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Abstract: The aim of this paper is to study changes in land use and the evolution of vegetation in
Cacheu River Mangroves Natural Park in the Republic of Guinea-Bissau. To do this, we will study
variations in the NDVI, Normalized Difference Vegetation Index. In order to perform the calculations
and subsequent analysis, images from three years— 2010, and 2017 —were used, all corresponding to
the same time of year so that the phenological stage is the same. To perform a more reliable analysis,
the park was divided into five classes based on the main use of the land: mangals, palm forest, paddy
fields, savannahs and others. Using a statistical sample, same areas were selected for each class and
the corresponding NDVIs were calculated for the years in which ASTER images were available. The
study made it possible to conclude that at present, management of the park is not the most suitable,
given that the changes in land use observed represent a decrease in mangrove swamps, despite the
fact that these forests constitute the most important ecological area of all those that make up the park.

Mangals are being replaced by other land uses.

Keywords: Mangals, Sustainability, Vegetation Indices, Land Use, Environmental Management.

1. Introduction

Around the world, one hundred and sixty-three countries and territories with a total forest area
of 3.7 billion ha recently reported that about 2.2 billion ha are intended to be kept under permanent
forest land use [1] Of these, close to 1 billion ha are found in the tropic [2] The rich biodiversity of
these areas and the many roles they play in the functioning of the Earth system at local regional and
global scales are the reason behind this maintenance effort[3] Of the world’s major tropical forest
regions, most research and policy attention has focused on the Amazon region; whereas, the tropical
forests of Central and West Africa, which constitute world’s second largest tropical forest region,
have been relatively neglected.[4] Guinea-Bissau is one of these countries, where the sustainability of
protected areas,[5] of utmost importance from the economic and environmental perspective.
Conservation of these areas with their full array of species, viable populations, and ecosystems
depends on the effective protection, management, and expansion of its rain forest parks[6].

The area of study is located in northwest Guinea-Bissau, between 12° 10’-12° 25" N and 15° 55'-
16227 W. Its location is shown in Figures 1 and 2.
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Figure 1: General map of the location of Guinea-Bissau and Cacheu River Mangroves Natural
Park
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Figure 2: Location map of Cacheu River Mangroves Natural Park. Source: WDPA

The park’s total vegetation extends across an 88,615 ha area, 68% of which is covered by mangals.
Mangals are assemblages of woody plants known as mangroves. [7] These shrubs or small trees grow
at the interface between land and sea in tropical and sub-tropical latitudes where they exist in
conditions of high salinity (halophytes), and harsh coastal conditions such as extreme tides, strong
winds, and high temperatures[8] (They are also adapted to the low oxygen conditions of waterlogged
mud [9].

In addition to mangals, the park also contains large areas of palm forest, savannah and paddy
fields, mixed with small population centers.

From an ecological perspective, mangrove forests are extraordinarily important[10][11] for
several reasons:
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— They form a protective barrier against tsunamis and tidal waves,[12][13] due to the stability
created by the complex framework of roots. In addition, the aerial part, made up of stems
and branches that form a tall, dense canopy, is a natural barrier against wind erosion and
protection against hurricane-force winds.

— The roots of the tree and shrub species function like a green filter, neutralizing pollutants
such as heavy metals and toxic compounds.[14]They therefore purify the waters of rivers and
effluents from surrounding settlements and small industries.

— They are mating and breeding areas and the habitat for the juvenile stages of many coastal
pelagic fish, mollusks, crustaceans, echinoderms and annelids, whose habitats in the adult
stages are areas of phanerogams, marshes, coastal lagoons and inland fresh water [15].
Approximately 70% of the organisms captured at sea carry out part of their life cycle in a
mangrove swamp or coastal lagoon.[16] The great variety of species to which the mangals
are home make up a complicated trophic network, maintaining a large number of reptile and
bird species, some of which are endangered.

— They are important carbon sinks and produce large amounts of oxygen, which they return to
the atmosphere.[17].

—  They regulate the flow of rainwater and reduce the effects of flooding. [12].

— They are a palliative against climate change, as they are CO: fixers and also because of the
redox reactions they carry out on nitrous oxide, one of the main greenhouse gases. [18].

— The mangroves are a source of obtaining medicinal plants for the populations that inhabit
them. [19]

All these aspects provide the rationale as to why community based mangrove management has
been advocated by both academia and governing agencies and also re-emphasize [20]. the need for
sustainably managing the mangrove forests, which are unfortunately disappearing rapidly
worldwide [21]

The mangals in this Guinea-Bissau natural park include the following species: Rhizophora
racemosa, Rhizophora mangle, Rhizophora harrisonii and Avicennia germinans (COR). Associated with this
forest, we also find animal species such as the hippopotamus, Hippopotamus amphibius, Nile crocodile,
Crocodylus niloticus and manatee, Trichechus sp. The park also provides shelter for a large number of
birds [22].

As stated earlier, the park also includes other areas besides the mangals. A brief description is

provided below:

e The palm forest area is made up of various species: Pterocarpus erinaceus, Dialium guineense,
Khaya senegalensis, Parinari excelsa, Landolphia sp and Elaesis guineensis. Of these, the last—
Elaesis guineensis—is the most important, as its seeds produce a highly prized vegetable oil
widely used in different industrial sectors [22]

e The savannah area constitutes the smallest association in the park. It is made up of
gramineous plants from different genera,[23] most notably Panicum, Hypoltenio and Melinis.
There is a scattering of acacias (Acacia arabica, Acacia senegal and Acacia catechu).

e The paddy fields area is the result of Portuguese colonization, it being the Portuguese
colonists who introduced this crop[24]. In recent years, as this study confirms, these have
expanded considerably due to the increase in population in the area of the natural park.
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This paper focuses on studying the changes in land use and evolution of vegetation in the
Cacheu River Mangroves Natural Park between the years 2008 and 2015. The study is aimed at
evaluating the sustainability of the natural park based on the above-mentioned changes over time.

2. Materials and Methods

To quantify the biomass in the Cacheu River Mangroves Natural Park, Guinea-Bissau, its
current state and evolution over time, vegetation indices have been used [25]. This vegetation
index are calculated from the digital image. Such images [26] processing of satellite data
provides tools for analyzing the image through different algorithms and mathematical
indices. [27].

A vegetation index is a parameter calculated based on the reflectance values of different
wavelengths.[28] Its aim is to extract the information related to vegetation, minimizing the
influence of disruptions such as those caused by soil and weather conditions [29] These
indices are primarily used to distinguish plant cover from soil and to be able to evaluate some
of the biophysical variables of the cover. [30] In this paper, the NDVI was used to see the
variation in land use and changes in vegetation in the Cacheu River Mangroves Natural
Park, Guinea-Bissau, with the purpose to evaluate its sustainability according to the current
exploitation.

The NDVI is calculated based on the data corresponding to the red and near-infrared channels
of the TERRA satellite by means of its ASTER sensor. [31] The data captured by all of
these sensors are stored digitally in the form of tables and maps

The NDVI is an excellent indicator of plant health; a high value for this index means
vigorous growth, while a low index indicates unhealthy plants. [19]

The use of quotients to distinguish vegetation masses is the result of the distinctive
radiometric behavior of tree cover [32] The typical spectral signature of healthy vegetation
shows a clear contrast between the visible bands, and especially the red band (0.6-0.7 pum)
and those included in the near-infrared band (0.7—1.1 um) [29]. Whereas in the visible region,
the leaf pigments absorb most of the light they receive (to carry out photosynthesis), in the
near-infrared these substances appear quite transparent. For this reason, healthy vegetation
has low reflectance in the red band of the spectrum and high reflectance in the near-infrared
band. The quotient used is expressed as follows:
IRp — R

NDVI = ——
IRp + R

Where:

IRp: Near-infrared band

R: Visible red band

Translating the results produced by the ASTER image, we get:
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AS3 — AS2

NDVI =—
Viaster = 4531 452

The contrast with unhealthy vegetation, and especially with the ground, is quite obvious in

both bands. [33] The greater the contrast between the digital levels of the infrared and red

band, the more healthy vegetation the cover studied will have. Low contrast values indicate

unhealthy or senescent vegetation [29]

For the purpose of this study, the NDVI of the Cacheu River Mangroves Natural Park was
calculated using the country’s military maps, which are on the Universal Transverse Mercator
coordinate system (UTM) and International ellipsoid. Central meridian 15° W of the
Greenwich meridian. [34]. The distance between contour lines is 10 meters.

The sheets necessary to produce the mosaic map were those shown in Table 1 below:

Table 1: Map sheets used to create the mosaic of the park

VARELA SUSANA S. Domingos SEDENGAL BIGENE BINTA
(February 1954)  (Febuary 1953)  (February 1953)  (February 1953)  (February 1954)  (February 1954)
JUFUNCO T.PINTO PELUNDO BULA MANSOA
(March 1951) (February 1954)  (February 1954)  (February 1954)  (February 1954)
I.DE JETA CAIO QUINHAMEL BISDSAU TITE
(March 1951) (March 1950) (February 1948)  (February 1945)  (February 1954)
BOLAMA S.JOAO
(May 1948) (May 1945)

The ASTER images corresponding to the park and the period studied were also required.
The image search was done using the ASTER-LANDSAT-USGS-Globalvis catalog [35]

The ASTER scenes were chosen based on the following selection criteria [36]. Cloud
percentage: 0%.

— Images covering the entire area of the park.

— Search period: January 2002—-December 2017.

— Time of year: spring, as this is the period when the vegetation is in its optimum state.

The search range 2002-2017 was selected, as the TERRA satellite was put into orbit in
December 1999. 2017 was established as the limit of the range because the study begun in
the later part of that year. [37].

The first search was made using the following criteria:
— Date range: March 2000—November 2014 (January and February 2000 were omitted
because this is considered the dry period and the status of vegetation is not optimal).
— Cloud percentage: 0%.
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— Area of interest: an area around the park’s vector plane was defined.

In order for the vegetation indices to be compared for all years for which we have ASTER
images, the season [28] of the year when they were captured must coincide in order for the
vegetation to always appear at the same phenological stage.[38]

As a result of this search using the criteria described above, just 21 scenes were obtained.
The first ASTER scenes of the park that could be obtained were from July 2010, but they
were discarded because they covered a very limited area of the park and the cloud percentage
was very high. Expanding the search range to 2017 and discarding the two scenes from 2010,
it was only possible to select five scenes of which just three were valid, given that they were
from similar dates and also covered the entirety of Cacheu River Park.

Therefore, the main determining factor when selecting the year in which to begin the study
and the time of year was the lack of available ASTER scenes for the park area during this
period of time. This was primarily due to the sensor’s limited storage and broadcast capacity.

[39]

Once the appropriate material, country maps and ASTER images had been selected, work
begun on calculating the NDVIs. The first step consisted of georeferencing the map sheets
that make up the park, [40] based on the 1/50,000 scale country map sheets shown in Table
1. These were processed to create the mosaic of sheets used as a base to make up the park.
The modus operandi is laid out below:

— Preparation of the map sheets

— Cutting the 1/ 50,000 sheets

— Geometric correction of the sheets

— Creation of the mosaic map from all the 1/ 50,000 sheets that make up the entire

Cacheu River Park

Once the map sheets for the park had been georeferenced, a vector file was created based on
the map downloaded from the global protected areas database. This was then digitized and
georeferenced.
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Figure 3: Digitalization map of the different areas of the park

The next step in obtaining the vegetation indices to be calculated involved processing the
ASTER images from the TERRA satellite. This consisted of:

— Geometric correction of each of the images

— Atmospheric correction of the images

— Cultting each scene

— Calculating the NDVI for each ASTER scene

— Mosaic of ASTER scenes for 2010, 2017

— Mosaic of ASTER scenes with NDVI for 2010, 2017.

Having properly processed the ASTER images for the area under study in order to calculate
the NDVIs, the ASTER mosaics were created for the years 2010 and 2017. To do this, ten
plots were digitized for each class (except for the “savannahs,” which represent a much
smaller area than the other classes and for which only five were digitized) based on the legend
on the 1/50,000 map of the area. Next, the statistics for each of the plots were calculated for
each of the classes considered.

As mentioned earlier, [41] the algorithm used to calculate the NDVI is as follows:
_IRp-R
NDVI = m
Where:
IRp: Near-infrared band
R: Visible red band
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Translating the results produced by the ASTER image, we get: [42]

AS3 — AS2

NDVlasrer = Jea 7 ass

In order to concentrate the results in Cacheu River Natural Park, each mosaic was cut along
the park vector. Next, the attributes of each resulting image were edited based on the criteria
for designating categories and colors shown in Table 2.

Table 2: Designation of NDVI colors and categories

Category | NVDI [-1,1] | NVDI [0,255] | Vegetable Cover | Color
<0 <127 Null
0-0.2 128 - 153 Low
02-04 157 -179 Middle-low

0.4-0.6 180 - 205 Middle
0.6-0.8 206 - 231 Middle-high
08-1.0 |232-255 High

G| W|IN|FL|O

3. Results

Two resulting images were obtained for each ASTER scene. One in decimal format, with NDVI
values between -1 and 1 (Figures 3 to 5), [43] and another with non-editable attributes. The second
resulting image is an image in integer format, with values between 0 and 255 and editable attributes.
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Comparing the colors in Table 2 with the different colored areas on the figures obtained by
superimposing the ASTER images, we can see that the vegetation has undergone changes. To confirm
this, the NDVI was calculated for each of the years considered and for each class. [44]

The results shown below were obtained from statistical calculations performed on the ASTER
scene mosaics with NDVI for the years 2010 and 2017. The statistical variables analyzed were the
maximum and minimum value, mean, median, mode and standard deviation of the vegetation index.

The statistical calculations were first applied to the entire area of the park, as shown in Table 3.
This gave us an overview of what happened in the entire park over the course of the period studied.
The calculations were then done for the areas in each class selected using stratified statistical
sampling. These were also digitized in order to analyze their changes separately. The classes studied
are those mentioned throughout this paper: mangals, paddy fields, palm forest, savannahs and
others. For each one of these, the different NDVIs were calculated by year studied.

Table 3. NDVI statistical results for the entire park

YEAR MEAN MEDIAN MODE STD
2008 192.907 195 171 26.764
2015 151.470 153 137 30.579

The overall NDVIs for the park for each year studied confirm what it was already possible to see
in the ASTER images: the vegetation has undergone significant changes. The general trend observed
is a decrease in the vegetation indices in each of the years studied.[18] This indicates that, generally,
the areas covered by vegetation have decreased.

Through a detailed study of each vegetation area, we will show how much it has changed over
time.

3.1 Mangals

Table 4. NDVI statistical results for the Mangals area

2010 2017

Plot Mean Median  Mode STD Mean Median  Mode STD

1 213.001 214 213 14.261 160.000 163 169 24.554
2 185.030 179 172 20.959 101.995 86 79 40.213
3 216.003 215 213 8.781 170542 171 169 16.389
4 214.952 215 210 11.597 174.829 174 169 21.006
5 209.199 211 210 18.708 173.635 174 169 31.858
6 210.089 209 210 8.495 161.230 159 169 17.9

7 210.110 213 213 17.173 164.841 166 169 26.832
8 206.030 208 204 16.27 160.913 160 169 23.71
9 191.952 198 204 21.663 156.634 161 169 27.16
10 215.241 216 213 11.968 181.988 184 190 19.859
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Figure 6: Change in NDVI for the mangal area

For all of the plots, a decrease in NDVI was observed in the mangal area between 2010 and 2017. This

decline becomes more obvious between the years 2010 and 2017.

3.2 Paddy Fields

Table 5. NDVI statistical results for the paddy field area

2008 2015

Plot Mean Median Mode STD Mean Median  Mode STD

1 169.964  110.178 164 22.897 169.964 107 108 29.742
2 201.299  148.309 227 32.251 201.299 160 171 37.633
3 198.201  150.009 218 32.497 198.201 162 169 43.61
4 167.891  115.267 169 31.409 167.891 107 127 40.56
5 184.236  123.112 170 26.138 184.236 117 108 31.1

6 206.060 157913 234 29.095 206.060 166 185 34.077
7 186.072  135.760 170 25.6 186.072 122 118 31.083
8 210.021  176.587 227 25.901 210.021 180 169 21.836
9 202.925  152.541 228 32.235 202.925 169 171 36.013
10 194918 139.939 236 44.466 194.918 173 185 64.097
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Figure 7: Change in NDVI for the paddy field area

As can be seen from the graphs above, the NDVI index has increased for paddy field class, which
implies that the area occupied by rice plantations has increased over the period of time that has been
studied.

3.3 Palm forest
Table 6. NDVI statistical results for the palm forest area

2010 2017

Plot Mean Median  Mode STD Mean Median  Mode STD

1 181.539 186 0 43.677 137943 128 0 43.707
2 164.555 160 153 17.843 115845 114 115 12.567
3 193.602 192 175 22.98 147.609 148 133 21.536
4 185.979 189 0 40432 142759 142 128 36.225
5 190.873 192 185 24.356 140917 138 127 26.272
6 189.138 191 152 31.912  144.69 143 111 27.622
7 204.895 207 203 19.504 165.293 167 184 30.232
8 204.669 209 221 19.83 180.882 195 213 36.578
9 202.968 208 221 32.656 178.847 182 162 34.295
10 209.864 211 203 16.081 189.876 191 182 22.157



http://dx.doi.org/10.20944/preprints201902.0133.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 14 February 2019 d0i:10.20944/preprints201902.0133.v1

250.000 -+

PALM FOREST

200.000 -

150.000 -

NDVI

M Year 2010
100.000 -

M Year 2017

50.000 -

0.000 -
10

Figure 8: Change in NDVI for the palm forest area
As we can see in the tables and graphs, the palm forests also experienced changes, although to a lesser
extent than the mangrove forests. The vegetation index decreased on all plots during the period
studied.

3.4 Savannahs

Table 7. NDVI statistical results for the savannah area

2010 2017
Plot Mean Median Mode  STD Mean Median Mode STD
1 187.879 204 0 59.486 161.015 175 0 57.174
2 203.811 202 231 20.035 177.277 181 194 25.472
3 180.001 197 0 62.194 161988 178 0 58.424
4 201.589 202 197 21.731 185.887 190 210 24.736
5 202.719 207 203 31.075 184.125 187 185 31.965
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Figure 9: Change in NDVI for the savannah area

Of all the formations studied, the savannahs showed the least significant change. We can see that the
NDVI decreased slightly between 2010 and 2017.

3.4 Other areas
Table 8. NDVI statistical results for Other areas.

2010 2017
Plot Mean Med Mod STD Mean Med Mod STD
1 198.001 206 210 22.904 138.232 141 127 29.404
2 174.002 168 160 23.094 120.754 116 127 24.455
3 180.002 176 153 27.761 120.502 115 108 24.570
4 192.330 199 210 21.652 138.950 141 127 23.948
5  169.004 160 154 20.292 131.623 123 120 19.353
6 171.549 169 170 17.043 133.269 130 127 20.556
7  181.058 177 164 21.010 132.360 130 127 27.526
8  168.093 161 154 19.932 115.000 112 107 14.581
9  168.927 166 166 16.794 113.563 111 108 22.312
10 169.124 162 150 19.498 111.125 111 115 13.799
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Figure 10: Change in NDVI for others

The analysis of the areas called “Other” (occupied by villages and human settlements) leads to the
conclusion that it is these areas of the park the ones that have suffered the greatest degradation. This
degradation is related to the increase in population, which as on the rest of the African continent, is
much higher in the vicinity of rivers and along the coast than in inland areas (e.g., almost 80% of
Guinea-Bissau’s population resides in the coastal zone [17] This fact has a very relevant impact on
the degradation of the mangrove swamps due to land reclamation by the increasing population,

pointing precisely this fact as the principal cause of the disappearance of mangals in the area.
As a summary, table 9, is presented with the NDVI average for each of the classes studied

Table 9: NDVI Average for class

Class 2010 2017

Manglares 207,161 160,161
Palm forest 192,808 154,466
Paddy fields 140,962 192,159
Savannah 195,2 174,058
others 177,209 125,538
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Figure 11: Comparison between NDVI for different classes

As can be seen in the Figure 11, the class that has a lower NDVI index is what we have called others,
which includes the populations and human settlements collected within the park. A decrease in the
NDVI indices can be observed for all the classes studied except for the paddies. This means that in
general the areas covered with vegetation of the park have been suffering an important loss of

vegetation, which implies a degradation of the Natural Park.

4. Conclusions

— By using remote sensing techniques such as vegetation indices calculated based on ASTER
scenes and basemaps of Guinea-Bissau, it has been demonstrated that Cacheu River

Mangroves Natural Park is undergoing changes in land use and vegetation.

—  These changes in land use have had an effect on the degradation of the plant cover in one of
the most important protected areas of Guinea-Bissau, containing one of the most significant

mangrove formations in West Africa.

—  The analysis of the different areas studied between the years 2010 and 2017 indicates that
the biggest changes occurred in the mangrove swamps, specifically the areas closest to
population settlements. This gradual destruction of the mangals is directly related to the
change in land use in these areas, which shifted from mangrove forests to population
centers and paddy fields, that are later abandoned and become non-vegetated areas. This is

in addition to overexploitation of the wood-yielding mangrove species.

— The area of palm forests also decreased slightly, although less than the other areas studied.
The reason for the better maintenance of these areas is based on economic principles and
related to the production of cashew nuts associated with these palms, which constitutes one

of the main agricultural products for export.
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— The villages show the greatest degradation of all those studied. This is due to the increase
in population the country experienced during the years studied, which as in the majority of
African countries, is settled along river banks and the coast. These settlements have a
particular impact on the degradation of the mangrove swamps and their replacement by
paddy fields.

In view of the changes identified, it is clear that the natural park is not well managed. The following

measures are proposed to improve sustainability of the park:

— Drawing up a rational land use plan, respecting traditional uses and placing special

emphasis on the mangrove swamps.

— Reforestation of the most degraded mangrove swamps.

— Conducting education and awareness-raising campaigns to inform the population of the
importance of conserving these protected areas, especially the mangrove swamps, for their

future.

— Implementing a system for ongoing monitoring and control of the forest areas to ensure

their optimum growth and maintenance.
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