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Abstract: The landscape of the Port-au-Prince agglomeration in the Republic of Haiti has undergone 
profound changes linked to (peri-)urban expansion supported by rapid demographic growth. We 
quantify the land cover dynamics along the urban–rural gradient of the Port-au-Prince 
agglomeration using Landsat images from 1986, 1998–1999, 2010, and 2021 coupled with geographic 
information systems and landscape ecology analysis tools. The results show that over 35 years the 
acreage of the urban zone increased seven-fold while that of the peri-urban area increased five-fold, 
to the detriment of the rural zone, which was reduced by 14%. The dynamics of the landscape 
composition along the urban–rural gradient are characterized by a rapid progression of built-up 
and bare land in urban and peri-urban zones and by fields in the rural zone, in contrast to the more 
accentuated regression of vegetation in the peri-urban zone. The landscape of the study area has 
undergone significant changes due to the high demand for housing resulting from rapid population 
growth, in the context of a lack of territorial development planning by public authorities. This 
impacts the sustainability of socio-economic and ecological processes in an area where populations 
are highly dependent on plant resources. Our results underline the necessity to orient territorial 
development planning in urban, peri-urban and rural zones through an integrated and 
participatory approach. 

Keywords: remote sensing/GIS; spatial dynamics; landscape metrics; urban–rural gradient; 
urbanization 
 

1. Introduction  
Human impact on the natural landscape has been increasing since the advent of 

sedentarization coupled with the emergence of agriculture [1,2]. The creation and 
extension of cities resulting from rural exodus and natural demographic growth are 
among the phenomena that have amplified the human impact on natural environments 
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in recent decades [3–6]. Indeed, in 1850 the proportion of the world’s population living in 
urban areas was 6% [7] compared to 55% in 2020; that proportion is projected to reach 70% 
by 2050 [8]. 

In addition to the densification of existing built-up areas, many cities are 
experiencing reverse migration leading to low-density sprawl on land reserves at the 
urban–rural interface, an area known as the “peri-urban” zone [5,9–11]. In developing 
countries, the dynamics of peri-urban zones are characterized by spontaneous and/or 
anarchic urbanization [12], which constitutes a challenge for urban and landscape 
planners [6,12]. Thus, many countries in Latin America and the Caribbean have recorded 
a rapid spatial expansion of urban areas, for example, an urbanization rate of 76.2% in 
Trinidad has been noted [13]. Mexico City, in Mexico, experienced an annual spatial 
growth of 0.9% between 2000 and 2010 [14,15]. The Port-au-Prince agglomeration in the 
Republic of Haiti is no exception to this rule [16].  

The uncontrolled peri-urbanization of the Port-au-Prince agglomeration (the capital 
of Haiti) is the result of changing lifestyles and ineffective land governance, all of which 
is prompted by galloping and uncontrolled urban population growth. Indeed, from 1982 
to 2018, the area’s population increased five-fold from approximately 720,000 to 4,000,000 
inhabitants [17,18], and is forecasted to house more than five million inhabitants by 2030 
[19]. The resulting spatial urban expansion leads to an intensified consumption of 
agricultural land and pressure on woody vegetation, especially for charcoal production 
and for the extraction of building materials, etc. [16,20]. Consequently, the green spaces in 
the Port-au-Prince agglomeration are rapidly disappearing. This, despite their 
performance as a valuable ecosystem service, which includes moderation of the urban 
heat island effect, cleansing of air and water, conservation of biodiversity, provision of 
recreational opportunities, and improvement of physical and psychological well-being for 
citizens.  

However, due to a deficit of over 2.4 million quality housing units in the urban zone 
of Port-au-Prince [18], about 65% of its population has been relegated to precarious and 
informal neighborhoods in the peri-urban zone, where access to basic services remains 
insufficient [16,21]. It should be noted that this situation is also visible in several cities in 
Latin America and the Caribbean where economic restructuring induced by the process 
of peri-urbanization has led to significant disparities in development between different 
neighborhoods [15]. In addition, the growth of the Haitian capital “Port-au-Prince” is also 
to the detriment of the capital cities, departments, and districts at the country level. 
Indeed, the centralization of public expenditure and the concentration of the majority of 
the country’s employment in Port-au-Prince favors a steadily increasing rural exodus. 
Consequently, the population seeks to ensure its housing in a difficult economic context 
and the absence of territorial development planning, with little concern for the 
sustainability of resources [16]. This situation is often exacerbated by natural disasters 
(earthquakes, cyclones, etc.) which lead to changes in the landscape followed by massive 
displacement of the population towards the capital Haiti. The population allows itself to 
create new unplanned urban spots wherever space is available [15,16]. This is notably the 
case regarding the informal district of Canaan, which was created after the 2010 
earthquake to house the affected population [16,22]. 

If the trend continues at the current rate, in which each year more than 10,000 
households spontaneously settle in peri-urban zones [16,18], the prosperity of the 
population could be compromised for many decades to come. It should be noted that most 
of the spontaneous growth of the peri-urban zones in Port-au-Prince reflects the overall 
poverty of Haitian society, where 80% of residents subsist on less than USD 1.50 per day 
[16]. In addition, urban governance in Port-au-Prince is challenged by the growing need 
for infrastructure provision and land management [21] in an urban core where land for 
building is becoming increasingly scarce and expensive [18].  

Despite this alarming situation, research into quantifying the urban and peri-urban 
expansion of the Port-au-Prince agglomeration and assessments of the associated 
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ecological consequences still remain limited, including in other Caribbean cities [20]. 
However, numerous studies establish the importance of understanding the local influence 
of urban expansion and the various associated anthropogenic activities on landscape 
dynamics [23] to assess the nature and basis of these changes from the perspective of 
rational natural resource management. Given that the urban–rural opposition is 
completed by accounting for an intermediate zone between both namely, the peri-urban 
zone [24], it was appropriate for the present study to separately assess the land cover 
dynamics in the urban, peri-urban, and rural zones of the Port-au-Prince agglomeration. 
For this reason, the urban–rural gradient approach [6,11,23] was employed. 

Accordingly, we characterize the land cover dynamics along the urban–rural 
gradient of the Port-au-Prince agglomeration in the Republic of Haiti. We hypothesized 
that the rapid and uncontrolled spatial expansion of the built-up area in urban and peri-
urban zones, coupled with the development of shifting agriculture in the rural zone, has 
led to a landscape dynamic. This dynamic has been marked by the fragmentation and 
spatial isolation of woody vegetation patches, the extent of which increases in the peri-
urban zone of the Port-au-Prince agglomeration 

2. Materials and Methods  
2.1. Presentation of the Port-au-Prince Agglomeration 

The study area represents a group of municipalities that constitute the Port-au-Prince 
district, namely Port-au-Prince, Delmas, Cité Soleil, Tabarre, Pétion-Ville, Carrefour, 
Kenscoff, and Gressier, and the municipalities attached to Port-au-Prince district (Croix 
des Bouquets and Léogane). The 10 municipalities examined by this study form the “Port-
au-Prince agglomeration” and cover an acreage of 1,755.63 km² in the western department 
of the Republic of Haiti, located between 18°20′–18°50′ north latitude and 72°0′–72°50′ 
west longitude (Table 1, Figure 1). The relief presents an altitudinal gradient that shifts 
from low-lying plains to a succession of mountains with peaks exceeding 2000 m [25,26]. 
According to Köppen’s classification, the climate of the study area ranges from tropical 
savannah in the lowland areas (Aw) to tropical subhumid in the mountainous areas 
(Cwa), characterized by a total annual rainfall between 1047 mm and 2000 mm and mean 
annual temperatures between 20 and 26 °C [27]. The natural vegetation largely comprises 
mangrove forests, shrub savannahs, and stands of pine and hardwood [28]. The economic 
fabric in the urban zone of the Port-au-Prince agglomeration is dominated by the informal 
sector (small- and medium-sized enterprises), which accounts for more than two-thirds of 
GDP and almost 80% of employment [29]. In the surrounding rural zones, the main 
economic activities are agriculture, livestock, and wood exploitation [30]. The Port-au-
Prince agglomeration concentrates the bulk of the country’s economic potential, thus 
attracting large numbers of people from around the country in search of remunerative 
activities [8,21]. Due to the unprecedented pressure on space of this poorly educated 
population (the literacy rate in Haiti is 61%), the city limits were extended to the entire 
southern fringe of the Cul-de-Sac Plain and the foothills of Morne l’Hôpital [16,22]. As a 
result, there are many threats to the environment in the Port-au-Prince agglomeration, 
including destruction of vegetation, gully erosion, flooding, and pollution [20,29] 

Table 1. Population, area and geographic coordinates of the municipalities in the Port-au-Prince 
agglomeration [30]. 

Municipalities Population Area (Km2) Geographical Coordinates 
Port-au-Prince  987,310 36.04 18° 32′ 24″ N–72° 20′ 24″ W 

Delmas 395,260 27.74 18° 33′ 00″ N–72° 18′ 00″ W 
Cité Soleil 265,072 21.81 18° 35′ 00″ N–72° 20′ 06″ W 

Tabarre 130,283 24.47 18° 35′ 00″ N–72° 16′ 00″ W 
Croix des Bouquets  249,628 634.62 18° 35′ 00″ N–72° 14′ 00″ W 

Pétion-ville  376,834 165.49 18° 31′ 00″ N–72° 17′ 00″ W 
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Léogane 199,813 385.23 18° 30′ 39″ N–72° 38′ 02″ W 
Gressier 36,453 92.31 18° 27′ 00″ N–72° 17′ 00″ W 
Kenscoff 57,434 202.76 18° 27′ 00″ N–72° 17′ 00″ W 
Carrefour 511,345 165.16 18° 32′ 00″ N–72° 24′ 00″ W 

Total  3,209,432 1755.63  

 
Figure 1. Geographical location of the municipalities of the Port-au-Prince district and attached 
municipalities in the western department of Haiti. 

2.2. Methodology  
2.2.1. Choice of Data and Materials Used 

Landsat images downloaded from the site “https://earthexplorer.usgs.gov/” accessed 
27 March 2021 via the Multispectral Scanner System (acquired on 6 December 1986/13 
December 1986), the Thematic Mapper (acquired on 14 December 1998/1 January 1999 and 
22 January 2010/29 January 2010), and the Operational Land Imager (acquired on 4 
January 2021/27 January 2021), with a spatial resolution of 30 m, were used to create the 
mosaics (two images per mosaic) from which the study area was extracted (Table 2). These 
images were chosen since they are free of charge and recommended for large-scale studies 
[31,32]. Moreover, they are particularly interesting for data-poor regions lacking recent 
and reliable spatial information [33]. For these reasons, the images meet the objectives of 
the study, despite their coarse resolution. All images were acquired during the winter dry 
season to minimize the effect of haze and clouds and thus facilitating the observation of 
larger spectral differences among landscape features [34,35]. Furthermore, the dates of 
acquisition of the Landsat images coincide with key periods marking the sociopolitical 
and economic life of the country and Port-au-Prince district in particular: (i) the fall of the 
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Duvalier regime in 1986, the overthrow of President Aristide in 1991, and the subsequent 
embargo; (ii) the socioeconomic instability following the 2000 elections, the 2004–2008 
hurricanes, and the 2010 earthquake; and (iii) the post-earthquake period (2010–2021). 
Additional data such as shapefiles illustrating the boundaries of the municipalities of the 
Port-au-Prince agglomeration from the Centre Nationale de l’Information Géographique 
et de Statistique (CNIGS) were used. ENVI 5.3 and ArcGiS 10.5.1 software was selected 
for the pre-processing and spatial analysis of the acquired satellite images.  

Table 2. Satellite images characteristics. 

Sensor Dates  Path-Row Spatial Resolution (m) 

Landsat MSS  6 December 1986 008-047 30 m 
13 December 1986 009-047 30 m 

Landsat TM 

14 December 1998 009-047 30 m 
1 January 1999 008-047 30 m 

22 January 2010 008-047 30 m 
29 January 2010 009-047 30 m 

Landsat OLI 4 January 2021 008-047 30 m 
27 January 2021 009-047 30 m 

2.2.2. Landsat Image Processing and Classification  
Pre-Processing 

This work involved the development of a mosaic since the extent of the study area 
exceeded the scope of a remote sensing image [36]. However, a mosaic refers to the 
assembly of parts of images or contiguous images, preprocessed to be connectable 
geometrically and radiometrically [37,38]. Thus, the Landsat images used in this study 
were georeferenced in the UTM (Universal Transverse Mercator)/Zone 18 N, covering the 
study area, following the WGS 84 (World Geodesic System) reference ellipsoid. The 1986, 
1988/1999, and 2010 images were geometrically corrected using 70 ground control points 
on the 2021 image, which was obtained as a reference. To ensure the efficiency of the 
change analysis, the geometric accuracy of the registration between the control points and 
the different Landsat images used was less than one pixel [39].  

False Composite Color  
A false composite color was created by combining the green, red, and near infrared 

channels, the last being understood as the most suitable for discriminating vegetation 
cover [40]. The composite color of the images provides the ability to select the training 
areas necessary to perform supervised classifications based on visual interpretation of the 
images supported by GPS data [41,42].  

Determination of the Urban, Peri-Urban, and Rural Zones of the Port-au-Prince 
Agglomeration 

To characterize the spatiotemporal dynamics of the different zones of the urban–rural 
gradient, the land cover was defined in urban, peri-urban, and rural zones according to 
the decision tree of the definitions of the zones present in the urban–rural gradient [11]. 
This decision tree, based on morphological characteristics, was preferred owing to its 
rapidity of execution, simplicity, and closeness to the ground reality, where there is a 
heterogeneous mix of land cover [6,43]. 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 [6,11].  

The aforementioned decision tree was applied to map the different land cover (urban, 
peri-urban and rural) on each of the composite Landsat images by a supervised 
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classification employing the maximum likelihood algorithm. This algorithm uses training 
sites to calculate the probability of each pixel belonging to one of the classes [44]. 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 discontinuous and less dense built-up area, while the dominance of vegetation indicates 
a rural zone [6,11]. Thus, the training samples used for this classification were delineated 
through 219 fixed points acquired with a Garmin 66s GPS (accuracy 3 m) during 
November and December 2020. The classification accuracy was assessed using the Kappa 
coefficient and the overall accuracy, based on the confusion matrix generated with 387 
validation points. The Kappa coefficient provides a more accurate estimate (which takes 
into account well-classified pixels) of the quality of the classification. The overall 
classification accuracy represents the average of the percentages of correctly classified 
pixels. The percentage of landscape, which indicates the relative abundance of each 
urban–rural gradient zone, was calculated.  

Qualification of the Port-au-Prince Agglomeration’s Municipalities in Urban, Peri-
Urban, and Rural Zones 

Subsequently, the morphological status of the municipalities along the urban–rural 
gradient of the Port-au-Prince agglomeration was defined according to the proportions of 
the different zones (urban, peri-urban, and rural) resulting from the supervised 
classification of the urban–rural gradient zones from the Landsat image of 2021. If the 
proportion of the built-up area dominates the landscape, a distinction is drawn between 
the urban and the peri-urban: if the urban dominates, the area is urban and if the peri-
urban dominates, the area is peri-urban. If the co-dominance of urban and peri-urban is 
less than rural, the area is recognized as rural. Finally, if the co-dominance of urban and 
peri-urban is higher than rural, the area is considered peri-urban [43]. 

Classification and Assessment of Land Cover Changes along the Urban–Rural Gradient 
Zones 

Based on knowledge of morphological status, the municipalities of the Port-au-Prince 
agglomeration were grouped into urban, peri-urban, and rural zones. In each group of 
municipalities, the land cover dynamics from 1986 to 2021 were assessed based on a 
second supervised classification. For this reason, the following land cover types were 
defined: built-up and bare soil (built-up area, bare ground, road), field (mono- or multi-
crop agricultural areas, agroforestry systems), woody vegetation (wooded savannah, 
forest, mangrove) and grassy vegetation (grass, young fallow land, pastures). A total of 
206 fixed points and plots obtained from these different land cover types were used in the 
definition of training samples for supervised classification, based on the maximum 
likelihood algorithm [45]. Finally, a confusion matrix generated from 497 ground points 
was employed to verify the classification accuracy, based on the Kappa coefficient and the 
overall accuracy—two appropriate indices for verifying the reliability of a supervised 
classification [46]. 

To assess the impact of peri-urbanization on land cover changes along the urban–
rural gradient, the proportion of land cover types in each type of municipality (urban, 
peri-urban, and rural) was calculated based on the patch area. This index often indicates 
human impact on landscape morphology [47]. It may provide information on the 
fragmentation of a land cover type between two periods, particularly through its decrease 
(Equation (1)).  

Rate of land cover change (Rc):  

(Rc)= (𝐔𝐀𝐢 𝐧 𝐔𝐀𝐢)𝐔𝐀𝐢   (1)
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where UAi is the extent occupied by a class in the initial year of a period, n is the interval 
between two evaluated years, and UAi+n is the extent occupied by the same class in year 
i+n [48]. 

3. Results 
3.1. Accuracy of Supervised Classifications 

The overall accuracy values obtained were above 90% (Table 3), and the Kappa 
coefficient indicated values between 92 and 99%, thus suggesting a better distinction 
between land cover types.  

Table 3. Overall accuracy and Kappa coefficient values from supervised classifications of Landsat 
image mosaics of the Port-au-Prince agglomeration from 1986, 1998–99, 2010 and 2021 based on the 
maximum likelihood algorithm. 

 Classification 1 Classification 2 
Image Mosaics Classified Overall Accuracy (%) Kappa (%) Overall Accuracy(%) Kappa (%) 

1986 94.08 97.04 95.36 98.78 
1998–1999 98.11 94.08 98.44 97.66 

2010 94.52 96.38 96.46 97.36 
2021 95.09 92.52 94.35 92.43 

Classification 1 refers to the segmentation and qualification of the urban–rural gradient zones, and 
classification 2 to the land cover types classifications within the urban, peri-urban and rural zones. 

3.2. Mapping and Quantification of the Spatial Changes in the Urban, Peri-Urban, and Rural 
Zones in the Port-au-Prince Agglomeration 

A total of four land cover maps were produced following the supervised 
classification of Landsat images, illustrating the dynamics of the urban, peri-urban, and 
rural zones of the Port-au-Prince agglomeration in 1986, 1998–1999, 2010, and 2021 (Figure 
2). The visual analysis of the spatial dynamics shows that the urban and peri-urban zones 
are in constant spatial progression between 1986 and 2021 in the north and east of the 
study area on a rural matrix that has registered a regressive dynamic (Figure 2). 

The urban zone experienced a net increase of 612.33% in the landscape between 1986 
and 2021, with its area increasing from 8.19 km2 to 58.34 km2. However, it should be noted 
that the most dramatic spatial increase in the urban zone occurred between 2010 and 2021, 
with a net increase of 229.42%. The peri-urban zone also increased in acreage from 45.57 
km2 in 1986 to 242.93 km2 in 2021, with a rate of change of 433.09%. In contrast to the urban 
and peri-urban zones, the rural zone experienced a regression in acreage from 1697.47 km2 
in 1986 to 1449.82 km2 in 2021, a net loss of 14.59% compared to 1986 (Table 4). 

Table 4. Net area increase between 1986–1998/1999, 1998/1999–2010, 2010–2021 and 1986–2021 of 
the different zones (urban, peri-urban, rural) corresponding to the agglomeration of Port-au-Prince. 

  Area 1986–1998/1999 
(km2) 

Area 1998/1999 (km2) Net Increase 
/Decrease(%) 

Urban zone 8.19 12.37 51.04 
Peri-urban zone 45.57 102.52 124.97 

Rural zone 1701.87 1640.74 −3.59 
 Area 1998/1999 (km2)  Area 2010 (km2) Net Increase (%) 

Urban zone 12.37 17.71 43.17 
Peri-urban zone 102.52 165.1 61.04 

Rural zone 1640.74 1572.82 −4.14 
  Area 2010 (km2) Area 2021 (km2) Net Increase (%) 

Urban zone 17.71 58.34 229.42 
Peri-urban zone 165.1 242.93 47.14 
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Rural zone 1572.82 1454.36 −7.53 
 Area 1986 (km2) Area 2021 (km2) Net Increase (%) 

Urban zone 8.19 58.34 612.33 
Peri-urban zone 45.57 242.93 433.09 

Rural zone 1701.87 1454.36 −14.54 

 
Figure 2. Land cover maps of the Port-au-Prince agglomeration obtained from supervised 
classification of Landsat images from 1986, 1998–1999, 2010 and 2021 based on the maximum 
likelihood algorithm. The black lines correspond to the boundaries of the municipalities. 

3.3. Mapping and Quantification of Land Use Dynamics along the Urban–Rural Gradient of the 
Port-au-Prince Agglomeration  

Table 5 displays the morphological urbanization status of the 10 municipalities 
within the Port-au-Prince agglomeration and the land cover change that occurred within 
each morphological type of municipality. First, four municipalities exhibit a dominance 
of built-up area, notably Port-au-Prince and Delmas, which bear an urban zone status, as 
opposed to Cité Soleil and Tabarre, which have a peri-urban status. In the municipalities 
with an urban zone status, the “built-up and bare soil” class increased to become the 
landscape matrix (dominant land cover type) in 2021, while the proportion of fields (the 
dominant land cover type in 1986), woody vegetation, and grassy vegetation decreased 
(Figures 3 and 4). This seems to suggest the replacement of vegetation under the influence 
of expansion and built-up densification. Regarding the municipalities with peri-urban 
morphological status, the evolution of land cover shows a transition marked by the 
replacement of fields, which constituted the landscape matrix in 1986, 1998–1999, and 
2010, by the built-up area and bare soil that became the dominant land cover type of the 
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peri-urban zone in 2021. During the same period, the proportion of woody and grassy 
vegetation decreased in the peri-urban zone between 1986 and 2021 (Figures 3 and 4).  

In contrast, the municipalities of Croix des Bouquets, Pétion-Ville, Léogane, Gressier, 
Kenscoff and Carrefour are characteristic of rural zones (Table 5). Within these 
municipalities, a degradation of woody vegetation (the dominant land cover type in 1986) 
and grassy vegetation was noted, marked by their replacement with fields, which 
increased in proportion to become the new landscape matrix in 1998–1999, 2010, and 2021. 
In these municipalities with a rural morphological status, the area of “built-up and bare 
soil” increased three-fold in the landscape over the entire study period, with a more 
marked evolution between 1998–1999 and 2021 (Figures 3 and 4).  

 
Figure 3. Land cover maps of the Port-au-Prince agglomeration from supervised classification of 
Landsat image mosaics from 1986, 1998–1999, 2010 and 2021 based on the maximum likelihood 
algorithm. The black lines correspond to the boundaries of the municipalities. 

Table 5. Morphological status of the municipalities along the urban–rural gradient of the Port-au-
Prince agglomeration according to [43] typology. These results are derived from the supervised 
classification of the Landsat image mosaics of 2021 based on the maximum likelihood algorithm. 

Municipalities 
Urban Area in 

km2 (%) 
Peri-Urban 

Areain km2 (%) 
Rural Area in km2 

(%) Zone Status 

Port-au-Prince  12.7 (35.2) 7.94 (22.0) 15.4 (39.9) Urban 
Delmas 14.2 (51.9) 11.7 (42.9) 2.37 (8.5) Urban 

Cité Soleil 5.8 (26.6) 11.1 (51.3) 4.8 (22.) peri-urban 
Tabarre 2.8 (11.4) 17.1 (69.9) 4.6 (18.8) peri-urban 



Land 2022, 11, 355 10 of 16 
 

Croix des Bouquets 13.9 (2.2) 115.9 (18.3) 504.8 (79.5) Rural  
Pétion-ville  5.5 (3.3) 36.9 (22.4) 123.5 (74.6) Rural 

Léogane 0.9 (0.2) 17.8 (4.6) 366.5(95.1) Rural 
Gressier 0.4 (0.5) 12.9 (13.2) 78.3 (86.3) Rural 
Kenscoff 0.2 (0.1) 2.0 (1.0) 200.0 (98.6) Rural 
Carrefour 6.0 (3.7) 16.3 (10.0) 142.2 (86.4) Rural 

 
Figure 4. Evolution of the percentage of landscape of different land cover types in municipalities 
with urban (A), peri-urban (B) and rural (C) zones morphological status. These results were 
obtained on the basis of supervised classification of Landsat image mosaics from 1986, 1998–1999, 
2010 and 2021 based on the maximum likelihood algorithm. The vertical bars represent the standard 
deviation. 
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4. Discussion 
4.1. Dynamics of the Urban-Rural Gradient Zones of the Port-au-Prince Agglomeration 

Since 1986, the various sociopolitical crises that have occurred in Haiti have led to a 
massive influx of rural populations into the Port-au-Prince agglomeration. In addition, 
the rapid population growth of the Port-au-Prince agglomeration is largely dependent on 
unplanned and informal urbanization to meet its housing needs [16]. As a result, the Port-
au-Prince agglomeration has experienced rapid spatial urban expansion, particularly 
towards the north-east, and densification of preexisting built-up areas. The significant 
spatial expansion of the urban zone in the Port-au-Prince agglomeration seems to indicate 
a spatial densification of the built-up area in the urban core. These findings should be 
viewed within the context of an increase in built-up density closer in proximity to the 
otherwise more densely populated urban core [16]. This exacerbates the vulnerability of 
this disadvantaged population due to the mixing of highly densified marginal and risky 
urban and peri-urban spaces [22,28]. 

Furthermore, to meet the additional need for housing, the Port-au-Prince 
agglomeration tends to connect with peripheral municipalities [16], thus justifying the 
regressive dynamics of the rural zone to the benefit of the peri-urban zone. The rapid 
spatial urban expansion of Port-au-Prince city towards peripheral areas leads to the 
discontinuity of urban patches, further suggesting that the geographical space represents 
a limited resource [6].  

The current pattern of urban expansion seems to be influenced by a more favorable 
topography (the Cul-de-Sac Plain). It has been recognized that topography could 
influence the expansion of urban areas [31,49]. However, in recent years, urbanization 
continues to progress, particularly in the south of the study area, in the foothills of the 
Massif de la Selle, especially on Morne l’Hôpital, despite its status as a reserved area [28]. 
Indeed, within a context of buildable land becoming scarce and relatively expensive and 
where the cost of living does not allow for the rental of flats in the urban zone, poor 
populations settle in risky areas, which lack urban planning infrastructure, and construct 
houses with salvaged materials [18]. These observations are similar to those of [50] in Cap-
Haitian (the second largest city in Haiti), which shows the settlement of the poor 
population in risky areas such as mangrove forests and mountainsides. Moreover, urban 
growth is linked to the occurrence of natural disasters in the country (hurricanes and 
earthquakes), which have led the population to relocate to spaces reserved for agricultural 
use, mostly unsuitable for building, etc. [51]. Thus, it was revealed that the decade of 2010–
2021 was characterized by a stronger urban expansion than other periods studied. Indeed, 
the urban dynamic during this period seems to have been determined by the 2010 
earthquake, which pushed residents without housing and those coming from rural zones 
to occupy vacant spaces without basic infrastructure [18]. Indeed, new townships, 
including Canaan with nearly 250,000 inhabitants, emerged after the 2010 earthquake in 
the municipality of Croix des Bouquets, which bears a rural morphological status [16,18]. 

4.2. Landscape Dynamics of the Urban Core towards the Rural Areas Adjacent to the Port-au-
Prince Agglomeration 

The rapid evolution of the peri-urbanization process in the Port-au-Prince 
agglomeration between 1986 and 2021 is manifested by the anarchic expansion of built-
up land to the detriment of the fields. Indeed, in recent decades, agricultural areas have 
been increasingly transformed into housing and roads [51]. This trend is similar to the 
findings of [50] on the city of Cap-Haitian (Haiti) and [52] in the French Antilles 
(Guadeloupe and Martinique), according to which agricultural land in peri-urban areas is 
constantly being invaded by anarchic buildings. However, agricultural activity is essential 
to boost the economy of the city and the peri-urban area, to regreen it, and to protect 
against food insecurity [53]. 
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Moreover, the process of peri-urbanization contributes to the regression of woody 
vegetation, which is becoming scarcer in both lowland and mountain areas due to their 
accessibility [28]. This situation risks creating an imbalance between rainwater infiltration 
and groundwater exploitation in the Cul de Sac Plain, given that the quantity of water 
drawn from the aquifer is estimated between 63 and 86% of the annual recharge for a 
growing population [54]. It should be noted that, with an increasingly low poverty line, 
the population of the Port-au-Prince agglomeration is exploiting and destroying 
vegetation in favor of subsistent farming activities. 

The landscape dynamics of the municipalities located in the rural zone of the Port-
au-Prince agglomeration are marked by a decrease in woody vegetation in favor of fields. 
Indeed, the socioeconomic situation of the rural population, characterized by increasing 
poverty, has pushed a large proportion of the population into agriculture, particularly 
slash-and-burn agriculture. Despite the low average productivity of the agricultural sector 
and the low economic surplus generated, it remains the refuge sector par excellence for the 
population in the rural zone [55]. In addition, due to the increasing demand for charcoal 
by the urban and peri-urban population [56], pressure on vegetation in the rural zone is 
intensifying, especially since charcoal accounts for more than 70% of the country’s energy 
needs. The degradation of vegetation in the Port-au-Prince agglomeration leads to a 
reduction in its resilience and could thus lead to an increase in flooding in the (peri-)urban 
zone and an increase in the risk of landslides and rockfalls [28]. In addition, this 
anthropization of the Port-au-Prince landscape could also lead to runoff and silting of the 
drainage networks during each rainfall event in the urban sectors located downstream of 
the mountain, thus obstructing the city’s drainage infrastructure, which causes recurrent 
damage in the lowest areas [20,28]. 

4.3. Proposals and Perspectives 
4.3.1. For the Government and Planners  

The current spatial challenge of peri-urbanization in Port-au-Prince consists of 
adapting or readapting human settlements in such a way as to respond sustainably to the 
socio-spatial needs of city dwellers and thus to reduce environmental degradation as 
much as possible. It thus requires efficient planning and settlement policies coupled with 
a better understanding of the spatial and temporal evolution of the (peri-)urban areas of 
the Port-au-Prince agglomeration provided by this study. Our results deliver a basis for 
promoting better planning and efficient spatial organization of the (peri-)urban areas of 
the Port-au-Prince agglomeration aiming at sustainable development. Moreover, it would 
be important to anticipate peri-urbanization in currently rural areas that are destined to 
become potential peri-urban areas within the framework of a territorial development 
plan, in order to ensure the food security of the population. Indeed, agricultural land 
continues to be invaded by housing, according to our results. Conversely, for the 
preexisting urbanized spaces, there is an urgent need to reverse the current socio-spatial 
imbalance from the perspective of establishing dynamic balances of the mid-place, 
especially concerning vegetation [57]. Finally, it would be necessary to address the land 
issue, corruption and also the establishment and enforcement of legal frameworks 
appropriate to urbanization and the implementation of peri-urban agriculture in the 
design of a development plan.  

It is necessary to delay the growth rate of the Port-au-Prince agglomeration and to 
reduce the demographic and economic gap between it and other chief towns of the 
departments and districts of Haiti. This implies the elaboration and application of a true 
spatially-balanced growth strategy and to work towards decentralization, economic and 
political deconcentration through the development of different departmental cities. 
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4.3.2. For Scientific Research Institutions 
This study has rendered it possible to characterize (peri-)urban growth in the Port-

au-Prince agglomeration and to evaluate its consequences along the urbanization 
gradient. However, there remain many aspects to be investigated in order to identify a 
sustainable solution that will enable reconciliation of the conservation of biodiversity and 
the satisfaction of the spatial needs of an ever-growing population. In this sense, it is up 
to scientific research institutions to contribute, among other things, to the evaluation of 
the impact of the degree of urbanization on the ecosystem services mainly provided by 
green spaces in the Port-au-Prince agglomeration; to develop indicators for monitoring 
the health of (semi-)natural ecosystems; to integrate the notion of ecosystem services in 
the planning of territorial development; and to provide scientific assistance to the 
conservation and development of green spaces. 

4.3.3. For the Public 
An integrated and sustainable management of the landscape is therefore a very 

important issue. To achieve this, the populations will have to become involved in the 
conservation of (semi-)natural ecosystems in the urban and peri-urban landscape of the 
Port-au-Prince agglomeration, as vegetation directly influences the urban soil and climate 
while providing beneficial ecosystem services to city dwellers [9,42]. It is important to 
diversify energy sources and to adopt new techniques and practices to reduce the 
collection of wood for energy production, as wood resources tend to decrease along the 
urban–rural gradient of Port-au-Prince. The scarcity of wood resources bears 
socioeconomic consequences: the lack of wood energy limits the amount of food cooked 
and therefore has consequences for nutrition and health, loss of jobs, and income for 
charcoal producers. It should be noted that the rapid development of the charcoal network 
is a popular reaction to the lack of alternative energy sources, particularly electricity, in 
Haitian cities [58]. Participatory land use mapping is urgently needed and the population 
should be made aware of the preservation of agricultural and (semi-)natural areas in view 
of the various socio-ecological benefits they provide. Urban fragmentation through 
building densification should be controlled in urban areas, as it could pose a threat to the 
preservation of vegetation in the plots. 

5. Conclusions 
This study sought to highlight the spatial dynamics of land use that prevails along 

the urban–rural gradient of the Port-au-Prince agglomeration. Our results confirm a 
change in the spatial pattern along the urban–rural gradient, characterized over 35 years 
by a rapid progression of built-up and bare soil in urban and peri-urban zones, and of 
fields in the rural zone. The expansion of these anthropogenic land cover types leads to a 
regression in the patch area of woody and grassy vegetation among the landscape. This 
represents an indication of the anthropogenic impact on landscape dynamics along the 
urban–rural gradient of the Port-au-Prince agglomeration, the extent of which has 
intensified over the years in the peri-urban zone. This study provides basic information 
that should lead to an improved understanding of the spatial urban and peri-urban 
growth of the Port-au-Prince agglomeration and its impact on the different land cover 
types along the urban–rural gradient. This information remains crucial for the 
implementation of territorial development planning measures through an integrated and 
participatory approach.  
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