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AbstrAct

Forest plantation is reckoned to accounts for 7% of total global forest cover and has the potential to provide 75% of 
the global industrial round wood supply. The study analyzed forest resource use trend, mapped out areas of high 
biodiversity conservation,and made recommendations to promote and sustain large-scale plantation development 
against the background of anthropogenic pressure on vulnerable ecosystems and biodiversity management.

The methodology adopted for the study involved the application of geographic information system (GIS) and re-
mote sensing techniques, field survey and community interactions. Major findings of the assessment include substan-
tial land use/land cover conversion from one category to another within the past 20 years as a result of agricultural 
expansion, urbanisation, charcoal production and wood fuel harvesting; dense woodland and riverine forest experi-
enced decline for the 20-year period whilst agriculture open woodland/grassland and settlement were appreciated; 
floral diversity was high in the dense woodlands with low regeneration potential because of persistent annual wild-
fires; significant socio-economic and environmental impacts resulting in the conversion of woodlands and removal of 
riverine vegetation leading to drying out of streams; charcoal production and shifting cultivation leading to decrease 
in soil productivity and poor crop yields that promotes poverty amongst the inhabitants.
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IntroductIon

Forests in the tropics are railing under several econom-
ic, political and social pressures because these are being 
converted for agricultural and infrastructure develop-
ment and tropical timber production (Stephens et al. 
2016). Declining tropical forest area, resulting in a de-

creasing native timber stock, exacerbated by growing 
demand for timber products have made it necessary to 
invest in plantation forests, thus becoming a progres-
sively vital component of the world’s forested lands 
(FAO 2011; Barlow et al. 2018). Plantation forests con-
stitute only a minimal share of global forest area (Brown 
and Ball 2000; Lele 2017). Forest plantation is estimated 
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to accounts for 7% of total global forest cover, and has 
the prospect to provide 75% of the global industrial 
round wood supply, wood biomass production, soil and 
water conservation and wind protection; is key sources 
of fuel wood and non-timber forest products (Carnus et 
al. 2003; FAO 2010, 2015).

The world’s perception of tree plantations, to a cer-
tain extent, is vague. Even though planting few trees 
is commonly reckoned to be good for the environment, 
planting shed load of trees increases anxieties amongst 
naturalists and conservationists. These concerns are 
premised on plantations often being used to compensate 
for bad forestry practices. Irrespective of one’s view, 
plantations have a genuine place in the sustainable man-
agement of forests because of their importance to meet 
a wide spectrum of social, economic and environmental 
objectives (Paquette and Messier 2010).

In Ghana, the African Plantations for Sustainable 
Development (APSD), a privately owned plantation, 
has embarked on industrial tree/energy plantation de-
velopment, which is aimed at generating energy from 
biomass of Acacia and Eucalyptus species. This project 
has also the purpose of slowing down the advancement 
of the desert into transitional zone, biodiversity loss 
and soil carbon loss. In addition, it is intended to offer 
employment opportunities to the local communities in 
order to improve their living standards in this area that 
is bedevilled with poor infrastructural development, 
which includes but not limited to roads, schools, hospi-
tals and others.

Problem Statement

The conversion of natural woodland in the study area is 
very dramatic but has not been assessed and document-
ed. Unsustainable agricultural practices in the study 
area have led to the conversion of natural woodland into 
agricultural fields that have resulted in biodiversity loss 
and ecological landscape alteration. Moreover, vegeta-
ble cultivation in the dry season along the river banks 
has contributed to the loss of riparian vegetation endan-
gering the ecosystem. In addition, charcoal production 
in the area has significantly increased because of high 
charcoal demand by the urban population. It has led to 
loss of natural woodlands, which acts as carbon sinks, 
and the consequent emission of greenhouse gases into 
the atmosphere, which aggravates the effects of climate 
change on mankind.

Objectives

The study was undertaken to provide environmental and 
socio-economic information within a spatial framework
 – To develop land use and land use change maps for 

the area with emphasis on the analysis of land use 
trend for a period of 20 years.

 – To identify and mark major landscape, ecological 
sensitive area and areas of high value conservation 
forest as well as potential ecotourism sites.

 – To develop biodiversity hotspot/areas of high con-
servation value with their management regimen to 
preserve the biodiversity within the framework of 
scientific research and indigenous knowledge.

Methodology

Description of study area

The study area, Figure 1 and 2, is located within lati-
tudes 7°30’ N and 8°15’ N and longitudes 0° and 1° W. 
It falls within Atebubu-Amantin, Sene West and East 
District Assemblies (also a small area of Pru District). 
It falls within the Volta River Basin and covers about 
424,000 ha (424 km2). According to the 2010 Population 
and Housing Census report, it has the lowest popula-
tion growth of about 2.3% with a vast expanse of arable 
lands and inadequate infrastructural development (GSS 
2010). The area falls between the wet semi-equatorial 
and tropical continental climatic regions of Ghana. The 
vegetation is predominantly Guinea Savanna Wood-
land; however, there is remnant natural forest (dry semi-
deciduous fire zone type) that is prone to wildfires.

Materials and data

Materials

 – Handheld GPS (GARMIN62C)
 – Digital camera
 – Satellite Images (five ALOS scenes in 2010, three 

Landsat scenes in1990)
 – Aerial photo2010 
 – Maps (Topographic maps of 1976, Contours 1976 

survey, Roads in 2010)

Software

Software such as ERDAS Imagine 2010, ArcGISv.2010, 
Google Earth and MS Excel were used in this study.
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Data Processing

Desktop review of data was carried out to assemble all 
available data on the project area. The various maps of 
the study area, aerial photographs and satellite images 
were studied and converted to GIS format for integration 
with other relevant data. The outline of the study area is 

shown in grey in Figure 2. This map was obtained from 
APSD in an image format and was geo-referenced to its 
exact position on the ground with respect to the national 
grid (Ghana). The boundary of the study area was digit-
ised to extract the study area into GIS vector file format. 
This was then used as the area of interest to subset satel-
lite images for the 2 time series (epochs). Figure 2 shows 
the extracted satellite image of study area.

The flow chart in Figure 3 illustrates the steps adopt-
ed in achieving the objectives and outputs of the study. It 
has been structured into four main steps: field data col-
lection, image processing, change analysis and geo-pro-
cessing analysis in GIS environment. The detailed steps 
are elaborated in the various subsections, thereafter.

Land use description

 – Dense woodland: This is a natural forest with more 
than 100 stems/ha. The trees have short stems and 
profuse branching with a diameter varying from 10 

Figure 1. Study area also indicating the APSD concessions

Figure 2. Image of study area (source APSD)
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to 50 cm. They occur in patches and show evidence 
of burning.

 –  Open woodland: It consists of short, scattered trees 
in degraded areas that are interspersed with grass 
undergrowth and bark of the trees show fire scars.

 –  Riverine forest: This is a natural forest with closed 
canopy mostly occurring in strips along rivers and 
streams and some wetlands.

 –  Cropland: It consists of fallow areas and grass/crop 
mosaic mainly annual crops such as maize, cassava, 
yam and vegetables.

 – Settlement and bare surface: It consists of areas that 
have been populated with permanent residents or 
covered with scanty grass and exposed rocks and 
bare lands.

 – Water: It consists of stagnant water, lakes and rivers.

Development of landuse map

Image pre-processing

From the flow chart in Figure 3, five ALOS scenes 
for 2010 epoch and three Landsat scenes covering the 
study area were pre-processed (geo-referenced and re-

projected) to the national grid. For the various epochs 
(1990 and 2010), the individual scenes were clipped us-
ing the study area boundary to get the image of the two 
epochs.

Normalized Difference Vegetation Index (NDVI), 
which involves the use of band 3 and band 4, was ex-
tracted from the various clipped image expressed in 
Equation 1:

 =
−
+

Band Band
Band Band

NDVI  4 3
4 3

 1

This ratio is used to differentiate vegetation from 
non-vegetation as well as grasses from trees. The NDVI 
image combined with field data and aerial photographs 
increased the accuracy of the classification significantly.

Field data collection

The study area was subdivided into grids and numbered 
serially for easy sampling and identification of sample 
areas. The road network of the study area was digitised 
from aerial photographs and overlaid on the sampling 
frame. The training sites were randomly selected using 
the aerial photographs as the training classes, and in ad-

dition, the NDVI generated was also helpful in the 
site selection because it differentiates vegetated 
and non-vegetated areas. During the fieldwork, 
10–25 training classes per land cover/land use 
type were collected depending on the variability 
in the locality and ecological sensitivity.

Image classification

The field data were imported in Microsoft Excel 
and then divided into two sets: 100 classes were 
used as the training data and 100 as validation data. 
For 2010 epoch, the training data combined with 
the NDVI image and fore-knowledge about the 
area as shown in the flow chart were used to run su-
pervised classification using maximum likelihood 
classifier. The individual classified scenes for the 
various parts were later mosaic to obtain the 2010 
land use map. A 3 × 3 majority filter was applied 
to the resultant mosaicked file to remove the ‘salt-
and-pepper’ effect associated with image classi-
fication. The resultant image was passed through 
clump and eliminate tools in ERDAS Imagine to 
remove and use fragments less than 0.4 of a hec-
tare. The 2010 classified map was field validated Figure 3. Flow chart of methods
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and combined with the aerial photographs to classify the 
1990 Landsat scenes. According to Tims (2009), ortho-
photos have proved to be useful when acting as reference 
for the developing land use and base map.

Same steps elaborated for classifying the 2010 ep-
och were adopted to obtain the 1990 mosaicked land use 
map. In all, six land use classes were adopted for the 
study area in conformity with Intergovernmental Panel 
on Climate Change (IPCC) criteria for land use and 
land use change and forestry (LULUCF) definitions. 

Accuracy assessment of the classification

Li et al. (2018) posit that accurate classifications are vi-
tal to guarantee precise change-detection results. The 
validation data of 100 points were used to assess the 
accuracy of the 2010 land use map by using Error/Con-
fusion matrix. It yielded 89% overall accuracy, which 
is within the threshold of not less than 75% accuracy 
according to the literature for assessing image classifi-

cation in the tropics. The accuracy of the 1990 land use 
map could not be assessed because of non-availability 
of field data but was based on the 2009 aerial photo-
graphs and 2010 land use map.

Land use and land use change analysis

The land use and land cover change analysis were per-
formed to know changes in terms of spatial extent, 
trend and trajectory of the various land use classes 
within the time frame. This was made possible by the 
use of post-classification change detection algorithm in 
ERDAS. Using union matrix tool in ERDAS Imagine, 
the 1990 and 2010 land use maps were used as input 
data sets to generate land use change (LUC) map and 
a report of change matrix generated for the 20-year pe-
riod. The 1990–2010 change matrix generated showed 
the amount of change in terms of area in hectares and 
percentage as well as land use conversion and change 
trajectory for the period.

Figure 4. Land Use Map
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Table 1. Area Coverage of the Various Land Uses

Land use
1990 2010

area 
(ha) area (%) area 

(ha) area (%)

Settlement/Bare 
Surface 642 0.2 5,462 1.3

Dense Woodland 192,582   45.4 111,339   26.3
Open Woodland 170,577   40.2 229,280   54.0
Riverine Forest   22,753     5.4     7,746     1.8
Cropland   10,869     2.6   36,551     8.6
Water   27,044     6.2   34,089     8.0
Totals 424,467 100.0 424,467 100.0

results

Land use map2010

The land use map for 2010 epoch (Fig. 4) shows six 
main land use categories: dense woodland, open wood-
land, riverine forest, cropland, settlement and bare sur-
face and water

Open woodland

The predominant class is open woodland and is little 
more than half of the total land area and is shown in 
light green in the map with even distribution in the 
study area.

Dense woodland

This is followed by dense woodland. It is found in 
patches across the study area. The dense woodland 
occur more in areas where there are fewer human set-
tlements than in areas where there is higher concentra-
tion of settlement such as along the main roads. The 
basal area of woody species ranges from 5 to at least 
20 m2 ha–1, and this is very high in comparison to the 
open woodland, which has lower basal area of from 
0.25 to 10 m2 ha–1. The stem diameter varies from 5 
to 25 cm. However, there are few isolated big trees 
with diameter reaching 50 cm with large crowns and 
profuse branching. The undergrowth is mainly bush, 
brash and shrubs.

Riverine/Riparian/Gallery forest

The next vegetation class is the riverine/riparian/gallery 
forest that covers less than 2%. It is the plant habitats 
and communities along the river margins and banks, 
which is the interface between the land and rivers/
streams. It occurs in strips and meanders along rivers 
or stream course.

Cropland

This land use class covers (8.6%) of the total area, main-
ly annual crops such as maize, yam, vegetables, guinea 
corn and cassava. The yam and cassava farms occur 
within the open woodlands, and the cereals occur in the 
grasslands. The crop lands is mosaic of grassland and 
fallow areas. They occur around settlements and roads, 
an indication of human influence. There are, however, 
few farms occuring deep inside the study area. Fresh-
ly prepared croplands and fallow areas that have been 

burnt appear as bare surfaces. Charcoal burning occur 
in some areas of this land use.

Settlement and bare surface

This land use class covers 5,462 ha, thus 1.3% of the 
land surface of the study area, and is a reflection of the 
sparsely populated nature of the area. The built-up areas 
are made up of peri-urban, small towns, hamlets and 
farm settlements of 2–5 households. Rock outcrops, 
road surfaces, gravel pits and other surfaces without 
vegetation are also included in this class.

Water

This land use class has a spatial extent of 34,089 ha 
(8.0%) of the study area, which comprises mostly the 
Volta Lake, rivers, river tributaries, dams and pools of 
water collected during the raining season.

Landuse change

The LUC in terms of area and percentage change is 
shown in Table 1. The table reveals that open woodland 
(disturbed, degraded areas) constitutes the most exten-
sive land use category. It was expanded by 58,703 ha, 
34.4% of its original size in 1990 and 14% of the total 
study area in 2010. Settlement and bare land expanded 
by 4,820 ha, thus 751% of its original areas in 1990 and 
1% of the total land area in 2010, a reflection of the low 
population density in the area. Dense woodland lost 
81,243 ha, which is 42% of its area in 1990 and 19% of 
the total land area of study area in 2010. Cropland ex-
panded by 25,682 ha, which is 236% of its original area 
in 1990 and 6% of the total study area in 2010. Riparian 
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vegetation was lost significantly by 15,007 ha, which is 
66.0% of its original area in 1990 and 4% of the total 
land area of the study area.

The spatial extent of water increased by 7,045 ha, 
which represents 26% of its area in 1990 and 1.7% of the 
total study area, within the study period. The change 
in extent is attributed to seasonal flooding but not the 
number of water bodies in the area. Flood poses a seri-
ous environmental threat in the area that has to be care-
fully considered by the management of APSD.

Land use conversion

The change map, Figure 5, generated from the two the-
matic maps with the various land use conversions as in-
dicated in the map. It can be observed visually that con-
version to open woodland was dominant. Table 2 shows 
the LUC matrix and the area calculation of the land use 
conversion taking place in the study area for 1990–2010 
epochs (20 years). This gives quantitative figures of the 
transfer/conversion of land use from one form to an-
other. In Figure 5, the areas shown in grey are ash re-

mained unchanged for the period; these areas have been 
highlighted in yellow in Table 3. The cells highlighted in 
green gives the totals of the land uses for the two time 
epochs, that is, 1990 and 2010. The last column indicates 
the net change, the negative sign represents the loss and 

Table 2. Area Change

Land use

1990 2010
Area 

change 
(ha)

% change

area 
(ha)

area 
(ha)

pe
r l

an
d 

co
ve

r t
yp

e
pe

r l
an

d-
sc

ap
e

Settlement/bare 
surface 642 5,462 4,820 751 1

Dense woodland 192,582 111,339 –81,243 –42 –19
Open woodland 170,577 229,280   58,703   34   14
Riverine forest   22,753     7,746 –15,007 –66   –4
Cropland   10,869   36,551   25,682 236     6
Water   27,044   34,089     7,045   26     2
Totals 424,467 424,467

Figure 5. Land Use Change Map
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the positive sign represents the gain. Overall, 43% of the 
study area within the 20-year period was preserved or 
did not change, whereas 57% of the area experiences 
conversion from one land use to another. If the business-
as-usual scenario persists, then in next 20 years, all the 
natural landscape would have been lost.

dIscussIon

Land use

Land use maps are accepted worldwide as the basis 
for efficient and prudent utilisation of land (Li and Liu 
2017; Xie 2017). It is even more relevant where the in-
habitants depend on the natural resources for their live-
lihoods (Blaikie and Brookfield 2015).

Open woodland

The open woodland is the transformation of the dense 
woodland as a result of charcoal production, farming ac-
tivities, extensive and intensive timber harvesting, over 
grazing and annual bushfires (Agyemang and Abdul-
Korah 2014; Onak 2015). It forms a transition between 
the dense woodlands and agriculture and grassland, and 

this makes it a critical ecological transitional zone that 
extensively covers and forms more than 60% of the land 
surface of the study area. This area has a potential of 
transforming the entire landscape from open woodland 
to grassland if not properly managed. High population 
has led to high demand for wood and wood products, 
expansion of agricultural lands using shifting cultiva-
tion and fast urbanisation as a result of creating new 
districts leading to expansion in infrastructure. The 
expansion of the open woodland is attributed to these 
social and economic changes that are currently occur-
ring (Koranteng et al. 2017). Yanda and Mubaya (2011) 
reaffirmed that a loss in productivity of land will ad-
versely affect the livelihood of the fringe local populace 
who rely on natural resources for a subsistence lifestyle.

Dense woodland

This is naturally occurring vegetation cover that ex-
ists in patches within the study area. According to the 
recent carbon assessment studies (Unpublished Gha-
na Forest Preservation Programme 2012), the dense 
woodland holds an estimated 50–80% of carbon stock 
in the area and has diverse plant and animal species 
that contributes to more than 70% of the biodiversity 

Table 3. Land Use Conversions
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resources. This finding is supported by a research by 
Malmer (2007) on general ecological features of Mi-
ombo woodlands and considerations for utilisation and 
management in Malawi. The area is generally very flat 
and abounds in surface water as a result of the numer-
ous rivers, streams and the Volta Lake draining the 
area, which often makes it prone to flooding. The dense 
woodland serves as receptacle for holding the excess 
water and preventing flooding. The destruction of the 
dense woodland will obviously have serious environ-
mental impacts on the carbon pools and leads to con-
version of biomass into greenhouse gases. This often 
results in social consequences such as loss of hunting 
grounds and soil fertility, which lead to decline in the 
productivity of the land and invariably affects the food 
production.

Again, deforestation as a result of indiscriminate 
and illegal timber harvesting in recent times have con-
tributed significantly to the destruction and fragmenta-
tion of the dense woodland, which has led to the loss of 
habitat and breeding grounds and isolation of native and 
indigenous species. There are reported cases of sacred 
areas such as grooves and burial ground that are be-
ing destroyed by timber merchants and this affects the 
cultural and religious beliefs of the people. The study 
revealed that more than 70% of the population within 
the study area still depend on herbal medicine for their 
health needs, and the dense woodland has majority of 
its composition being a medicinal plants for the people 
as well as providing habitat for the few fauna within 
the area.

Charcoal production is intensive and extensive in 
the study area and has contributed to the degradation of 
the dense woodland. Wood fuel account for more than 
60% of the total energy used in Ghana and is the tra-
ditional energy source with the bulk of the country’s 
primary energy source coming from wood biomass 
with an estimated annual consumption of 14–16 mil-
lion tonnes (GSS 2013). The transitional and savan-
nah woodlands are reported to be the major sources of 
wood fuel and mostly preferred by most Ghanaian. This 
makes the area very vulnerable to the effects of char-
coal production. Wood harvesting for charcoal produc-
tion has depleted and fragmented the dense woodland, 
changing its original state and diversity and contribut-
ing significantly to greenhouse gas emissions that affect 
global warming and climate change.

For the 20-year period, the woodland was reduced 
by 19% of the total land area and 73% of its original size 
in 1990, which means that in the next 20 years, if the 
‘business-as-usual’ scenario persists, the dense wood-
land would have been lost significantly and the resultant 
effect will affect the biodiversity resources, render the 
area prone to flooding and decrease food production and 
economic activities of the people. This will negatively 
impact the carbon stocks and supply of wood and wood 
resources to the rural communities. Furthermore, frag-
mentation of the dense woodland will lead to habitat 
fragmentation, which often results in isolation of spe-
cies and loss of breeding ground for species, which will 
adversely affects biodiversity. The results shows that 
the dense woodland in the study area has become eco-
logically threatened and need some level of protection 
to ensure that the remnants are sustainability managed 
for future generations.

Riparian vegetation

Riparian zones, which are natural vegetation occur-
ring along streams, rivers and some wetlands, are 
getting depleted fastly. Within the 20-year period, 
this category lost 66% of its original size in 1990 and 
4% of the total land surface of the study area. This 
means that substantial area of the riparian vegetation 
in the study area has completely lost its vegetation. As 
revealed by this study, more than 90% of the people 
depend on surface and underground water for sur-
vival. The underground water is being recharged by 
the numerous streams and rivers that drain the area. 
The streams and rivers are protected by the riparian 
vegetation. Vegetable cultivation around these water 
bodies is very common in the dry season, and farmers 
apply fertilisers and other agro-chemicals that may be 
washed into the streams and pollute the water bodies. 
Research has shown that riparian zones are instru-
mental in water quality improvement for both surface 
runoff and water flowing into streams through subsur-
face or groundwater flow. These zones are important 
as they act as natural biofilters for this underground 
and surface water. Furthermore, riparian vegetation 
protects aquatic environments, supply shelter and food 
for many aquatic animals and also provides shade that 
protects and regulates the stream temperature.

Some of the riparian areas have specific cultural 
significance such as the crocodile ponds in Kyeamek-
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rom and Menko. The study area shares boundaries with 
the Digya National Park (Southeast of the area, across 
the Volta Lake, approximately 2 km), which has diverse 
wildlife resources. The riparian zones in the Southern 
part of the area provide corridors that enable fauna from 
the National Park to move to the project area. The ri-
parian vegetation provides forage for wildlife and live-
stock, which was observed in large numbers within the 
study area. This zone is the most threatened vegetation 
zone and must be given serious attention.

Cropland

The study has confirmed that agriculture is the main 
stay of the people in the study area and crops grown 
are mainly annual such as yam, maize, rice, cassava, 
groundnut, beans and vegetables. The average farm 
size is about 2 ha and most farmers still rely on hoe and 
cutlass for tilling the land. Traditionally, tree and cash 
crops such as cocoa, citrus and oil palm are not grown, 
although there are few patches of teak, mango and cash-
ew plantation found in the area. The results show that 
cropland expanded by 70% of its size during the 20-year 
period and 6% of the total landscape. This fact is sup-
ported by the 2010 Population and Housing Census of 
Ghana. From 1990 to 2010, the population of the area 
especially Atebubu and Kwame Danso has more than 
doubled. This invariably accounted for the dramatic in-
crease in the open woodlands where the farms are locat-
ed and corresponding decrease in the dense woodland 
that is being converted to farms.

It is important to state that there is high popula-
tion of migrant farmers who are granted user rights to 
communal lands within some tenure arrangements with 
landowners. Owing to slash and burn farming practice, 
wildfires are rampant in these areas and this has contrib-
uted significantly to transforming the vegetation cover 
of the area. The slash and burn method of farming and 
its resultant bushfires pose a serious threat to plantation 
development. A concise Wildfire Management Plan is 
required to manage the bushfires in the area.

Settlement and bare surface

The study areas fall within the Afram plains enclave of 
the Brong Ahafo Region, which has the lowest popula-
tion density in Ghana, and the land use map character-
istically confirms the settlement pattern. It is interest-
ing to note that the towns are, however, expanding at 

an alarming rate as shown in the LUC map. From the 
result presented in Table 2, settlement, which includes 
road surfaces, gravel pits and human habitation, was 
expanded by 751% of its original size in 1990 and 1% 
of the total land surface in the study area. This shows 
that human settlement is expanding very fast because 
of urbanisation, but the expansion is not commensurate 
with the vast expanse of land so the area still remains 
sparsely populated.

The settlements are generally hamlets, small com-
munities and towns that constitute 70% of the class and 
few urban settlements. Aside human settlements, the re-
sults of the study has revealed the existence of patches 
of bare surface because of sand winning activities for 
road construction, which forms the other component 
of these land use. Most of the houses are constructed 
with mud and mud bricks that are poorly built with 
weak foundation and poor drainage system. In the hin-
terlands, the houses can best be described as farm huts 
roofed with thatch, and the communities lack electric-
ity, schools and health facilities. Also the road network 
is terribly bad, and some of the areas remain flooded 
in the rainy season. The bad state of road networks has 
serious implication on tree plantation development and 
any other commercial activities. However, the low pop-
ulation and limited settlement makes the area suitable 
for commercial plantation.

Water

From the results, the source of water includes the Volta 
Lake, perennial rivers, streams and ponds. This class 
remains generally stable but varies seasonally. The area 
is generally flat with iron pans in the northern parts bor-
dering the Volta Lake. The underlying rocks are imper-
vious to water; therefore, rain water tends to remain on 
the surface resulting in intermittent flooding. Pools of 
water are collected in the low lying areas in the rainy 
season and dries up in the dry season.

Land use conversions

Land use change matrix provides a comprehensive data 
set in terms of the overall landscape, the types and ex-
tent of changes and the change trajectory, which have 
occurred (Hermosilla et al. 2015; Prestele et al. 2017). 
From Table 3, about 183,236.04 ha (43%) of the total 
study area experienced no change as shown diagonally 
and highlighted yellow in the change matrix.
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A total of 24, 0859.32 ha (57%) of the landscape ex-
perienced various forms of conversions. A net gain of 
24.3% equivalent to 58,422.62 ha was converted to open 
woodland. From Table 3, it reveals that dense woodland 
and riverine contributed the most to this gain. Dense 
woodland and riverine forest contributed 50% and 5%, 
respectively, to the gain in open forest. These conver-
sions have far reaching consequences for biodiversity, 
carbon emission and loss of carbon sinks, which nega-
tively impacts the climate. Settlement and bare sure sur-
face gained 4,819.56 ha (2%) from open woodland and 
cropland. Settlement and bare areas gained 4,819.56 ha 
from dense woodland and open woodland. This is in-
ferred from the results because of the dramatic increase 
in population and urbanisation, which often leads to the 
destruction of natural resources for infrastructural de-
velopment.

It is observed that cropland gained (10.7%) predom-
inantly from open and dense woodlands. Furthermore, 
conversion of the woodlands to cropland will drastically 
change natural internal nutrient cycling and nutrient 
loss will exceed nutrient gain, consequently affecting 
the productivity of the land. This is so because farm-
ing is the predominant occupation of the people over 
the period, and the dramatic increase in population has 
resulted in high demand for food and, consequently, the 
expansion of farms.

Water increased by 3%, and this increase is attrib-
uted to the existence of numerous rivers and the Volta 
lake that drains the area and gets flooded as a result of 
clearing the vegetation along the water bodies. Heavy 
siltation of the rivers has resulted in some of the river 
beds exposed during the dry season and very conducive 
for vegetable farming because of the high soil fertility 
and moisture in the dry season.

conclusIon

The study has revealed that within the past 20 years, 
about 56.79% of land use was converted from one form 
to another, whereas 43.21% remains unchanged, and 
this means that more of the area is converted than pre-
served, and, consequently, in the next 20–40 years, if 
the business-as-usual scenario remains, then the area 
will lose all its natural landscape. It has been revealed 
that within the 20-year period, dense woodland and 

riverine forest had net loss of 33.7% and 6.2%, respec-
tively, whereas settlement, open woodland, cropland 
and water had a net gain of 2%, 24.3%, 10.7% and 3%, 
respectively.

The riverine areas are highly degraded and the 
study did not find any stretch of continuous vegetation 
along the rivers that met the World Wide Fund for Na-
ture (WWF) and Forest Stewardship Council (FSC) 
standards. The dense natural vegetation occurs in small 
patches and fall within private lands that might be dif-
ficult to conserve. In addition, the extent was quite small 
and very prone to wood fuel harvesting. The island com-
munities are far away from the concession, and the study 
did not find anything unique within these communities.

The two crocodile habitats at Menkor and Kyeame-
krom are areas worth conserving and developing into 
ecotourism sites. These habitats are also located far 
from the concession, and the District Assemblies, tradi-
tional authorities and communities should play the lead 
role in conserving these areas; however, APSD could 
support the assemblies.

The traditional bush-fallow system of cultivation 
that involves the slashing and burning of forests and 
grasslands has led to an increased loss of wildlife and 
wildlife habitats. Much of the newly cropped land is un-
suitable for agriculture and degrades quickly, thereby 
forcing the farmer to convert even more land to agri-
culture.

Against the background of the findings and conclu-
sions, the following recommendations are being made 
for consideration by APSD:
1. Indigenous species and remnants natural woodland 

should be retained within the plantation, these are 
found to have important value as habitat for a wide 
range of species such as birds, mammals, reptiles 
and other taxa. Moreover, a landscape mosaic 
consists of stands of plantation trees and remnant 
patches of native vegetation will support signifi-
cantly higher levels of native taxa than plantation 
landscapes that are monocultures.

2. Native vegetation along gully lines should be pro-
tected because these areas can be valuable dispersal 
routes for some species (e.g. small terrestrial native 
mammals). These areas are also often quarantined 
from plantation establishment for quality reasons 
and might be useful places to target for native veg-
etation restoration efforts.
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