
143  africanscholarpublications@gmail.com                                                                               

 2020 

 

 

 

 

Detection and Evaluation of Deforestation Trend in 

Pandam Game Reserve Plateau State, Nigeria. 
 

1Popoola, A. S., 2Okechalu, S. O., 3Likita, M. S., 
4Lapkat, L. G., 5Bako, A., 6Maikano, S., 7Ademola, T. 

O., and 8U. F. Yahaya 
1Forestry Technology Department, Federal College Forestry, Jos Plateau 

State. 2, 4, 5Horticulture and Landscape Technology Department, Federal 

College Forestry Afaka, Kaduna State. 3Basic Science Department, Federal 

College Forestry Afaka, Kaduna State. 7Agricultural Technology 

Department, Federal College Forestry Afaka, Kaduna State. 6Forestry 

Technology, Federal College Forestry Afaka, Kaduna State. 8Agricultural 

Extension, Federal College Forestry Afaka, Kaduna State. 

 

Abstract  
This study evaluates deforestation trend in Pandam game reserve of Qua’an 

pam Local Government Area. The study used the scientific technique of 

Geographic Information System (GIS) and remote Sensing to identify and 

map out the rate and magnitude of deforestation in the Game reserve. Google 

Earth pro software was employed to download an internet imageries of the 

study area which serves as a referenced image and a complementary to 

reconnaissance survey. Arc GIS 10.5 version was employed for the 

delineation of the study area from the map, clipping of the image to the study 

area and preparation of image for analysis. IDRISI Terraset, one of the GIS 

software was used to analyse the imageries leading to the final result. Data 

were prepared using the landsat satellite imageries of 1997, 2007 and 2017 

downloaded from United States Geological Service (USGS) which showed 

the Land Use Land Cover Distribution (1997, 2007, 2017) of the reserve as 

follows; VEGETATION in 1997: 26500.86 (67%), 2007: 24959.16 (63.14%) 

and 2017: 18437.58 (46.64). FALLOW LAND in 1997: 12895.20 (32.62), 

2007: 14384.70 (37.33), and 2017: 20944.08 (52.98). the study observed a 
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Introduction 
Forest over history have value to the 

world's human population and the 

value is by each day increasing as 

people still use forest for shelter, fuel 

wood and provision of food for 

themselves. According to misir (1997, 

2001), (IPCC 2007), besides raw 

materials for wood processing 

industry that forest provides, it also 

provides habitat for wildlife, reserve 

for water and oil conservation, oxygen 

and food chain. However, our forest is 

facing so many problems. Human 

intervention in forests environments is 

generally accepted as the main trigger 

behind forest conversion in tropical 

areas (Roper. 2001). As human 

population grows, demands for 

resources such as food, water, shelter, 

timber, and fuel increases posing a 

high pressure on the landscape. High 

rates of deforestation within a country 

are most commonly linked to 

population growth and poverty 

(Mertens et al., 2000). 

The conversion of forest cover in 

general and of tropical forest in 

particular has severe long term 

environmental and socio-economics 

consequences globally as well as 

locally. Major environmental 

problems caused by forest cover 

change are changes in global climate, 

habitat degradation and 

unprecedented species extinction 

(Goldsmith, 1998).Pressure on forest 

especially in the tropical world to 

provide economic resources have 

been increasing rapidly as 

consequences of burgeoning 

population in the region. This has led 

to unabated deforestation, which has 

been recognized as one of the major 

drivers of biodiversity loss as well as 

drastic decrease in forest cover of the reserve as a result of indiscriminate 

deforestation activities. It was also observed that the forest cover changes 

may likely follow the trend in 1997/2027 if precautionary measures are not 

considered. It was therefore concluded that the decrease in the forest cover 

change is leading to a low benefit impact of the reserve to biodiversity and 

tourism. Thus the findings suggest a better management practice of well 

trained staff supervision and the employing of modern equipment facilities to 

monitor the game reserve against illegal felling of trees. 

 

Keyword: Detection, Evaluation, Deforestation, GIS, Remote sensing, Forest 

cover. 
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a threat to the existence of the global ecological lung. In Nigeria, the eco-

climatic zones range from the very humid fresh water mangrove swamps, in the 

south of the semi-arid Sahelian zone in the north (Salami &Balogun, 2004). 

These varied zones support a variety of vegetation, among which the most 

extensive vegetation zones are savannas in the north and forest in the south.  

Despite its ecological, social and economic importance, reserves forests are 

being destroyed at an alarming speed. Deforestation is recognized as one of the 

pervasive ecological changes taking place in reserve forest. (Dirzo & Raven 

2003). Most of the world's vegetation is in a constant state of flux at a variety 

of spatial and temporal scale. As people try to meet their need, they are 

subjecting forest wood land and grass land to the highest rate of change 

(Pomery, 2004). Also as noted by Tudun Wada (2012), our forest today is faced 

with all sorts of anthropogenic activities, such as illegal felling of trees for 

firewood and roofing, illegal cultivation and conversion of parts of the forest 

for residential use by nomads.According to Jones (2000), deforestation refers to 

the removal of trees from a locality. This removal may be either temporary or 

permanent leading to partial or complete eradication of trees; deforestation can 

be gradual or rapid and may occur through natural or artificial agencies, or 

combination of both. Geographic information system (GIS) and remote sensing 

(RS) are now providing new tools for advanced ecosystem management. 

Lunette (1999) stated that; the use of RS and GIS techniques allows the extent 

of change in our vegetation to be easily analyzed. Vegetation (forest) change 

detection is useful in land use and land cover changes, wildlife extension and 

rate of deforestation. 

Afforestation effect and other cumulative changes can be assessed through 

spatial and temporal analysis techniques. Geographic Information system (GIS) 

and remote sensing (RS) are now providing new tools for advance eco-system 

management (Tudunwada, 2012). Mas, (1999) stated that; the use of RS and 

G.I.S. techniques allows the extents of change in our vegetation to be easily 

analyzed. Therefore, attempt will was made in this study to map out the 

change/deforestation trend that has taken place and also predict possible 

changes that might occur in the status in the next years to come using 

geographical information system (GIS) and remote sensing (RS) as well as 

assessing the cause of deforestation in Pandam game reserve. The aim of this 

study is the use of geospatial techniques in the detection and evaluation of 

deforestation trend on the Pandam game reserve in Qua’anPam Local 
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Government Area Plateau State while the objectives are to; identify and map 

the land cover within the extent of the study areas for the years 1997, 2007 and 

2017, assess the trend of forest change over the period 1997-2017, determine 

the extent and trend of deforestation in the study area and model/predict 

possible future changes in the year 2027 

 

Definition of Terms  

GIS A geographic information system (GIS) is a computer system designed 

to capture, store, manipulate, analyze, manage, and present all types of 

geographical data. 

RS  Remote sensing is the acquisition of information about an object or 

phenomenon without making physical contact with the object in question. 

TM Thematic Mapper (TM) is one of the Earth observing sensors introduced 

in the Landsat program 

ETM The Enhanced Thematic Mapper Plus (ETM+) instrument is a fixed 

“whisk-broom”, eight-band, multispectral scanning radiometer capable of 

providing high-resolution imaging information of the Earth’s surface. 

OLI The Operational Land Imager (OLI) sensor includes refined heritage 

bands, along with three new bands. 

LULC Land Use/Land Cover data refers to data that is a result of 

classifying raw satellite data into "land use and land cover" (lulc) categories 

based on the return value of the satellite image. 

NDVI The Normalized Difference Vegetation Index (NDVI) is a simple 

graphical indicator that can be used to analyze remote sensing measurements, 

typically but not necessarily from a space platform, and assess whether the 

target being observed contains live green vegetation or not. 

UTM The UTM system is not a single map projection. The system instead 

divides the Earth into sixty zones, each a six-degree band of longitude, and uses 

a secant transverse Mercator projection in each zone. 

GPS: Global Positioning System 

 

MATERIALS AND METHODS  

The Study Area 

Pandam Wildlife Park (PWLP) is in Quam Pan local government area of Plateau 

State. It lies between Latitudes 8035ꞌN and 8055ꞌN of the equator and Longitude  

8000ꞌE and 10000ꞌE. It is bounded on the East by Namu and Kayarda towns on 
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the West and North by the Dep River (now River Benue) and on the South by 

Aningo and Pandam towns. PWLP belongs to the Plateau State Government of 

Nigeria and is managed by the Plateau State Tourism Cooperation (PSTC), and 

covers an area of 22,400 ha and an altitude of 175-315 m above sea level. The 

wet season lasts from April to October and annual rainfall is 1000-1500 mm 

(Ezealor, 2002; Akosim et al., 2007, Dami and Manu, 2008). 

 

History of Pandam Game Reserve 

The game reserve was established by the Benue-plateau State legal notice 

number 1 of 1972 and commenced on 20th October, 1975. A natural animal’s 

habitat that has drawn tourist and researchers from foreign countries, it is a 

home to lot of animals and exotics birds. The game reserve covers a land mass 

of about 224sqkm of untouched savanna, wetlands and forest and is home to 

many species of wild animals, including antelopes, shy duikers, warthogs and 

monkeys living in the natural environment (Field survey, 2018).  

 
Figure 1 Map showing the study area 
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Established in 1972 and located in a small community called Pandam in 

Qua’anpam local government area, of plateau state, the game reserve is situated 

besides the Lafiya-Shandam road to the north of the Benue river and is barely a 

dispense of 60km to Lafiya, the capital of Nasarawa state. Hippopotamus and 

the rare African manater are found in the lake pandam. It also houses of 

brilliantly colored parrots and tauracas, nosily hornbills and secretive herons. 

Wildlife experts say pandam Wildlife Park aims to provide a place for visitors 

to learn about and enjoy the natural environment and to ensure that future 

generations of Nigeria’s are able to experience their country’s rich natural 

heritage. According to the community, pandam game reserve an international 

importance is already been degraded and destroyed by a Chinese Company 

alleged to have been granted lumbering permits by the plateau state government 

to harvest wetland resources contrary to regulation 9 (1) of national 

environmental (wetlands,  River Banks and lake shored protection) regulation, 

2009.Pandam game reserve now face years of neglect. The tourist village, 

which supposedly has chalets to accommodate tourist is in deploring state (Field 

survey, 2018).  

 

Methodology 

The methodology for the assessment of forest cover using digital image 

processing (IDRISI Terraset) has been followed with intensive field 

verification. Global positioning system (GPS) was used to collect coordinates 

round the boundaries of the study area. The following steps are involved: 

 

Data Inputs 

The satellite data for the study was downloaded in digital format from USGS 

online. While procuring the satellite data, care was taken to ensure that the data 

was cloud free.  

 

Development of a Classification Scheme 

Based on the priori knowledge of the study area for over many years and a brief 

reconnaissance survey with additional information from previous research in 

the study area, a classification scheme was developed for the study area after 

Anderson et al (1971). The classification scheme developed gives a rather broad 

classification where the land use land cover was identified by a single digit. 
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Table 2: Classification Scheme 

CODE Landuse/Landcover  

categories 

Description 

1. vegetation Area covered by Tree, Shrubs, Forest 

2. Fallow Land Earth land, ,waste land, Bare soil, open 

space 

3. Waterbody Water logged area 

 

Digital Interpretation 

Using IDRISI Terraset software, the data were loaded onto the computer 

Supervised image classification is a method in which the analyst defines small 

areas, called training sites, on the image which are representative of each desired 

land cover category. The delineation of training areas representatives of a cover 

type is done using the spectral properties of the cover classes. 

 

Data Processing and Analysis 

All the data were geometrical corrected and projected to the Universal 

Transverse Mercator (UTM) zone 30N (WGS 1984 datum) 

The images were imported into IDRISI Silva for classification that is the 

process of extraction of differentiated classes or theme from raw remotely 

sensed digital satellite data (Meyer, 1995). Each cluster of observations is a 

class. A class occupies its own area in the feature space i.e. a specific part of the 

feature space corresponds to a specific class. Once the classes have been defined 

in the feature space, each image pixel observation can be compared to these 

classes and assigned to the corresponding class. Classes to be distinguished in 

an image classification need to have different spectral characteristics, which can 

be analyzed by comparing spectra reflectance curve.  

Training sites were generated on the images by on-screen digitizing for each 

land cover classes derived from image of different band combination. A 

supervised (full Gaussian) maximum likelihood classification was implemented 

for the three images. Dedicated field observation help in familiarizing with the 

study area whereby the spectra characteristics of the classes in the sampled area 

has been identified. Ground truth information was used to assess the accuracy 

of the classification the selected training site. 
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RESULTS AND DISCUSSIONS 

Land covers classification and mapping structures 

The classification method used for land cover mapping in this study consist of 

three land cover types. 

• Vegetation: This is an area covered by Tree, Shrubs, Forest 

• Fallow land: This is an area that consist of Earth land, ,waste land, Bare 

soil, open space 

• Water body: An area refers to river and water bodies. 

Following are land cover maps produced from Landsat TM 1997, ETM 2007 

and OLI 2017 satellite images. 

 

 
Figure 3  Map of Land cover types classifies from Landsat 1997 
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Figure 4 Area of Land cover types classified from Landsat 1997 

 

 
Figure 5 Map of Land cover types classifies from Landsat 2007 
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Figure 6 Area of Land cover types classified from Landsat 2007 

 

 
Figure 7 Map of Land cover types classifies from Landsat 2017 
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Figure 8 Area of Land cover types classified from Landsat 2017 

 

 
Figure 9  Map of Land cover changes 1997-2007-2017 

 

The above graph (Figure 9) depicts the Land cover changes based on the results 

of Land cover mapping in 1997, 2007 and 2017 respectively.  
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Table 3  Land Use Land Cover Distribution (1997, 2007, 2017) 

LAND USE/LAND COVER 1997 % 2007 % 2017 % 

VEGETATION 26500.86 67.04 24959.16 63.14 18437.58 46.64 

FALLOW LAND 12895.20 32.62 14384.70 37.33 20944.08 52.98 

Water Body 133.47 0.34 185.67 0.47 147.87 0.37 

TOTAL 39,529.53 100 39,529.53 100 39,529.53 100 

 

A supervise classification using maximum likelihood algorithm was used for 

the three remotely sensed images and the result of the classification provides an 

overview of the major land cover features of the study area for the year 1997, 

2007 and 2017.The area is categorized by Three land cover features as also 

identified are; Vegetation, Fallow land, and Water body. These land use land 

cover classes were derived from images of 1997, 2007, and 2017 for the study. 

The results presented in table 4.1 above represents the static area of each land 

use land cover category for each study year. In 1997, Vegetation has the highest 

hectares coverage with 26,500.86ha that is 67.04% of the total landmass. Fallow 

land is next with 12,895.20. The least is the water body covering 133.47 ha. 

Same changes took place in 2007 and 2017 with expansion in Fallow land from 

32.62% to 37.33% between 1997-2007 and 52.98% in 2017 respectively. The 

opposite of Fallow land happened to vegetation from 67.04% in 1997 to 63.14% 

and 46.14% in 2007 and 2017 respectively. The water body has little changes 

between these years. 

 

Land use Land cover change 

Table 4 Rate of Land covers change 

LULC  

CATEGORIES 

1997-2007 2007-2017 Annual Rate of Change 

(Ha.) % 

change 

(Ha.) % change 97-07 07-17 

Vegetation -1541.70 -3.90 -6521.58 -16.50 -154.17 -652.16 

Fallow Land 1489.5 3.77 6559.38 16.59 148.95 655.94 

Water body 52.20 0.13 -37.80 -0.10 5.22 -3.78 
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  Figure 10.  Rate and Magnitude of LULC change 

 

From table 4.Vegetation being the main land cover in the study area continued 

deforested through the three different years of study. The rate of change in 

vegetation corresponds with the change (increase) in fallow land. While water 

body remain stagnant  

 

Conclusion 

The study evaluated the trend of deforestation in Pandam Game reserve. The 

result show that the changes observed on the map due to the continual 

indiscriminate felling of trees, the reserve is indeed facing threat due to this 

illegal activities and poor management practice from the relevant body. If 

proper precautionary measures are not put in place, the game reserve may be 

seen as a bare land in years to come, thereby depriving both animal and humman 

communities of its benefits.  

 

Recommendation 

Based on the findings of this study, the following recommendations are 

proffered; 

1. Proper supervision of the deforestation activities is to be monitored 

with the use of GIS (Geographical information system). 
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2. Further research should be carried out to validate the result of this 

findings 
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