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ABSTRACT
Floods are one of the most prevalent natural disasters, and advancements in geospa-
tial technologies have revolutionized flood management, particularly the use of
Digital Elevation Models (DEMs) in hydrological modelling. However, a comprehensive
analysis DEMs integration in flood risk management is lacking. This study addresses
this gap through a thorough Systematic Literature Review focusing on the combined
application of DEMs and hydrological models in flood mitigation and risk manage-
ment. The SLR scrutinized 21 articles, revealing eight key themes: DEM data sources
and characteristics, DEM integration with hydrological models, flood hazard mapping
applications, terrain impact assessment, model performance evaluation, machine learn-
ing in flood management, ecosystem services and resilience, and policy and govern-
ance implications. These findings emphasize the importance of precise DEM selection
and correction for successful flood modelling, highlighting Advanced Land Observing
Satellite as the most effective freely available DEM for use with the HEC-RAS unsteady
flood model. This integration significantly enhances flood mitigation efforts and
strengthens management strategies. Finally, this study underscores the pivotal role of
DEM integration in crafting effective flood mitigation strategies, especially in address-
ing climate change challenges and bolstering community and ecosystem resilience.
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1. Introduction

Floods are the most pervasive and calamitous natural disaster globally (Avila-Aceves et al. 2023).
Hence, there is a need to develop comprehensive strategies for mapping and modelling. In this regard,
geospatial technologies are widely being used for flood mapping, mitigation and risk assessment
(Taloor et al. 2024; Yang 2024). Flood inundation mapping is typically performed using remote sensing
datasets (Bhattacharya et al. 2019; Islam and Ahamed 2023). Taloor et al. (2025) is convinced that SAR
and optical remote sensing data integration provided the better flood hazard evaluations and hence
quick post-flood management measures can be achieved. Flood modelling and simulation are integral
parts of flood studies (Xu et al. 2022). The geospatial technologies have been exploited for glacial lake
studies particularly in the term of flash floods modelling and mapping (Taloor et al. 2022). It is neces-
sary to discuss the differences between the hydrological, hydraulic and hydrodynamic modelling
because the models are slightly different from each other, while they overlap as well. The integration of
hydrological and hydraulic models is widely acknowledged as an important method for flood mapping
(Teng et al. 2017). Moreover, it is also being utilized for the improvement of hydrodynamic models,
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specifically in urban flood modelling in 2D using Shallow Water Equations (Guo et al. 2023). However,
the utilization of Digital Elevation Models (DEM) for flood modelling and simulation is inevitable
because of the instant, near actual, and detailed availability of the terrain information (Xu et al. 2021).

The mapping of flood inundations using remote sensing involves different techniques (Munasinghe
et al. 2018; Sajjad et al. 2023). These flood inundations were used to assess the accuracy of flood models
and simulations. The data can be compared to the ground based DEM and laser altimetry even in riv-
erbed mapping, which is integral for analysis of flood inundations (Bures et al. 2019). However, the use
of ground surveys and laser altimetry-based DEMs is costly and requires an enormous amount of time
and effort (Roub et al. 2012). Therefore, the its use in conjunction with commercially available DEMs
has emerged over the past decade (Azizian and Brocca 2020). The quality of the topographic character-
istics of the flood plain in the model largely depend on the DEM spatial resolution, that is, for a higher
spatial resolution, better representation of the topography (Bhuyian and Kalyanapu 2018). The evalu-
ation for the accuracy of DEMs is largely carried out using a number of criteria that also differentiate
their usability in different applications (Khal et al. 2020). In this regard, the vertical accuracy of some
of the freely available DEMs has been assessed, and it has been suggested that resolution and both rela-
tive and absolute errors should be considered in the application to a flood model (Muench et al. 2022;
Meadows et al. 2024).

In this study, the author would have focused on hydrological modelling in the context with floods and
had some overlaps with hydraulic and hydrodynamic modelling. Many hydrological models have been
developed over time and are widely utilized for flood simulation and control (Zhai et al. 2021; Zhai et al.
2021; Icyimpaye et al. 2022). A number of software have been utilized for conducting flood modelling
worldwide, such as HEC-RAS (Azizian and Brocca 2020; Khojeh et al. 2022), MIKE (Parvaze et al. 2022),
LISFLOOD (Cantoni et al. 2022), TUFLOW (Jamali et al. 2019) and others that work on the criteria of dif-
ferent models, such as 1D, 2D, and hybrid hydrological models. Data preparation for flood models can be
developed using different techniques and software solutions. Similarly, satellite-based precipitation prod-
ucts can provide better results for HEC-HMS (Belayneh et al. 2020). Global hydrological models can pro-
vide daily flow data, even in data-scarce regions, allowing the development of global stochastic flood
models. These models use simulated discharge to derive the spatial dependency of flood events, thus over-
coming the limitations of historical record availability. Stochastic flood models can simulate realistic flood
events by incorporating spatial dependence, which has a significant impact on monetary loss calculations
(Olcese et al. 2022). The semi-distributed hydrological model, GRSD, can perform better to simulating
flood peaks during flash floods (Peredo et al. 2022). Flood mitigation and planning based on the model
results are integral for better flood management. Afreen et al. (2022) emphasized the importance of organ-
ized land use planning and flood zonation in the study area to manage floods effectively. This highlights
the need to implement effective land use management strategies based on scientifically determined vulner-
able areas to mitigate the impacts of floods. Furthermore, it emphasizes the significance of utilizing statis-
tical models and satellite remote sensing data via Geographic Information System (GIS) platforms to
develop effective strategies for managing the negative consequences of flood threats.

Flood models and DEM are integral to each other for flood mitigation and risk assessment.
Although plenty of work has been carried out in the past, such as Sanders (2007), the correlation
between DEM and flood inundation modelling using different available datasets. Yan et al. (2015) dis-
cussed low-cost space-borne DEM datasets and explored their potential for determining different flood
parameters. Musa et al. (2015) highlighted the applications of DEM and other datasets for surface water
modelling. Grimaldi et al. (2016) assessed not only DEM but also other remote sensing datasets to
examine the uncertainty of hydraulic flood models. Hawker et al. (2018) discussed the errors generated
over a period of time using Shuttle Radar Topographic Mission and its derived datasets. This study
aimed to review the integrated role of flood models and DEMs in flood mitigation and risk assessment.
This study further elaborates on the already carried out work and aims to fill the gap by performing a
systematic literature review on the different available DEMs and their characteristics, particularly in the
context of different flood models and software, as well as its integrated role in flood risk management
and mitigation. The review extracted articles from reputed databases, such as Tylor Francis, Science
Direct, Sage Journal, Web of Science, Scopus, and Emerald.
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This research was carried out using an integrated method, a quantitative and qualitative approach,
which aims to provide a detailed understanding of the integration of DEM and flood modelling and to
contribute valuable additions to the currently available research in this context.

2. Analytical framework

Considering the increasing frequency of floods worldwide, mainly due to global climate change, there is
a deficiency in the comprehensive examination and recognition of patterns in current research pertain-
ing to flood modelling and mapping. Conventional approaches to literature review may inadvertently
introduce biases and transparency challenges, thereby complicating the ability of succeeding researchers
to reproduce or comprehensively analyze the referenced studies. Therefore, most authors select system-
atic reviews as a means to distinguish scientific breakthroughs and trends (O’Hagan et al. 2018). To fill
this void, the present study utilized a Systematic Literature Review (SLR) approach, with particular
emphasis on the significance of DEM and flood modelling in support of better flood management and
mitigation. The analytical framework delineated in Figure 1 serves as a roadmap for the review proced-
ure, allowing the authors to pinpoint research gaps and offer insights for prospective investigations.

The main research question that may guide this review is as follows: How can the DEM and hydro-
logical models relate to each other for flood analysis and mitigation? This study highlights the crucial

Figure 1. Workflow structure of this research.
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linkage between DEM and hydrological models and their impact on flood risk assessment and mitiga-
tion. By carrying out SLR, this research aims to reveal the challenges in the use of different DEMs and
their effects on hydrological models that eventually lead to the setting of a baseline for flood risk assess-
ment and mitigation strategies. This information will contribute to further enhancement of the field
and provide guidance for future research.

3. Methodology

This study’s current methodology was guided by a review protocol named ROSES. ROSES (The
Reporting on the Systematic Evidence Syntheses) is a set of procedures for SLR and investigations in
natural sciences (Haddaway et al. 2018; Pant et al. 2023). ROSES aims to incentivize researchers to pro-
vide pertinent information with optimal details. In instances where applicable, the authors contem-
plated alternative propositions suggested in the review to ensure that the review procedure aligns with
the intended objectives.

3.1. Developing the research question

The research question was formulated by utilizing two different sources: First, ideas derived from the
earlier studies, such as Xu et al. (2021), Khojeh et al. (2022) and Arash and Yasi (2023). Each article
was related to the DEM and Flood modelling, and simulations. Secondly, the acronym PICO, which is
‘P’ for “Patient or Problem”, ‘I’ for “Intervention”, ‘C’ for “Context” and ‘O’ for “Outcome” (Cooke
et al. 2012) and utilized in many studies for rapid reviews (Rathbone et al. 2017).

Based on this understanding, the reviewers provided three main elements in this review: integration
of the DEM and Hydrological models (problem), contribution (intervention), and application in flood
management and mitigation planning (Context/Outcome). Therefore, it allows the reviewers to formu-
late the core research question of the review: How does integrating different types of DEMs impact the
accuracy of hydrological model and flood mitigation outcomes across various terrains?

3.2. Systematic searching techniques

To obtain pertinent articles, three systematic search strategies, that is, identification, screening, and eli-
gibility, were implemented, as suggested by Mohamed Shaffril, Samsuddin, and Abu Samah et al.
(2021). These procedures empowered the reviewers to find and amalgamate the study findings in a
clear and organized way to conduct an SLR transparently.

3.2.1. Identification
a. This process was carried out in order to delineate relevant articles for the evaluation.
b. The reviewers examined alternate variations, related concepts, and synonyms of the principal

keywords.
c. Five main keywords were determined by the study question: DEM, Floods, integration, modelling,

and mitigation.
d. These keywords were refined after consultation with experts, adaptation of previous studies, and

use of online sources.
e. Keywords include DEM, Floods, remote sensing, hydrological modelling, and mitigation.
f. Search techniques: identifying specific phrases, employing wildcards, truncations, Boolean opera-

tors, and applying field-code queries in the WoS and Scopus datasets (refer to Table 1).
Additionally, a manual procedure was carried out in Sage Journals, Science Direct, Taylor Francis,
Springer Link, and Emerald.

g. Specification of the context of Article: (1) The integration of DEM and Flood modelling requires
different parameters, and (2) the review focuses on the consequences of flood simulations and risk
assessment of mitigation strategies.

h. The number of possible articles identified: 12,887.
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3.2.2. Screening
a. The screening process involved a set of dataset searches and manual assessment by the reviewers,

adhering to predefined criteria. (see Table 2).
b. The emphasis given during the screening procedure for articles issued from 2018 to 2024 is aligned

with the policy of relevant and advanced development in research highlighted by Garc�ıa-Pe~nalvo
(2022). This period was selected because of the availability of a sufficient number of published
papers, ensuring a comprehensive and inclusive review strategy.

c. Research papers with facts and carrying major relevant data were considered for this purpose.
d. The study was restricted to papers published in English to mitigate potential misunderstandings.
e. To boost the interdisciplinary approach to investigate geographical and hydrological studies,

research articles from natural sciences were added as standards to explore new and pertinent
publications.

f. 9,970 number of research papers were discarded in this method as they didn’t meet the criteria.
g. This resulted in the qualification of 2,917 articles, and after the removal of duplications overlaps,

the final 2,851 articles were selected for evaluation in the next round.

3.2.3. Eligibility
a. This procedure was performed to screen titles, abstracts, and substances related to the applied

themes of the research and to determine which of the articles met the inclusion criteria.
b. Screening of the titles results the exclusion of 2,370 articles.
c. Whereas, the screening of the abstract results the exclusion of further 385 articles
d. Owing to the non-application of the contents of the selected articles, 69 were rejected.
e. Six papers were excluded because of the lack of emphasis on the DEM datasets and their relevance

to flood modelling and disaster management.
f. Finally, 21 studies were approved for the quality evaluation stage (see Figure 2).

3.3. Quality appraisal

Quality appraisal was based on a qualitative, mixed, and quantitative design; therefore, the chosen
research papers used the Mixed Method Appraisal Tool (MMAT) version 2018 by Hong et al. (2018)
(see Table 3). The same method has been applied comprehensively in many studies (Abu Samah et al.
2021; Mohamed Shaffril, Samsuddin, and Abu Samah et al. (2021); Rahman et al. 2024). However, this
tool has not been extensively utilized for flood modelling and mapping studies, particularly in the con-
text of disaster mitigation and management. For this purpose, two reviewers were assigned the task of
evaluating the quality of the papers according to several factors, including details that could answer the
research questions, confidence in assessing these questions, adequacy of sampling and data collection
methods, and suitability of statistical analyses conducted to achieve the study’s objectives.

Table 1. Strings used for searching.
Dataset Query of Searching

Scopus TITLE-ABS-KEY ((flood� OR coastal� OR river� OR runoff�) AND (hydro�gical� OR model� OR hec�) AND (DEM�
OR DTM OR DSM�) AND (remote AND sensing� OR gis� OR geospatial�) AND (mitigation� OR disaster� OR
management�))

Web of Science TS¼ ((‘‘FLOOD�’’ OR ‘‘coastal�’’ OR ‘‘river�’’ OR ‘‘runoff�’’) AND (‘‘Hydro�gical�’’ OR ‘‘model�’’ OR “HEC�”) AND
(‘‘DEM�’’ OR ‘‘DTM’’ OR ‘‘DSM�’’) AND (‘‘remote sensing�’’ OR ‘‘GIS�’’ OR “geospatial�”) AND (‘‘mitigation�’’
OR ‘‘disaster�’’ OR ‘‘management�’’))

Table 2. Criteria for the searching.
Technique What is included? What is excluded?

Timeline 2018–2024 2017 and before
Document type Research papers only Conference papers, books or chapters and Review articles
Language English Other languages
Subject area Natural Sciences (Earth Sciences, Geography,

Environmental, water resources)
non-physical science studies, health studies, medical

sciences, social science and engineering
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Additionally, the reviewers evaluated the interpretation of data, presentation of results, depth of dis-
cussion, and conclusion of each article. The assessment of quality followed the guidelines outlined in
the Mixed Methods Appraisal Tool (MMAT), which categorized articles as low-quality (25%), average
(50%), above-average (75%), or high-quality (100%) based on their findings and qualifications of ques-
tions (see Table 4).

3.4. Data retrieval and evaluation

The reviewers applied diverse strategies to expose and discern the significant patterns and associations
in this study. Following the framework delineated by Noyes et al. (2019), which distinguishes between
quantitative and qualitative syntheses, the reviewers explained the adaptation of the mixed-method
reviews.

Thematic analysis, guided by Lochmiller (2021), has been utilized to identify patterns in existing
research. The reviewers commenced their analyses by engaging in a comprehensive review and compre-
hension of the entire dataset, thereby acquiring valuable insights. The reviewers then structured the
data into wide-ranging codes, and pertinent details about the research questions were extracted.

Figure 2. The flowchart of the systematic search work.
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This process led to the discovery of eight major themes, each of which was explored to uncover a
total of 23 potential subthemes. To ensure the accuracy of their results, the authors sought the input of
specialists in qualitative synthesis and disaster management who confirmed the authenticity of the
developed themes and sub-themes (see Table 5). This systematic analysis provides a detailed under-
standing of how DEM and hydrological models provide a baseline for flood mitigation and modelling.
Moreover, it provides full comprehension of the relationships and patterns within the data.

4. Results

4.1. Descriptive analysis

The 21 selected articles focused on studies in different geographic jurisdictions. A total of five research
articles (Azizian and Brocca 2020; Avand et al. 2022; Khojeh et al. 2022; Parizi et al. 2022; Arash and
Yasi 2023) focused their studies in Iran, whereas three articles each in China (Hou et al. 2021; Xu et al.
2021; Zhu and Chen 2024) and India (Rangari et al. 2019; Barman et al. 2023; Pandya et al. 2024), two
articles selected from the study area of Pakistan (Farooq et al. 2019; Ahmad et al. 2022), one article
each selected from the study area of Niger (Muench et al. 2022), Finland (Liu et al. 2023), Sweden
(Lim and Brandt 2019), Madagascar (Li et al. 2023), Uganda (Mubialiwo et al. 2022). One article
focused on the two study areas in the United Kingdom and Pakistan, while two of the selected articles
focus on the global study region; it is depicted in Figure 3.

Table 3. The criteria used for the evaluation of selected articles (Hong et al. 2018).
Method for the research Evaluation standards

Qualitative QA1—The methodology suitable for addressing the study question?
QA2—Is the research question sufficiently addressed by the qualitative data gathering procedures?
QA3—Do the findings accurately derived from the data?
QA4—Interpretation of outcomes adequately supported by data?
QA5—Consistency between collection, interpretation, analysis, qualitative data sources, collection, analysis, and

interpretation?
Quantitative
(descriptive)

QA1—Is the sample technique appropriate for addressing the theme?
QA2—Reflection of the characteristics of the concerned population in the sample is accurate?
QA3—Measurements are suitable?
QA4—Is the low probability of risk of non-response bias?
QA5—Does the statistical analysis adequately address the research question?

Mixed methods QA1—Does the research question have a sufficient justification for utilising a mixed methods design?
QA2—Is the integration of the many components in study successful?
QA3—Interpretations of the integration of the two components are satisfactory or not?
QA4—Discrepancies and incongruities in findings are sufficiently countered?
QA5—Various parts of the study conform to standards of respective methodological tradition?

Table 4. Quality assessment results.

Study
Research
design QA1 QA2 QA3 QA4 QA5

No of
criteria fulfil

Accepted
for review

(Ahmad et al. 2022) MM � � � � � 5/5 �
(Arash and Yasi 2023) QN � � � � � 5/5 �
(Avand et al. 2022) MM � � � � � 5/5 �
(Azizian and Brocca 2020) QN � � � � � 5/5 �
(Barman et al. 2023) QN � � � � � 5/5 �
(Farooq et al. 2019) QN � � � � � 5/5 �
(Fereshtehpour et al. 2024) MM � � � � � 5/5 �
(Hawker, Bates, et al. 2018) QL � � � � � 5/5 �
(Hou et al. 2021) QN � � � � � 5/5 �
(Khojeh et al. 2022) QN � � � � � 5/5 �
(Li et al. 2023) MM � � � � � 5/5 �
(Lim and Brandt 2019) MM � � � � � 5/5 �
(Liu et al. 2023) MM � � � � � 5/5 �
(Meadows et al. 2024) QN � � � � � 5/5 �
(Mubialiwo et al. 2022) QN � � � � � 4/5 �
(Muench et al. 2022) MM � � � � � 5/5 �
(Pandya et al. 2024) MM � � � � � 5/5 �
(Parizi et al. 2022) MM � � � � � 5/5 �
(Rangari et al. 2019) QN � � � � � 4/5 �
(Xu et al. 2021) QN � � � � � 5/5 �
(Zhu and Chen 2024) MM � � � � � 5/5 �
Note: QA¼ quality assessment; QN¼ quantitative; QL¼ qualitative; MM¼mixed-method; U¼Unclear.
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As far as the publication period is concerned, single paper was issued in 2018, three articles were
published in 2019 (Farooq et al. 2019; Lim and Brandt 2019; Rangari et al. 2019), one article was pub-
lished in 2020 (Azizian and Brocca 2020), two papers were printed in 2021 (Hou et al. 2021; Xu et al.
2021), six research studies were published in 2022 (Ahmad et al. 2022; Avand et al. 2022; Khojeh et al.
2022; Mubialiwo et al. 2022; Muench et al. 2022; Parizi et al. 2022), four articles published in 2023
(Arash and Yasi 2023; Barman et al. 2023; Li et al. 2023; Liu et al. 2023) and four articles were pub-
lished in 2024 (Fereshtehpour et al. 2024; Meadows et al. 2024; Pandya et al. 2024; Zhu and Chen
2024) as shown in Figure 4.

It was discovered that two articles each were published in the Natural Hazards (Farooq et al. 2019
Khojeh et al. 2022) and Remote Sensing (Ahmad et al. 2022; Zhu and Chen 2024), whereas all other
articles were published in different journals i.e. Applied Geomatics (Pandya et al. 2024), Earth Science
Informatics (Fereshtehpour et al. 2024), Earth Systems and Environment (Mubialiwo et al. 2022),
Environmental Modelling & Software (Hou et al. 2021), Frontiers in Earth Science (Hawker, Bates,
et al. 2018), Frontiers in Environmental Science (Muench et al. 2022), Geomatics Natural Hazards &
Risk (Lim and Brandt 2019), Hydrology (Li et al. 2023), International Journal of Digital Earth
(Meadows et al. 2024), International Journal of Disaster Risk Science (Xu et al. 2021), International
Journal of Remote Sensing (Azizian and Brocca 2020), Iranian Journal of Science and Technology-

Figure 3. Study areas used in selected papers.

Figure 4. Years of publication of selected articles.
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Transactions of Civil Engineering (Barman et al. 2023), Journal of Environmental Management (Parizi
et al. 2022), Journal of Flood Risk Management (Arash and Yasi 2023), Journal of Hydro-Environment
Research (Avand et al. 2022), Modeling Earth Systems and Environment (Rangari et al. 2019) and
Natural Hazards and Earth System Sciences (Liu et al. 2023). The selected articles were off commend-
able quality and are indexed by WoS and Scopus databases. The majority of them were placed in Q1 or
2, as depicted by Table 6.

4.2. The developed themes

Eight primary themes were derived from thematic analysis of the 21 articles. These themes helped
organize the review process and provide insights into the different aspects of the research question. (1)
DEM data sources and characteristics, (2) Integration-DEMs and Hydrological Models, (3) Applications
in Flood Hazard Mapping, (4) Terrain Characteristics Impact, (5) Model Performance Evaluation, (6)
Machine Learning for Flood Management, (7) Ecosystem Services and Resilience, and (8) Policy and
Governance (see Table 5).

4.2.1. DEM data sources and characteristics
The first and foremost theme that needs to be examined is the different DEM data sources and their
characteristics to be utilized in the selected studies. The reviewers categorized the DEM sources as satel-
lite derived DEMs, aerial and surveyed DEM and included the enhancements and accuracy assessments
made by the authors of the selected articles.

4.2.1.1. Satellite derived DEMs. The satellite remote sensing data is the primary source of the Digital
Elevation Model generation. Over the period of time, the technology has advanced, and the spatial reso-
lutions of the remote sensing datasets have improved. Based on the importance in this review following
are the main satellite derived DEMs that have been utilized.

4.2.1.2. SRTM. The Shuttle Radar Topography Mission (SRTM), conducted in 2000, has generated
high-resolution digital elevation models (DEMs) using radar interferometry. It has been widely utilized
across various disciplines and provides global coverage at spatial resolutions of 30 and 90 meters (Jing
et al. 2014; Azizian and Brocca 2020). It has several benefits, such as free availability of global coverage
and performance in terms of vertical accuracy (Carrera-Hern�andez 2021), and has been efficiently uti-
lized in flood modelling and mapping in ten of the selected articles. Similar to Khojeh et al. (2022), the
capability of SRTM-30 m was found to be higher in defining model geometry, simulating flood extent,
and deriving peak discharge compared to the ASTER DEM. Moreover, Arash and Yasi (2023) believe

Table 6. The rankings of the chosen journals.
Journal No. of papers Included in Scopus? Scopus rating Included in WoS? WoS rating

1 Natural Hazards 2 YES Q1 YES Q2
2 Remote Sensing 2 YES Q1 YES Q1
3 Applied Geomatics 1 YES Q2 YES Q2
4 Earth Science Informatics 1 YES Q2 YES Q2
5 Earth Systems and Environment 1 YES Q1 YES Q1
6 Environmental Modelling & Software 1 YES Q1 YES Q1
7 Frontiers in Earth Science 1 YES Q2 YES Q2
8 Frontiers in Environmental Science 1 YES Q2 YES Q2
9 Geomatics Natural Hazards & Risk 1 YES Q1 YES Q1
10 Hydrology 1 YES Q2 YES Q2
11 Int. J. of Digital Earth 1 YES Q1 YES Q1
12 Int. J. of Disaster Risk Science 1 YES Q1 YES Q2
13 Int. J. of Remote Sensing 1 YES Q1 YES Q2
14 Iranian J. of Science and Technology 1 YES Q2 YES Q3
15 Journal of Environmental Management 1 YES Q1 YES Q1
16 Journal of Flood Risk Management 1 YES Q2 YES Q2
17 Journal of Hydro-Environment Research 1 YES Q2 YES Q2
18 Modeling Earth Systems and Environment 1 YES Q3 YES Q3
19 Natural Hazards and Earth System Sc. 1 YES Q1 YES Q1

Source: WoS (2023), Scopus (2023).
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that it is helpful for accurately simulating river geometry and flood extent, particularly for wide-straight
and braided rivers. Parizi et al. (2022) found that SRTM shows reduced errors in flow velocities com-
pared with same-resolution UAV measurements. Even Root Mean Square Error (RMSE) for SRTM on
average is 2.82m lower than the LiDAR DEM used by Muench et al. (2022). It was also observed dur-
ing DEM sensitivity analysis by Farooq et al. (2019) that the SRTM maximum simulated flood depth
differed and was only 1m higher than the WorldDEM, whereas other DEMs, such as Advanced Land
Observing Satellite (ALOS) World3D and ASTER, were higher by 3m and 25m, respectively. SRTM is
utilized efficiently along with flood inundation maps in automated surface water extraction using the
newly cloud-based GIS tool Floodwater Depth Estimation Tool (FwDET), which facilitates the rapid
estimation of floodwater extent and depth (Li et al. 2023). Furthermore, It was resampled to 150, 200,
300, 400 and 500m resolutions to analyze its impact on the accuracy of the flood simulations (Zhu and
Chen 2024). Zhu and Chen (2024) observed that SRTM is highly compatible with physical-based dis-
tributed hydrological models, such as Liuxihe model, and also found it reliable and effective in various
hydrological contexts.

Despite these advantages, SRTM has limitations that need to be addressed when used for flood mod-
elling and mapping. Similar corrections are needed for meandering patterns in floodplains and lowland
rivers according to Arash and Yasi (2023) and Xu et al. (2021), which may have limitations in accur-
ately representing coastal areas due to neglecting recent topographic changes. It is unsuitable for minor
undulations (Barman et al. 2023). Hawker, Bates, et al. (2018) also observed that SRTM has wider error
distributions in overall vertical accuracy compared to the recent products of TanDEM-X. Khojeh et al.
(2022) suggested that the size of the map pixels can affect the estimated size of the flood area, with
larger pixels leading to overestimation. SRTM also contains gaps and anomalies because of the radar
side-view imaging limitation and that multiplied in the vegetated areas, which can be corrected using
deep learning techniques such as those used by Sun et al. (2023). Another important limitation of
SRTM is the shadow effects that may occur in urban areas, especially in urban flood modelling.
Moreover, the coarser resolution of SRTM, that is, 30m, would also make it difficult to accurately
depict the urban area elevations, and it must be corrected through ground data or other high-
resolution datasets, as performed by Kim et al. (2020).

4.2.1.3. ASTER. The Advanced Space-borne Thermal Emission and Reflection Radiometer (ASTER)
provides a Digital Elevation Model (DEM) collaboratively by the Ministry of Japan and NASA. Initially,
two versions were released, in 2009 and 2011. Meanwhile, the release of the latest version of the
ASTER DEM in August 2019 highlights significant improvements in vertical and horizontal accuracy
compared to the previous version, and it is available worldwide at a resolution of 30m (Khojeh et al.
2022). Recently, it has been increasingly utilized in flood modelling owing to its high spatial resolution
and global coverage. Arash and Yasi (2023) and Avand et al. (2022) utilized ASTER for flood inunda-
tion mapping and simulations, respectively. It can also be integrated with other datasets, such as rainfall
data and land cover information, to enhance the accuracy of flood modelling predictions, as demon-
strated by Barman et al. (2023). The ASTER GDEM v2 was used to simulate the flood propagation pro-
cess and predict peak discharge after applying different interpolation methods successfully performed
by Hou et al. (2021). Farooq et al. (2019) highlighted that the ASTER DEM resulted in a higher simu-
lated flood depth than the WorldDEM, SRTM, and ALOS DEMs, but it provided the highest terrain
errors. Moreover, it generally underestimates elevation values and is considered the weakest dataset in
simulating inundated areas as compared to others (Azizian and Brocca 2020). Moreover, It had a root
mean square error (RMSE) value of 1.77m for flow depth, the highest calculated by Parizi et al. (2022)
and RMSE value of 8.68 by Xu et al. (2021) and 4.2m by Muench et al. (2022). According to Khojeh
et al. (2022), and performs poorly in estimating the flood discharge. It also overestimates the elevation
along riverbeds and underestimates the land surrounding the braided channel, and has the largest range
of elevation differences compared to other DEMs (Muench et al. 2022).

4.2.1.4. ALOS. Advanced Land Observing Satellite (ALOS) DEM (Digital Elevation Model) is a global
free dataset derived from satellite imagery collected by the ALOS satellite mission by the Japan
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Aerospace Exploration Agency (JAXA) and includes three sensors: PRISM (Panchromatic Remote-
sensing Instrument for Stereo Mapping), AVNIR-2 (Advanced Visible and Near Infrared Radiometer
Type-2), and PALSAR (Phased Array type L-band Synthetic Aperture Radar) (Khojeh et al. 2022; JAXA
2024). It offers elevation data with spatial resolution of 12.5 and 30m. Arash and Yasi (2023) recom-
mended this as the most accurate choice for flood mapping and revealed that it provides realistic cross-
sectional shapes owing to PRISM sensor accuracy. It provides similar results to the ground-based
DEMs in the study by Azizian and Brocca (2020). ALOS also proved to be more accurate in the
machine learning model of Random Forest compared to other models by Avand et al. (2022). The
simulated flood velocity for the ALOS DEM was higher than those of the other DEMs by Farooq et al.
(2019). It has the lowest RMSE of 1.19m, the lowest among all in the study by Muench et al. (2022),
and is also acknowledged by Pandya et al. (2024), who also found its RMSE least across various slope
classes. ALOS-derived AW3D30 performs better in certain aspects such as water level deepening (Xu
et al. 2021). It also aids in providing the necessary elevation data for the analysis of flood risk assess-
ment and socio-economic impacts of floods in the study by Mubialiwo et al. (2022) and both the
Mubialiwo et al. (2022) and Parizi et al. (2022) agrees that ALOS performed better at estimating flow
velocity for all return periods compared to ASTER and SRTM. Although ALOS shows little to no error
by aspect, Meadows et al. (2024) were not satisfied with its performance, as it was found to have the
longest errors among the DEMs considered.

Some of the other satellite-derived DEMs, which are the by-products of the above-mentioned DEMs,
have been used in a few studies, such as NASADEM, which takes advantage of improved SAR methods
and newly available elevation data to fill voids in the original SRTM data (Hawker, Bates, et al. 2018).
Barman et al. (2023) are convinced that CARTOSAT DEM outperforms ASTER DEM in 2D simula-
tions, whereas Rangari et al. (2019) utilized linear data to develop the DTM of CARTOSAT to
effectively perform flood simulations, particularly in urban areas. Parizi et al. (2022) revealed that
TanDEM-X DEM, even after downsizing to 30m, outperformed the modelling fluvial flood characteris-
tics, making it the preferred choice in areas with limited high-resolution topographic data. Pandya
et al. (2024) used the Copernicus Global Land Operations (GLO)-DEM as a reference DEM because of
its high vertical accuracy in evaluating the performance of other DEMs. and found it to be the most
suitable among all designated study areas. The complete list of DEMs utilized in this review, along with
their spatial resolutions and other details, are depicted in Table 7.

4.2.1.5. Aerial and surveyed DEMs. This is the most effective and accurate medium for developing
DEMs and has been efficiently utilized in some of the reviewed studies for comparison with satellite-
derived DEMs. The five researchers Fereshtehpour et al. (2024), Hawker, Bates, et al. (2018), Lim and
Brandt (2019), Liu et al. (2023), and Muench et al. (2022) utilized the LiDAR dataset for flood studies,
particularly the accuracy assessments of the global satellite DEMs. The UAV DEM resolution signifi-
cantly impacts flood characteristics, with changes in the inundation area, mean flow depth, and mean
flow velocity, as discussed by Parizi et al. (2022).

4.2.1.6. Enhancement and accuracy assessments. Correcting DEMs is inevitable in flood simulations.
Therefore, except for five studies (Farooq et al. 2019; Avand et al. 2022; Mubialiwo et al. 2022; Li et al.
2023; Fereshtehpour et al. 2024) all others carried out enhancements and corrections and performed
some accuracy assessments in the DEMs. For example, Azizian and Brocca (2020) were convinced that
they improved the efficiency of hydraulic models. In addition, DEMs must be corrected for meandering
patterns in lowland rivers (Arash and Yasi 2023). Lim and Brandt (2019) also observed that lower
DEM resolutions perform better but may lack accuracy. Moreover, using the Dixon criterion improves
the accuracy of flood simulations and reduces errors in extreme water depths (Xu et al. 2021).

4.2.2. Integration of DEMs and hydrological models
Another important theme is to integrate DEMs with Hydrological Models for floods. The reviewers first
looked for descriptions of the methods used to couple DEMs with hydrological models and the ration-
ale behind the chosen integration approach. The reviewers identified sections in which the article

12 R. AHMAD ET AL.
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discusses how DEM data are integrated with hydrological models to simulate flood dynamics. This
theme has been subdivided into raster or vector-based modelling techniques and integrated modelling
frameworks, in which the type of model is discussed along with the results. Raster-based DEM integra-
tion uses grid-cell data and is the most common phenomenon applied in flood models that include cor-
rected, hydro-enforced DEMs. In contrast, vector-based modelling approaches have been used by Hou
et al. (2021) and Li et al. (2023). For an integrated modelling framework, several models can be used
for flood modelling and simulations. Some studies utilized single techniques, whereas others adopted
combined techniques, as depicted in Table 8. It has been observed that HEC-RAS has been largely uti-
lized for flood simulations by Ahmad et al. (2022), Farooq et al. (2019), Mubialiwo et al. (2022), Parizi
et al. (2022), and Rangari et al. (2019) in 2D, whereas Arash and Yasi (2023) used it in both 1D/2D.
The HEC-RAS is an open-source, freely available hydraulic modelling software that has been effectively
utilized in flood modelling and simulations. Rangari et al. (2019) explained in detail the procedure in
which HEC-RAS works.

The other model that was found to perform better on plain topography and high-resolution datasets
according to Moghim et al. (2023) is the LISFLOOD-FP, which was affectively utilized by Hawker et al.
(2018), Lim and Brandt (2019), Liu et al. (2023), and Xu et al. (2021). LISFLOOD-FP is also freely
available for non-commercial purposes. This model was utilized by Fereshtehpour et al. (2024) along
with machine learning as a combined technique, and Li et al. (2023) used the open-source Python
framework HYDRAfloods for automatic extraction of flood extents and other mapping algorithms.
Shallow water areas are challenging to simulate. Hou et al. (2021) used the Shallow Water Equation
(SWE)-based model for simulation and applied numerical methods and interpolations to examine
changes. The HEC-RAS simulation was combined with a simplified Physical Response Curve (SPRC)
for flood risk analysis by Khojeh et al. (2022). Barman et al. (2023) used a 2D hydrodynamic model
with statistical parameters such as mean absolute error (MAE), RMSE, R2, and Nash–Sutcliffe efficiency
(NSE). The physical-based Distributed Hydrological modelling system (PBDHMS), which includes
physical parameters and uses inputs of soil and meteorological data along with land use/land cover and
DEMs, such as the Liuxihe model integration, results in strong applicability in complex terrain areas
even with coarser resolution SRTM DEM (Zhu and Chen 2024). In addition, some hydrogeomorphic
methods have been used in different studies over the last two decades, such as Nardi et al. (2006), who
devised the floodplain delineation method for investigating the scaling relation of floodplains.
Moreover, an automated GIS-based procedure called GM3 was implemented by Manfreda et al. (2014)
for flooded area delineation. Samela et al. (2017) applied geomorphic classifiers to flood-prone area
delineation in data-scarce regions for large-scale applications. The consistent performance of hydrogeo-
morphic models in floodplain delineation, climate, and river basin morphology was highlighted by
Annis et al. (2022).

4.2.3. Applications in flood hazard mapping
This theme has been subdivided into Floodplain delineation methods, Flood depth estimation techni-
ques, and the most important accuracy assessment of flood hazard maps. Floodplain delineation meth-
ods were discussed and applied in five studies. Farooq et al. (2019) closely adjusted the DEM using
satellite images to accurately show where the river is, ensuring that the flood simulation is as accurate
as possible. Khojeh et al. (2022), Lim and Brandt (2019), and Mubialiwo et al. (2022) used hydraulic
models to delineate the floodplain, while Hou et al. (2021) used interpolation techniques. However, the
flood depth analysis was carried out in 13 studies, including the aforementioned authors. The accuracy
assessment of the flood hazard maps was performed by Ahmad et al. (2022), Avand et al. (2022),
Farooq et al. (2019), Mubialiwo et al. (2022), Rangari et al. (2019), and Xu et al. (2021), who compared
maps in different scenarios.

4.2.4. Terrain characteristics impact
The impact of terrain characteristics on flood modelling and risk assessment must be assessed. This
includes terrain impact, land cover role (which also includes land use), and spatial variability assess-
ment of flood risk. Azizian and Brocca (2020) linked the accuracy assessment of DEMs with the terrain
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impact of riverbeds and cross-sectional shapes, while Farooq et al. (2019) assessed land cover changes
by incorporating Manning’s value of the main channel, floodplain, agriculture, forest, orchards, and
rangelands. Land use changes, such as turning forests into farms or cities, can significantly affect how
much water runs off the land and how quickly floods can occur, as discussed by Avand et al. (2022).
Pandya et al. (2024) examined the differences in terrain calculations among selected DEMs and
observed over- and under-estimations. Lim and Brandt (2019), Liu et al. (2023), Meadows et al. (2024),
Mubialiwo et al. (2022), Rangari et al. (2019), and Xu et al. (2021) also examined the importance of
land use/land cover for flood modelling. The effectiveness of terrain characteristics, land use/land cover,
and soil parameter inclusion results in an improvement in the accuracy of flood simulations (Zhu and
Chen 2024). Spatial variability for flood risk refers to how different areas might experience different
flood extents and depths based on their location, elevation, and other geographical features, as dis-
cussed by the authors like Lim and Brandt (2019), Liu et al. (2023), Mubialiwo et al. (2022), and
Rangari et al. (2019). Hence, it is evident that this theme could impact the search for answers to the
research questions.

4.2.5. Model performance evaluation
Flood model performance evaluation is of immense importance in flood modelling and risk assessment
(Modi et al. 2022) and that is therefore, these themes are also included in this review. It is subdivided
into model calibration, validation, and model sensitivity reliability tests. Some of the selected studies
carried out calibration, such as Barman et al. (2023), used numerical procedures such as the correlation
coefficient (R2), root mean square error (RMSE), Nash-Sutcliffe efficiency (NSE), and mean absolute
error (MAE), and assessed model performance. NSE and R, along with the relative error of process
(RE), relative error of flood peak (PE), and time difference of flood peak occurrence (PT), were used
by Zhu and Chen (2024) in the Liuxike model and found an NSE above 0.75 throughout the study
area. The Jaccard Index (JI) was found to be an effective tool for comparing watershed boundaries
delineated using five different DEMs (Pandya et al. 2024). Farooq et al. (2019), Khojeh et al. (2022),
Lim and Brandt (2019), Mubialiwo et al. (2022), and Parizi et al. (2022) utilized Manning’s roughness
coefficient for model calibration, and a few utilized real-world flood events for the validation of the
model. Ahmad et al. (2022) evaluated the model performance using relatively coarser resolution satellite
imagery of MODIS, as well as ground data collected through field visits. Arash and Yasi (2023) and
Azizian and Brocca (2020) tested model sensitivity reliability using various DEMs and scenarios for
flood map production. However, a sensitivity reliability test carried out by Farooq et al. (2019) revealed
that terrain errors in DEMs, such as ASTER, can significantly affect the model’s ability to accurately
represent floodplain areas, affecting the simulated maximum flood depth and inundation extent, while
Hawker, Bates, et al. (2018) found that the DEM errors were under-represented in the sensitivity ana-
lysis. Parizi et al. (2022) conducted a sensitivity test for Manning’s coefficient and showed linear rela-
tionships with variables and maximum sensitivity values for the inundation area, flow depth, and
calculated velocity. Xu et al. (2021) identified that sensitivity analysis showed significant differences in
flood inundation results, and the impact of variation in different spatial resolutions clearly varied the
results of the flooding simulations.

4.2.6. Machine learning for flood management
Machine learning is the latest emerging technology that is widely used in flood modelling and mapping
(Jamali et al. 2021). Its integration into flood prediction models offers significant advantages over tradi-
tional methods by enabling the analysis of complex, nonlinear relationships between flood-related
parameters. Therefore, this theme was included by the reviewers and subdivided into ML tool integra-
tion and comparative assessment. Avand et al. (2022) focused on assessing the influence of the Digital
Elevation Model (DEM) spatial resolution using ML techniques on the precision of flood probability
prediction. A generalized Linear Model, Random Forest and Artificial Neural Network were used to
predict the flood probability based on 14 causative factors and 220 flood locations. It was found that
only the resolution of the DEM did not influence the accuracy of the flood probability prediction, but
other parameters such as distance from the river, rainfall, and elevations also influenced the floods in a
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particular area. The Random Forest model showed higher accuracy in preparing Flood Probability
Maps than the Artificial Neural Network and Generalized Linear Model.

Fereshtehpour et al. (2024) investigated the effectiveness of the cutting-edge deep learning method,
namely 1D Convolutional Neural Network (CNN). CNN configure in two convolutional and three fully
connected layers and provided the discharge values and LISFLOOD-FP generated flood depths as input
features. The comparison between DTM and DSM in different resolutions was carried out in different
DEM resolutions and it is concluded that coarse resolution may be considered as a viable option for
rapid flood prediction. However, it tends to over predict flood depth and extent. ML models offer a
rapid, cost-effective, and scalable alternative to traditional hydrodynamic simulations, which are often
complex and require extensive input data. It has been studied that CNN and Random forest integration
with remote sensing and DEM datasets significantly enhanced flood risk management strategies.

4.2.7. Ecosystem services and resilience
The vulnerable regional ecosystem can largely be affected by flooding, which needs to be incorporated
into effective flood management. The theme has been subdivided into riparian ecosystem assessment,
ecosystem-resilient solutions, and economic valuation. Mubialiwo et al. (2022) discussed these sub-
themes in detail while studying the Ugandan River Malaba sub-catchment. The conditions and
functions of the riparian zone were assessed to determine the areas of erosion, riverine forests, and eco-
systems. Moreover, the economic valuation of the damage to agriculture and physical infrastructure has
also been carried out in different flood return periods and flood risk adaptation measures that can be
implemented in floodplains. Natural barriers to flood prevention need to be protected, while recre-
ational opportunities should be explored to generate revenue and community resilience.

4.2.8. Policy and governance
Policy and governance play a vital role in the decision-making and implementation of disaster risk
reduction controls. This theme is subdivided into flood risk management, community resilience, and
policy implications. Avand et al. (2022) briefly discussed flood risk management for producing and
evaluating flood-probability maps at different resolutions. The findings of Avand et al. (2022) can be
useful for water managers and decision-makers in implementing effective mitigation strategies and
adaptation procedures for probable floods. Li et al. (2023) highlighted the advantages and limitations of
different flood-mapping algorithms and emphasized the importance of considering both satellite data
and DEM-based methods for accurate and timely flood monitoring and mitigation. Ahmad et al.
(2022) developed a multivariate flood hazard classification map for the study area, highlighting poten-
tially vulnerable urban areas, villages, and road networks. Rangari et al. (2019) developed flood risk
maps for this region and identified high-, medium-, and low-risk areas in an urban flood study area.
Mubialiwo et al. (2022) estimated the socio-economic impact of floods in the region to discuss the
potential damage to agriculture, humans, and infrastructure (health, education, religious places, roads)
based on different flood scenarios. Mubialiwo et al. (2022) also highlighted the key factors for policy
and governance, which include community sensitization to build trust in government initiatives and
the importance of site-specific damage functions to eliminate bias in flood risk assessments. This would
be helpful for regulatory decision-making and land use planning related to flood risk management. It
assesses the integration of scientific evidence into policy frameworks, institutional arrangements, and
governance mechanisms to enhance the resilience to floods and climate change.

5. Discussion

This study emphasizes on the role of different DEMs in flood modelling and its integration with differ-
ent hydrological, hydraulic and hydrodynamic models that has been widely utilizing in flood inunda-
tion and extent modelling. Various sources of DEM data and their characteristics, including spatial
resolution, accuracy, and availability has been examined. It also explores how different DEM datasets
influence the outcomes of flood modelling and decision-making processes. It has been studied the dif-
ferent resolution DEMs have different applications particularly for flood modelling. Like Lim and
Brandt (2019) reveals that the performance of the lower resolution DEMs were high but it lacks in

18 R. AHMAD ET AL.



accuracy. Over the period of time, the resolution of the DEMs got better, however it raised other impli-
cations. Like the data availability issues and most importantly cost effectiveness. The high resolution
DEMs are costly especially in developing countries, the aerial and surveyed DEMs are usually acquired
on demand. Therefore, the flood modelling studies largely rely on global, freely available DEMs like
Hou et al. (2021); Li et al. (2023); Pandya et al. (2024) and Xu et al. (2021) utilizes the freely available
DEMs and examined their effect on flood models. Moreover, the satellite derived DEMs cannot be
effectively utilize in flood modelling until it gets enhanced and corrected as agreed by Azizian and
Brocca (2020) that this would enhanced the efficiency of the hydraulic models. The most important
correction in this regard is hydro-correction of the river using satellite data and hydro-enforcement of
the river geometry depth like carried out by Farooq et al. (2019). Moreover, it is also examined that the
free DEMs alone cannot provide the best model results until there assessment be carried out by other
high resolution DEMs, either surveyed or UAV/LiDAR based like Arash and Yasi (2023) utilize the dir-
ect surveyed data, while Muench et al. (2022) uses LiDAR dataset for the same. Moreover, UAV DEM
applications in contrast with global DEMs are outstanding as discussed by Parizi et al. (2022) but the
cost and other implications of the UAS are kept their usage very limited. After assessing the three most
commonly utilized free DEMs, i.e. SRTM, ASTER and ALOS, it has been identified by the reviewers
that ALOS performance in different flood modelling parameters is commendable and is highly recom-
mended to perform quick and efficient flood modelling. Whereas, among the commercially available
datasets, WorldDEM the latest product corrected through TanDEM-X satellite data and other sources
has been performed well.

The DEM integration with flood models was an important task in search of answer to the research
question. Two of the freely available hydraulic and hydrodynamic models namely HEC-RAS and
LISFLOOD-FP were discussed in details to examined the utilization in different studies. However, majority
of the selected studies found HEC-RAS efficient for the purpose of flood modelling. Like Khojeh et al.
(2022) find out that the unsteady state of modelling in HEC-RAS provides accurate flood characteristics of
mitigation. It can be simulated on the historic maximum flood events and provides the output including
inundation depth, velocity and extents (Farooq et al. 2019). Arash and Yasi (2023) revealed that the 1D
model is sufficiently fair for straight streams, whereas the 2D model is required for floodplain-meandering
rivers. Physically based distributed hydrological models, such as Liuxihe, demonstrated the effectiveness of
using meteorological parameters as well as land use, land cover, and soil datasets (Zhu and Chen 2024).
The application in flood hazard mapping includes floodplain delineation and depth estimations, which are
carried out using different procedures while performing DEM correction and hydraulic modelling. The
resultant flood hazard maps were assessed in different situations in some of the selected studies. Moreover,
the physical characteristics of vulnerable areas, including terrain, land use, land cover, and spatial variabil-
ity, directly impact flood risk assessments. Therefore, the forest, agriculture, and the change of the natural
landscape into farms and urban areas largely affect water flow and flooding. The integrated flood model
performance evaluation demands certain calibration, validation, and model sensitivity testing using differ-
ent parameters, such as statistical measures and other techniques, among which the most important is
Manning’s roughness coefficient, which has been widely used for model evaluation. It has been observed
that the calibration using the past events enhances the reliability of the flood models. This review further
assessed the involvement of machine learning techniques in flood management and studies ML-based ran-
dom forests, artificial neural networks, generalized linear models, and convolutional neural networks at dif-
ferent DEM resolutions. These methods can be used for rapid flood predictions.

Recent climate change has affected ecosystems worldwide, including riverine ecosystems (Parasiewicz
et al. 2019). Therefore, sustainable flood management and mitigation strategies include the preservation
of natural habitats and landscapes, particularly floodplain ecosystems. A sustainable ecosystem would
provide a natural barrier to slow down water flow and minimize floods with the help of natural wet-
lands, riverine forests, natural meandering, and oxbow lakes. Therefore, this review also incorporates
the strategies for riparian ecosystem assessment, resilient solutions, and important viable and cost-
effective solutions to be incorporated in flood management.

The acquired scientific results would not be worthwhile if they were not applied in proper flood risk
management, policy making, and governing strategies. In this regard, the community resilience plays a
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key role in flood risk management. Arash and Yasi (2023) confirmed that flood modelling enhances
community resilience. Flood mitigation strategies are a priority for policymakers and stakeholders glo-
bally, according to Barman et al. (2023). Li et al. (2023) emphasized the implementation of a flood fore-
casting system for effective disaster management. Moreover, flood hazard assessment helps
policymakers in planning and development procedures (Farooq et al. 2019). Hence, it is imperative that
the integration of a Digital Elevation Model (DEM) with hydrological models significantly contributes
to the development of flood mitigation and management strategies.

5.1. Limitations and biases

This SLR has some potential biases. For example, the articles were selected only from English language
sources. which resulted in the exclusion of valuable information from research studies published in
other languages. However, due to translation challenges and the difficulties in converting articles from
other languages, the reviewers opted to focus solely on studies published in English. Moreover, the art-
icle selection based on ROSES in search of the core research question. The articles study area also kept
in consideration by the reviewers to highlight the impact of different regional physiographic
characteristics.

6. Enhancing flood modelling accuracy: DEM selection, data integration, and sustainable
practices

As a result of this SLR, several research gaps have been identified, and it has been observed that flood
modelling accuracy could be further enhanced by considering a few critical parameters such as DEM
selection, correction, and data integration. The selection of DEM for flood modelling depends upon
various factors, including topography of the area (for example, coastal areas, high gradient, local
depressions, and drainage pattern), cost effect, DEM spatial resolution, river type (such as meandering
and braided rivers), river morphology (such as channel cross-sections, erosions, and depositions), and
data availability, which are often not considered by researchers. Therefore, the targeted datasets must
be selected by considering the flood-prone areas as well as the factors highlighted. In this regard, pre-
prepared DEMs products of vulnerable areas must be readily available for flood inundation and simula-
tions. Moreover, the correction of the selected DEMs has often been neglected by many researchers, as
it directly impacts the flood inundation estimates in the models if the necessary corrections are not
applied to the DEM prior to being available for flood modelling. This can involve manual or systematic
editing to reduce errors (Hawker, Bates, et al. 2018). Several corrections of DEM are discussed in this
review, such as applying algorithms, ancillary information integration, hydro-corrections, speckle, and
sink removal. In addition, the integration of topographical information from surveyed or aerial sources
can significantly reduce the errors in DEMs. However, despite all the corrections, many DEMs have
inherent limitations with respect to the base data. Therefore, the inherent characteristics of the DEM
must be comprehensively studied and applied to specific scenarios prior to the flood model. Like (Xu
et al. 2021) suggest for the DEM quality can be improved by reducing noise and systematic errors.
Moreover, DEM integration with flood models largely depends on certain parameters, such as the
boundary condition, threshold values, and flow hydrographs, which are often not critically analyzed
and eventually show uncertainty in flood modelling results and require further exploration (Lim and
Brandt 2019). Furthermore, DEM integration in addressing climate change challenges is essential, as it
facilitates the evaluation of land-use changes, altered flood regimes, and altered hydrological patterns as
a result of environmental stressors. The identification of vulnerable ecosystems such as riparian buffers
and wetlands, which act as natural flood-mitigating agents, is facilitated by high-resolution DEMs.
Sustainable flood management strategies can be developed by integrating the DEM data with hydro-
logical models. These strategies can incorporate eco-based solutions such as adaptive land-use planning,
wetland conservation, and reforestation to enhance climate resilience. Moreover, in flood model accur-
acy assessment and performance analysis, temporal variations and data collection duration must be
considered (Meadows et al. 2024). Nash-Sutcliffe efficiency (NSE) and Correlation coefficient (R2) were
found to be effective procedures for DEM accuracy assessment (Barman et al. 2023; Pandya et al. 2024;
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Zhu and Chen 2024). It has been suggested that the entire accuracy assessment procedure should be
documented to avoid misleading results (Muench et al. 2022). In the future, researchers should focus
on improving flood simulation accuracy using different criteria, such as different return periods,
improved flood management, and infrastructure data incorporation etc (Hou et al. 2021). In addition,
the resultant products of flood simulations, such as flow velocity, can be significantly affected by the
input DEM resolution, as highlighted by Parizi et al. (2022). Therefore, future research should also test
the model with different DEM resolutions of the same DEM, as carried out by Fereshtehpour et al.
(2024), or different DEMs products.

The reviewers also emphasized the importance of Machine Learning (ML) techniques in this field.
However, it has been revealed that it largely depends on the datasets provided for model training, and
because of the lack of availability of different types of datasets, software, and computational machines,
ML accuracy is compromised. Therefore, the input data need to be enriched so that, in the future, ML
utilization for error identification can yield accurate results, as recommended by Xu et al. (2021). As
revealed by this review, Landuse/Landcover (LULC) utilization in model calibration has been an inte-
gral requirement, and it is recommended by Mubialiwo et al. (2022) for future studies that LULC data
developed by high spatial resolution can provide high accuracy. However, it is strongly recommended
for future researchers that LULC data preparation be consistent with the spatial resolution of the DEM.
For example, a low spatial resolution DEM cannot calibrate the highly accurate LULC data correctly,
which would directly deteriorate the model results. However, a higher DEM resolution can affect the
watershed-extracted water system and river convergence calculations (Zhu and Chen 2024). Therefore,
the threshold for the utilization of the correct DEM resolution is critical for accurate flood modelling.
This review highlighted that sustainable practices have not been followed in studies on this topic. For
instance, an important research gap identified is the lack of sustainable ecosystem studies, particularly
in floodplains and vulnerable areas. Keeping in view the recent climatic changes, this part of the
research needs to be addressed extensively by future researchers using different parameters, such as
riparian ecosystem assessment, preserving natural habitat, and identification of the delayed water flow
techniques that include strategies for diversion of flooded water in arid areas, tree plantations, flood
protective embankments, etc. The continuous change in Earth’s environmental dynamics demands sus-
tainable practices, especially when formulating flood mitigation strategies. The key findings qualifying
the developed research question are listed as Table 9.

Table 9. Key findings.
Parameter Impact of DEM Integration Flood Mitigation Outcomes Key References

DEM Resolution & Accuracy � HR improves accuracy
� Cost and availability

limitation

� Enhanced accuracy improves
flood prediction and
mitigation.

(Lim and Brandt 2019; Li et al.
2023)

DEM Integration with
Hydrological Models

� ALOS with HEC-RAS
improves flood predictions

� Accurate integration
improves mitigation
strategies.

(Farooq et al. 2019; Khojeh et al.
2022)

DEM Correction Techniques � Enhanced DEM accuracy
� Improved model results

� Improve flood extent and
depth estimates.

(Azizian and Brocca 2020; Xu
et al. 2021)

Free vs Commercial DEMs � Free DEMs like ALOS, are
suitable

� Commercial DEMs offer
higher precision.

� Commercial DEMs provide
better accuracy in flood risk
mapping and mitigation
strategies.

(Parizi et al. 2022; Arash and
Yasi 2023)

Machine Learning for DEM
Improvement

� ML improve DEM quality,
especially for complex
terrains

� ML-enhanced DEMs allow
rapid flood mitigation
planning.

(Xu et al. 2021; Parizi et al.
2022)

Terrain Influence on DEM
Performance

� Improves DEM in steep
region

� Terrain-adapted DEMs
improve flood mitigation in
challenging areas.

(Muench et al. 2022; Zhu and
Chen 2024)

Sustainable Flood Management � Identify natural flood
mitigation solutions (e.g.
wetlands).

� Integration of DEMs with
ecosystems supports
sustainable flood strategies.

(Hou et al. 2021; Meadows et al.
2024)

Policy and Governance Role � better policy-making for
flood risk management.

� more informed flood
mitigation policies.

(Barman et al. 2023; Li et al.
2023)

Research Gaps in DEM
Integration

� Limited access to HR DEMs
in some regions hinders the
integration of accurate data.

� More comprehensive data
and better DEM integration
are needed for effective
flood mitigation in
vulnerable areas.

(Xu et al. 2021; Meadows et al.
2024)
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In summary, future research should emphasize improved DEM selection criteria, enhanced inte-
grated parameters of DEM and hydrological models, minimization of data limitations, and incorpor-
ation of riparian ecosystem assessment. Furthermore, as a need for time, studies should further suggest
developing short-, mid-, and long-term strategies, particularly in the context of sustainable develop-
ment, and devise tangible solutions (structural measures, channelization, etc.) as well as intangible solu-
tions (developing community resilience, stakeholder engagement, climate change adaptations, etc.) to
floods.

7. Conclusion

The lack of a comprehensive Systematic Literature Review (SLR) on the integrated role of DEM and
hydrological models for flood mitigation and risk management led to the development of this study.
Findings from numerous studies illuminate the implications of the selection and correction of DEMs,
as well as their integrated use in different flood models for flood mitigation and management. This
study extensively examines the role of different DEM products and their integration with flood models
to support flood risk management. Eight key themes emerged from the SLR of the 21 selected studies:
DEM data sources and characteristics, Integration of DEMs and Hydrological Models; Applications in
Flood Hazard Mapping; Terrain Characteristics Impact; Model Performance Evaluation; Machine
Learning for Flood Management; Ecosystem Services and Resilience; Policy and Governance.

The review findings highlight the selection of a suitable DEM and its applied correction to be inte-
grated with flood models. After performing corrections, ALOS was found to be the best freely available
DEM for performing quick and efficient flood modelling coupled with the HEC-RAS unsteady flood
model. Moreover, different characteristics were examined to enhance the efficiency of the developed
products and assess their application in flood mitigation and management strategies. This review high-
lights that DEM-based flood modelling is not only essential for flood risk assessment but also contrib-
utes to climate adaptation and sustainable ecosystem management. The ability to simulate terrain
changes under different climate scenarios allows researchers and policymakers to anticipate flood risks,
implement nature-based solutions, and design sustainable infrastructures. Ultimately, the key factors in
policy making and governance have been identified, and it has been revealed that the integration of
DEMs with hydrological models plays a vital role in developing flood mitigation and management strat-
egies, addressing issues due to climate change, and ensuring the resilience of communities and ecosys-
tems to flooding. Finally, the review contributes significantly to addressing the gap in the integrated
role of DEMs and hydrological models in flood mitigation and management strategies. However, the
review also identifies several research gaps, especially the lack of inclusion of climate change adapta-
tions and sustainable ecosystem assessments that need to be focused on in the future.
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