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ABSTRACT:  

The number of formal and informal settlements in emerging economies has continued to rise 

due to urbanisation and other related factors. Hence, research studies on the rapid expansion, 

spatial analysis, and prediction of the evolution of informal settlements that utilise urban 

growth prediction models are critical to researchers and urban policymakers. The proliferation 

of informal settlements in metropolitan areas has increased urban complexity and uncontrolled 

spatial development, which hampers long-term and sustainable planning. Therefore, this paper 

employs the scientometric analysis and the scientific mapping approach to identify, screen, and 

review the literature on the modelling of informal settlements. The paper also seeks to enhance 

the understanding the urban growth modelling of the fundamentals and evolution of informal 

settlements for sustainable urban planning. Consequently, a scientometric review was 

conducted using the VOSViewer software and Scopus database to determine the state-of-art 

studies on informal settlement modelling. The data was retrieved from the Scopus database 

(from 1985 and 2020) using keywords from publications on urban growth models and informal 

settlement modelling. The study revealed that PLOS One and Habitat had the highest citation 

with South Africa as the most influential on informal settlement publication. Moreover, cellular 

automata urban growth model was revealed as the most commonly employed traditional urban 

growth model in both hybrid and single model applications. It further indicated a low interest 

in modelling of IFS using urban growth models and driving factors. The weaker association 

between the keyword (informal settlement and urban growth models) indicates low interest in 

publication regarding IFS modelling using urban growth models. 
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INTRODUCTION 

Rapid urbanisation and population growth are common social phenomena 

transforming the global urban landscape. These phenomena have dramatically 

proliferated formal and informal settlements (IFSs) in urban areas, especially in 

the global south. Hence, urbanisation has become synonymous with the 

formation of IFSs in developing countries [1]. Currently, the development of 

urban IFSs settlements has surpassed the expansion of formal settlements in the 

global south. Therefore, the global number of IFSs dwellers has increased from 

approximately 1 billion [2] to 1.5 billion in 2020 [3] but could increase to 3 

billion in 2050 [4]. According to Hofmann, Taubenböck [5], the term ‘IFSs’ 

refers to urbanisation that has occurred beyond the scope of existing urban 

planning legislation. Kamalipour and Dovey [6] and Sietchiping [7] claim that 

IFSs are overcrowded urban districts that have developed outside the state’s 

urban planning regulations with inadequate basic facilities, unsanitary 

conditions, and endangered health issues. In this context, IFSs can be defined 

as non-directional developed settlements that have violated the urban planning 

laws with a view to reducing housing needs.  

 

The violations of urban planning legislation caused by the proliferation of IFSs, 

along with inadequate prior information about their growth, have resulted in 

numerous urban issues. For instance, the urban systems' rising greenhouse 

gases, the expansive layout of urban spaces, and the unhealthy use of soil [8]. 

Similarly, agricultural land depletion, fragmented ecosystems, habitat 

degradation, and reduction in ecological services are other urban issues 

generated by the expansion of IFSs [9-11], which underscore the importance of 

modelling the expansion of IFSs for sustainable urban planning. Consequently, 

research on monitoring, managing, and modelling the development of IFSs has 

become a global priority for researchers and policymakers in urban planning. 

Therefore, it is essential to conduct a comprehensive literature review on the 

state-of-the-art publications on urban growth models and modelling concepts 

for monitoring the expansion of IFSs. This typically requires separating the 

essential and irrelevant literature and independent studies using techniques for 

the various variants of the h-file [12]. 

 

Previous studies have examined urban growth modelling using varieties of 

literature review techniques. For instance, Triantakonstantis and Mountrakis 

[13] explored urban growth models using the PRISMA framework. According 

to Triantakonstantis and Mountrakis, the most often used urban growth model 

for modelling urban growth is cellular automata (CA). Similarly, Musa, Hashim 

[14] conducted a systematic literature review of geospatial-based urban growth 

models. The authors identified CA, artificial neural network (ANN), fractals, 

logistic regression (LR), agent-based model (ABM), and decision tree models 

(DTM) as the leading models for modelling urban growth with CA taking 

precedence [15-18]. However, Veizaj, Islami [19], suggested that spatial 

characteristics of urban morphologies can be accurately described when tools 

like fractal theory and network concepts are combined.  

 

Although multiple studies have utilised various literature review methodologies 

to evaluate urban growth models for both urban and IFS expansion, only a 
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handful have used the scientometric approach to evaluate IFS modelling. This 

scenario has prompted this study to ask the following questions: (1) What is the 

current state-of-art of publications of IFS modelling? (2) What are the strengths 

and weaknesses of urban growth models in modelling IFS? (3) What are the 

dominant urban growth models used for modelling urban and IFS expansion? 

In order to answer these questions, the study extensively attempted to: (1) 

identify the state-of-art of publications on IFS modelling, (2) identify the 

strengths and weaknesses of urban growth models in modelling IFS, and (3) 

identify the dominant urban growth models used for modelling urban and IFS 

expansion. In addition, the concepts of IFS, UGMs, and scientometric review 

techniques were discussed. 

 

Urban settlements are broadly classified into formal (FS) and informal 

settlements (IFS) [20]. FS are established and developed according to officially 

authorised plans by government bodies or housing associations. In contrast, IFS 

are settlements that have been developed illegally on either government or 

private land in a haphazard manner that violates a country’s government 

planning norms [20-24]. In this context, the emphasis will be exclusively on 

IFS. Previous studies have viewed IFS in various ways. For example, Agheyisi 

[25] opined that ‘IFSs are illegal and chaotic settlements in sub-Saharan 

countries [25, 26], while Abunyewah, Gajendran [27] confirmed IFS as areas 

where illegal buildings are built outside the land-use scheme and without 

planning permission. Similarly, Adam [28] and Amime [29] view IFS as any 

settlement that has violated customary law regarding land occupation, land use, 

subdivision norms, modes of transfer, and infringement of official building 

permit requirements. Typologically, IFS is classified into several groups based 

on the region concerned. In Delhi (India), IFSs are classified into five types 

namely; illegal and unauthorised colonies, historical settlements (Katras), 

resettled colonies, urban villages, and rural villages [20]. Curci [30] also 

grouped IFS into the following classes; public or privately held squatter 

settlements, migrants and insecure settlements, improved squatter settlements, 

unauthorised, private-law residential subdivisions and unauthorised reform in 

land-use laws, mainly on the metropolitan fringes; and overcrowded and 

degraded housing without sufficient amenities [30]. Another school of thought 

classified IFSs into water-front, power-line, and motorway or roadside 

settlements using a linear factor [31]. In Jos, the Plateau State capital, IFSs are 

classified into hilltops and valleys settlements [32-34] 

 

In the literature, IFS is termed squatter settlements, shantytowns, favelas, slums, 

unplanned towns, shacks, or spontaneous settlements [27, 35-37]. It is viewed 

as a form of speculation in real estate for all income levels of urban and peri-

urban residents, including affluent and poor often sit on the periphery of urban 

areas [38, 39]. This is most likely due to several interconnected driving forces 

including demographic increase, rural-urban movement, lack of appropriate 

housing, and ineffective administration [24, 37]. The expansion of IFS has 

drawn the attention of urban planners and policymakers over the future impacts 

of IFS growth on the ecosystem [40]. Therefore, the simulation, prediction, and 

establishment of particular policies to manage current conditions surrounding 

the spread of IFS by urban growth prediction models are required for ecosystem 

management and sustainable urban planning [41, 42]. 
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MATERIALS AND METHODS 

The primary analytical approach utilized in this study is the scientometric 

technique. The VOSviewer (Version 1,6.16) a freely available Java software, 

and Scopus database were utilised to mine data, visualize maps, and analyse the 

descriptive statistics. The analyses were based on network data, using data 

generated from keywords on urban growth prediction models of IFS settlements 

[43]. VOSviewer was adopted because of its availability as an open source 

software and its capability to accommodate and visualize large volumes of 

bibliometric data in a simple to-interpret way [43, 44]. The scientometric 

approach was adopted due to its objective ability to visualize systematic trends 

in vast bodies of literature. It can also display the visual connectedness of 

research based on the volume of bibliographic data used to assess the growth of 

the research field using quantitative index and less subjective method of study 

[45-48].  

 

Concept of Scientometric Technique 

 

As the philosophy of sustainable development extends into land science, the 

concept of scientometric analysis has also evolved to visualise, evaluate, and 

measure urban development. Recent studies by Glänzel and Zhang [49] and 

Mansuri, Udeaja [47] demonstrated that scientometric analysis (SMA) is an 

effective tool for evaluating and measuring scientific research. This idea was 

initially described by Nalimov and Mulʹchenko [50] as “the quantitative 

approaches of the research on the evolution of science as an informational 

process”. Studies have further shown that scientometric analysis has focused on 

communication in the sciences, social sciences, and humanities [51]. Hood and 

Wilson [52] opined that SMA plays a significant role in social and 

environmental science research. However, the term “scientometric analysis” is 

an interdisciplinary research activity that was established by Vassily Nalimov 

in 1960 [52]. In addition, Van Raan [53] explained that SMA is a concept that 

is devoted to the development of and the maintenance of information systems. 

Recently, Zakka, Abdul Shukor Lim [12] asserted that scientometric analysis 

examines the quantitative aspects of science, science policy, and science 

communication. The focus is to quantify the impact of authors, papers, journals, 

and institutions along with their associated citations. Lastly, it aims to visualise, 

map, and evaluate research disciplines and their indicators for future 

management and policy. 

 

In addition, Hood and Wilson [52] described SMA as the “quantitative study of 

scientific practices, including, but not limited to, publication, and hence 

overlaps somewhat with bibliometrics”. To conduct an SMA, Börner [54] 

proposed the following sequential steps: tools selection, data collection, pre-

processing and data interpretation, modelling, visualization, and design and 

communication of results (Figure 1). Similarly, Cobo, López‐Herrera [48] 

outlined data retrieval, pre-processing, network extraction, normalization, 

mapping, analysis and visualization as the steps for science mapping analysis. 

One of the advantages of scientometric research is its ability to strike a balance 

between applications and basic research as well as its unbiased and less 

subjective results in analysing vast bodies of literature [12]. 

Figure 1. Flowchart for conducting scientometric analysis 
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The first step in Figure 1 is to identify and select the science mapping tools such 

as VOSViewer, BibExcel, CiteSpace, CoPalRed, Sci2, VantagePoint, based on 

availability, strength, and capabilities [44, 48, 55]. The data acquisition phase 

relies on databases like Scopus, Web of Science, and Google Scholar in 

conjunction with the relevant keywords concerned for the study. At the pre-

processing stage, the duplication and misspelt elements operations are 

conducted to extract duplicated and valuable records from the data collected 

[48]. The modelling or mapping phase is one of the most critical stages of the 

process. It is concerned with building the network maps using the algorithm in 

the selected software. Once the models have been developed for visualisation, 

the analysis of the results is performed using various methods like network 

analysis, temporal analysis, or geospatial analysis [56-58]. 

 

To conduct a scientometric analysis, the source data must be noted. The ISI Web 

of Science (WoS), Elsevier Scopus, Google Scholar, NLM’s MEDLINE, arXiv, 

CiteSeerX, Digital Bibliography and Library Project, SAO/NASA Astrophysics 

Data System, and Science Direct are database sources [48]. Several studies have 

argued that WoS, Scopus, and Web of Science cover a distinct aspect of science, 

while Google Scholar covers study fields like social sciences [59-61]. However, 

the WoS and Scopus index and monitor citations for 20,000 and 23,000 journals, 

respectively, which is a more conventional method for indexing and tracking 

citations [60]. 

 

DATA COLLECTION 

In order to extract bibliographic data for review, it is essential to identify a 

reliable database. In this paper, the logical choice was the Elsevier Scopus 

database based on its conventional methods of indexing and tracking citation as 

well as its more comprehensive coverage of academic researches and reliability 

[60, 62]. The search terms for data collection were derived from the keywords 

(urban models, urban modelling, slum, and informal settlements) carefully 

selected from five sample articles on models for predicting urban expansion and 

informal settlements [63-66]. To complete this task, the search query TITLE-

ABS-KEY (informal AND settlement AND modelling OR modelling) AND 

(LIMIT-TO (LANGUAGE, “English”)) was used to generate and collate data. 

The retrieved data was from articles, conference papers, books, and chapters in 

the Elsevier Scopus database. In addition, the search was limited to published 

English Language literature between 1985 and 2020. The flow chart in Figure 

2 further illustrates the data collection process from the Scopus database. The 

resulting data was subsequently saved and exported in RSA, CSV, and Plain 

Text formats for science mapping and record analysis. The information saved 

from the Scopus database were citations, records bibliography, abstract, 

keywords, and results from the Scopus database. The search generated a total of 

174 documents between 1985 and 2021 on October 18, 2021, with only169 

communicated in the English language. 

 

Figure 2. Flowchart of data collection, document exportation, scientometric 

analysis, and results of data collected 

 

RESULTS AND DISCUSSION 
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The results and discussion of this study are presented under the following sub-

headings: state-of-the-art publications on urban and IFS modelling, strength and 

weakness of urban growth models, and the dominant urban growth models for 

urban and IFS expansion modelling.  

 

State-of-the-Art Publication on IFS Modelling 

 

This section presents and discusses the document types, citation patterns, and 

contributing countries on the subject matter. 

 

Document Types 

 

In this study, the document types retrieved for analysis were articles, journals, 

conference papers, book reviews, and book chapters. As observed in Figure 3, 

79.9% of the documents collected were articles from top Scopus journals, while 

the remaining were from conference papers (12.4%), book chapters (1.8%), and 

reviews (1.2%). The findings indicate that the majority of the publications were 

taken from top-Scopus journal articles. 

 

 
Figure 3. Types of documents collected (Elsevier Scopus August 2021) 

Published documents by subject area 

 

Figure 4 shows the various subject areas in which research on urban growth 

models on informal settlements and urban expansion are indexed in the Elsevier 

Scopus database between 1985 and 2021. According to the findings, 

environmental and social sciences have the highest publications with 20.8% 

each, while engineering, computer science, earth and planetary science, 

agricultural analysis, and others account for 10.6%, 7.6%, 9.1%, 3.8%, and 

20.1% respectively. This further suggests a marked interest in modelling 

informal settlement in environmental sciences when compared to other subject 

areas. 
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Figure 4. Sampled documents based on the subject matter (Elsevier Scopus 

August 2021 

 

Document and Citation Pattern 

 

In Figure 5 shows the published documents on the topic and their accrued 

citations retrieved from Elsevier Scopus database. The findings show that there 

was limited interest in IFS modelling based on the observed publications 

between 1985 and 2009. However, the number of articles published on IFS 

modelling subsequently increased between 2010 and 2020. Likewise, the 

citation pattern revealed a substantial degree of interest in IFS modelling 

between 1997 and 2018. The highest number of publications was observed in 

2020 with about 219 citations. Nevertheless, the highest citation (626) was 

recorded in 2018, with only 18 publications. Surprisingly, about 556 and 582 

citations were also recorded in 2011 and 2015, respectively. In summary, the 

trendline indicated a gradual increase in research interest, number of 

publications, and documents cited in IFS modelling for sustainable urban 

planning. 

 

 
 

Figure 5. Published Documents and citations based on year (Elsevier Scopus 

August 2021) 

 

Contributions and the most cited Country’s Contributions 
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VOSViewer was used to generate an optical network for the data generated from 

the Scopus database, as shown in Figure 6 and Table 1 (Appendix A).  

 

 
 

Figure 6. Network visualization of country-contributions 

 

The results indicate that South Africa is the most influential with 490 citations 

for the publications on informal settlement modelling. Surprisingly, the full link 

strengths of the United Kingdom (2487) and the United States (1998) are higher 

than South Africa (1718). This implies a need for more publications on informal 

settlement modelling in other emerging economies like Nigeria, Ghana, and 

Liberia based on strong link strength and citations from other countries. 

 

Keywords 

 

Keywords are a list of terms that represent the core idea of an article [67]. To 

establish the relationships and patterns of related keywords in an article, a 

network of related keywords is necessary [55]. Hence, co-occurrence analysis 

was performed using VOSViewer software to generate the visual network 

relationship between keywords related to informal settlements modelling. The 

analysis of association in Table 2 indicates that informal settlement has a strong 

total network link and occurrences to other keywords, while the term structural 

equation model has the lowest total links and occurrences. The total strength 

and occurrences of the keywords as illustrated and presented in Table 1 and 

Figure 7 revealed interesting gaps and problems of modelling IFS using urban 

growth models. In Figure 6 and Table 2 (Appendix B), IFS has the highest 

occurrences (71) with a total link strength of 67, urban growth models like 

logistic regression, cellular automata, and machine learning had the lowest 

occurrences (5), and total link strength (5). These findings indicate low interest 

in the application of urban growth models in modelling IFS in urban areas. 
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Figure 7. Selected keyword network visualization 

 

Visualization of sources with the highest citation 

 

The visualization of sources with the highest citation was analysed by co-

citation and cited sources analyses. The threshold minimum number of citations 

of a source was minimized with number two in the VOSviewer software (out of 

4237 sources, 754 met the threshold). Figure 8 shows the network visualization 

of sourced journals examined in this study.
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Figure 8. Network Visualization of sourced journals 

 

The results show that PLOS One has the highest citations (48) and total link 

strengths (1577), while Habitat International, Computers Environmental and 

Urban Systems, Environmental Science Technology, Lancet, Environmental 

and Urbanization, Remote Sensing, and Cities have 47, 37, 35, 33, 32, 30 and 

25 citations, respectively. Table 3 in Appendix C presents the first ten selected 

journal sources that contributed to the publication of IFS modelling.

 

Documents with the highest citations 

 

The citation document analysis feature of VOSviewer was used to generate a 

network visualization map that was used to identify the documents and authors 

with the highest citations. Figure 9 shows that the article published by Dubovyk 

et al. (2011) on IFS modelling received the highest citations (100). This is 

followed by the articles by Mahabir R (2016), Rüther H (2002), and Parikh P 

(2015), which gained 80, 68, and 45 citations respectively, as shown in Table 4 

(Appendix D). Overall, the findings indicate that the citations for the top 10 

most cited documents on the topic ranged from 23 to 100, whereas the total link 

strengths were from 2 to 58. On average, the top 10 most cited documents each 
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received an average of 46 citations, whereas the total link strength was 20.3.

 

 

 
 

Figure 9. Network Visualization of documents and authors with the highest 

citations

Urban growth models and limitations 

  

The idea of an urban growth model (UGM) has become a critical factor in 

determining the viability of urban planning. This section discusses urban growth 

models for modelling IFS. It is a subtype numeric model that incorporates 

economics, geography, sociology, and statistics to investigate the processes of 

urban evolution and response in the urban system [68]. However, several 

scholars have examined its evolution from various perspectives. For instance, 

QuanLi, Kun [69] and Wray and Cheruiyot [70] defined UGM as a simulation 

tool used to test hypotheses of spatial locations and the fundamental 

relationships between urban land use and related activities. Similarly, 

Triantakonstantis and Mountrakis [13] viewed UGM as models charged with 

the responsibility of capturing inherent and dynamic spatial and temporal 

relationships. In this context, UGM for IFSs can be defined as a modelling 

technique for testing theories of spatial locations and fundamental relationships 

between urban land uses and related activities to provide an estimate of future 

IFSs expansion for sustainable urban planning. 

 

Given the key importance of monitoring the spatial impacts of urbanization, 

research on urban spatial change has continued resulting in the development of 
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many complex modelling and projection models for urban growth and land use 

over time [14]. UGM is now a widely used concept in urban planning. Many 

studies have focused on conventional and quantitative models such as cellular 

automata, Markov chain, and logistic regression for modelling IFS expansion 

[65, 71], while others have coupled remote sensing and GIS techniques to model 

urban growth. In this literature review, the focus is on six collective urban 

growth models (CA, MC, LR, ANN, ABM, and ML) typically used for 

modelling urban and IFS expansion. However, previous studies have shown that 

various urban growth models have their strengths and limitations [72, 73]. Table 

5 presents a summary of the strengths and limitations of urban growth models 

used for modelling urban and IFS expansion.

 

Table 5. Summary of urban growth model’s strengths and limitations 

 

UGMs 
Strengths Limitations Model 

Citation 

CA 

- Has the potential to 

predict changes in 

urban land use. 

- It is simple and easy 

to integrate with other 

models. 

- Inability to integrate 

social, human, and 

economic factors to 

model urban growth.  

- Depends on spatial 

data 

Tripathy and 

Kumar [15]; 

Hyandye and 

Martz [18]; 

Arsanjani, 

Javidan [74] 

MC 

- Capable of 

modelling urban land-

use change. 

- Provide a level 

ground for complex 

computations. 

- Firmly depend on 

spatial data. 

- Application in a 

compacted build-up 

area is a change. 

Yang, Zheng 

[17]; Yang, Liu 

[75] 

LR 

- Suitable for 

measuring 

relationships between 

urban expansion and 

driving factors. 

- Has the predictive 

power to model urban 

expansion.  

- Limited to time-based 

analysis and 

quantification of 

change. 

- Limitation of 

incorporating 

socioeconomic factors 

in modelling urban 

growth. 

Allen and Lu 

[76]; Khajeh 

Borj Sefidi and 

Ghalehnoee 

[77]; Hu and 

Lo [78]; 

Arsanjani, 

Helbich [79] 

ANN 

- Can capture spatial 

heterogeneity. 

- Can incorporate 

other urban growth 

models. 

- Modelling 3D urban 

growth is a challenge. 

- Cannot explicitly 

specify the impact of 

each variable 

Triantakonstan

tis and 

Mountrakis 

[13] 

ABM 

- Can capture 

developing 

phenomena, as well 

as describe the natural 

picture of the real 

urban environment. 

- The outcome of the 

model is difficult to 

assess in terms of 

validation. 

- It has a challenge of 

model comparison and 

replication of results. 

Hyandye and 

Martz [18]; 

Chen [80] 
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- Flexible for 

integration with other 

urban growth models. 

ML 

- Simple to build and 

apply. 

- Development is 

cost-effective. 

- Capable of handling 

large data. 

- Limitation of 

discarding irrelevant 

features 

(misclassification). 

- Results depend firmly 

on selected attributes 

used. 

Malhotra [81]; 

Koumetio 

Tekouabou, 

Diop [82] 

 

Note: CA- Cellular Automata; LR- Logistic Regression; MC- Markov Chain; 

HBM- Hybrid model; ABM- Agent-Based Model, ANN- Artificial Neural 

Network; ML- Machine learning (Bayesian, Rule-Based, Neural Network, 

Decision Tree, Support Vector Machine, and Random Forest). 

 

Despite the advantages of the urban growth models in modelling urban 

expansion, previous research (shown in Table 5) has revealed that the models 

have shortcomings. Therefore, it is essential to integrate urban growth models 

on a level playing ground to address their specific weaknesses in modelling 

urban and IFS expansion for sustainable urban planning. It further revealed that 

more socio-economic driving factors should be incorporated in modelling urban 

and IFS modelling. 

 

Dominant urban growth model 

 

There are several urban growth techniques used for modelling IFS expansion. 

In this section, the urban growth models used in previous studies to model the 

scenario of both urban and IFS expansion are summarised. Table 6 presents a 

tabular summary of the studies and the models used.

 

Table 6. Summary of urban growth model’s strengths and targeted problems 

 

References 

Urban Growth Models Study Area 
Targeted 

Problems 

CA LR MC ANN ABM ML 
HBM 

+ CA 

HBM 

- CA 
  

[66] 
      X  

Cairo 

(Egypt) 

IFS growth 

[71]       X  South Africa IFS growth 

[83] 
   X     

Lusaka 

(Zambia) 

Urban land 

use change 

[15] X        Dahil (India) Urban growth 

[84] 
     X   

Shenzhen 

(S/China). 

Exposure of 

IFS 

[85] X        Ghana Urban growth 
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[86] 
      X  

Lagos 

(Nigeria) 

Slum growth 

[87] 
     X   Burkina Faso 

Urban 

development 

[88] 
X        

Bangkok 

(Thailand) 

Urban growth 

[89] 
X        

Arma city 

(India) 

Urban growth 

[90] 
  X      

Mashhad 

(Iran) 

Urban growth 

[91] 
X        

Cairo 

(Egypt) 

Urban change 

[92] 
X        

Cairo 

(Egypt) 

IFS expansion 

[93] 
      X  

Dhaka 

(Bangladesh) 

Urban growth 

[94] 
      X  

Dhaka 

(Bangladesh) 

IFS growth 

[95] 
        

Wuhan 

(China) 

Urban 

expansion 

[96] 
    X    

Developing 

countries 

Slum growth 

[97] 

    X    

Dar es 

Salaam, 

(Tanzania): 

IFS growth 

[65] 

 X       

Sancaktepe 

District 

(Istanbul, 

Turkey) 

IFS 

development 

[98] 
X        

Penang 

(Malaysia) 

Land use 

change 

[99] 
 X       

Western 

Missouri 

Urban growth 

[76]        X South Africa Urban growth 

[100]       X  Australia Urban growth 

[101] X        Brazil Urban growth 

[102] 

      X  California 

Urban 

growth/land 

use change 

[103] 
      X  

City of Irbid 

(Jordan) 

Land use 

change 

[104] 
  X      

Spanish 

urban areas 

Urban 

population 

[105] 
      X  

Uttar Pradesh 

(India) 

Urban growth 

[106] 
 X       

Kigali City 

(Rwanda) 

Urban growth 

[107]         Nairobi IFS 

Total 8 3 2 1 2 3 9 1   
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Ranking 
2 3 5 5 4 3 1 5 

 

Note: CA- Cellular Automata; LR- Logistic Regression; MC- Markov Chain; 

HBM- Hybrid model; ABM- Agent-Based Model, ANN- A Neural Network; 

ML- Machine learning (Bayesian, Rule-Based, Neural Network, Decision Tree, 

Support Vector Machine, and Random Forest).

 

Table 6 reveals that earlier studies on modeling IFS, urban growth, and land use 

change uterlised the integrated urban growth models with CA inclusive (ranked 

1), while 8 studies (ranked 2 for CA column) focused solely on the CA model. 

Other single urban development models, such as MC, ANN, ABM, ML, and 

LR, received less attention due to their inability to explicitly simulate urban or 

IFS growth. In addition, the Table 6 revealed that majority of the studies 

conducted on IFS and urban growth focused on urban growth than IFS 

scenarios. 

 

FINDINGS, DISCUSSIONS, AND CONCLUSION 

In this study, the scientometric analysis and visualization of the bibliographic 

data provided by Scopus was used to review the literature on IFS expansion 

modelling. In addition, the technique was used to examine the state-of-art as 

well as identify the strengths, weaknesses, and the most popular urban growth 

model used in modelling IFS expansion. The findings indicate that majority of 

the documents reviewed were articles published in environmental science 

subject areas. The study also revealed low interest in IFS modelling publications 

between 1985 and 2009, although the trend was reversed between 2010 and 

2020. Specifically, the highest citation (626) and publications of documents 

were recorded in the year 2018 and 2020, respectively. Moreover, the 

bibliographic analysis revealed that South Africa contributed the most in 

publications related to modelling IFS expansion, which necessitates further 

research on IFS modelling in other emerging economies. The weaker 

association between the keyword (informal settlement) and urban growth 

models indicates low interest in modelling IFS using urban growth models. The 

study also showed that the article with the highest citation was published by 

Dubovyk [65]. The authors revealed that individual urban growth models have 

limits when it comes to modelling urban and IFS growth. To improve the 

capability of these models, urban growth models should be coupled and 

integrated with socio-economic and other human driving factors to model urban 

or IFS expansion. The present study observed that the CA urban model is the 

most commonly employed traditional urban growth model in both hybrid and 

single model applications, which is corroborate by Musa, Hashim [14].  

 

Based on the findings of this study, the following areas have been identified for 

future studies: 

 

1) Further research on modelling IFS expansion in developing economic 

systems for urban regions is required. 

 

2)  The incorporation of socio-economic and human elements (such as 

insecurity) into hybrid urban growth models is essential to effectively model 
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urban or IFS expansion. 

 

3) Urban growth models like ML needs improvement to improve their 

capacity to discard irrelevant or extraneous features when modelling IFS 

expansion scenarios. 

 

4) Further studies are needed to model the interrelationships between 

driving factors such as the location of urban areas during urban or IFS 

expansion. 

 

5) Spatial analysis and modelling studies for sustainable urban planning 

should also focus on modelling IFS expansion along with general urban growth 

by integrating driving factors. 

 

This study reviewed IFS expansion, models, and modelling in urban areas 

through a comprehensive scientometric analysis. The technique employed 

bibliometric data obtained between 1985 and 2021 to identify and visualize the 

state-of-art of publications on IFS expansion modelling using the Scopus 

database and VOSviewer for network visualization. Hence, the most cited 

document on IFS expansion per year, the country that contributed the most, the 

weaker association between the keyword (informal settlement) and urban 

growth models, and the article and author with the highest citation were 

identified and examined critically. The study also identified and analysed six 

urban growth models along with their respective strengths and weaknesses. The 

results revealed that CA model is the most commonly used traditional urban 

growth model for modelling the scenarios of IFS expansion and other urban 

growth. In addition, the study revealed areas that require further study. 

 

This study's findings can be applied to a wide range of spatial urban growth 

modeling and planning, including land use changes, population, and 

transportation planning. Furthermore, the research's findings and areas for 

further research can be used to look at the evolution of urban areas in developing 

economies and as well as predicting their (IFS and other urban growth 

phenomena) spatial urban scenarios for long-term urban planning for 

sustainable urban development. In particular, in the incorporation of unique 

driving factors of IFS scenario in an urban growth prediction model. 

 

APPENDICES 

 

Appendix A 

 

Table 1. Summary of most cited countries and total link strength 

 

Top Countries Documents Citations Total link strength 

United 

Kingdom 

35 337 2487 

United State 29 352 1998 

South Africa 42 490 1718 

Germany 18 178 1175 

Kenya 16 180 992 
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Switzerland 12 127 738 

Netherland 15 381 719 

Uganda 5 16 673 

Italy 7 137 416 

Australia 5 40 319 

India 7 78 275 

Japan 5 54 138 

Singapore 7 24 120 

 

Appendix B 

 

Table 2. Summary of most cited countries and total link strength 

 

Selected keywords Occurrences Total link strength 

Informal settlements 71 67 

Urban planning 23 23 

Urban growth 23 23 

GIS 19 19 

Urban area 18 18 

Remote sensing 18 18 

Modelling 19 17 

Developing countries 14 14 

Land use 14 14 

Decision making 12 12 

Numerical model 11 11 

Urbanization 11 11 

Regression analysis 11 11 

Slums 10 10 

Computer simulation 10 19 

Urban population 9 9 

Population growth 7 7 

Sustainable development 0 7 

Population density 6 6 

Spatial analysis 6 6 

Structural equation 

modelling 

6 6 

Satellite images 5 5 

Uncertainty analysis 5 5 

Land-use change 5 5 

Logistic regression 5 5 

Cellular automation 5 5 

Human settlements 5 5 

Machine learning 5 5 

Cellular automata 5 5 

 

Appendix C 

 

Table 3. Summary of most cited countries and total link strength 
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Sources Citations Total link strength 

PloS ONE 48 1577 

Habitat international 47 1518 

Computer, environment, and 

urban systems 

37 800 

Environment science and 

technology 

35 2157 

Lancet 33 1017 

Environment and 

urbanization 

32 955 

Remote sensing 30 812 

World development 28 668 

Nature 22 704 

Cities  25 782 

Urban studies 19 661 

 

Appendix D 

 

Table 4. Authors/documents citations 

 

Top Ten documents/Authors Citations Total link strength 

Dubovyk O (2011) 100 23 

Mahabir R. (2016) 80 58 

Rüther H (2002) 68 7 

Parikh P. (2015) 45 4 

Augustijn-Beckers E. (2011) 36 11 

Kuffer M. (2017) 30 36 

Patel A. (2012) 28 21 

Hofmann P. (2015) 25 35 

Erickson B. (1997) 25 5 

Saucy A (2018) 23 3 
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