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Abstract - Effective management of biodiversity resources
in nature reserves requires accurate and up-to-date
information to determine the type of land cover and land
useover time. Thisstudy employed Landsat TM and ETM +
datatodevelop adatabasefor Digya National Park in Ghana
which will assist in the management and formulation of
policies and offer decision-making tasks related to park
management. The study revealed that the most significant
cause of deforestation in Digya National Park is the
expanding L ake Volta, which accounted for two-thirds of
all deforestation factors. Other factors included human
settlement and the extension of illegal farming activities.
Thepaper concludesby outlining policy recommendations
such astheneed for the Wildlife Department to coordinate
itsprotection effortswith Departments of the Gover nment
of Ghanawhich haveauthority over theVolta Dam and also
to involve the community in the decision making process

both at thelocal and national level.
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1. INTRODUCTION

The loss of biodiversity has attracted the global attention for
more than a decade. After the 1972 Stockholm conference on
the Human Environment, the international community
responded with the appointment of the Brundtland
Commission, whose report in 1987 sparked heightened and
increasing concerns (Grose, 1993). As human impact on the
environment has intensified, more attention was directed at
finding ways to preserve the existing biodiversity. One of the
major obstacles to biodiversity monitoring in many places of
the world is the lack of appropriate information and data.
Effective management of biodiversity resources requires
accurate and up-to-dateinformation, especially time seriesdata,
to guide park managers in making appropriate decision. Much
has been written about the need for information in areas needing
protection. Along the southern coasts of South Africa there
was an urgent need for information about land use and species
habitats to prevent erosion of biodiversity (Raal and Burns,
1996). Salem (2003) recently reported that one of the major

obstaclesto biodiversity monitoring in many places of theworld
but especially in Egypt isthe lack of GIS software capable of
representing the distribution of species up to and including 3-
D hologram images, so as to make getting a picture of the
problem easy and sufficiently rapid for appropriate policy
development. In discussing the problem of marine biodiversity
resource management, Stanbury and Starr (1999) suggested that
the development of an interdisplinary GIS for the Monterey
Bay National Marine Sanctuary would be sufficient to deal with
the protection problem. Taulman and Smith (2002) showed how
to deal with bird habitats across mainland United States. Similar
analyses are found in Zhang and Beavis (1999) for the Namoi
basininAustralia.

DigyaNational park in Ghana, whichisthe focus of this study,
lacks the necessary information database on land use and land
cover. In the absence of such basic information on the current
and historical land use and land cover in and around the Digya
National Park, it would be difficult to determine future
improvement interventions. and also deterioration in the
integrity of the park. This suggests the need to provide an up-
to-date database about land use and land cover at Digya
National Park and its environs. The purpose of this paper isto
add to any existing information database on forest resources
using remotely sensed data, Geographic Information System
(GIS) technology and global positioning systems (GPS)
technologies.

2. MATERIAL AND METHODS

SudyArea

TheDigyaNationa Park Reserveissituated 300 kminland from
Accra, the capital of Ghana in the Brong Ahafo region. It is
bounded to the east, north and south by the Voltalake (Figure
1). Itsgeographical coordinates are 7 degrees 05 minutes north
latitude and O degrees 45 minutes west longitude. The park
occupies an area of 347,830 hectares (WCMC, 1992, 1997,
Figurel).

As Ghana's second largest national park, it was established in
1909 during the colonial period with a relatively small game
reserve of about 65,000 ha. After Ghanaachieved independence



its size was increased for partial restriction of expansion of
Lake Voltadue to the building of the Akosombo Dam, and led
to legislation in 1971 creating Digya National Park (Wildlife
Department, 1995; Nurah and Bakang, 2003; Twumasi, 2004).

Some 16 villages belonging to 9 chiefdomswere located within
the new boundaries of the Park. As a result of the 1971
legislation, as well as the expansion of the Lake due to the
need for more electrical power, people have been in motion
acrossand outside Digyafor two generations. Thereisasingle
rainfall season in the savanna zone, which extends from June
to September with the heaviest rainfall in July. Thisisfollowed
by a long dry season from October to May (Bates 1962;
Brammer 1962; Benneh, 1990).

Digya is made up predominantly of Guinea Savannah
woodland and gallery forest along the major rivers. Recent work
by the World Conservation Monitoring Center has reported
sightings and distributions of various speciesin DigyaNational
Park. At least six primateswere identified.and prominent among
the primates are the patas monkey, the vervet monkey and
hippopotamus. Prominent carnivores are the Cusimanse, and
a range of mongoose. The report also mentions artiodactyls
(quadruped) hoofed and cud-chewing mammals, the most
prominent of which are various subspecies of the duiker and
in much less frequency are found the antelope, bushbuck, and
hog (WCMC, 1997).
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Figure 1: The Study Area

Data Acquisition and Processing

Landsat TM and ETM+ datafor June 27, 1985, May 14, 1991
and June 18, 2000 was obtained from the US Geol ogical Survey
Department. The images were imported into ERDAS
IMAGINE image processing software using the NLAPS
importing format. After importing the data, all theimageswere
radiometrically corrected and pre-processed to remove clouds
and scan lines. The three images were geo-referenced and co-
registered to the Universal Traverse Mercator (UTM)

coordinates. Theimageswere later subset from afloating scene
to emphasize the Digya area, and displayed as a false color
composite with aband combination of red as band 4, green as
band 3, and blue as band 1. We also performed different
enhancement techniques using filters to highlight common
featuresin theimage.

Categorization of the images by means of a supervised
classification method was al so performed. To accomplish this,
different signatures were generated to determine the classesto
which each pixel belongs. Once the signatures had been created,
contingency and separability matrices and other techniques
were used to check whether a particular signature shows the
representation of the pixel in the classified image. To test the
accuracy of the classification, we employed thresholding,
classification overlay and accuracy Assessment. The supervised
classification was compared with ground-truth information and
the classification accuracy was evaluated to figures in excess
of 75%. The location of villages in and outside the Park was
determined by using aglobal positioning satellite (GPS) system.

3. RESULTSAND DISCUSSION

Figures 2, 3, and 4, and Tables 1 and 2 show the output of the
supervised classification results of the Landsat Thematic
Mapper and Enhanced Thematic Mapper Plus images of the
Digya National Park and its environs for the years covering
1985, 1991, and 2000. An accuracy report was al so performed
onall of theimages. The overall classification accuracy reported
is 75.8 %, 81.8%, and 80%, respectively for 1985, 1991, and
2000. The presence of clouds in the 1985 and 2000 images
obscured part of theland cover, thusreducing the classification
accuracy. Misclassification of some pixelsoccurred in some of
the classes. Some of the cropland areasin the 1985 image were
confused with grassland and thus produced avery low accuracy
percentage. This confusion can be attributed to seasonal
variationsand similar spectral intensities between thetwo land
USEs.
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Figure 2: Classified 1985 Landsat TM Image of
Digyaand itsenvirons.
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Figure3: Classified 1991 Landsat TM Image of
Digyaand itsenvirons.

Figure4: Classified 1991 Landsat TM Image of
Digyaand itsenvirons.

Table 1. Supervised classification resalts forthe areas outside Dipya.

Classes AREL (20 Eilometers)
1585 1591 2000

W ater 1,567 .40 18571 2,135
Zettlemert 0. am #5000
Mangrawe a00.53 52000 100,
Cropland 1,110.00 2,280,725 354779
Closed Forest 3670 173000 45000
Mixed Forest 0000 200,00 110,00
(Zrassland 35000 &00 .00 1,005.00
Clouds 500 2500 3544
Tnclassified 1m.m 300.00 4004
Total 21275 791273 751273

Table 2. Sapervised classification resalt for avea covering Dizva National Park.

Classes AREL (30 Eilometers)
1285 1221 2000

Water 1,200.44 159293 123816
Jettlemert 120 15 2200
Manzrowe 1. 1507 21986
Cropland 12572 1250 250000
Closed Forest 1,500.00 1,198 45 =200.00
Mixed Forest 00,00 T00.00 s00.00
Cloads ARE Jam 3544
Tnelassified 0.0 0.o0 15300
Total 3,900 18 3502 148 359018




The classification resultsreveal ed that the most significant cause
of deforestation in Digya National Park is the advancing size
of Lake Volta, which accounted for 65% of all deforesting
factorsincluding human settlements and the extension of illegal
farming. This proportion risesto 82%, if mangrove growth is
included as a direct by-product of Lake expansion. In other
words, most of the problem at Digya s due to decisions made
by private industry and the Government of Ghana relating to
the spill rate at Akosombo.

4. CONCLUSION

The general result of this study isthat, while habitat control is
unlikely to be successful so long asthe Akosombo Dam policy
isoutside the decision-making loop, impacts may be mitigated
by the provision and maintenance of a database covering a
number of parameterswhich arewithin the Wildlife Department
control. Thissuggeststhe need for the Wildlife Department to
coordinate its protection efforts with other Departments of the
Government of Ghana which have authority over electricity
production, now that legal control over the Dam has been ceded
back to the Government of Ghana by the Kaiser Aluminium
Company, based in the United States (Ghanaweb, 2003; Manu,
2004). Thereis also the need to involve the community in the
decision making process both at the local and national level.
By so doing, the community would have input in the day-to-
day management of the Park.

5. ACKNOWLEDGEMENT

The authors greatly acknowledge the Center for Hydrology,
Soil Climatol ogy, and Remote Sensing (HSCaRS) support staff
Contributed by the HSCaRS Research Center; the Plant and
Soil Sciences Department, and the Agricultural Experiment
Station, AlabamaA& M University, Normal, AL 35762, Journal
No0.571. This paper was supportedin part by Grant No. NAG5-
10721 from the National Aeronauticsand Space Administration
(NASA), Washington, DC. Any use of trade, product, or firm
names is for descriptive purpose only and does not imply
endorsement by the U.S. Government. We also thank Mr.
Moses Kofi Sam, Mr. Bernard Asamoah-Boateng and Mr.
Mumuni Braimah all of the GhanaWildlife Department.

6. BIBLIOGRAPHY

Bates, D.A. 1962. Geology. In J. Brian Wills (ed.) Agriculture
and Land Usein Ghana, 51 - 61; Accra: Oxford Uni-
versity Press.

Benneh, G. and K. B. Dickson. 1990. A new geography of
Ghana. London: Longman.

Brammer, H. 1962. Soils. InJ. Brian Wills (ed.) Agricultureand
Land Usein Ghana, 88-126; Accra: Oxford Univer-
sity Press.

Ghanaweb. 2003. Government to take over VAL CO. Assesed
December 23, 2003,
http://Amww.ghanaweb.com/GhanaHomePage/
NewsArchive/artikel .php? D=48678

Grose, K. 1993. IUCN Publications, 1948-1992: A Catal ogue of
Publications Produced by IUCN in Collaboration
with other Organizations, (1st ed.) Gland, Switzer
land: TUCN.

Manu, C.A. 2004. Ghana-Owned VAL CO and The Integrated
Aluminium Industry.Ghanaweb: Assessed January 5,
2004.
http://mww.ghanaweb.com/GhanaHomePage/
NewsArchive/artikel .php? D=49248.

Nurah, G K. and J. A. Bakang. 2003. Encroachment in the Digya
National Park (Causesand Remedies). Wildlife Divi-
sion of the Forestry Commission, Department of Ag-
riculture Economics and Farm Management, Kwame
and Nkrumah University of Science and Technology,
Kumasi.

Raal, P A. and M. E. R. Burns. 1996. Mapping and conserva-
tion importance rating of the South African coastal
vegetation as an aid to development planning. Land
scape and Urban Planning 34: 389-400.

Salem, B. B. 2001. Application of GISto biodiversity monitor-
ing. Journal of Arid Environment 54: 91-114.

Stanbury, K. B. and R. M. Starr. 1999. Applications of Geo-
graphic Information Systems (GIS) to habitat assess-
ment and marine resource management.Oceanol ogica
Acta 22/6: 699-703.

Taulman, J. F. and K. G. Smith. 2002. Habitat mapping for bird
conservation in North America. Bird Conservation
International 12: 281-309.

Twumasi, Y. A. 2004. Development of a Protected AreaMan-
agement Sceeme Using Geographic Information Sys-
tem and Maulti-Temporal Satellite Imagery: The Case
of the Digya National Park Reservein Ghana. Ph.D.
Dissertation, AlabamaA&M University, Normal, AL.
pp. 247.

Wildlife Department, Ghana. 1995. The Management Plan,
Digya National Park. Accra: December 1995.

World Conservation Monitoring Centre (WCMC). 1992. Pro-
tected areas of the world: areview of national sys-
tems—Ghana. http://www.wcmc.org.uk/cgi_bin/
padb.p

World Conservation Monitoring Centre (WCMC). 1997. Proto
type Nationally Designated Protected Areas Database:
Ghana: DigyaNational Park (May 28, 1997)
http://www.wemec.org.uk/protected_areas/data/
sitesheets/0262p.htm

Zhang, L. and S. G Beavis. 1999. Development of aspatial
database for large-scal e catchment management: ge-
ology, soils, and landuse in the Namoi Basin, Austra-
lia. Environment International 25/6-7: 853-860.



