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Abstract:

Found at the pinnacle of the Sudano-sahelian domain, the city of Maroua is an epitome of cities over the Globe where
urban extension has brought wanton effects on the landscape. With a research methodology that entailed the
collection of data from secondary sources such as Topographic maps, Aerial photographs, and Satellite images as well
as primary sources through interviews, it was realized that there has been an untold expansion of the urban space as
a result of rapid population growth in Maroua. The astronomical population increase has imposed an upward trend
in the need for building, industrial and agricultural space to meet the needs of the increased number of mouths to be
fed and a number of houses to shelter them. Meanwhile, the results of Land Cover Classification show a predominance
of Natural landscape before 1985, an ironical slight recovery of the forest vegetation cover in 2006 and 2022. The
measures that have been proposed to ameliorate the situation are those that will meet up with the needs of the
present population without jeopardizing the needs of future city dwellers. These solutions are those that would lead
to the establishment of a Bio-City that Maroua is supposed to be.
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1. Introduction

With the increase in population, society is bound to push to open more land for agriculture to meet up with more
mouths to feed. The situation has made most of the city dwellers occupy the nooks and crannies of the area not only for the
construction of houses but also space for agriculture.

Urban expansion is a common phenomenon in most of the agglomerations in Cameroon in particular and sub-
Saharan Africa as a whole (Gleave, 1992a, 1992b and 2001; Fombe & Balgah, 2010; Nkwemoh, 2011). The issues of man-
induced forces and their implication on the landscape have been viewed by Harding (1968); Martin (1985); Bopda (1985);
Goudie (1986); Brinkman (1990), Nkwemoh (2011) and Nkwemoh et al. (2017). Other works related to our theme are
more oriented toward the treatment of images, such as those of Assako (1998), Moshen (1999), Pratt (1991), Akono
(1994), Tonye et al. (2000), Begue et al. (2010). Meanwhile, other related works focus on the treatment of images and land
cover change, such as those of Turner et al. (1995), Jukka & Aristide (1998), Neba Shu (2003), Ngouanet (2007),
Nkwemoh (2011), Lambi and Kah (2012), Nkwemoh and Lambi (2016), Nkwemoh and Yungsi Nkwemoh (2017)
Nkwemoh et al. (2022).

Strictly following the FAO data, 42.1% (19.1916000 hectares) of Cameroon is forested. However, other estimates
hold that forest cover is up to 4%. Between 1990 and 2010, Cameroon lost an average of 220,000 hectares of forest (0.9%)
per year (MINFOF, 2015). In total, between 1990 and 2010, Cameroon lost 18.1% (4,400,000 hectares). This is because of
a number of factors that include:

e Mass forest exploitation,

e Urbanization;

e Developmental projects (such as the construction of dams, the construction of seaports, and the setting up of
plantations such as the CDC, SGSOC, and many others)

These are considered major threats to the forest sector of the country because for this to go on well, large
expanses of forest land must be destroyed.
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The first problem of this study concerns, Urban extension. The second deals with the effects of rapid and
uncontrolled urban expansion on land cover. The article has been structured into parts that fall under the Physical and
human backgrounds, materials and methods, results and discussions, and the conclusion.

2. Biophysical Setting

Maroua town is situated between latitudes 14°08’05 and 14°20’ North of the Equator and Longitudes 14°00’ 02”
and 10°38’ 00’ East of the Greenwich Meridian (Figure 1) Found within the Far North Region of Cameroon. Maroua is a
town in the Diamare Division in the far North Region and is situated on a plain that runs right through towards Lake Chad.
The area is interrupted by some granitic hills and characterized by some floods during the short rainy season caused by
two main rivers that include the Rivers logone et chari.
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Figure 1: Location of the Study Area

To the West, the massif of Mandara mountains dominates the Diamare plain. The altitude of the lowest point is
350m. The highest altitude is 700m. Meanwhile, the average altitude is 700m. The area of Rhumsiki, which is particularly
accidented, is one of the most visited places in Cameroon.

The hydrology of this area is, to a greater extent, a tributary to the Lake Chad Basin that constitutes the greatest
endorheic unit of the African Continent. Joining the mayo kebbi river and then the Benue, they contribute to the load of the
River Niger to the Atlantic Ocean. The main streams of Maroua are; the mayo kalioao and the mayo Tsanaga amongst
others. Apart from these, there are the mayo Mizao and the logone et chari, which are principal receiving streams. It is
worthwhile remarking that these streams take their rise from the Mandara mountains. The main lake in this area is the
Lake Maga, which possesses a surface area of about 82km?

The geologic formation of Maroua is basically composed of quaternary alluvium. The subsoil of Maroua is made up
of metamorphic, plutonic, and sedimentary rocks identified in the diversified landscapes characterized by broad peneplain
surfaces. The average Precambrian layer is composed of volcano-sedimentary metamorphic series basically of crystalline
schist and volcanic flows (Lekedji, 1991).
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The climate of the area is the humid tropical type and specifically Sudano-Sahelian type. The annual rainfall is
800mm in a single rainy season that lasts for 3 to 5 months (May to September). The average maximum temperature is
40°C. The average minimum temperature is 24°C. The average temperature is 32°C. The dry season lasts 7 to 9 months.
The dominant winds here include:

e The Monsoon (Southwest) humid wind, mostly blowing from May to September, and
e The Harmattan (North East Trade/dry wind), mostly blowing from October to April

The vegetal formation of the area is basically composed of savanna and steppe. The main species of vegetation
entail: Phoenix reclinata, Croton gratissimus, Albizia zygia & Syzygium guineense fringing water sources, in addition to
Carissa edulis, mostly found in thalwegs/valleys. The high level of population pressure and animal husbandry has greatly
distorted the natural vegetal strata. In some areas, Faidherbia albida can be found in summital hollows. Other species are
spotted with Erythrina that has been subjected to Cattle rearing (Seignobos, 2000). The dominant species are constituted
of ligneous plants (trees). Some of these plants, such as Neems, Moringa, and Eucalyptus, are utilized for traditional
pharmaceutical purposes. It is convenient to indicate that Azadirachta indica (Neem) is gaining ground in the whole area
and appears to be the most recurrent vegetal formation. Its extension is favored by the phenomenon of reforestation.
Within the urban space, route networks/systems are bordered by these trees.

According to Humbel (1965), about 5.7% of the soils are halomorphic. There are equally grey soils that are not
very different from halomorphic soils and cover a wide expanse of the city. All these soils are developed on materials with
a relatively constant granulometry, such as:

e (Clay which accounts for 40%,
e  Silt, which accounts for 10-15%,
e Fine sand, which accounts for 5-10% and
e Coarse sand, which accounts for 0-5%.
The soil textures vary from sand to clay. Amongst these are:
Bare soils that are found in the 'karal’,
e Durcrusts found on laterites,
e Soils with sandy clay texture, and
e  Alluvial soils with sandy silt texture, basically found on the plains and notably around stream banks

Soils that are closer to settlement are clayey sand soils. Meanwhile, those that are in depressions are vertisols

mostly utilized for the cultivation of ‘Muskuwari' (Yellow Millet).

2.1. Human Background

The name Maroua is derived from a Guiziga word called ‘Marva' which means 'Stone'. It is said that the people of
Guiziga constitute the first settlers of the town. They had settled long before the Peuhl hegemony. Thereafter, it was
Islamization and the Holy wars that the ‘Guiziga' was pushed by the Peuhls on the Mountains with the excuse that they
refused to practice Islam. Before the town of Maroua was separated into three District Councils, there was only one Urban
Council that stayed until the Presidential Decree N° 2007/117 of 24/04 /2007 that established District Councils (Microsoft
® Encarta ® 2009). Maroua is a cosmopolitan town and a blend of many ethnic groups, cultures, and religions. A greater
majority of the city dwellers are Peuhls, Guiziga, Mofou, Bornouans, and Haussas. The main religions practiced are Islam,
Christianism, and Animism. The social organization is built around traditional chiefdoms where the leaders are well-feared
and respected. They are the ones who assure security and peace in their area of jurisdiction. There are also 31 class
chiefdoms under the jurisdiction of Lamidos.

3. Materials and Methods

Various institutions (secondary sources) have been consulted for data collection, including University of Maroua,
the World Bank, the Ministries of Environment, Nature Protection, and Sustainable Development, and the Maroua Urban
Council. Satellite Images (LANDSAT 1986, -TM & ETM+, and Google Earth 2022) have been utilized for the location and
mapping of specific sites. We collected numerical population data from State Departments in Maroua for 1919 and 1930
and Census data for 1976, 1987, and 2005 as well as an estimate projection of the population of Maroua between 2006 and
2035 that we computed and presented using Microsoft EXCEL. The GIS programs such as Adobe Illustrator 9.0 and ArcGIS
10.2 software have been used for cartography. Meanwhile, Population projection was made by the use of the formula:
Px=P2+ N/n(P2-P1)
Where:

e Px=Projected Population

P1 = Initial Population
P2 = Last known Population
N = Period between P1 & P«
n= Period between P1 & P2
In order to establish comprehensive satellite images to determine land cover and land use, information was
obtained from LANDSAT. We proceeded with access to the GLCF (Global Land Cover Facility) and then the ESDI (Earth
Science Data Interface). With the study of images from MSS (Multi-Spectral Scanner or Generation 1 satellite) and TM
(Thematic Mapper or Generation 5 satellite), and ETM+ (Generation 7 Satellite) (figure 2), we proceeded with a workable
procedure that entailed the determination of the Path and Row. Using the ETM+ (Enhanced Thematic Mapper +), the Scene
that carries Maroua could be traced following the Path 184 and Row 053.
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Given that each Scene has a surface area of 185 km?2 and that the scene is composed of many pixels, with each pixel
having a surface area of 30m, various bands were determined to exploit and show the various aspects that constitute the
land cover classes. ASTER Images also assisted in the elaboration of Digital Elevation Model (DEM) and the Hydrology. The
ERDAS software program was then utilized in the location and combination of the various color bands. Then the bands
appear with the possibility of RGB color instead of gray scales.

With the Supervised and on Signature Editor, then zooming of the image, the sample by polygons of each form of
the feature was taken and attributed a color. For instance, green for vegetation, brown for bare surfaces, and blue (or
water surfaces).
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Figure 2: Methodological Approach for the Treatment of Satellite Images

The ENVI program was used to attribute color combinations to Land Cover Classes (LCC). The MaplInfo program
was subsequently used in delimiting various land cover classes. The technique has been utilized with success by Assako
Assako J. R. (1998), Bauer, Yuan. and Sawaya KE, (2003), Pratt (1991), Tonye, Akono & Ndi Nyoungui (2000). Five cover
classes were identified as follows:

e Forest,

e Grassland vegetation,

e  Built-up area,

e Cropland/Cultivated area, and
e Water bodies

4. Results and Discussions

4.1. An Untold Population Increase and Resulting Spatial Extension
The population numbers since pre-colonial, colonial period, right through to independence, show a constant and
steady rise in the population of city dwellers in Maroua (figure 3).
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Figure 3: Population Evolution for Maroua
Source: Atlas De La Province De 'Extréme - Nord — Cameroun, Avril, 2000,
BUCREP, 3er RGPH, Volume III, Tome III, ** Projections
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As can be seen in the above figure, the population moved from 20000 inhabitants in 1919 through 1976 to
330410 inhabitants in 2005. A population projection based on the National Population Census of 1987 and 2005 permits
the establishment of the population of City dwellers would attain 593720 persons by the year 2035. Following these
figures, some diachronic analyses of data from Satellite images for the years 1986, 2006, and 2022 (figure 6) have
permitted us to realize a consistent increase in the built-up areas to accommodate the astronomic increase in population
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Figure 4: Evolution of Constructed Space in Maroua
Source: Diachronic Analysis Derived From LANDSAT and Googleearth (1986-2022)

Casual extrapolation and projection of the extension of the built-up area of the Maroua clearly indicate that the
upward trend of spatial extension and/or coverage is bound to persist amidst an uninterrupted population explosion.

4.2. Effects on Land Cover Change

Utilizing the ERDAS IMAGINE (2014) program, we could attribute color combinations to Land Cover Classes
(LCC). The ArcGIS program, in combination with the above software, was subsequently used in delimiting various land
cover classes. The technique has been utilized with success by Assako (1998), Bauer & als (2003), Pratt (1991), Tonye &
als (2000), and Nkwemoh (2017). Global Position System (GPS) was equally utilized for the collection of points.

The Land Cover Classification was done by the use of the following formula:

Tk = % LCCT of TLC
LCC1b-LCC1a = Rate of change for LCC1 for 1986 - 2006 (20 years)
Where

e LCC =Land Cover Class

TLC = Total Land Cover

LCC1a = Land Cover Class for Built-up area for the year 1986

LCC1b = Land Cover Class for Built-up area for the year 2006

LCC1d = Land Cover Class for Built-up area for the year 2022

Figures 5, 6, & 7 and Table 1 show the spatio-temporal evolution of land cover over the past 5 decades.

Figure 5: Land Cover Map for 1986
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Figure 6: Land Cover Map for 2006
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Figure 7: Land Cover Map For 2022

Here is the recapitulation table for land cover and land use for three periods: 1986, 2006, 2022.
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1986 2006 2022

Land Cover Absolute Percentage Absolute Percentage | Absolute Percentage

Bare 24832 21.3 55198 45.8 55834 47.9
surface/Cropland

Built up area 1257 1.1 2691 2.2 4901 4.2
Forest vegetation 4113 3.5 5151 4.3 6838 5.9
Grassland 84579 72.5 56561 46.9 48210 41.3
Waterbody 1822 1.6 1000 0.8 820 0.7
Total 116602 100 116602 100 116602 100

Table 1: Land Cover Absolute Figures Per Hectare and Percentages for 1986, 2006 and 2022
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Figure 8: Land Cover Absolute Figures Per Ectare for 1986, 2006 and 2022

An analysis has been carried out and can be seen in a number of syntheses below:

e In the first place, there is a striking increase in the croplands from 24832 ha in 1986, being 21.3% of the total area
to 55198 ha in 2006, being 45.8% of the total surface area to 55834 ha representing 47.9% of the total surface
area in 2022.

e Secondly, there has been an increase in the built-up area from 1257 ha in 1986, being 1.1% of the total area to
2691 ha in 2006, being 2.2% of the total surface area to 4901 ha accounting for 4.2% of the total surface area in
2022.

e Thirdly, there has been a surprisingly consistent slight increase of dense forest from 4113 ha being 3.5% of the
total surface area in 1986, through 515 ha being 4.3% of the total area in 2006, to 6838 ha being 5.9% in 2022.
This growth is surely due to the Operation Green Sahel program; the permitted the extensive planting of trees and
specifically Neems, Acasia Spp, and Fruit trees.

e Fourthly, there has been a sensible decrease in Grassland from 84579 ha, being 72.4% of the total surface area in
1986, to 56561 ha being 46.9% of the total area in 2006, to 48210 ha, being 41.3% in 2022

e In the fifth position, there has been a consistent drop in the surface area occupied by water bodies from 1822 ha,
being 1.6% of the total surface area in 1986, to 1000 ha being 0.8% of the total area in 2006, to 820 ha being 0.7%
in 2022.

5. Recommendation

However, the Maroua Urban Council has been working in collaboration with the Divisional Delegation of Housing
and town planning and the Ministry of Forest and Fauna to create and maintain just a few lawns and green areas within
the city of Maroua. These are measures that are taken to safeguard the environment. It is worthwhile noting that more
needs to be done to make Maroua a sustainable/BioCity that it is supposed to be.

5.1. Town Planning and Housing Strategy

The main way that the government can solve the problem of anarchical growth concerns what is partially being
practiced. This is by funding and ensuring the construction of multiple housing structures. The type of housing structure
recommended here includes single and double-room complexes. This is because city dwellers are composed of basically;
the youthful and middle age population. The buildings should be in blocks of approximately 3-6 storied structures. This
option is more efficient and practical with vertical constructions. In addition to these housing strategies, the expansion of
roads, the use of common transport buses, and the establishment of commuters' zones or residential quarters should be
enhanced.
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5.2. Forest Regeneration, Fuel wood Plantation, and Urban/Agro-Forestry

The mission of regeneration of forests all over the country and Maroua, in particular, has been confided to
ONADEF. However, this institution has regenerated forests in some areas in the 80s. However, today, it is no longer
effectively carrying out its functions. Rather, this institution is more engaged in the sales of seedlings to those who intend
to plant trees. This, however, notwithstanding, the Maroua Urban Council is effectively carrying out some measures, but
they are insufficient. More trees should be planted.

The creation of MINFOF and MINEPDED in 2005 with all the Delegations had been a recognition of the fact that
forest preservation is an issue. Decree No. 03-169 of April 1982 laid down forestry regulations that provided forest
regeneration all over the territory. Initially, forestry reforms were realized by CENADEFOR and later ONAREF (Office
National pour le Développement de Foréts). Institutions like this should be revamped with all vigor. Urban residents in the
area concerned should be invited to participate in issues related to decisions on the management of the forest.

Farmers should be encouraged by the Ministries of Agriculture and Rural Development to intensify or practice
Home gardening, Intercropping, and Avenue farming in and around the town. The practice where trees are planted
sequentially or simultaneously with crops is a practice that has proved to be the most sustainable system in degraded
lands. The combination of trees and crops leads to an ideal situation. This practice, which is referred to as agroforestry, has
evolved from the simple planting of trees and crops to a careful selection of plants and crops according to their mutual
give-and-take needs. This implies that the choice of the type of agroforestry will depend on the will of farmers and
agricultural extension workers in the area.

5.3. Forest Protection and Management

The Forest and Wildlife regulation Law of 1994 implemented by the Ministry of Environment laid down specific
tree felling modalities to be respected by those concerned with tree cutting. This is usually more respected in protected
areas and is a good idea for protecting and managing the forest. This law should obviously equally apply to city dwellers.

Concerning forest management, the first step here concerns the farmers. Since subsistence farmers in these areas
still cut trees for agriculture, they should be advised on how to go about things sustainably by the Forestry unit of the
Delegations of Forestry. Such exchanges should either be through forums like workshops or momentary visits of forest
technicians. Some farmers who already own established plots are already planting trees. They should then be encouraged
by forestry agents to practice permanent farming systems as in agro/urban forestry.

6. Conclusion
The above investigation has permitted us to draw some conclusions.
o Firstly, there has been a rapid increase in the population of the Maroua Metropolis.
e Secondly, the increase in population implies the increased need for space to accommodate the growing number of
inhabitants.

This also means the increased need for agricultural land to cultivate in order to feed more mouths. The
implication of all the above is the clearing of vegetation in areas that had not been occupied by either construction or
expansion towards the Urban fringes.

It was equally realized that unlike in other cities where natural forests continue to diminish, in the city of Maroua,
forest cover is instead increasing even though the rate of this increase is not satisfactory. This situation, therefore, calls for
a prompt reaction by the Authorities to establish a sustainable city as the ultimate way forward.

The investigation rounds up with some recommendations, such as the incessant need for forest regeneration and
fuel wood plantations, agroforestry, and, most importantly, Urban Forestry.
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