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Abstract

:

This article challenges the narrow definition of informal settlements as solely lacking a formal framework, which overlooks the dynamic city-making and urban design processes within these areas. Communities’ self-building processes and areas’ constant growth are indeed informal settlements’ most salient morphological features. The study builds upon the informal development stages (IDS) framework and explores how it applies globally. The research follows a sample of fifty informal settlements with a high change coefficient from the Atlas of Informality (AoI) across five world regions to explore how change and urban densification across IDS can be mapped in such areas using human visual interpretation of Earth observation (EO). The research finds evidence of IDS framework fitment across regions, with critical morphological differences. Additionally, the study finds that settlements can pass through all IDS phases faster than anticipated. The study identifies IDS as a guiding principle for urban design, presenting opportunities for policy and action. The study suggests that integrating IDS with predictive morphological tools can create valuable data to refine identification models further. Finally, the article concludes that an IDS approach can anticipate development and integrate into an urban design evolutionary process that adapts to the deprived areas’ current and future needs.
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1. Introduction


Informal settlements are among the planet’s most common forms of urbanization, accounting for one-third of the total urban form. By the mid-twenty-first century, up to three billion people are expected to live in informal urban environments [1]. However, we lack a consistent mapping method to pinpoint where that informality is located or how it expands [2]. Despite a reported decrease in the relative proportion of the population living in informal settlements, “the absolute number of urban residents who live in slums continued to grow” [3,4]. The current scale of poverty on the planet has overwhelmed the capacity of the formal market to incorporate the masses of impoverished settlers arriving at urban centers worldwide. Some view the acceleration of this urban phenomenon as a sign of apocalyptic ruin, exemplified by the work of Mike Davis in “Planet of Slums” [5]. In contrast, others perceive them as spaces of opportunity, as suggested by Stewart Brand in “How Slums Can Save the Planet” [6].



Solutions to world urban poverty require global structural changes, which is one reason why there is little innovation in urban poverty. Our limited understanding of the distinctive features of this prevalent form of urbanization arises from a disciplinary perspective and is attributable to three main factors. Firstly, the difficulty in arriving at a comprehensive definition of an informal settlement [7,8]. Secondly, the absence of data pertaining to this type of urban development, starting with even the most fundamental cartography [9,10]. The third factor, attached to the lack of accurate mapping, is understanding variations within this urban phenomenon over time [2].



Informal settlements’ most significant urban design feature is their constant state of change. Research in mapping and urban change challenges assumptions of informal as unplanned or chaotic and argues that these areas change, densify, and evolve in predictable ways [11,12]. This framework of change opens the opportunity to forecast informal areas. It presents the opportunity to classify these areas in stages of unique characteristics that fit multiple definitions of an informal settlement. Defining informality as an ever-evolving urban form presents a new urban design paradigm. It forces the creation of new intervention strategies more adequate to developing urban design projects and policies tailored to the peculiarity of these urban forms and the needs of the world’s poor. In response to this perspective that focuses on the morphological change of informal settlements, the informal development stages (IDS) framework has emerged as a method for classifying the change process in informal settlements into predictable successive stages of urban densification [13]. However, while several authors across Latin America’s informal settlements support a staged framework [14,15,16], the IDS is still untested globally. This research project tests such a framework by examining fifty cases across five world regions and asking two critical questions: is there evidence that the densification process happens similarly across other countries and regions, and what differences can be identified among the sample. Answering such questions can help create a world classification of informal areas in relation to their urban density and time and help develop better models for estimating the future growth of populations in these areas.



This paper is divided into four sections; the first one looks at the issues of the definition of informality and presents a revised identifying framework not focused on the missing features concerning formality but on the three overarching unique identifiers: morphology, regulatory framework, and poverty. The second section explains some of the limiting features of measuring informality globally, while the third section explores the concepts of IDS, and the methodology section describes the measuring process and the data sources and results, followed by findings on the application of IDS to the cases. The final two sections present the implications of an IDS framework for research, urban design, and policy and end with the research conclusions and limitations and the potential applicability of the results.




2. Informal Settlements’ Morphological Features


Among the obstacles to understanding deprived areas is the epistemological complexity of defining what constitutes an informal settlement [14]. The literature on informal settlements, both current and historic, spends a significant amount of time attempting to determine the limits between formal and informal [15,16,17,18,19]. In addition, informal settlements in the literature are traditionally presented as the other side of the coin from the formal [20]. In this tension between the formal and the informal, settlements can be established as places lacking access to such faculties of a formal city as access to safe water, access to improved sanitation, durable structures, sufficient living area (overcrowding), and access to secure tenure [21].



Until today, scholars and agencies have not developed a universal definition of either slums or informal settlements. However, UN-Habitat provides a widely accepted working definition for the SDG 11.1.1 indicator (Table 1), a framework of household deprivations along five dimensions: insecure residential status, poor structural quality of housing, insufficient living area, inadequate access to safe water, and inadequate access to sanitation infrastructure [22]. Informal settlements concern less the physical environment than the legal nature, as such settlements are often built-in disrespect of land-use and building regulations and irregular land titles [23].



Authors call attention to the need for more specificity in how informal settlements are defined and classified [24]. International agencies find it challenging to assess the indicators of informal settlements as currently defined and examples of such problems can be found in the Sustainable Development Goals [3,25]. No consistency of evaluative variables exists between different countries or cities [26]. The UN-Habitat, the United Nations Statistics Division, and the Cities Alliance agree on an operational definition for slums to be used for measuring the indicator of MDG 7 Target 7.D. The agreed definition classified a “slum household” as one in which the inhabitants suffer one or more of the following “household deprivations”: 1. Lack of access to improved water sources; 2. Lack of access to improved sanitation facilities; 3. Lack of sufficient living area; 4. Lack of housing durability; and 5. Lack of security of tenure. However, characterization is still an elusive subject because the definition of informal settlements can have social, economic, or political implications. Each definition of informal settlements has its limitation.



The traditional definition that compares informal vs. formal is beneficial for developing the service provision policy, projects, and evaluation. However, its focus on looking at these areas as places lacking formality tells us little about their unique identifiers that do not relate to formality. The lacking framework of international agencies shifts our gaze from what informal settlements are by only looking at what informal settlements households should aspire to. In other words, if we define a square form as what it does not have in comparison to a circle, we miss some of its unique values. Here, I offer a new framework based on three categories: informal settlements are self-built neighborhoods outside city regulations in extreme poverty conditions. Below, I present more detail on the virtues of using just these three categories.



	
Self-built neighborhoods: Informal areas are a communal effort in which members participate in the foundation and evolution of urban development processes in which self-construction is a salient feature. This process creates a particular urban pattern distinct from formal (planned) urban forms; it looks physically different and confirms the physical separability of slums from formal settlements [27,28]. No other urban structure is consistently built by its users and constantly changed.



	
Outside of city regulations: This issue highlights the legal instability resulting from occupying the land violating the city code. However, even when these conflicts over land tenure are resolved, this legacy has long-lasting repercussions for the inhabitants. Therefore, naming a territory as informal (any name associated with it) acknowledges it as a space where state rules and regulatory framework are challenged.



	
In conditions of poverty: Informal settlements have socioeconomic diversity. However, not all residents have the same income or are “equally poor”. While informal dwellers have differences in economic capacity, they live in extreme poverty in relationship to the rest of the city.






The definition of informal settlements based on these criteria is not yet complete. Therefore, more data must be collected to create a precise definition applicable across different scales and regions.



2.1. Creating Data about Informal Settlements


The total number of global informal dwellers continues to grow [3,29]. However, this macrolevel analysis seems to hide within the accurate definition and measure of “slum” the actual percentage of change of such spaces. Existing data about informal settlements are not available, accurate, or complete and are in most cases obsolete [30]. Imprecise data about the scale of informal settlements hinder agencies, city officials, and scholars’ efforts to inform appropriate policies about the phenomena of informality. The question then is, what is the best way to solve this information vacuum? To fill those voids, urban planners, geographers, and other researchers have been exploring two core features that emerge when seeking to understand the informal settlements’ physical form and urban growth: precise mapping and creating predictive growth models.



The mapping of informal settlements can be divided into five methodologies: community mapping, single case selection, national indexes, remote sensing, and urban morphologies. Each one of these methods has its virtues and challenges:




	
Community mapping is born out of the vacuum of information and the need for communities to create data to make the needs of their neighborhoods visible due to state inaction [10,11,31,32]. This self-mapping produces a precise level of detail of living conditions. Along with the mapping data, the community benefits from the empowerment that emanates from community self-identification. The generalization of community mapping is limited since most maps reflect local needs.



	
Single case selection is the mappings by scholars, NGOs, and municipalities that focus on the neighborhood or city as a case [33,34,35]. Here, the output is more detailed, as new aerial photography and remote sensing data make possible highly detailed maps of neighborhoods. Unique case mapping allows bypassing state regulations since non-state agencies can perform them. Single case mapping offers challenges to the generalization of data.



	
On the other hand, national indexes lend themselves to generalization; these mappings draw on the capacity of nations to collect demographic data based on variables of census tracts that then get compared at the global scale. International agencies such as the World Bank or the United Nations use this data type [5,36,37]. However, the broad nature of national indexes is characterized by low resolution at the urban scale.



	
Remote sensing (RS) technologies bridge the gap between comparability and the level of detail necessary to create global analyses [27,30]. Using high-resolution satellite data permits researchers to visit multiple sites and apply variables to analyze the qualities of urban form [38,39,40,41]. The use of algorithms applied to these data, such as object-oriented, radial casting, and contour model (snakes), permits the extraction and recognition of the unique features of an urban form and landscape [30,39,40,41,42,43]. Remote sensing imagery is crucial to collecting, locating, identifying, and mapping informal settlements [10,44]. However, despite this promise, there is still no global mapping of informal settlements or a systematic inventory of their morphologic types across the globe [45].



	
Finally, urban morphology (UM) of informal settlements, shares unique characteristic patterns across settlements: scale, size, shape, and distribution [14]. Texture measures contrast planned and unplanned settlements [46]. Analyzing the urban environment’s physical features, such as green space, the layout structure, the density of built-up areas, and the size of buildings, can help identify heterogeneity in urban areas that allows the determination of informal settlements [47]. The self-building process in which informal settlements are created tends to follow particular morphological processes [35], which can be analyzed using methods such as space syntax [48]. Interest in the physical structure of informal settlements has grown alongside a developing body of knowledge on their morphologies and how they take shape over time (morphogenesis) [14,49,50,51,52,53].








The variation over time in the extent of informal areas presents challenges for planning and city management [54]. As a response, an emerging body of work focuses on exploring the change in the morphology of informal settlements [35,51,55]. Concentrating on areas instead of population percentage estimations can provide a more empirical approach to understanding the changing rates of informal settlements globally. The morphological approach can also help in developing guidelines for urban policy and adaptive capacity [2]. Since no method is perfect, a practical approach comes from merging multiple methods to build in their qualities and reduce the shortcomings and biases that each process introduces [56].




2.2. Understanding Change in Informal Settlements


A staple theme in the literature on urban informality is the territories’ constant state of construction [57,58,59,60,61,62]. Improvement and growth become essential defining characteristics of what makes an informal settlement different from other city forms. Change happens across various dimensions: population size and features, housing quantity, quality, and infrastructure. Planners and scholars use the fact that dwellings in these areas are in a constant state of physical flux to argue that private or public entities do not plan them, which allows a limited focus on change itself and the seeming resulting chaos and unrest. The literature that focuses on issues of the self-built nature of informal settlements describes them as unfinished in nature, tells us little, and, in fact, shifts our gaze from how communities come together, nurture, and sustain themselves and how they strategically navigate the impacts of this urban process of constant change in conditions of scarcity.



At the urban scale, there are profound implications of this incremental process in the constitution of the form of an informal city. The most important feature is that as the houses improve, the urban space changes. This urban upgrade results from private, collective NGO, and state-funded processes. The diversity of actors in modifying the urban form made visible the multitude of methods and financing mechanisms to improve urban infrastructure, from community members’ self-built and financed to a myriad of partnerships that include a mix of state–NGO–community designed, funded, and constructed. This system reveals a new and more complex community–state synergy of building informal settlements. The interaction and synergies between multiple actors start a virtuous development cycle in which the infrastructure continuously improves [63]. Community improvements follow state-sponsored improvements at the urban scale in housing units. Finally, infrastructure improvements change perceptions of tenure security, assuring community members that they will not be removed and encouraging them to invest in their properties. Together, these improvements add up to coherent urban environments that not only fulfill the function of housing, but also include social, religious, educational, and production areas. Understanding the process of urban incrementality is fundamental in improving the lives of informal dwellers worldwide given the value that progressive infrastructure improvement can bring to the urban poor.




2.3. Predictability of Informal Growth


New mapping tools and techniques offer insight into the second feature: the creation of predictive models to successfully simulate the housing pattern of informal settlements’ growth [64]. Scholars found that informal settlements “present robust configurational patterns.” Urban patterns made possible the creation of descriptive geometric models for informal settlements [65]. The mapping of slum geometry over time has demonstrated how an informal settlements urban form changes with the growth in the shape and size of housing units [14]. The further development of these geometrical models opens an opportunity to create predictions of how an informal settlement urban form will change [11,14,66,67]. That process of mapping and forecasting informal settlements is called “slumulation” [68]. The current literature on informal settlements mainly supports the idea that informal development follows a prescriptive series of stages [50,64,69,70,71,72]. In this approach to understanding informal settlements, a key outcome is modeling and predicting “growth and consolidation” as a linear process. Understanding the linearity of the growth process in informal settlements is crucial to forecasting settlements’ future. This predictability is critical to setting up procedures and policies to design better outcomes.





3. Informal Development Stages (IDS)


Beyond recognizing stages of growth, the previous morphological growth studies tell us little about each step’s particular defining characteristics. Recording each morphological change in informal settlements during the entire evolutionary process using retroactive mapping (RM) permitted identifying inflection points in the evolving nature of informal settlement neighborhoods in Medellin, Colombia. The informal development stages (IDS) framework is a categorization matrix that has been developed to classify the age and level of densification in informal settlements, comprising three successive states of densification [13]. Three stages of development are thresholds of densification that determine patterns of the urban form. Furthermore, the underlying assumption is that urban form changes affect how the social networks inside these spaces respond to such variations. The IDS are (A) foundation, (B) infill, and (C) consolidation (See Figure 1).



The foundation is the least dense period determined by erecting the first group of homes. It is followed by infill: in this stage, population and urban density increase, correlating with the diminishing quantity of open space due to the growth of the existing units. In this stage, urban development delineates the final urban form, defining the limit between the private and public spaces. Finally, consolidation is the final moment of urban incorporation with the surrounding urban form and possible integration. The units’ quality improves, and most urban growth happens in the third dimension (upward).



3.1. Foundation, IDS1


In Medellín, this refers to the moment of the first “invasión” (land-taking) where the community carefully and strategically selects the land. So, this first moment is preceded by forming a community group of families and individuals who claim ownership of the site. Formally, this period is characterized by light and quick construction. Speed is paramount in the land-taking process. By moving and building fast, communities slow the state’s ability to enact legal evictions. The speed of construction leads to a mislabeling and misconception about informal settlements as “temporary or spontaneous”. Settlers must erect the houses with limited economic resources and little time, and these limitations determine the architectural housing typologies they employ. In the literature, the term “ephemeral” is often used to define the physical characteristics of informal settlements. Most people mistake here that what is ephemeral is the typology and the materials of the housing, not the intention of occupation. These houses do not occupy the entirety of the terrain claimed by community members, meaning that building walls do not touch their neighbors, and ample space is left between units. This minimal land occupation gives these settlements a suburban appearance in the foundation stage.



The number of community members who compose the settlement is relatively small. The magical number of families needed to conquer a site during land-taking ranges from 25 to 75. Such a low population number correlates with low urban density (units/hectare). Small units are the key defining physical features of this period. However, the small number of dwellers makes settlements more susceptible to evictions during this stage. Even when dwellers are removed, they regroup quickly and start the land-taking effort again, adding more members. Successive land-takings and evictions are frequent in this stage. This period begins an endurance race between the state (or private owners) and the settlers; the group with the most stamina prevails. Successful informal settlements are those that are sufficiently resilient to endure.




3.2. Infill, IDS2


This phase is characterized by increasing population density and diminishing open space. Creating new plots by the subdivision of the existing ones creates the definitive urban form. The ultimate relationship between open spaces and built structures is determined at this stage. The neighborhood obtains its final distinctive urban structure of paths of movement and public spaces defined by the edges of private spaces. Dwellers replace the fragile units from the foundation phase with larger buildings made of more traditional and robust materials. Community members, in most cases, pave roads, build public facilities, and deliver public services, such as water, sewer, and electricity. Many of these services are installed in a substandard manner, breaking city regulations. In Medellín, this upgrading happens concurrently to most units due to collective labor in what they call “convites” that are community meetings to improve infrastructure. Families with larger plots sell or share the property until no buildable land is available. Densification happens by increasing the number of units, their square footage, and the number of dwellers who occupy them. The population growth at this point is exponential up to 30 times. Finally, as the units become more robust thanks to the materials used to replace the early fragile structures, the provisional appearance of the neighborhood disappears.




3.3. Consolidation, ISD3


In this stage, informal settlements obtain their mature urban form as growth reaches a plateau. Some areas may successfully be integrated into the formal city. Even as development continues, it does so in a marginal way compared to the previous stage, up to three times. Most units go from a single story to two, three, or more floors in height. Unit growth depends on the economic standing and family size increases. In that process, community members again upgrade their houses, the ones that used terraces as roofing add floors, and the ones with lighter roofing materials get dismantled and replaced for terraces waiting for the next funding opportunity.



At this point, threats of eviction become more improbable given the number of families required to be displaced and the lack of low-income housing projects to relocate such families. The state also enters a different type of relationship with the informal settlement providing public services (water, energy, sewer, and roads); most state-sponsored urban upgrading programs are in the neighborhoods that have arrived at this stage. Density is double or more that of the previous stage. However, it is also apparent that the neighborhood reaches a plateau in which population increases are not feasible at the previously observed rate. In most cases, there is a small reduction in the number of dwellers in the last years of consolidation. The dwellers’ higher economic standing gives them the means to reduce unit overcrowding.



The quality of life improves because of a more significant state’s public infrastructure such as roads, bridges, and public buildings. Many of these state improvements replace older structures built by the community or NGOs in earlier stages. All these state interventions can occur because the legality of most settlements is resolved. Along with structural changes, aesthetic improvements become evident in the units. Owners paint facades or cover the outside of their buildings with decorative materials that become public and an artistic representation of self and identity. The different levels of housing quality also reveal the heterogeneous nature of income in informal areas.



Finally, the IDS approach presents three different settlements distanced by time and density and challenges the traditional definitions of slums. It also opens the opportunity to modify the current urban design practices in the spaces of informality, forcing urban designers to invent interventions that understand each of these places and the moment in time in which they are. However, one of the weak areas of understanding is how this model born from the study of a particular cultural and urban context can be applied to the diversity of urban forms that comprise the constellation of informal settlements globally.





4. Methodology


This research project employs a three-phase methodological approach to test the IDS globally; the three phases are case selection, IDS fitment filter, and sample and area coverage measurement. See Figure 2 for a graphic depiction of the Methodological workflow.



4.1. Phase 1: Case Selection


One of the most challenging aspects of the fragmentation of initiatives in the mapping of slum areas is that they present challenges to comparability across regions. Different definitions, mapping techniques, and mapping timeframes challenge the generalization of findings. The IDS framework used RM to measure the morphological change over time [13]. RM permitted to have a database collected at the same scale and with the same level of resolution to measure across the cases. The IDS states that informal settlements arrive at a plateau at the consolidation stage, where the change in population density and urban density continues, but is at a lower rate. To that end, in this research, it was essential to select places with a significant mapped change. We looked for cases with large levels of urban changes, intending to capture most of the urban transformation using the same mapping methods with sufficient detail. A standardized approach to collecting and measuring each case was necessary to test the IDS framework globally. The goal was to capture settlements before formation to experience the entire lifespan of mapped places. The RM method requires maps of informal settlements worldwide from before foundation (IDS1) to consolidation (IDS3). Mapping of informal settlements globally is limited, and in very few instances’ maps are consistent across the entire lifespan of informal settlements.



A recent strategy to build on that gap is The Atlas of Informality (AoI), which combines confirmed boundaries of settlements at the neighborhood scale reported by researchers or institutions mapping informal areas. The settlements in the AoI come from a varied methodological mapping process, community mapping, municipal delineation, or RS identification. Each settlement’s existing mapping information is geolocated, and its borders are retraced from high-resolution satellite images in two moments—the closest available moment and 15–20 years before [2]. In order for a settlement to be included in the AoI, it needs to be designated as an informal settlement by a scholar or institution. This selection process guarantees that at least two conditions (poverty and lack of regulation by the city) of the definition selected for this research are met.



Presently, 447 areas have been mapped, distributed over 102 countries or territories and 188 cities. Within our sample, there are 228 cities in Latin America and the Caribbean (LAC), 35 in the Middle East and North Africa (MENA), 112 in Sub-Saharan Africa (SSA), 31 in South Asia (SA), and 32 in East Asia and the Pacific (EAP). The entire dataset is available as a publicly accessible data repository [73]. The AoI provides a good number of cases for comparability across regions and countries. Using the same methodology, measuring different moments in time becomes a valuable instrument for measuring the land expansion of informal areas globally.



We selected the AoI because it is a standard global sample of informal neighborhoods and because the growth rate is a suitable estimator of informal settlements within the process of IDS. However, the AoI has a limitation in that it relies on identifying informal settlements from scholarly publications, state and city mappings, and nongovernmental organizations worldwide. While this process is valuable for confirming that a peer actor or institution has recognized a settlement as informal, it has the unintended consequence of biasing selection towards well-known and older informal settlements. This can discriminate against newer settlements where evidence of the IDS and transformation may be more visible. Another limitation is that while the context of each settlement can be accessed by looking at the source in the AoI, the heterogeneous methodology of study of each case makes that context not useful for comparability with the other settlements’ variables and collection methods. Exploring further into the context and comparability of the cases is a future area of research.




4.2. Phase 2: IDS Fitment Filter


The second phase of the research evaluated if there was evidence of IDS within the change for each case. For that process, we created RM for each case using the Google Earth historical imagery, collecting imagery for each case ranging from 2000 to 2022. The imagery resolution in Google Earth varies depending on the data source: from 10 m for the SPOT satellites to 1.5 m for Ikonos, ca. 1 m for Digital Globe’s WorldView-1/2/3 series, ca. 0.5 m for GeoEye-1 and Airbus’ Pleiades, and ca. 0.3 m for WorldView-3 [74]. Using direct mapping for each case, we attempted to identify the evidence of IDS. Additionally, when the evidence existed, we classified change into four periods: no construction and the three IDS. To identify each stage, we used the following visual indicators within the AoI settlement perimeter: at IDS0, there are no structures; at IDS1, the first areal image shows more than ten structures; for IDS2, area coverage increases significantly by adding new structures, with a coverage of more than 90 percent of the surface area and evidence of an identifiable final street grid; finally, for IDS3, we looked for unit expansion to cover individual lots and evidence of growth in the number of levels of structures. To determine IDS3, we looked for evidence of second floors by measuring the length of shadows to determine the increase in the height of structures; we employed a simplified version of the building height estimation using Google Earth [75]. We measured the length of the shadows that were more than two times the length of the adjacent structures. Finally, urban change over the years was calculated using the historical images available. Sometimes, no available images exist between years; for example, there is an image for 2000 but not for 2001; in that case, we used the next year’s available image.




4.3. Phase 3: Sample Measurement


The final methodological phase evaluates the area coverage of settlements with manifestations of all IDS. To ensure consistency in the measurements of each settlement, a sample area of 100 m × 100 m, or 10,000 square meters, was selected at each corresponding IDS period. For each sample, all visible structures were manually digitalized in CAD/vector software, resulting in accurate drawings of the settlement at each IDS. Figure 3 shows the sample images and CAD digitalization process for Maili Saba, Nairobi, Kenya. After digitizing each sample, the resulting files were geolocated in ArcGIS to consistently measure the total surface area of the settlements.





5. Results


5.1. Phase 1: Case Selection


In this research project, we ranked all cases in the AoI according to their expansion growth rate, which is a variable that measures the percentage increase in the perimeter area over the years of data collection (%GY). The main assumption underlying this ranking was that settlements with high expansion rates are more likely to exhibit changes across the IDS.



We selected fifty cases with a higher percentage of expansion %GY in the AoI ranging from 602.74% to 6.34% per year. The case distribution was as follows: 11 in Latin America and the Caribbean (LAC), 12 in the Middle East and North Africa (MENA), 23 in Sub-Saharan Africa (SSA), 2 in South Asia (SA), and 1 in East Asia and the Pacific (EAP). See Figure 4 for a distribution of cases across world regions and Figure 5 for case locations and growth rates. Out of the entire sample, 36 cases were situated in areas where there was potential for urban expansion, while 14 were located in areas where expansion was limited due to various factors such as topographical features, e.g., waterbodies or roads, or areas that had already been developed.




5.2. Phase 2: IDS Fitment Filter


Using the collected RM for each case, we used direct mapping; with the classification process outlined in the methodology, we identified evidence of IDS for each of the 50 settlements. Out of the entire sample, 20 cases had pre-foundation IDS0 data; 41 cases were classified as foundation (IDS1), 47 cases were classified as infill (IDS2), and 43 cases were classified as consolidation (IDS3). Please refer to Figure 5 for the distribution of cases across the IDS: (a) showing the number of cases for each IDS, (b) the total counts, and (c) the percentage for each IDS and the total number of cases identified for an IDS. A total of 94% of cases showed signs of growth, as expected by the IDS. Of all the cases, four did not fit the expected IDS model: Busnaib in Banghazi, Libya; Houd 10 in Alexandria, Egypt; Mariguini in Nairobi, Kenya; and Kibuye in Sanaa, Yemen. These settlements appear similar to traditional formal developments; the first three settlements have some evidence of conventional core housing or social housing development. The last one is likely to be a more formal settlement declared a slum. From the sample, 17 settlements had all the IDS and presented good imagery to measure density changes per stage.




5.3. Phase 3: Sample Measurement


The resulting measurements from the standardized samples from the 17 informal settlements with all the IDS were as follows: the average coverage area (A1m2, A2m2, and A3m2) of IDS1: 1070.61 square meters, IDS2: 2678.23 square meters, and IDS3: 4217.49 square meters. The area coverage change is measured by calculating the percentage difference between the previous stage and the next. Average percentage of area coverage increase from IDS1 to IDS2 (%C1–2): 225.6%; from IDS2 to IDS3, 73.87%. The rate of change per year between the IDS is measured by the total area change percentage between the IDS divided by the average number of years it took that settlement to reach the next stage. The percentage area coverage increase per year between the IDS1 and IDS2 (YPer1–2) was 65.4%, and for the period between IDS2 and IDS3 (YPer2–3), it was 12.69%. For the detailed measurements for the samples from each of the 17 informal settlements with all the IDS, see Table 2.





6. Findings


Our findings provide a significant evidence of change across all the cases as each settlement demonstrated an expansion of its urban perimeter. Urban growth was expected in the 50 cases selected for this study as they were chosen from the AoI based on the highest percentage of urban change. In other words, the study focused on the 50 areas within the AoI that had experienced the greatest urban development. However, we found evidence of densification in relationship with time. We found that from the sample, 94% showed signs of changes in densification, as expected in the IDS model. Forty percent of all the cases show evidence of all three IDS (foundation, infill, consolidation); see Figure 6 for counts and proportions per IDS. The IDS framework builds on the observation that as informal settlements age, individual lots and units will densify. For example, Figure 7 shows the morphological change of a single settlement lot over sixteen years; multiple additions and changes are visible over time. Additionally, in this example, it is visible that change happens to most other lots around the highlighted one. Changes are constant but not equal. Most lots are densified in similar ways; however, each one densifies in a slightly different form and pace. Our research revealed that in 94% of the cases examined, we found clear evidence of unit changes and densification within the settlements.



Each of the three different IDS represents a distinctive urban pattern based on the area coverage of the built environment, a specific pattern that is different from the other stages. The foundation, IDS1, covers a built area of 10.71%. The second phase, infill, IDS2, covers a larger area of 26.78%, which means that it represents a more prevalent urban pattern in the area being studied. The third and largest stage consolidation, IDS3, covers an area of 42.17%; see Table 2 for details per case. Overall, by breaking down the urban area being studied into different IDS with distinct patterns, researchers can gain a more nuanced understanding of the built environment and how it has evolved. This information can be helpful in a range of purposes, such as urban planning, policy development, or academic research.



Our analysis of the transitions between the IDS revealed some interesting patterns in the densification of the settlements. Specifically, we found that in IDS2, the average sample coverage area densified by 225.6% compared to the previous IDS1. This significant increase in density suggests that settlements undergo rapid transformations during this period. However, in IDS3, the trajectory of densification slowed down to 73.87% compared to the previous IDS2, as shown in Table 2, which presents the area and change percentage per sample case. This observation corroborates our initial assumption that significant urban changes occur at earlier IDS, where the morphological structure of the informal settlement achieves its final form.



The sample demonstrates that a settlement can go through the entire IDS process in a decade. The median sample time was 10.2 years for the settlements where all the IDS were identified. However, this resulted from sample bias and only accounted for 34% of all the cases with IDS. However, for the remaining cases in which there was evidence of IDS, the 20 years of available data were insufficient to capture the entire process.



Our analysis of the IDS framework led us to an interesting finding: the timeframe of densification does not appear to have a significant impact on the outcomes. This is noteworthy because the IDS framework was initially designed to examine settlements over a span of 60 years, which raises questions about whether the framework would be valid only for settlements of that age or older. However, we found that this was not the case. IDS evidence can be found in much newer settlements, some only 12 years old, such as Los Artesanos, as shown in Figure 8. This finding supports the idea that the IDS framework is a good predictor of change in informal settlements, regardless of the settlement’s age or the timeframe of densification.



The total area of an informal settlement has an impact on the fitment of the model. Small settlements within confined urban perimeters, such as those within urban areas, fit better into the expected model; see Figure 8 for Los Artesanos. In contrast, large settlements of a scale of districts usually located at the periphery presented in some cases the three IDS in different areas at the same time. In these cases, the foundational core (the area of the first urban development) had already reached the IDS3 consolidation while the inner-settlement area was moving to IDS2 (infill), and the edges, as it expanded, behaved more like IDS1 (foundation). As a result, different densities representing different IDS were the same across countries and regions. This condition of gradual densification in relation to the foundational urban core is very morphologically similar to the conceptualization of the urban transect from new urbanism [76,77] that presupposes a decrease in densification and intensity of uses when moving across the different zones towards the periphery; for an example, see Figure 9.



There is variability in how the IDS applies to world cases. The measure of density is not uniform or consistent across different cases. As a result, settlements in various regions of the world can exhibit varying degrees of density and, consequently, follow distinct development patterns. For example, settlements in Algeria and South Africa tend to be less dense than those in Asia or Latin America. Different densities across geographic regions imply that the built environment in these regions is characterized by a lower degree of compactness and greater dispersion compared to other parts of the world, as illustrated in Figure 10. The variability in density can be attributed to various environmental and cultural factors. For example, settlements in areas with high population density may be more closely packed due to limited space, while those with lower population density may be more dispersed. Additionally, cultural factors, such as preferences for certain building materials or housing types, can influence a particular region’s development pattern. Overall, density is not a uniform or standardized measure across cases. Instead, it is affected by various environmental and cultural factors that can differ from place to place. Further measurement and research are needed to unpack the differences and fitment of the IDS across these differences.




7. Discussion


There is a need to modify how we define informal settlements beyond just being the opposite of formality for a deeper understanding of the phenomenon. The need for a more precise and definite definition of informal settlements has been emphasized by scholars [14,78]. Informal settlements are unique areas that differ from other parts of the city in their urban patterns [28,79], how their economy develops [80], how the land is negotiated [81], and how they physically develop over time [13]. Much of the literature on informal settlements has focused on understanding informality as an urban pathology [82,83]. When viewed through this pathological lens, the projects and methods developed for informal settlements have been concentrated on solving the challenges of informal settlements as a “disease”. The use of the lack-of-formality frameworks by political actors, planners, city managers, and nongovernmental agencies has led to the use of dangerous modernist urban methods, such as eradicating and replacing informal practices, spaces, and buildings with formal ones [84,85,86]. This line of thinking has produced incredible human rights abuses against the community members who had created their everyday spaces, harming or even destroying their social networks and, thus, their capacity for resilience [49]. With all this in mind, there is a need for new creative strategies that move our discipline away from the lack-of-formality framework to a broad understanding of informal settlement processes [87,88].



Current efforts into creating predictive models for identifying informal settlements using urban morphological tools [11,28,30,89] do not train for predictive morphological time variation of settlements over time with their density variations. This research contributes towards addressing that gap by creating evidence of global densification patterns of informal settlements identified in the IDS framework. Further exploration in this area mixing IDS with those models can produce valuable data to refine such identification models further. This research builds on scholarship that looks at informal settlements’ constant growth as their most salient, influential, and unique defining feature [2,13,64,67]. Informal areas mapping, growth, and forecasting have opened an opportunity to unveil the unique peculiarities of these places and people. A growth approach helps explain the logic and resilience of informal settlements and the agency and strategies of those who build them [49]. Looking at incremental change not as a pathology but as inherent characteristics reveals a simple but dramatic urban process that opens the door for new intervention tactics.



While an IDS process can bring benefits in developing appropriate policies towards informal settlements, its application still has significant challenges. One of these challenges is the lack of data [9,10,30], which hinders finding more information about changes in informal settlements. In this case, data precision is one of the most sensitive issues; the lack of consistent mapping over time makes it difficult to find and measure change over the entire period of growth [2]. The research has identified IDS fitment patterns; however, there are still areas for improvement of the model given the statistically small sample of cases which can introduce selection bias into the research. Additionally, there is still a need for more precise measurements and the inclusion of more variables to understand this phenomenon better. For example, more data can help describe and identify the limits between each stage or whether more stages are needed to clarify the morphological change in informal settlements fully. Further research and mapping are required to fine-tune a worldwide framework for classifying informal settlements based on their urban density. There is a need for more data collection to evaluate and measure changes in informal settlements. As time passes and more historical high-resolution images become available, mapping these issues will become more accessible.




8. Conclusions


A recurrent framework of defining informal settlements (IS) has a singular goal of reaching formality. As such, development agencies define “slums” as areas that “lack” the expected features of a formal city (e.g., durable housing, sufficient living area, access to improved water, access to improved sanitation facilities, and secure tenure). Focusing on the lack of a (formal) framework results in overlooking the processes that make these urban forms and communities who live there different from the traditional western perspectives of city-making and urban design. Communities’ self-building processes and the areas’ constant growth are indeed informal settlements’ most salient morphological features. These features then permit the identification, mapping, and creation of geometrical models that ultimately help scholars predict informal settlements’ growth. Part of the challenge of accurately defining informal settlements is limiting our understanding to fixed characteristics regarding an urban form in constant flux. This research builds upon the informal development stages (IDS) framework to measure rates of change in IS and explores how such structures apply globally. The informal development stages (IDS) framework is a categorization matrix that has been developed to classify the age and level of densification in informal settlements [13]. The IDS created three unique thresholds of densification that determine patterns of urban form. The first one, foundation, represents the lowest level of density, which is followed by infill, an increase in population and urban density and a diminishing quantity of open space due to the growth of existing units. Finally, during consolidation, the units’ quality improves, and most growth happens in the third dimension (upward).



The research follows a sample of fifty informal settlements with a high change coefficient from the Atlas of Informality (AoI) across five world regions to explore how change and densification across IDS can be mapped in such areas. The research found evidence of change and densification across regions. From the 50 settlements sample, a total of 94% demonstrated densification changes that fit the IDS model. Furthermore, the timeframe of densification does not appear to have had a significant impact on the outcomes. IDS evidence can be found in newer settlements, some only 12 years old. After reviewing samples of settlements using IDS, we observed clear densification patterns between different stages and significant changes in area coverage rates during transitions. Specifically, the area coverage increased by an average of 225.6% between IDS1 and IDS2 and by 73.87% between IDS2 and IDS3. This difference is significant for classification and the creation of a policy tailored to the rates of change at each IDS.



Additionally, the research found that large settlements can exhibit all IDS simultaneously, meaning that as older areas densify, new expanding areas are created. The sample demonstrates a significant reason to believe that the IDS framework has evidence across regions. However, cultural and architectural typologies result in differences across regions. Furthermore, time changes happen at different speeds, probably reflecting each case’s political and economic local context that later reflects on the densification process. This research selected cases from the AoI; this introduced a potential identification bias toward new settlements with high rates of change. Additionally, the AoI standardized samples from a diverse methodological identification process and represented different contexts. Future research using further multiple methods could examine these changes on the ground more thoroughly.



In conclusion, this research highlights the importance of considering the self-building processes and constant growth of informal settlements in our understanding of urban forms. The IDS framework provides a comprehensive and dynamic approach to defining and understanding informal settlements, which is crucial in accurately predicting their growth and development. This research also demonstrates the global applicability of the IDS framework and highlights the need for further research to understand the unique morphological features of informal settlements worldwide. This research engages with the literature of understanding the morphology of informal settlements. It builds on a theoretical framework to classify them based on their unique characteristic of ongoing urban densification.



The possibility of classifying informal settlements based on their progressive densification, as expected in the IDS framework, presents opportunities for policy and action in informal settlements. For example, the predictive nature of model changes can help city governments to develop projects and funding in anticipation of future changes. Furthermore, classifying informal settlement areas by IDS can help city governments to include in city planning efforts a budget tailored to each place, concerning their needs more effectively.



An inherent danger exists in visibilizing poor marginal communities in informal settlements. Making these areas and their future change evident can also incentivize the dangerous actions perpetuated by slum eradication practices. Therefore, we must be vigilant about how such methods can serve as an excuse for further imposing harm and violence on these population groups. However, we need to also understand that the invisibilization of informal settlements does not automatically mean the protection of such communities and that their lack of recognition is also a strategy long employed to facilitate the use of violent and harmful practices.



The next step is to apply such new knowledge in the interventions in informal settlements. Improving the current urban upgrading practices means moving beyond palliative design responses to what informal areas lack. Instead, an IDS approach looks at growth and change as guiding principles of urban design by looking at not-developed areas as part of the intervention strategy, anticipating future development and integrating into the urban design not as a finite image of the neighborhood but as an evolutionary process that adapts to these settlements’ current and future needs. Finally, adopting an IDS urban design approach would require a radical change in how we approach design in these areas in terms of the regulatory framework and funding strategies, all of which are nonexistent today, as well as the creativity of multiple actors in developing new urban design paradigms of intervention in the planet’s most common form of development.
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Figure 1. Informal development stages (IDS) in Santo Domingo Savio, Medellín, Colombia (maps of the urban form in 1969, 1994, and 2020) [13]. 
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Figure 2. Methodological workflow. Describing the three phases of research: case selection, IDS fitment process, and the measurement of a 10,000 square meters sample of each case with all the IDS. 
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Figure 3. Example of a sample of 10,000 m2 at each IDS. Informal settlement of Maili Saba, Nairobi, Kenya. 
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Figure 4. Cases per world region. 
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Figure 5. Selected fifty informal settlements with the largest rate of change from the AoI. 
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Figure 6. Case fitment into the IDS model, (a) IDS fitment for all the 50 cases, (b) number of cases per IDS, (c) percentage per IDS. 
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Figure 7. An Nuzhan, 2006, 2013, 2017, and 2022 unit change. 
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Figure 8. Los Artesanos, 2010 to 2022. IDS evidence. 
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Figure 9. Three IDS simultaneously in an informal settlement located at the city’s periphery. Nuevo Jerusalem, Bello, 2006–2021. 
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Figure 10. Cultural and regional morphological differences across world regions. 
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Table 1. Definition of slums, informal settlements, and inadequate housing (according to UN-Habitat) using a lack of services criteria.
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	Lack of Services Criteria 1
	Slums
	Informal

Settlements
	Inadequate

Housing





	access to water
	X *
	X *
	X



	access to sanitation
	X *
	X *
	X



	sufficient living area (overcrowding)
	X *
	
	X



	structural quality, durability, and location
	X *
	X *
	X



	security of tenure
	X
	X *
	X



	affordability
	
	
	X *



	accessibility
	
	
	X



	cultural adequacy
	
	
	X







1 Criteria defining Slums, Informal settlements, and Inadequate Housing; * presently measured; and empty cells are not included in the definition.
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Table 2. IDS results for samples of 10,000 sq. m. IDS1Y: IDS1 year mapped, A1m2: total area in IDS1 in square meters, IDS2Y: IDS2 year mapped, A2m2: total area in IDS2 in square meters, %C1–2: area change percentage from IDS1 to IDS2, YPer1–2: percentage of area coverage increase per year between IDS1 and IDS2, IDS3Y: IDS3 year mapped, A3m2: total area in IDS3 in square meters, %C2–3: area change percentage from IDS2 to IDS3, YPer2–3: percentage of area coverage increase per year between IDS2 and IDS3.
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	Settlement Name
	IDS1Y
	A1m2
	IDS2Y
	A2m2
	%C1–2
	YPer1–2
	IDS3Y
	A3m2
	%C2–3
	YPer2–3





	Adbogbloshie
	2010
	529.9
	2014
	1842.3
	247.7%
	61.9%
	2017
	2371.6
	28.73%
	9.58%



	Big Bend
	2004
	421.6
	2012
	1947.9
	362.1%
	45.3%
	2017
	2550.5
	30.94%
	6.19%



	Comas
	2009
	331.4
	2013
	2285.5
	589.7%
	147.4%
	2018
	3003.6
	31.42%
	6.28%



	eNkanini
	2009
	1849.2
	2011
	2495.6
	35.0%
	17.5%
	2021
	5226.1
	109.41%
	10.94%



	Kamenge
	2007
	347.6
	2011
	1509.7
	334.3%
	83.6%
	2019
	3283.4
	117.48%
	14.69%



	La Invacion
	2011
	163.1
	2013
	1246.2
	664.2%
	332.1%
	2020
	5361.5
	330.22%
	47.17%



	Los Artesanos
	2011
	1327.3
	2014
	3212.4
	142.0%
	47.3%
	2019
	6142.6
	91.21%
	18.24%



	Maili Saba
	2007
	1077.8
	2013
	4473.0
	315.0%
	52.5%
	2017
	5037.8
	12.63%
	3.16%



	New Jerusalem
	2015
	1250.3
	2017
	3425.3
	174.0%
	87.0%
	2019
	5396.7
	57.55%
	28.78%



	Rabounit
	2010
	2344.2
	2018
	3176.2
	35.5%
	4.4%
	2020
	4090.5
	28.79%
	14.39%



	Sampaka
	2004
	1332.6
	2007
	3052.4
	129.1%
	43.0%
	2016
	4126.5
	35.19%
	3.91%



	Sebkha
	2004
	440.6
	2010
	1018.0
	131.1%
	21.8%
	2019
	3048.6
	199.47%
	22.16%



	Sebonkeng
	2010
	894.3
	2013
	1590.4
	77.8%
	25.9%
	2017
	1774.6
	11.58%
	2.90%



	SenSokTy
	2002
	1846.4
	2010
	3502.1
	89.7%
	11.2%
	2017
	5280.2
	50.77%
	7.25%



	Tahuantinsuyo
	2008
	897.2
	2013
	3022.2
	236.8%
	47.4%
	2019
	3825.4
	26.58%
	4.43%



	Tork Abad
	2009
	1836.4
	2012
	5437.4
	196.1%
	65.4%
	2020
	7677.5
	41.20%
	5.15%



	Toujonine
	2008
	1310.6
	2012
	2293.2
	75.0%
	18.7%
	2017
	3500.4
	52.64%
	10.53%



	Total averages
	2008.12
	1070.61
	2012.53
	2678.23
	225.6%
	65.4%
	2018.35
	4217.49
	73.87%
	12.69%
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