusing on these particular areas 
and employing innovative methodologies, 
future bibliometric analysis studies can 
be vital in accelerating research progress, 
facilitating knowledge exchange, and 
bridging the gap between research and 
practice towards reducing community risk 
towards flood events. 

ACKNOWLEDGEMENTS

This research is funded by the Ministry of 
Higher Education Malaysia and Universiti 
Putra Malaysia under Tenaga Akademik 
Muda and Skim Latihan Akademik 
Bumiputera, Malaysia.

REFERENCES
Aerts, J. C. J. H. (2018). A review of cost estimates 

for flood adaptation. Water (Switzerland), 10(11), 
Article 1646. https://doi.org/10.3390/w10111646

Aerts, J. C. J. H., & Wouter Botzen, W. J. (2011). 
Flood-resilient waterfront development in New 
York City: Bridging flood insurance, building 
codes, and flood zoning. Annals of the New York 
Academy of Sciences, 1227(1), 1–82. https://doi.
org/10.1111/j.1749-6632.2011.06074.x 

A m e r i c a n  S o c i e t y  o f  C i v i l  E n g i n e e r s . 
( 2 0 1 5 ) .  F l o o d  re s i s t a n t  d e s i g n  a n d 
construction. http://ndl.ethernet.edu.et/
bitstream/123456789/58215/1/638.pdf

Andráško, I., Dolák Klemešová, K., Dolák, L., Trojan, 
J., & Fiedor, D. (2020). “Surely it will come 
again...”. Flood threat appraisal, mitigation 
strategies and protection motivation in Czech 
communities endangered by floods. Moravian 
Geographical Reports, 28(3), 170–186. https://
doi.org/10.2478/mgr-2020-0013

Baier-Fuentes, H., Merigó, J. M., Amorós, J. E., 
& Gaviria-Marín, M. (2019). International 
entrepreneurship: A bibliometric overview. 
International Entrepreneurship and Management 
Journal, 15(2), 385–429. https://doi.org/10.1007/
s11365-017-0487-y

Donthu, N., Kumar, S., & Pattnaik, D. (2020). Forty-
five years of Journal of Business Research: 
A bibliometric analysis. Journal of Business 
Research, 109, 1–14. https://doi.org/10.1016/j.
jbusres.2019.10.039

Douglas, I., Garvin, S., Lawson, N., Richards, J., 
Tippett, J., & White, I. (2010). Urban pluvial 
flooding: A qualitative case study of cause, effect 
and nonstructural mitigation. Journal of Flood 
Risk Management, 3(2), 112–125. https://doi.
org/10.1111/j.1753-318X.2010.01061.x

Eck, N. J. van., & Waltman, L. (2023). VOSviewer 
manua l .  h t tps : / /www.vosv iewer. com/
documentation/Manual_VOSviewer_1.6.19.pdf

Escarameia, M., Tagg, A., Walliman, N., Zevenbergen, 
C., & Anvarifar, F. (2012). The role of building 
materials in improved flood resilience and 
routes for implementation [Paper presentation]. 
2nd European Conference on Flood Risk 
Management, FLOODrisk2012, Rotterdam, 
Netherlands. https://www.researchgate.net/
publication/279751554_The_role_of_building_
materials_in_improved_flood_resilience_and_
routes_for_implementation

Federa l  Emergency Management  Agency. 
(2020). Protecting communities the case for 
adopting building codes. https://www.fema.
gov/sites/default/files/documents/fema_bcs-
brochure_03-01-21_0.pdf



Mainstreaming Flood Mitigation in Building Code  

Pertanika J. Soc. Sci. & Hum. 32 (2): 563 - 582 (2024) 579

Gnan, E., Friedland, C. J., Rahim, M. A., Mostafiz, R. 
B., Rohli, R. V., Orooji, F., Taghinezhad, A., & 
McElwee, J. (2022). Improved building-specific 
flood risk assessment and implications of depth-
damage function selection. Frontiers in Water, 
4, Article 919726. https://doi.org/10.3389/
frwa.2022.919726

Henderson, D., & Ginger, J. (2008). Role of building 
codes and construction standards in windstorm 
disaster mitigation. The Australian Journal of 
Emergency Management, 23(2), 40-46. 

Hudson, P., Bubeck, P., & Thieken, A. H. (2022). A 
comparison of flood-protective decision-making 
between German households and businesses. 
Mitigation and Adaptation Strategies for Global 
Change, 27(5), 1-22. https://doi.org/10.1007/
s11027-021-09982-1

International Code Council. (2021a). Delivering 
climate responsive resilient building codes and 
standards findings from the global resiliency 
dialogue survey of building code stakeholders 
in Canada. https://www.iccsafe.org/wp-content/
uploads/Delivering_Resilient_Building_Codes_
and_Standards.pdf

International Code Council. (2021b). Global resiliency 
dialogue second survey of building code 
stakeholders-USA delivering climate responsive 
resilient building codes and standards. https://
www.iccsafe.org/wp-content/uploads/Global-
Resiliency-Dialogue-Second-Survey-Report-
Australia-03112021.pdf

Ingargiola, J. L., Jones, C. P., & Quinn, R. C. (2013). 
ASCE 24: Improving the performance of 
buildings and structures in flood hazard areas. 
Advances in Hurricane Engineering: Learning 
from our past - Proceedings of the 2012 ATC 
and SEI conference on advances in hurricane 
engineering (pp. 53–66). ASCE Press. https://
doi.org/10.1061/9780784412626.006

Ingargiola, J. L., & Quinn, R. C. (2013). Flood 
provisions in the International Code series 

and 2010 Florida building code. Advances 
in hurricane engineering: Learning from 
Our Past - Proceedings of the 2012 ATC and 
SEI conference on advances in hurricane 
engineering, (pp. 67–80). ASCE Press. https://
doi.org/10.1061/9780784412626.007

Kamarrudin, H., Talib, O., Kamarudin, N., Ismail, N., 
& Zamin, A. A. M. (2022). Examining the trend 
of research on active engagement in science 
education: bibliometric analysis. Journal of 
Turkish Science Education, 19(3), 937-957. 
https://doi.org/10.36681/tused.2022.157

Kent Baker, H., Pandey, N., Kumar, S., & Haldar, 
A. (2020). A bibliometric analysis of board 
diversity: Current status, development, 
and future research directions. Journal of 
Business Research, 108, 232–246. https://doi.
org/10.1016/j.jbusres.2019.11.025

King, D., Gurtner, Y., Firdaus, A., Harwood, S., 
& Cottrell, A. (2016). Land use planning for 
disaster risk reduction and climate change 
adaptation: Operationalizing policy and 
legislation at local levels. International Journal 
of Disaster Resilience in the Built Environment, 
7(2),  158–172. https://doi.org/10.1108/
IJDRBE-03-2015-0009

Kondo, T. (2016). Compensation or assistance?: Law 
and policy for post-disaster housing recovery 
in the U.S. and Japan. In K. Yuka, M. Katsumi 
& T. Toshihisa (Eds.), Asian law in disasters: 
Toward a human-centered recovery (pp.178-
187). Routledge Press. 

Kreibich, H., Bubeck, P., van Vliet, M., & de Moel, H. 
(2015). A review of damage-reducing measures 
to manage fluvial flood risks in a changing 
climate. Mitigation and Adaptation Strategies 
for Global Change, 20(6), 967–989. https://doi.
org/10.1007/s11027-014-9629-5

Lim, W. M., & Kumar, S. (2024). Guidelines for 
interpreting the results of bibliometric analysis: 
A sensemaking approach. Global Business and 



Nurin Mansoor, Aznah Nor Anuar, Akbariah Mohd Mahdzir and Nurul Huda Md. Adnan

580 Pertanika J. Soc. Sci. & Hum. 32 (2): 563 - 582 (2024)

Organizational Excellence, 43(2), 17–26. https://
doi.org/10.1002/joe.22229

López-Marrero, T., & Tschakert, P. (2011). From 
theory to practice: Building more resilient 
communities in flood-prone areas. Environment 
and Urbanization, 23(1), 229–249. https://doi.
org/10.1177/0956247810396055

Lourenço, I. B., Beleño de Oliveira, A. K., Marques, 
L. S., Quintanilha Barbosa, A. A., Veról, A. P., 
Magalhães, P. C., & Miguez, M. G. (2020). 
A framework to support flood prevention and 
mitigation in the landscape and urban planning 
process regarding water dynamics. Journal of 
Cleaner Production, 277(3), Article 122983. 
https://doi.org/10.1016/j.jclepro.2020.122983

Maqsood, T., Wehner, M., Dale, K., & Edwards, 
M. (2016). Cost-effective mitigation strategies 
for residential buildings in Australian flood 
plains. International Journal of Safety and 
Security Engineering, 6(3), 550–559. https://doi.
org/10.2495/SAFE-V6-N3-550-559

Miano, A., Sezen, H., Jalayer, F., & Prota, A. (2019). 
Performance-based assessment methodology 
for retrofit of buildings. Journal of Structural 
Engineering (United States), 145(12), Article 
04019144. https://doi.org/10.1061/(ASCE)
ST.1943-541X.0002419

Nik Hassan, N. M. H., Talib, O., Shariman, T. P., 
Rahman, N. A., & Zamin, A. A. M. (2022). A 
bibliometric analysis on how organic chemistry 
education research has evolved collaboratively 
over time. Jurnal Pendidikan IPA Indonesia, 
11(1), 73–90. https://doi.org/10.15294/jpii.
v11i1.34185

Nissanka Arachchige, C. S., Amaratunga, D., & Haigh, 
R. (2020). Disaster resilient building codes 
in Sri Lanka. 10th International Conference 
on Structural Engineering and Construction 
Management (ICSECM) (Vol. 1, pp. 146-152). 
University of Peradeniya. https://pure.hud.
ac.uk/en/publications/disaster-resilient-building-
codes-in-sri-lanka

Nwadike, A. N., & Wilkinson, S. (2021). An evidence-
based framework validation for building code 
improvement in New Zealand. Engineering 
Construction & Architectural Management, 
29(8), 3072-3090. https://doi.org/10.1108/
ECAM-08-2020-0604.

Nwadike, A. N., & Wilkinson, S. (2022). Unintended 
consequences of performance-based building 
code amendment in New Zealand. Journal of 
Performance of Constructed Facilities, 36(3), 
1-13. https://doi.org/10.1061/(asce)cf.1943-
5509.0001728

Nwadike, A. N., Wilkinson, S., & Aigwi, I. E. (2020). 
Identification of parameters to develop an 
evidence-based framework to improve building 
code amendment in New Zealand. The 54th 
International Conference of the Architectural 
Science Association (ANZAScA) (pp. 570–579). 
Architectural Science Association. https://
ir.canterbury.ac.nz/items/343da504-0355-467a-
97dc-448bb19955b5

Orooji, F., Friedland, C. J., Savio, R. D., Taghinezhad, 
A., Massarra, C. C., Bushra, N., & Rohli, R. 
V. (2022). Generalized cost-effectiveness of 
residential wind mitigation strategies for wood-
frame, single family house in the USA. Frontiers 
in Built Environment, 7(1), Article 745914. 
https://doi.org/10.3389/fbuil.2021.745914

Paprotny, D., Kreibich, H., Morales-Nápoles, O., 
Castellarin, A., Carisi, F., & Schröter, K. 
(2020). Exposure and vulnerability estimation 
for modelling flood losses to commercial assets 
in Europe. Science of the Total Environment, 
737(1), Article 140011. https://doi.org/10.1016/j.
scitotenv.2020.140011

Paprotny, D., Kreibich, H., Morales-Nápoles, 
O., Wagenaar, D., Castellarin, A., Carisi, F., 
Bertin, X., Merz, B., & Schröter, K. (2021). A 
probabilistic approach to estimating residential 
losses from different flood types. Natural 
Hazards, 105(3), 2569–2601. https://doi.
org/10.1007/s11069-020-04413-x



Mainstreaming Flood Mitigation in Building Code  

Pertanika J. Soc. Sci. & Hum. 32 (2): 563 - 582 (2024) 581

Piatek, Ł., & Wojnowska-Heciak, M. (2020). 
Multicase study comparison of different types of 
flood-resilient buildings (Elevated, amphibious, 
and floating) at the Vistula river in Warsaw, 
Poland. Sustainability (Switzerland), 12(22), 
1–20. https://doi.org/10.3390/su12229725

Pradhan, N. S., Su, Y., Fu, Y., Zhang, L., & Yang, Y. 
(2017). Analyzing the effectiveness of policy 
implementation at the local level: A case study 
of management of the 2009–2010 drought in 
Yunnan Province, China. International Journal 
of Disaster Risk Science, 8(1), 64–77. https://doi.
org/10.1007/s13753-017-0118-9

Puspitarini, D., Degeng, I. N. S., Praherdhiono, H., 
& Suryati, N. (2023). Humanistic Pesantren: 
Systematic literature review and bibliometric 
visualization analysis on character, moral, and 
ethical values. Pertanika Journal of Social 
Sciences and Humanities, 31(2), 465–490. 
https://doi.org/10.47836/PJSSH.31.2.01

Rezende, O. M., Miranda, F. M., Haddad, A. N., & 
Miguez, M. G. (2019). A framework to evaluate 
urban flood resilience of design alternatives 
for flood defence considering future adverse 
scenarios. Water(Switzerland), 11(7), 1485. 
https://doi.org/10.3390/w11071485

Ripple, J. (2020). Building codes don’t measure 
up: A case for urban material performance 
standards. In B. E. Brownell (Ed.), Examining 
the Environmental Impacts of Materials and 
Buildings (pp. 32–63). IGI Global. https://doi.
org/10.4018/978-1-7998-2426-8.ch002

Saja, A. M. A., Teo, M., Goonetilleke, A., & Ziyath, A. 
M. (2021). A critical review of social resilience 
properties and pathways in disaster management. 
International Journal of Disaster Risk Science, 
12(6), 790–804. https://doi.org/10.1007/s13753-
021-00378-y

Tariq, H., Pathirage, C., & Fernando, T. (2021). 
Measuring community disaster resilience at 
local levels: An adaptable resilience framework. 

International Journal of Disaster Risk Reduction, 
62(5), Article 102358. https://doi.org/10.1016/j.
ijdrr.2021.102358 

Thepot, R., Goujard, P., & Gache, F. (2016, October 
17-21). Impact of the new Sendai framework for 
disaster risk reduction on Paris flood prevention 
program [Paper presentation]. 3rd European 
Conference on Flood Risk Management, 
Lyon,  France.  ht tps: / /doi .org/10.1051/
e3sconf/20160717002 

United Nations for Disaster Risk Reduction. (2015). 
Chart of the sendai framework for disaster 
risk reduction 2030. https://www.undrr.org/
publication/chart-sendai-framework-disaster-
risk-reduction-2015-2030

Wahid, R., Ahmi, A., & Alam, A. S. A. F. (2020). 
Growth and collaboration in massive open 
online courses: A bibliometric analysis. 
International Review of Research in Open and 
Distance Learning, 21(4), 292–322. https://doi.
org/10.19173/IRRODL.V21I4.4693

Wang, Z., Liu, J., Xu, N., Fan, C., Fan, Y., He, 
S., Jiao, L., & Ma, N. (2019). The role of 
indigenous knowledge in integrating scientific 
and indigenous knowledge for community-based 
disaster risk reduction: A case of Haikou Village 
in Ningxia, China. International Journal of 
Disaster Risk Reduction, 41(9), Article 101309. 
https://doi.org/10.1016/j.ijdrr.2019.101309

Wedel, R., Cribben, C., & Grundberg, J. (2008). 
Community-based disaster risk management: 
experiences from Indonesia. International 
Organization for Migration (IOM) Indonesia. 
https://www.humanitarianlibrary.org/sites/
default/files/2013/07/30_CBDRM_Handbook_
english_lo.pdf

Wei, W., Mojtahedi, M., Yazdani, M., & Kabirifar, 
K. (2021). The alignment of Australia’s national 
construction code and the Sendai framework 
for disaster risk reduction in achieving resilient 
buildings and communities.  Buildings , 



Nurin Mansoor, Aznah Nor Anuar, Akbariah Mohd Mahdzir and Nurul Huda Md. Adnan

582 Pertanika J. Soc. Sci. & Hum. 32 (2): 563 - 582 (2024)

11(10), Article 429. https://doi.org/10.3390/
buildings11100429

Wilkinson, S., Clifton, G. C., Nwadike, A., & 
Clifton, C. (2019). Improving disaster resilience 
through effective building code compliance 
[Paper presentation]. 9th I-Rec Conference 
2019, Florida, USA. http://www.grif.umontreal.
ca/i-rec/i-Rec2019/Improving%20disaster%20
resil ience%20through%20effective%20
building%20code%20compliance.pdf 

Zairul, M. (2021). A thematic review on Industrialised 
Building System (IBS) publications from 2015-
2019: Analysis of patterns and trends for future 
studies of IBS in Malaysia. Pertanika Journal of 
Social Sciences and Humanities, 29(1), 635–652. 
https://doi.org/10.47836/PJSSH.29.1.35

Zhu, J., & Liu, W. (2020). A tale of two databases: The 
use of Web of Science and Scopus in academic 
papers. Scientometrics, 123(1), 321–335. https://
doi.org/10.1007/s11192-020-03387-8


