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Abstract: The rapid population growth in sub-Saharan Africa requires regular monitoring of the spatial
expansion of cities in order to facilitate efficient urban planning. In this study, we quantified the dynamics
of urban and peri-urban areas in the city of Kisangani from 1987 to 2021, based on morphological criteria.
Results demonstrate continuous urban and peri-urban growth, with respective average annual change
rates of 8.2% and 7.6%. The urban core area expanded from 13.49 km2 to 100.49 km2, resulting from
an alternating process of diffusion and coalescence. Peri-urbanization indexes developed to assess the
trend of the decline in urban densities indicate a phase of urban densification over the period 1987–2010
succeeded by a decline in urban density over the period 2010–2021 that is characterized by a large
expansion of the peri-urban area. However, despite this trend observed between 2010 and 2021, the
decrease in urban density was not effective between 1987 and 2021 in Kisangani, as the fraction of
peri-urban area observed in 1987 remains equivalent to that observed in 2021. This suggests a continuity
of urban densification despite increasing peri-urbanization.

Keywords: urbanization; peri-urbanization indexes; decline in urban density; diffusion–coalescence;
Kisangani

1. Introduction

During the past century, demographic, socio-economic, cultural, and political changes
coupled with technological advances have profoundly altered natural landscapes [1,2]. In
this altered landscape, cities are expanding both within and outside, and minimizing the
time and distance between them [3]. In view of the demographic growth observed over
the last few decades, this trend is expected to continue in future decades. Indeed, on a
global scale, 50% of the population is living in urban environments [4,5]. The proportion
of the world’s urban population is expected to increase by more than 70% by 2050, rising
from 3.6 billion in 2011 to 6.3 billion in 2050 [5–7], while the world population is expected
to reach approximately 9.7 billion in 2050 [8]. This rapid population growth in urban
areas amplifies the demand for accommodation and social facilities leading to uncontrolled
spatial expansion of the city [9]. Therefore, the influence of cities extends over spaces that
still preserve a rural character, leading to the development of hybrid territories described
as peri-urban areas [10]. However, this expansion is occurring in a scattered way through
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the development of low-density urban areas that are less compact and more dispersed [3].
This phenomenon of the physical expansion of cities, accompanied by a significant loss
of density, is referred in the international literature as urban sprawl [11]. Jane Jacobs, in
her book The Death and Life of Great American Cities [12], was one of the first authors to
sound the alert about the inefficiency of the dispersed city model that was prospering in
North America [11]. This dispersed city model has also been amply reported in Europe:
“European cities were more compact and less sprawled in the 1950s than they are today,
and urban sprawl is now a common phenomenon throughout Europe” [3]. More recently,
in a global sample of 120 cities between 1990 and 2000, Shlomo Angel [13] shows that
average built-up area densities have significantly declined, from a mean of 144 persons/ha
in 1990 to a mean of 112 persons/ha in 2000. Spatially, this decline in urban densities is
expressed in the formation of peri-urban areas due to the advance of urban areas into rural
territories. What has not been so evident is that this phenomenon is global in scope and
includes cities in developing countries as well [13].

Indeed, the initial claims of Berry, Simmons, and Tennant [14] suggest that “non-
Western cities experience increasing overcrowding, constant compactness, and a lower
degree of expansion at the periphery.” More recently, the research of Canning, Raja, and
Yazbeck [15] and that of Mercandalli and Losch [16] show that in developing countries,
particularly in Africa, rapid population growth resulting from a high birth rate and fertility
rate leads to a significant migration of populations from rural to urban zones. This con-
tributes significantly to the spatial expansion of African cities through the development
of low-density, less compact, and more dispersed urban areas [17]. This type of urban
expansion is susceptible to various ecological consequences in sub-Saharan Africa, where
the spatial expansion of cities faces a lack of urban planning. This leads consequently to a
rapid change in land cover [18]. In the city of Lubumbashi, for example, the area of green
space has decreased throughout the city from 1989 to 2014 because of population pressure
combined with the lack of sustainable urban planning [19]. These observations suggest
that the major challenges to understand and to resolve the environmental problems related
to urbanization will continue to grow [5].

Therefore, the management of urbanization and peri-urbanization should be effec-
tively controlled [20]. This involves the characterization of urbanization gradient zones
of cities, one of the prerequisites for managing their expansion [21] and subsequently
understanding their dynamics. Indeed, Charles Dietzel’s theory indicates that the spatial
dynamics of cities can be described as a two-phase process involving diffusion, which is the
expansion of urban areas from existing cores, and coalescence, which refers to the merging
of urban patches [5–22]. Landscape ecology tools, spatial remote sensing, and choralogy, a
discipline that focuses on studying geographical spaces considering their increasingly lim-
ited availability [10], enable the characterization of zones along the urbanization gradient
and reveal their spatial dynamics.

The city of Kisangani is experiencing accelerated demographic growth [23]. In 30 years,
from 1990 to 2021, its total population nearly quintupled from 437,805 to 2,184,096 [24]. Its
spatial expansion is constrained by a lack of practical implementation of the management
plans successively developed in 1978, 2008, and 2010 [25]. In addition, urbanization is a
less managed situation, as in most towns in DR Congo [25]. Consequently, the pressure
on natural resources, including protected areas such as the Masako Forest Reserve, is
increasing [26]. Despite this alarming fact, studies aiming particularly to understand
the dynamics of urban and peri-urban areas are very limited. Indeed, the aim of this
study is to quantify the spatial dynamics of the urbanization gradient zones from 1987
to 2021 in the city of Kisangani. In line with the observations of Shlomo Angel [13], we
tested the hypothesis that the spatial growth of Kisangani city exhibits a trend toward the
decline in urban density characterized by the process of urban sprawl. This process has
varying effects on the landscape patterns of urban, peri-urban, and rural zones. Specifically,
within the urbanization gradient, peri-urban areas were expected to gradually increase



Land 2023, 12, 2066 3 of 14

over time. Additionally, a gradual decline in the stability of the rural zone as more urban
and peri-urban areas are established was anticipated.

2. Materials and Methods
2.1. Study Area

The study area, covering 2947.9 km2, includes six communes of Kisangani city and
its peripheral zone (Figure 1). Among these communes, five are located on the right bank
including Makiso, Tshopo, Kabondo, Mangobo, and Kisangani while Lubunga is the lone
commune located on the left bank (Figure 1). Kisangani is geographically located nearer to
the Equator, at a latitude of 00◦31′ N and a longitude of 25◦11′ E (Figure 1), with a climate
classified as Af type in accordance with Köppen’s classification [27]. The monthly average
temperatures range between 22.4 and 29.3 ◦C, and the annual rainfall fluctuates between
1500 and 2000 mm [28]. The population of Kisangani has experienced rapid growth, from
an estimated 105,666 in 1959 [23] to around 28,404,496 in 2021 [24].
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Figure 1. Geographical location of Kisangani and its periphery. Kisangani is subdivided into six
communes, each represented by a number from 1 to 6, and includes three protected areas on its
periphery. The road network shown includes national and provincial roads.

2.2. Data Used

The dynamic of the urbanization gradient zones was characterized using images
from the Sentinel 2 and SPOT sensors. This combination of multiple sensors enabled the
coverage of all the periods analyzed. Additionally, the spatial resolution of the images used
was adequate to better discriminate urban and peri-urban areas. The satellite data were
supported by 115 GPS ground surveys carried out during a research mission in August
2022, providing detailed information on land use and land cover. Spatial demographic data
from the Joint Research Centre [29], with a spatial resolution of 1000 m, were also used to
complement satellite images in the description of urbanization gradient zones.

2.3. Satellite Data Pre-Processing

The images used from 1987, 1995, 2000, 2005, 2010, and 2015 were geometrically
corrected using the 2021 Sentinel 2 image as a reference in order to obtain an identical
geometry. The 2021 image was ortho-rectified using control points collected in the field.
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Resampling was applied to homogenize the pixel sizes. Subsequently, a false composite
color was created by combining the green, red, and near infrared bands of Spot and Sentinel
2 images (Figure 2). This false composite color provides the ability to select the training
areas necessary to perform supervised classifications.
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Figure 2. The spatial distribution of population density and the morphology of urbanization gradient
zones. In A, built-up continuity characterizes the urban center of Kisangani with a high population
density. In B, the built-up discontinuity describes the peripheral area and in C, the dominance of
vegetation characterizes the rural zone with a low population density per km2.

2.4. Classification of Urbanization Gradient Zones

A major problem in mapping and measuring the attributes of urbanization gradient
zones concerns the precise and consistent definition of these zones [13–30]. Using admin-
istrative boundaries is typically inadequate, both because they can be changed from one
day to the next by decree and because they may include large rural areas [13]. However,
some criteria relating to the density, aggregation, proximity, and dominance of patches
are used in most cases [31–33]. The built-up area of the city, which is a morphological
criterion [21–34], is much more precise and consistent [13]. Analysis of satellite images
enables the identification of built-up areas based on impermeable surfaces (pavements,
rooftops, and compacted ground) [13].

Therefore, the decision tree of Marie André et al. [21–34], based on morphological
criteria, establishes a delineation of zones in the urbanization gradient [21–34]. This decision
tree was preferred due to its expedient implementation, simplicity, and alignment with the
actual ground conditions, characterized by a diverse range of land cover types. It should be
noted that the urban zone is characterized by the dominance and continuity of the built-up
area, which is otherwise dense. The peri-urban zone is characterized by the dominance of a
discontinuous and less dense built-up area, while the dominance of vegetation indicates a
rural zone [21,34,35].

To perform the reference classification (2021), these morphological criteria were supported
by the spatial distribution of population density (Figure 2). Population density is described as
a property that can modify the spatial pattern of the landscape and is expected to decrease
along the urbanization gradient [23,36,37]. Indeed, the training zones used to calibrate
the reference classification were created in the form of a 250 m × 250 m square within
a cell of 1 km2 population density. The size and shape adopted enabled a supra-parcel
analysis that is less than the km2 required to apply the decision tree [21]. Thus, an area is
classified as urban when it contains a majority of built-up pixels (more than 50%) [13–34],
within a perimeter of 250 m × 250 m, created in a cell with a population density greater
than or equal to 100 inhabitants per km2. This reference value corresponds to the lowest
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population density observed nearer to the urban center of Kisangani in 2020 [29]. Values below
100 correspond to rural areas around the city. Furthermore, an area is classified as peri-urban
when the proportion of built-up pixels within a 250 m × 250 m perimeter is less than or equal
to 50%, and the other pixels are not exclusively forest or agricultural [21–34], created in a
cell with a population density greater than or equal to 100 inhabitants per km2. Finally, an
area is classified as rural when the 250 m × 250 m perimeter is dominated by vegetation
pixels. To classify previous images (2015–2010–2005–2000–1995 and 1987), the sampling of
built-up pixels in 250 m × 250 m cells was applied as the single criterion due to the lack of
reliable data on the spatial distribution of population density for all these years. However,
by using a classification performed as a reference (2021 for this study), urban, peri-urban,
and rural patterns unchanged on previous images can be identified during the creation of
training zones.

Then, a supervised classification was carried out for all the images analyzed using
the random forest algorithm. Random Forest, a non-parametric statistical method [38–40],
was specifically selected for its ability to build several decision trees that independently
analyze and assign the samples in their respective classes [39]. The classified images were
then filtered to eliminate isolated pixels.

The normalized difference vegetation index (NDVI) was analyzed for each zone along
the urbanization gradient as a predictor of phenological changes in vegetation due to
seasonality that could have an influence on the interpretation of the urbanization gradient.
The validation data included 115 control points collected from the urban center of Kisangani
to the Yoko Forest reserve. These control points describe land cover and land use. The
accuracy of the classifications was assessed using the Kappa coefficients, overall accuracies,
and producer accuracies obtained from the confusion matrix [35].

2.5. Spatial Dynamics and Urban Sprawl Analysis

The dynamics of landscape conversions were analyzed using transition matrixes [37].
Indeed, transition matrixes enabled the assessment of the conversion of rural areas into
peri-urban and urban areas, which are expected to persist over time due to the growing
demand for habitable space. The expected consequences include the gradual instability
of rural areas. To this end, stability indexes were calculated for each zone [37]. In fact,
these conversions should increase the proportion of unchanged urban and peri-urban areas
over time, leading to their gradual stability in the landscape. Due to urban pressure, that
stability is expected to be more important on a scale of 336.2 km2 around the urban center
of Kisangani.

The urban expansion resulting from these conversions conforms to the theory of
alternating diffusion and coalescence [22]. This theory has been tested through spatial
transformation processes. The decision tree of Bogaert [41] was applied to determine
the expected processes, in particular creation, which provides information on diffusion,
and aggregation, which in turn provides information on coalescence. Furthermore, the
trend toward the decline in urban densities, also described as urban sprawl [3–13], was
analyzed using two indexes developed in this study including the ratio of peri-urban to
urban (Equation (1)), the peri-urban fraction (Equation (2)), and the total area of urban and
peri-urban spaces.

Indeed, this process occurs when the rate of urban expansion is faster than the rate
of population growth [13,42,43]. Due to the lack of reliable demographic data (derived
from regular population censuses), these indexes are relevant. In fact, in terms of space, the
decline in urban density is expressed through the development of hybrid zones, described
as peri-urban [10] or suburban zones [21–34] that are occurring in a scattered way [3].

PUr =
Pa

Ua
(1)

P f =
Pa

Ua + Pa
(2)



Land 2023, 12, 2066 6 of 14

where PUr indicates the ratio of peri-urban to urban areas; Pf indicates the peri-urban
fraction; Pa corresponds to the peri-urban area; Ua indicates urban area.

3. Results
3.1. Accuracy of Supervised Classifications

The overall accuracies obtained (Table 1) were above 90%, and the Kappa index values
were above 80%. These values indicate an acceptable discrimination of urban, peri-urban,
and rural zones.

Table 1. Overall accuracy and Kappa coefficient values for supervised classifications.

1987 1995 2000 2005 2010 2015 2021

Overall accuracy (%) 96.27 92.84 97.04 97.12 93.33 94.66 95.44
Kappa (%) 91.08 89.95 95.78 95.88 89.26 92.03 92.80

3.2. Changes in Landscape Pattern

Visual analysis reveals a continuous expansion of urban and peri-urban areas, while
rural areas are constantly decreasing (Figure 3). In fact, from 1987 to 2021, the proportion of
the landscape covered by urban and peri-urban areas has increased from 2.34% to 15.86%.
This indicates a transformation of more than 13% of rural areas (Table 2). The peak of
these transformations occurred between 2010 and 2015, with more than 6% of rural areas
affected by peri-urbanization. These spatial dynamics along the urbanization gradient
show a gradual change in the landscape pattern.
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and Sentinel 2 images. From a primitive urban core estimated at 13.4 km2 (1987), urban patches have
gradually filled the interstitial spaces and reached an area estimated at 100.9 km2 in 2021.
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Table 2. Transition matrix (%) illustrating the transformations of urban, peri-urban, and rural areas.
Each value represents a fraction of landscape (in the study area) that has changed from the class in
the row (initial year) to the class in the column (final year). Values in bold indicate the class stability,
while those below the diagonal reflect urban and peri-urban expansion. At the landscape scale
1% = 28.14 km2.

19
87

–1
99

5 Urban Peri-urban Rural Total
Urban 0.27 0.12 0.08 0.47

Peri-urban 0.25 1.03 0.59 1.87
Rural 0.10 1.05 96.49 97.64
Total 0.62 2.20 97.16 100

19
95

–2
00

0 Urban Peri-urban Rural Total
Urban 0.47 0.08 0.07 0.62

Peri-urban 0.78 0.67 0.75 2.20
Rural 0.09 2.42 94.65 97.16
Total 1.34 3.17 95.47 100

20
00

–2
00

5 Urban Peri-urban Rural Total
Urban 1.03 0.15 0.16 1.34

Peri-urban 0.64 1.08 1.45 3.17
Rural 0.02 2.50 92.95 95.47
Total 1.69 3.73 94.56 100

20
05

–2
01

0 Urban Peri-urban Rural Total
Urban 1.47 0.13 0.09 1.69

Peri-urban 1.02 1.72 0.99 3.73
Rural 0.03 2.53 92.00 94.56
Total 2.52 4.38 93.08 100

20
10

–2
01

5 Urban Peri-urban Rural Total
Urban 2.34 0.10 0.08 2.52

Peri-urban 0.66 3.12 0.60 4.38
Rural 0.05 6.07 86.96 93.08
Total 3.05 9.29 87.44 100

20
15

–2
02

1 Urban Peri-urban Rural Total
Urban 2.94 0.09 0.02 3.05

Peri-urban 0.46 8.52 0.31 9.29
Rural 0.17 3.68 83.79 87.64
Total 3.57 12.29 84.12 100

3.3. Stability of the Urbanization Gradient Zones

In the city of Kisangani and its periphery, rural areas have maintained the highest
level of stability along the urbanization gradient from 1987 to 2021 (Figure 4a). However,
there is a noticeable decline in the proportion of unchanged rural areas, which are being
gradually transformed into urban or peri-urban areas. This trend leads to a progressive
decline in the rural area’s stability.

Conversely, the proportion of unchanged urban areas is increasing over time, leading
to a gradual stability of the urban zone. In the region of interest, with approximately
336.2 km2 around the urban center of Kisangani (Figure 3), the proportion of unchanged
urban areas has substantially increased, and the urban zone has become the most sta-
ble zone along the urbanization gradient during the last two diachronies (Figure 4b).
The peri-urban area exhibits lower levels of stability than the urban and rural areas on
both scales.

3.4. Urban Growth Modes and the Trend toward the Urban Density Decline

The change in the number of patches (Figure 5a) and the spatial transformation
processes (Table 3) show an alternating process between diffusion and coalescence in
urban and peri-urban dynamics. In urban areas, the initial phase characterized by the
emergence of new patches, through the process of creation, has occurred during the periods
1987–1995, 1995–2000, 2010–2015, and 2015–2021. For peri-urban areas, this phase concerns
the periods 1987–1995, 2005–2010, 2010–2015, and 2015–2021. The subsequent phase,
characterized by the merging of patches, or the process of aggregation, is observed during
the periods 2000–2005 and 2005–2010 for urban areas, and 1995–2000 and 2000–2005 for
peri-urban areas.
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Figure 4. Changes in stability index values. Within the city of Kisangani and its periphery (a), rural
areas affected by urbanization and peri-urbanization are still less important than non-urbanized
areas, despite their progressive increase. In the region of interest, with approximately 336.2 km2

around the urban center of Kisangani, rural areas affected by urbanization and peri-urbanization are
more important and remain largely unchanged (b).

Table 3. Annual rates of change (%) and spatial transformation processes.

1987–1995 1995–2000 2000–2005 2005–2010 2010–2015 2015–2021

Rate of change (U ) 3.6 23.3 5.2 9.9 3.8 3.2
Rate of change (P ) 2.2 8.5 3.8 3.5 22.4 5.4
Rate of change (R ) −0.1 −0.4 −1.0 −0.4 −1.2 −0.6
Spatial process (U ) Creation Creation Aggregation Aggregation Creation Creation
Spatial process (P ) Creation Aggregation Aggregation Creation Creation Creation
Spatial process (R ) Attrition Dissection Attrition Attrition Dissection Attrition
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Figure 5. (a) Relative values of patches number (maximum value for urban zone = 5230) and
(maximum value for peri-urban = 21,530). (b) Changes in the ratio of peri-urban to urban areas,
the peri-urban fraction, and the relative values of urban areas (maximum value = 100.9 km2) and
peri-urban areas (maximum value = 345.7 km2).

However, the annual rate of change (Table 3), the peri-urbanization indexes, and the
evolution of urban and peri-urban areas (Figure 5b) provide a clear distinction between
two periods: one characterized by high urban growth (1987–1995, 1995–2000, 2000–2005,
and 2005–2010), and the other by significant peri-urban growth (2010–2015 and 2015–2021).
These two periods suggest a trend of urban densification and a trend of the decline in urban
density. However, the peri-urban fraction indicates that the effectiveness of the decline in
urban densities has not been realized from 1987 to 2021, as the fraction of peri-urban area
observed in 1987 remains equivalent to that observed in 2021 (Figure 5b).

4. Discussion
4.1. Methodology

Several approaches are available to monitor the urban expansion of cities. Zha
et al. [44] propose the use of an easily measurable built-up area index. This method-
ology is not adapted to the discrimination of the discontinuous built-up areas (peri-urban
areas), which is necessary in our case. The analysis performed in this study, based on
spatial morphology, with processing of satellite images, is usually applied to identify the
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zones within the urban-rural gradient [13,34,35,45]. However, the morphological criteria
used may pose challenges in terms of measurability, as a function of the spatial resolution
of the satellite images used (high, medium, or low). In this study, the use of high spatial
resolution images from the Spot and Sentinel 2 sensors enabled the easy identification of
built-up pixels on a supra-parcel scale. Furthermore, the implementation of population
density, which is expected to decrease with distance from the town center [46,47], enabled a
better interpretation of the urban–rural gradient. In addition, the low annual variations in
NDVI (0.20 to 0.27) for the urban zone and (0.4 to 0.5) for the peri-urban zone indicate that
seasonal variations have minimal effects on the density of green spaces in the Kisangani
region. Thus, for images acquired on different dates, seasonality would not be an obstacle
to the interpretation of the urban–rural gradient.

The analysis of the decline in urban densities as determined by peri-urbanization
indexes differs from the approach used by Shlomo Angel, which relies on population
density measurements [13]. Although this approach is not directly related to population
density measurements, it does enable an analysis of urban density decline using the spatial
characteristics that relate to the population density. Thus, it should be noted that, in terms of
space, the decline in urban densities is expressed by the development of low-density urban
areas that are less compact and more dispersed [3] and otherwise through the formation of
peri-urban patches by the establishment of hybrid zones resulting from urban expansion
into rural areas. Thus, analysis of the peri-urban fraction and the ratio of peri-urban to
urban areas becomes relevant in understanding the trend of the decline in urban densities.
This approach is particularly relevant in the context of African cities, where population
censuses are infrequent.

4.2. Changes in Landscape Pattern

The results reveal a gradual transformation of the landscape pattern in the city of
Kisangani toward an urbanized landscape over time, with increasing development of peri-
urban areas. These observations are in line with the trends in other cities, such as Hanoi [48]
and Bamako [49], where rapid and uncontrolled urbanization leads to a spatial dilation
that extends over the urban fringe, which is increasingly transformed into impermeable
surfaces [49].

As in most cities, these transformations are attributable to the demographic growth
observed over the last few decades [24]. Indeed, demographic growth remains the primary
catalyst for urban expansion worldwide [1,49,50]. In sub-Saharan Africa, this is exacer-
bated by precarious socio-economic conditions, leading to a substantial migration of rural
populations into urban areas and resulting in significant spatial expansion of cities [15,16].
However, due to precarious socio-economic conditions and the high cost of urban living,
which is common in most urban areas in the Democratic Republic of Congo (DR Congo) [20],
most of Kisangani’s population resort to areas that still retain their rural character, where
access to land resources is relatively affordable [50]. Consequently, landscapes have been
progressively transformed into urbanized patterns, which is occurring in a scattered way
through the development of low-density urban areas that are less compact [3].

4.3. Urban Growth Modes and the Trend toward the Urban Density Decline

The spatial dynamics of Kisangani city reveal an alternating process between diffusion
and coalescence. These two processes, identified through Bogaert’s decision tree [41],
correspond to Charles Dietzel’s theory [22], which suggests that the dynamics of cities
are, in fact, a two-phase process involving diffusion, which is the expansion of urban
areas from existing cores, and coalescence, which refers to the merging of urban patches.
This observation is in conformity with the results of several authors [5,7,48,49]. However,
this observation differs from the pattern of urban growth observed in other cities, such as
Lubumbashi, where the two phases occur simultaneously [50]. In Kisangani, this alternating
pattern can be attributed to the spatial evolution of the city, which is characterized by
the sequential development of urbanization fronts. This sequential development can be
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explained by four local factors: (i) the missiological approach to the establishment of the
Catholic Church in Kisangani, (ii) the geographical distribution of large companies, (iii)
the temporality of armed conflicts, and (iv) the evolution of socio-economic categories of
the inhabitants.

Indeed, the strategy used by the Catholic Church to establish missions in Kisangani
involved setting up missionary sites deep within inhabited zones (V. Mbatu, personal
communication, April 2023). Over time, these missions developed basic social services
that attracted a significant number of people, transforming them into urban areas. This
gradual process contributed to the creation of urban patches over time. One of the most
recent missionary sites is the Scholastica center in the north of Kisangani. Furthermore, the
location of industrial companies has contributed to the creation of residential centers in
Kisangani. Proximity to these companies, such as the Textile Society of Kisangani, Society
of Breweries, Limonaderies and Malteries, National Electricity Society, National Transport
Office, and National Railway Society influenced the initial establishment and development
of residential areas. This distribution of industrial companies explains the distribution of
isolated urban patches observed in the 1987 image. In addition, the occurrence of armed
conflicts in Kisangani throughout its history also had an impact on the sequential develop-
ment of the city. During the armed conflict period in Kisangani from 1990 to 2000, some
zones near the city center such as Mutumbe, Cimesta, Cité Paradis, and Cité Canadienne
served as zones of refuge. Due to their high population density, these zones underwent
gradual development and urbanization, resulting in the formation of urban and peri-urban
zones. However, since the end of the armed conflicts (2000–2010), there has been an in-
flux of economic operators from the eastern part of the country, who are predominantly
traders, who sought large spaces in the urban environment for their economic activi-
ties. This led to the gradual occupation of interstitial spaces, fostering the aggregation of
urban areas.

One immediate effect of the establishment and merging of urban and peri-urban areas
is the rise in their respective proportions. The peri-urbanization indexes examined in
this research indicate that, from 1987 to 2010, Kisangani experienced a process of urban
densification, characterized by a significant increase in urban spaces. Geographically, this
densification occurred in the Makiso commune. This commune alone concentrates many
administrative functions and infrastructures. Like other cities in the DRC, such as Kinshasa,
the high concentration of administrative functions and infrastructure, along with the ease
of transportation and access to water and electricity distribution networks, make central
communes highly attractive compared to peripheral communes [51]. In Kisangani, this
attraction, which encourages rural exodus, has also been intensified due to the widespread
deterioration of socio-economic conditions resulting from prevailing security crises [52].
However, the high concentration of the population in central municipalities increases the
need for accommodation and social facilities, leading to uncontrolled spatial expansion of
the city [16]. Furthermore, the failure to implement various development plans formulated
in 1978, 2008, and 2010 [25], coupled with inadequate control of urban planning matters
across most cities in DR Congo [25], has exposed Kisangani to a gradual process of the
decline in urban density, characterized by a significant peri-urbanization or the emergence
of hybrid zones. This trend observed between 2010 and 2021 is in accordance with Shlomo
Angel’s observation according to which urban densities decreased in cities worldwide be-
tween 1990 and 2000 [13]. The trend is also in line with the European Environment Agency’s
observation that, in the 1950s, European cities were more compact and less sprawling than
they are today, and urban sprawl is now a common phenomenon throughout Europe [3].
However, despite this trend observed between 2010 and 2021, the decrease in urban density
was not effective between 1987 and 2021 in Kisangani, as the fraction of peri-urban area
observed in 1987 remains equivalent to that observed in 2021. This suggests a continuity of
urban densification despite increasing peri-urbanization.

In contrast to other cities, particularly those in developed countries, where the emer-
gence of urban emigration and even a reversal of the hierarchy of urban–rural flows can
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be observed [53], the rural exodus is still very pronounced in African cities. Therefore, the
development of urban areas in most cities, particularly in Kisangani, by filling in interstitial
spaces, is still in progress, despite the significant peri-urbanization that is already occurring.

5. Conclusions

Through a combined use of remote sensing, geographic information systems, and
landscape ecology tools, this study has highlighted the rapid spatial growth of urban and
peri-urban areas in Kisangani city over the last 34 years, from 1987 to 2021. The city’s
urban core grew from 13.49 km2 to 100.49 km2 between 1987 and 2021, with an average
annual rate of change estimated at 8.2%. The spatial transformation processes identified
suggest an alternating process of diffusion and coalescence in the dynamics of urban and
peri-urban areas.

The peri-urbanization indexes developed demonstrate that between 1987 and 2010,
the city of Kisangani underwent a process of urban densification mainly due to the rural
exodus. The increase in the demand for accommodation and social facilities in urban areas
has led to a substantial expansion of peri-urban areas between 2010 and 2021, a corollary
of the decline in urban densities. Nevertheless, despite this trend, the effectiveness of
the decline in urban density has not been realized from 1987 to 2021, as the fraction of
peri-urban area observed in 1987 remains equivalent to that observed in 2021. This suggests
a continuity of urban densification despite increasing peri-urbanization.

Therefore, in Kisangani as well as in other cities where urban expansion occurs without
sustainable planning, the main spatial challenge revolves around effectively managing
urban sprawl. This involves adapting or redeveloping human settlements to meet socio-
spatial demands and reduce the uncontrolled occupation of natural spaces. The methods
used in this study enable the monitoring of urban expansion in cities. Furthermore, re-
searchers and scientific institutions should contribute to understanding the impact of
current urban densification and sprawl on the environment, particularly on green infras-
tructure in urban and peri-urban zones.
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