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Abstract 

egetation density in Northern Nigeria Guinea Savannah undergoes several spatio-temporal 

changes. This study therefore, analyses the trends of these changes using Remote Sensing 

and Geographical Information System (GIS) in ARCGIS 10.1 environment. The study 

covers a period of sixteen years from 1998 to 2014. Data were analyzed through generation of 

Normalized Difference Vegetation Index (NDVI) and Vegetation Density map. The results revealed 

that areas covered by very high vegetation density in the study area decreased from 5664.4km2 in 

1998 to 4136.2km2 in 2014 while areas by moderate vegetation density has rising from 1059.5km2 in 

1998 to 1919.1km2 in 2014 and areas with very low density also decreased from 536.8km2 in 1998 to 

about 471.2km2. It is also revealed from the study that, very high vegetation density recorded -47.94 

percentage changes at -7.67 rate of change per year while very low recorded -2.06 percentage changes 

at -0.33 rate of change per year within the study period of 16 years. It is therefore concluded that our 

vegetation resources need to be protected for sustainable vegetation cover management. It is 

recommended that government should embark on more public enlighten against deforestation and 

bush burning. 
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INTRODUCTION 

Analysis of vegetation density in Northern Guinea Savanna of Nigeria is highly vital; 

because it is a natural interface between the atmosphere, soil, and water in terrestrial 

ecosystems (Ma &Frank 2006) it is a useful proxy for monitoring the effects of climate 

change. Natural vegetation plays an important role in providing a suitable habitat for many 

species (Jin, Wan, and Zhang, 2009), controlling atmospheric Carbon dioxide (CO2) content 
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(Angert, Biraud & Bonfils, 2005; Wang, Price & Rich, 2001) and regulating climate (Pielke, 

Avissar  & Raupach, 1998; Wang, Anderson & Phillips, 2006; Wang, Price, and Rich, 

2001).Parmesan and Yohe (2003). Gitelson, Kaufman and Stark (2002) argued that vegetation 

coverage represents a mixture of trees and grass. However, Vegetation is the primary 

producer of any ecosystem; therefore, vegetation could be considered as one of the most 

important components on earth ecosystems as it governs all forms of plant life. It provides 

food, absorbs CO2, oxygen, releases fertility, and finally serves as life support system for all 

living things on earth. Growth and vigour of the vegetation cover are controlled by factors 

such as temperature, rainfall, soil and topography. Major environmental problems affecting 

vegetation growth and distribution are climatic fluctuations, habitat degradation, and loss of 

biodiversity and species extinction (NEST 1991). Changes in the growth and distribution of 

vegetation in any region affect not only the environment but even the socio-economic 

activities; Studies revealed that changes in vegetation cover through human activities such 

as urbanization have contributed to the increase in atmospheric and Land Surface 

temperature (Bharth, Rajn & Ramchandra, 2013).According to Woodward (1987) changes in 

vegetation cover affect not only the region with altered vegetation, but also neighbouring 

regions. 

Northern Guinea Savannah of Nigeria suffers from spatial and temporal variation of 

vegetation density which may be associated with the extensive population growth, 

destructive land management and strong climatic fluctuations. The vegetation density in 

northern Nigeria especially Sudano-Sahelian ecological zone is reducing; Abdullahi, Mallam 

and Usman (2017) for instance revealed that areas covered by high vegetation density in 

Sudano-Sahelian Ecological Zone decreased from 61.74% in 1998 to 52.23% in 2014. Soil 

erosion and desertification are some of the major threats to development of the vegetation in 

the study area; this therefore resulted to negative implication to the environment. Adesina 

(2008) reported that, reduction in vegetation cover resulted to soil erosion which 

consequently leads to further drop in plant productivity.  

Studying the nature of vegetation density in the study area becomes necessary, especially 

through the use of NDVI. This is because; NDVI according to Ibrahim (2008) is the most 

common and reliable vegetation index. According to Lambin et al., (2001) Normalize 

vegetation index (NDVI) is widely used to analyze vegetation status, health, distribution 

and monitoring of land cover change and land degradation, crop growth monitoring and 

yield forecasting. The NDVI values, which are derived from visible red and near infrared 

bands of the satellite images, are being used extensively in studying the vegetation 

dynamics. The values range from -1.0 to 1.0 whereby places with vegetative cover have 

values greater than zero and negative values indicate non vegetated surface features such as 

water, bare soil or the presence of clouds.  

Vegetation production has historically been a key variable to describe the state and the 

dynamics of the Northern Guinea Savannah Zone of Nigeria and its relation to land use but 
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studies of this nature in the study area have received limited attention. A study such as 

Kibon (2014) in Northern Guinea Savannah using satellite images showed that there is 

variation in vegetation cover among different land use types in the study area with 

agricultural activities having the largest share as a factor of vegetation change in the study 

area. Usman and Yelwa (2012) conducted a study using linear trends and Principal 

Component Analysis (PCA) methods in evaluating long time-series NDVI from NOAA-

AVHRR and AQUA/MODIS-NDVI dataset from 1981 to 2010 covering the northern part of 

Nigeria.  

MATERIALS AND METHODS 

Study Area 

Geographically, the study area stretches from Latitudes 100 10′ 25′′N to 110 33′ 45′′N of the 

equator and Longitudes 60 17′5′′E to  70 40′25′′E east of the Greenwich Meridian .The area 

extends from northern guinea savannah zone of Kaduna State and encompasses some parts 

of Katsina State. It is bounded to the North by Katsina and Zamfara States, to the west and 

south by Niger State and to the East by Chikun LGA, Figure 1. 

  
Figure 1:  Study area. 

Source: GIS Lab ABU Zaria 

The study area possesses a tropical continental climate. It lies within a region which has a 

tropical savannah climate with distinct wet and dry seasons. This is characterized by strong 

seasonality in rainfall and temperature distribution. This is as a result of the two contrasting 

air masses oscillating over the area; (the tropical continental air mass (cT) and the tropical 

maritime air mass (mT). Generally, temperatures are high throughout the year with mean 
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monthly above 27 0C, while daily maximum can go between beyond 35 0C to 38 0C 

depending on the location (Iloeje, 2001). 

Northern Guinea savannah mainly covered with woodland vegetation type which is 

characterized by shrubs, stems and trees along with some tuft covers and some clusters of 

trees along river course. Grass covers usually wither off as soon as the dry season sets in and 

this prepares the way for geomorphic processes to operate, during the short intensive storm 

in the rainy season. There are also specific tree species which are mainly found in the 

northern part of Nigeria such as Tamarindus indica, Shea butter, Mongo, Cashew, Baobab, 

Locust bean, Neem, Eucalyptus as well as scattered bushes of thorny Acacia and Isoberlina – 

doka plants. 

The northern parts consist of trees that grow long tap roots and thick barks that make it 

possible for them to withstand the long dry seasons and bush fires. Examples of such trees 

are baobab, acacias  Albida (Ana tree) and Seyal (Gum arabic), neem (Azadiracta indica).The 

grass cover here too has durable roots which remain underground after stalk are burnt away 

or wilted in the dry seasons only to sprout with the first rain. Grasses in the area hardly 

grow up to 1m at maturity. Pasture in the area is very low due to intensive grazing and over 

cultivation. 

Methods of Data Collection 

The study made use of Landsat Thematic Mapper (TM) (1998; 2003), Enhance Thematic 

Mapper (ETM+) (2008) and Operational Land Imager (OLI) (2014) with spatial resolution of 

30m which was downloaded from the United State Geological Survey (USGS) archive 

(www.glovis.usgs.gov.)  

 

Methods of Data Analysis 

Data analysis was performed through the following steps: 

Generation of NDVI Imagery 

Image Analysis tool were used for the generation of NDVI using the composite imagery as 

input raster, during the process the Digital Number (DN) of the imageries were set in the 

option menu of the image analysis tool as band 3 (Red) and 4 (Infrared) for TM and ETM+ 

while band 4(Red) and 5(Infrared) for OLI, the scientific output option was also selected. 

The generation of the NDVI and fractional vegetation cover to derive the vegetation density 

map were conducted using the formulas below as obtained from Abdullahi, Mallam & 

Kibon (2017).  

NDVI =  
𝑁𝑒𝑎𝑟𝑖𝑛𝑓𝑟𝑎𝑟𝑒𝑑−𝑅𝑒𝑑

𝑁𝑒𝑎𝑟𝑖𝑛𝑓𝑟𝑎𝑟𝑒𝑑+𝑅𝑒𝑑
                                 1 

http://www.glovis.usgs.gov/


 
Dutse Journal of Pure and Applied Sciences (DUJOPAS) Vol. 4 No. 1 June 2018 

 
 

 
Mu’azu, H, Usman A.K, Abdullahi, A.H, DUJOPAS 4(1):477-485, 2018                                                                    481 

 

Frv      =  (
(𝑁𝐷𝑉𝐼−𝑁𝐷𝑉𝐼𝑚𝑖𝑛)

(𝑁𝐷𝑉𝐼𝑚𝑎𝑥−𝑁𝐷𝑉𝐼𝑚𝑖𝑛)
)2                                                                                   2 

Generation of vegetation density map  

Vegetation density map was finally generated from the fractional vegetation cover map 

using reclassify sub menu of re-class tool in Arcgis 10.1 environment, to came up with five 

categories as adapted and modified from Sahebjalal and Dashtekian (2013) that is less than 

0.1 as very low 0.1 to 0.2 as low, 0.2 to 0.3 as moderate, 0.3 to 0.4 as high and above 0.4 as 

very high density. 

Rate of vegetation density change  

The area of the classified vegetation density map was then used to calculate the percentage 

change and annual rate of change of the vegetation density of the study area in Microsoft 

Excel and the result is present in Table as adopted from Adzandeh, Fabiyi & Yakasai (2014).  

 

RESULTS AND DISCUSSION 

Density of Vegetation in the Study Area (1998, 2003, 2008 and 2014) 

Table 1 and Figures 2 to 5 present the results of vegetation density map in the study area 

across the study period. The results showed that in 1998, 60.9% of the study area is occupied 

by very high vegetation density this was followed by high density 13.59% while very low 

density was represented by only 5.8%. Five years later in 2003 the density of the vegetation 

drastically changed from 60.90% of the high density areas in 1998 to 40.4%. The results on 

the maps also show that, the vegetation density is higher in the southern part and decreases 

towards the northern part. 

Area occupied by moderate density (18.1%) becomes second while very low vegetation 

density with 10% occupied lowest area, the situation in 2008 shows that low density 

occupied more land area of about 25.1%, this was followed by very low with 22.3% and high 

density with lowest area. In 2014, 44.4% of the study area was occupied by very high density 

this was followed by moderate with 20.6% while very low vegetation density covered only 

5.1% area. This finding is supported by Hiernaux et al (2009) who stated that the proportion 

of vegetation density, height and woody vegetation in Sudano-Sahelian Zone decreases in 

south to north direction. The result is also in line with that of Abdullahi, Mallam & Kibon 

(2017) who reported the decreasing trends of vegetation density in Sudano – Sahelian 

Ecological Zone (SSEZ) of Nigeria between 1998 and 2014. 

The analysis therefore revealed that areas occupied by high to very high vegetation density 

occupied more land surface in 1998 and 2003, low to very low density in 2008 and in 2014 

moderate and very high occupied more land area. This may be attributed to factors such as 

rainfall and human intervention. Kiprotich (2016) also revealed a significant decrease in 

forest cover due to human activities such as tree cutting and trampling from 1985 to 2010 in 

Chepolungu forest of Kenya. This finding contradicts that of Nicholson (1995) in Sahel 
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region of West Africa who revealed areas covered by bare surface occupy more land area in 

comparison with the areas covered by vegetation which are scattered. The result also differs 

from that of Abdullahi, Mallam & Kibon (2017) in SSEZ of Nigeria were areas with high 

vegetation density were identify to occupy less land mass between 1998 to 2014, the 

differences may be attributed to the fact that SSEZ is a Sudan and Sahel savannah zone 

while the study area is a Guinea savannah zone.  

Table 1: Vegetation Density 

Density Area (%) 

1998 2003 2008 2014 

Very low 5.8 10 22.3 5.1 

Low 8.4 10.4 25.1 15.1 

Moderate 11.4 18.1 17 20.6 

High 13.5 21.1 14.3 14.8 

Very high 60.9 40.4 21.3 44.4 

Total 100 100 100 100 

Source: Authors analysis, 2017 

    
 

 

 

 

 

 

 

 

 

 

 

 

Figure 2: Vegetation density map of 1998          Figure 3: Vegetation density map of 2003 

Source: Authors analysis, 2017        Source: Authors analysis, 2017 

 

 
   Figure 4: Vegetation density map of 2008       Figure 5: Vegetation density map of 2014 

   Source: Authors analysis, 2017        Source: Authors analysis, 2017 
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In general, the results of this analysis indicated how vegetation density in the study area 

spread both spatially and temporally, where by South- western part occupied by more 

vegetation which may be attributed to the fact that south-western part is a real Guinea 

Savannah zone while the North-eastern is closer to Sudan Savannah.  

Vegetation Change Detection (1998-2014) 

Table 2 presents the result of the changes in vegetation density in the study area between 

1998 and 2014 in square kilometre and percentage. The results in the table revealed a 

decrease of very high vegetation density area across the study period with annual rate of 

change of -7.67 and percentage change of -47.94%. This was followed by very low density 

area with percentage change of -2.06%, but moderate vegetation density area experienced an 

increase of vegetation density with 26.97 percentage change this was followed by areas with 

low density with 19.33%. This finding is also supported by that of Gadiga and Dan (2015) 

who reported decreasing trends of vegetation cover density in Semi – arid zone of Yobe 

State from 65% in 1972 to 54% in 1986, 37% in 2000, 26% in 2005 as well as 16% in 2007. 

Table 2: Rate of vegetation density change (1998-2014) 

Density Area (Km2) % change Average rate of change 

Very low  -65.6 -2.06 -0.33 

Low  616.1 19.33 3.09 

Moderate  859.6 26.97 4.32 

High  118.1 3.70 0.59 

Very high  -1528.2 -47.94 -7.67 

Total 3187.6 100 16 

Source: Authors analysis, 2017 

 

CONCLUSION AND RECOMMENDATION 

In conclusion, the study finally revealed that, vegetation density in the study area across the 

period of study (1998 to 2014)   exhibits decreasing trends which could negatively affect 

other means of economic activities such as rearing of animals, wildlife and supply of wood. 

Hence, the research recommends an integrated effort by government and private 

individuals through more research and public campaigns toward protecting our available 

vegetative resources from being damaged through various human activities for sustainable 

vegetative resource management.  
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