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Abstract

Urban areas are recognized as important regions by their fragilities and dynamic. The study area is located in the
Brazzaville city and it is well known by strong anthropogenic action on it. This research has generated maps of natural and
environmental vulnerabilities to soil erosion from base maps of soils, slope, occupation and land use. From these maps it is
possible to recognize sensible areas from environmental problems, by allowing recommendation toward best advantage for
control and environmental management. The maps elaboration aims to show the intensity and the distribution of
vulnerability, mainly considering the stability related to topographic and soil aspects. The methodology consists of a
logical integration and processing of different available data to create a georeferenced database in Arcgis 9.3.1 program.
This computer program allows an efficient analysis of different information layers taking into account the vulnerability of

each environmental elements submit to analysis.
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Introduction

In 1972, during the United Nations Conference of Environment
in Stockholm, Sweden has emphasized the idea that the man at
the end of the twentieth century became the most important co-
agent in the overall earth evolution, able to significantly
intervene in the ongoing transformation of our planet. From this
concern, the evolution of several environmental impact studies
has been conducted in order to assess and protect areas with
greater sensitivity to changes.

The pressures of occupation and land use of urban areas around
the world, its effect on the balance of ecosystems have been a
frequently discussed topic in the scientific literature” >, Urban
areas are constantly affected by natural morpho dynamic factors
such as slope angle, runoff, among others that abruptly changes
a local morphology”.

The industries development also contributes to the ecological
destruction that causes land degradation and increases natural
disasters’. The industrialization and urbanization have some
consequences that can affect negatively ground water in some
areas where the aquifer is a main source of drinkable water’.
That is to say ground water receives industrial or municipal
waste that has a negative impact on the environment by adding
pollutants into ground water and soil; this affects not only the
environment but also the human health® .

The soil erosion is accelerated by the removal of vegetation like

plants and shrubs in tropical forest areas. Then, the soil erosion
is a consequence of deforestation where the ground losses its
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stability and it is exposed to erosion agent like rainfall. The
deforestation involves the process of disappearance of woodland
and forest due to the anthropogenic action such as farming,
logging for industrial needs and agriculture by using pesticides
to stop insects®. These human activities have negative impact for
water by producing contaminants like mercury (Hg), arsenic
(As) and lead (Pb)°.

On the other side, the urbanization has an advantage on the
growth of cities and the construction of new houses which
sometime are placed on fertile soil. This causes the lost of
agriculture land, destroying the micro flora and micro fauna'® "',

While, the Brazzaville city has faced many problems related to
irrational occupation and land use of the environment. Till now
there are no studies focused on land use planning in Brazzaville
city. However, the city suffers consequences especially in the
rainy season where it is noticed that people living in vulnerable
areas face erosion risk. That is to say people have obligation to
make a good choice for implementing houses in order to avoid
negative effects caused by erosion process.

In order to comply with the provisions of the city of Brazzaville,
concerned about the significant increase in problems related to
the misuse of the physical environment and public pressure, the
city of Brazzaville is in interest to prepare a Master Plan for
Urban Municipality and Environment.

The study presented here gave important information for the

steps taken in the development of the Master Plan for Urban
Development and Environment of Brazzaville and aimed to add
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information about the physical environment (compiled and
produced) in one document generating cartographic database
that will afford in the future a development of a more extensive

system with addition of physical and socioeconomic
information.
Material and Methods

Study Area: Brazzaville city is located on the right bank of
Congo River which it shares with Kinshasa city. Its extension is
about 30 km and has seven neighborhoods as shown in figure-1.
According to the report of the National Center for Statistics and
Economic Studies in 2008'%, more than one million people live
in Brazzaville. This represents a little more than thirty percent
of the total population of the Republic of Congo. The relief of
Brazzaville has a very varied aspect. It consists of hills, plateaus
and plains'". The plateaus are as belt surrounding plains. These
plateaus are converted to hills in the area of Nkombo and
Massengo located in Talangai and Mfilou neighborhoods,
respectively. Some areas of Talangai and parts of Ouenzé,
Moungali, Poto-Poto (figure-1) are located in the plains and are
submit to flooding during rainy periods'*.
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The climate of Brazzaville is kind of “Bas Congo” with a rainy
season from October to May and a long dry season from June to
September. It has also a slowing down of rainfall between
January and February”. The mean of lowest temperatures
recorded is 19°C during the dry season in July. The mean of
highest temperature is 30°C during the rainy season.
Precipitation changes are relatively small and fluctuate between
800 and 1800 mm"’.

Brazzaville city is characterized by savannah including typical
species of sandy soils. The plateaus contain grove and gallery
forests bordering streams'’. Below Batékés plateaus rich in
water, the city of Brazzaville is covered by different rivers such
as Djiri in the north, then Tsiémé, Mfoa and Madoukou in the
center and finally Djoué and Mfilou in the West'®. The eastern
part is bounded by the Congo River, the second largest river in
the world after the Amazon which has a flow about 43000m?/s"
(figure-1).

In general, Brazzaville soils are very poor in clay and organic
matter. They are called lateritic and classified into four main
groups: podzols soils, ferralitic soils, hydromorphic soils and
unsophisticated soils™” *'.
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Figure-1
Location map
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Available data: The basic information was collected during the
field work in the study area. This is complemented by the
following preexisting maps: Map of vegetation and land use
obtained from two Landsat ETM+ images from year 2012 (end
of the dry season), soils map prepared by the Geological Survey
of ORSTOM, political map prepared by the National Institute of
Geography of the Republic of Congo and cadastral service®> >,
slope map produced from the Digital Terrain Model made from
SRTM with 90 meter of resolution obtained at the Observatory
of Central African Forests (OSFAC). The integration of
alphanumeric data and maps has been made possible through
the Arcgis 9.3.1 softweare.

Methodology: The methodology consists of a logical integration
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of different available data knowing the study area in terms of
physical and environmental aspects. All information obtained is
stored as a spatial database for analysis and subsequent
processing with arcgis 9.3.1 where data of natural and
environmental vulnerability maps were crossed (figure-2).

The basic maps used to prepare a natural vulnerability map are:
soil map, slope map and vegetation map. The maps overlay is
made in order to produce a new map that reflects sensitivity of
each environment elements toward erosion process (table-1).
The data processing was done by adapting some pre-existent
norms according to the environmental context of our study area.
These norms propose vulnerability values ranging from 1 to 3
(table-2) with a class interval of 0.5 **%.

Vegetation
. Natural .
Soil vulnerability Occupation/land use
Slope
Environnemental
vulnerability
Figure-2

Procedure for the natural and environmental vulnerability cartography

Table-1
Degree of vulnerability of geological map
Class Type of material Degree of vulnerability

1 Unaltered compact rocks, conglomerates strongly cemented, crusts, ferruginous sandstone

outcrops (limestone massifs, soils heavily rocky, igneous or eruptive rocks, local encrusted 1.0

soil)
2 Cohesive soils or fractured rocks or moderately weathered 1.5
3 Rocks or sedimentary soils weakly or moderately compacted (slate, shale, marl, etc.) 2.0
4 Rocks and / or profoundly weathered (marl, gypsum, clay slate, etc.) 2.5
5 sediment or soft ground, cohesive and non detrital material 3.0

Table-2
Degree of vulnerability of slope map

Class Slope (%) Degree of vulnerability
1 0-3% 1.0
2 3% -12% 1.5
3 12% - 20% 2.0
4 20% - 35% 2.5
5 >35% 3.0
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In our case we just worked with class 5 that represents soils.
According to the geological context of our study area the one
geological material that outcrops is different types of soils as
this justifies the significant degree of vulnerability for these
materials attributed to a single class 5. The intervals of the
slopes are grouped into five classes according to their impact on
the risk of erosion as shown in table-2. These intervals have
been taken from the study "priority areas for soil conservation in
the city of Brazzaville led by the Ministry of Forestry and
Environmental Economics and implemented in 2010.

It has been considered that the higher the slope the greater
percentage of soil erosion. An increase in the slope angle causes
an increase in the speed of streaming and thereby the kinetic
energy of the water that causes increased movement of soil
particles. There is variability between erosion potential for each
type of land use, that is to say not all types of vegetation, land
use and occupation are in the same degradation state. Erosion
that occurs in a forest is not the same as that produced in a
savannah, or one that occurs in a well conserved area or on bare
ground, or that which occurs in areas with or without built
conservation practices. In this study, the categories defined in
the occupation and land use are shown in table-3.

Table-3
Degree of vulnerability of occupation and land use
Class Vegetation and Degree of
occupation/land use vulnerability
1 Lake 1.0
2 Forest 1.5
3 Savannah 2.0
4 Built 2.5
5 Bare ground 3.0

The maps algebra was performed using the spatial analysis tool
of Arcgis 9.3.1 software which allows a crossing between two
maps. First, we crossed soil map and a slope map, then the maps
of slope, vegetation and land use (figure-2). Subsequently, the
two maps were crossed to produce a vulnerability map and then
determine the vulnerability intervals by Arcgis 9.3.1. In order to
obtain more detailed results, the vulnerability was divided into
five classes as shown in table-4.

Table-4
Average rating for Natural vulnerability classes
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The environmental vulnerability means the level of
susceptibility that presents the environment against the human
intervention. Thus, the classification of different occupation and
land use is based on the kind of action led by a man on the
environment. This was obtained by crossing maps of different
kinds of susceptibility®®. In order to obtain an environmental
vulnerability map that represent most accurately the
characteristics of the study area, we respected the environmental
classification units proposed in some studies®’. These values

have been taken considering the importance given to the
capacity of each environmental unit to be exposed or not to
erosion risk (table-5).

Table-5
Importance of factors in the analysis of environmental
vulnerability
Factors
Slope Soil Vegetation = Occupation/land use
0.2 0.1 0.1 0.5

Source: adapted from™

Results and Discussion

The natural and environmental vulnerability maps serve for
decision making by the government or private agencies. The
objective of vulnerability maps is to represent the knowledge of
the soil erosion behavior in relation to the irrational occupation
and land use. The natural vulnerability map aims to show the
intensity and distribution of the environment susceptibility over
the city taking into account the stability of factors as relief,
vegetation and soil. The map of environmental vulnerability
refers to the environmental susceptibility to human action. The
natural vulnerability map (figure-3) shows the distribution of the
categories or classes of vulnerability on the study area and its
related areas in hectares and percentages. This map shows the
behavior of physical features in the face of natural process of
erosion without human interference.

The table-6 shows that the category corresponding to the
average surface more vulnerable represents 55.42%, followed
by the very high vulnerability (16.60%), low vulnerability
(13.48%), very low vulnerability (31.94%) and lastly high
vulnerability 26.64%).

Table-6
A natural vulnerability in hectare % of the study area

Classification Arithmetic mean
(Brazzaville city)

Very low 0-13 Natural vulnerability

Low 14-1.7 Category of vulnerability Area (ha) %0

. Very low 8070.78 31.94

Medium 18-122 Low 3406.2 13.43

High 1.23-25 Medium 2857.88 11.31
Very high 2.6-3.0 High 6731.55 26.64

»s Very high 4202.16 16.60
Source: adapted from TOTAL 25268.58 100.00
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Natural vulnerability map
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The environmental vulnerability is any set of environmental
factors of the same nature in the face of activities that are
occurring or likely to occur and may suffer adversity or affects
in Whozlée or in part the ecological stability of the region in which
occurs™.

The environmental vulnerability has been determined by maps
algebra using the Raster calculator tool in Arcgis 9.3.1. The
maps of different factors involved in natural vulnerability are
considered with value attributed to each factor importance as
shown in table-5 and applying the following formula:

0.2 x slope + 0.1 x soil + 0.1 x vegetation + 0.5 x land use

ey

In this formula, the slope factor has weight more than soil factor
because it has a strong influence in shaping the land forms as a
result of the constant action of physical processes and climatic
Variat;gons or activities of supplying sediments carried by surface
water™.

The occupation and land use factor has gained a higher weight
than the others with a value of 0.5 because human factors are
considered relevant as landscape modeling agent. In this sense,
it is very important in any type of environmental analysis,
especially in a place where the confluence of economic
activities of potential environmental risk, for example industrial
activities and implementation of private and public
infrastructures. Therefore, the occupation and land use serve to
demonstrate how the environmental units studied suffer from
anthropogenic pressure. The environmental vulnerability map
with a combination aforementioned is shown in figure-4. Areas
and its equivalent percentages are shown in table-7. The
environmental vulnerability is distributed as follows: very low
vulnerability (37.05%), low vulnerability (18.45%), medium
vulnerability (15.31%), high vulnerability (10.44%) and very
high vulnerability (18.72%). In adding the very low, low and
medium vulnerability, one obtains 70.81%. This explains that
most of the study area is affected by soil erosion.

The implementation of the occupation and land use in a region
requires knowing how the environment reacts to anthropogenic
pressures imposed and how the environment resists to these
pressures. The generation of map aims to show the intensity and
spatial distribution of the natural vulnerability. While the
environmental vulnerability, implies the importance of the man
in the transformation of environment and its possible
consequences for the population. The aim of this map is to make
us aware of environmental behavior of soils regarding an
improper land use or occupation of the environment. From the
two maps, it is possible to know areas that are subject to a high
risk of erosion and those which are potentially stable for a better
environmental management.

The areas of very low vulnerability, naturally found in
Brazzaville are areas covered by undisturbed forest. The natural
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vulnerability category low or medium is mainly distributed in
areas with savannah vegetation. Areas of high and very high
vulnerability represent mountainous areas with increased
pressure on environmental units. In these areas, human activities
are considered as dangerous situation for local people.

Table-7
Environmental vulnerability in hectare and percentage (%)
of the study area

Environnemental vulnerability

Degree of risk Area (ha) %0
Very low 9364.38 37.05
Low 4663.03 18.45
Medium 3869.29 15.31
High 2640.28 10.44
Very high 4731.58 18.72
TOTAL 25268.58 100.00

In Cuba, it has been proven that the use of different methods in
environmental studies has highlighted some problems in the
comparison of results, so sometimes in the same geological
situation one can get different results according to the method
and technique used. In this context, the methodological
approach applied to a region of lateritic soils of Havana,
considering the soil morphology method and the dynamic of the
biological environment, has shown that according to the scale of
representation used for different geo systems, it would not be
possible to study the erodibility of soils with similar methods™.

Moreover, the thematic maps used to assess factors of soil
erosion have proved the benefits of GIS. Recently, a
methodological approach for the design and GIS
implementation for soil of hillside regions of Cuba have shown
the efficiency in the decision-making process on the use and soil
conservation®'.

Conclusion

The protection of our natural and economic resources means we
are preparing to respond decisively and effectively in an
emergency in case that is occurring erosion processes.
Environmental studies are not sufficient to ensure proper and
efficient management of the environment.

The methodology associated with the software tool for analysis
is flexible and allows the inclusion of additional information or
a review of the thematic information and criterion used which
can reach a decision. The interpretative map can be prescriptive
indicating also the most sensitive areas and the most suitable for
the development of specific projects.

The potential relationship between environmental vulnerability

map and additional information provide spatial and
georeferencing results, one important and useful tool for
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decision-making and to prevent environmental disasters. The
results regarding the vulnerability caused by erosion are
products of a limited database. So, additional information is
required as well as field studies and more accurate mapping
scale for further analysis. However, this analysis serves as a first
approach for future studies. From the environmental
vulnerability map is worth noting neighborhoods Mfilou-Djiri
and Talangai presenting high dangerous areas for housing
deserve special attention to avoid the worst.

516000 520000

524000
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The activities developed by the irrational land occupation are of
great risk to the environment and people living around.
Apparently, the local population is not aware of the risks and is
not ready to face them. The government has to take important
measures to prevent and reduce accidents which may damage
the space that everyone needs to live. Therefore, the creation of
a contingency plan becomes extremely important like
reforestation systems, information and alert, physical planning
and environmental protection.
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