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Abstract

Vegetation resources in Nigeria are of vital importance for the sustainable
development of the country. However, this essential resource is in danger due
to the effect of anthropogenic and climate induced impacts. Currently desert
encroachment which cuts across the Sahel is affecting most of the states in the
northern part of the country particularly the eleven states considered by the
Federal Ministry of Environment in Nigeria as the frontline states. Several
studies on the Nigerian environment have shown that there are serious
threats to the general environment particularly vegetation. Due to population
growth and the need for housing as well as the expansion of the over-utilised
farmlands across these states, places considered as reserved areas across the
country are being exploited to the detriment of the vegetal resources particu-
larly the forest and rangeland areas. This study utilized Idrisi TerrSet (version
18) raster-based remote sensing and GIS software to analyse seventy two (72)
dekadal Normalised Vegetation Index (NDVI) imageries from SPOT satellite
covering Nigeria in order to assess the anthropogenic and likely climatic im-
pacts on the vegetal resources using the forward t-mode Principal Compo-
nent Analysis (PCA) with standardised principal components. Results indi-
cated that Component 1 which explains about 69% of the 72 time-series
NDVT imageries shows typical vegetation cover over the study area within the
time period under study. While component two indicated a cyclic trend dif-
ferentiating the ENSO events of 1999 and 2009; component three indicated
positive anomaly pattern of vegetation NDVI mostly within Sokoto, Kebbi,
Kano, Jigawa and the northern parts of Bauchi, Yobe and Borno states. How-
ever, Component four imagery indicated a likely link to the 2009 flood that
affected Kainji dam and rivers Niger and Benue. For a better result, the inte-
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gration of socio-economic and high spatial resolution data into an assessment
of this kind in future studies is encouraged.
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1. Introduction

One of the vital resources across Nigeria being threatened by a combination of
natural and man-made impacts is vegetation. Accordingly, the issue of desert
encroachment particularly across the northern parts of the country referred to as
the frontline states namely: Adamawa, Bauchi, Borno, Gombe, Jigawa, Kano,
Katsina, Kebbi, Sokoto, Yobe and Zamfara states is a very serious issue of con-
cern (Figure 1(b)). Desertification in Nigeria is caused by land degradation in
the northern states where poor land management and environmental pressure is
on the increase [1] [2]. In the southern part of the country this is caused by
mismanagement of the environment due to activities related to exploration of
petroleum resources. All these affect the vegetation status across the country.
Vegetation influences the energy balance at the earth’s surface and in the at-
mospheric boundary layer, often mitigating extremes of local climate [3]. The
vegetation cover of Nigeria reflects past and present climatic variations and its
current status particularly forest areas, had an annual deforestation rate of 5%
per annum of its closed forests [4]. This can be considered as one of the highest
in the world. Hence, rapid population growth and demands for economic de-
velopment on a relatively natural, and in some areas, undisturbed vegetation
which is not properly managed can also lead to permanent conversion of most
vegetated areas to other forms of land use such as agriculture and housing in
Nigeria. Studies dealing with vegetation dynamics can be undertaken using dif-
ferent remote sensing and GIS techniques. For example, [5] utilised remotely
sensed data for assessing vegetation resources of Nigeria. Other studies which
utilised NDVI from satellite data [6]-[11] have shown that NDVI data can pro-
vide an effective measure of photosynthetically active biomass. Other environ-
mental studies relating to vegetation dynamics covering whole or part of Nigeria
using satellite data include [12]-[18]. On the other hand, vegetation provides ha-
bitat to wildlife and ecosystem services such as food and fuel, timber, cash crops,
pulp, fruits, robes, clothes and many game reserves [19]. Furthermore, the use of
Principal Component Analysis (PCA) employing the standardised principal
components (SPC) in environmental studies including vegetations resource dy-
namics using remotely sensed data analysed in a geographical information systems
(GIS) environment indicated clearly that the major element of variability is that
which occurs spatially [20] [21] [22]. However, the earlier studies on Nigeria did
not utilise PCA with standardised principal components (SPC), hence the choice
of this methodology using SPC. Principal Component Analysis using SPC
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Figure 1. Location of the study area and areas prone to desertification. (a) The study area
covered by the SPOT Satellite data; (b) The frontline states of Nigeria (areas prone to de-
sertification).

allows any set of original satellite imageries or data to be transformed to a set of
new images (referred to as components). Such component images in most cases
contain all of the information in the original images entered into such
time-series and, are uncorrelated with one another [23] [24]. The interpretation
of the extracted component images thus, relies on a combination of spatial and
temporal analysis. According to the United Nations [25], about 5 million hec-
tares of degraded land across these states have been restored based on the review
and progress report by Nigeria on the implementation of the Agenda 21 of the
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United Nations [26]. The purpose of this broad vegetation dynamic assessment
therefore, is to verify this assertion and to present a cost effective approach
where seventy two (72) remotely sense data derived from SPOT satellite in the
form of dekadal Normalised Difference Vegetation Index (NDVI) (Table 1)
were analyzed within a GIS environment in order to highlight areas or serious
concern with regards to changes in vegetation across Nigeria. In particular, more
emphasis will be on the front-line states during the El-Nino and La-Nina
(ENSO) periods of 1999 and 2009 respectively. When these areas of serious con-
cern are identified either due to the impact of the ENSO or other anthropogenic
factors, they can be targeted with systematic monitoring using a very high spatial
resolution satellite imageries for sustainable vegetation resources management

across the country.

2. Location and Geographical Setting

The study area covers mainly Nigeria but includes southern part of Niger Re-
public, as well as parts of Cameroon and Republic of Benin. The whole area is
bounded within Latitude 4.15° to 14.1°N and Longitude 02.6° to 14.71°E. The
Area covers 1115 row by 1355 columns of (1km spatial resolution) SPOT Satel-
lite Imageries (Figure 1(a)). As far as Nigeria is concerned, it falls within a hu-
mid tropical climate type because of its location just north of the equator. The
country experiences a tropical climate characterised by the hot and wet condi-
tions associated with the movement of the Inter-Tropical Convergence Zone
(ITCZ) north and south of the equator.

The climatic condition of the northern part of Nigeria exhibits only two dis-
tinct seasons, namely, short wet and a prolonged dry season. The seasonal pat-
tern of climatic conditions over Nigeria gives rise to four seasons in the south
and two in the north. This is the result of annual total rainfall occurrence and
distribution, which is more predominant in the south than in the north. The
mean annual rainfall along the coast in the south-east is about 4000 mm while it
is slightly above 500 mm around Kano in the north, particularly during the
El-Nino phase of 2009 (Figure 2(b)). However, the monthly rainfall during the
La-Nina phase of 1999 was above 600mm in one of these front-line states of
Kebbi in Yelwa (Figure 2(a)). According to [27] however, the annual rainfall in
the northern part of Nigeria study area (southern part of the Niger Republic and
the extreme northern part of Nigeria) falling in the savanna vegetation zone of

Table 1. Percentage variance of component images.

Component Image Percentage Variance (%)
Comp 1 68.704009
Comp 2 12.831273
Comp 3 2.966274
Comp 4 1.567025

Source: PCA Analysis.
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Figure 2. Rainfall from stations within the northern front line states during the ENSO.
(a) The 1999 La-Nina phase (source: data analysis); (b) The 2009 El-Nino phase (source:
data analysis).

the country is not only (50 - 100 mm) than in the rainforest and other parts of
the southern forested areas of Nigeria, (ie. the Niger Delta, Cameroon, southern
part of Republic of Benin) but the distribution throughout the year is less even.
The rainy season also varies, as it ranges from eight to ten months in the south-

ern forest zones (towards the southern part of the study area) to less than four
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months in the extreme northern savanna (towards the Sahel on the Nige-
ria-Niger border). This rainfall variation from the northern to the southern part
can be attributed to the fluctuation of ITCZ [28] [29]. The relationships between
soil types and vegetation as well as between soil and the local topography can al-
so be noticed for example, in areas of smooth relief. For example, in some parts
of the north-west of the country around Kebbi state or in some parts of the
north-east (around Maiduguri in Borno State) there are areas of smooth relief
compared to areas around Adamawa state where the elevation is high, and the
upper slopes mostly contain inactive soil, rather than the clayish type that can be
seen in the immediate surroundings [30]. Furthermore, the soils on the lower
slopes are formed by the washing down of material and are likely to be more
stony and sandy, and hence, the vegetation around these 11 frontline states

(Figure 1(b)) is very scantly and susceptible to erosion.

3. Materials and Methods

Imageries in the form of normalized difference vegetation index (NDVI) were
acquired from the SPOT VEGETATION satellite managed by the European
Space Agency (ESA) and the Belgium Development Agency (BELSPO). The da-
taset (imageries) in zipped format was extracted through VGTExtract program
that allowed users to extract certain Regions Of Interest (ROIs) from the Vegeta-

tion (VGT) products accessed from the data gateway www.spot-vegetation.com

website. After the dataset for the Africa continent was downloaded, it was im-
ported into the Idrisi TerrSet (Version 18) raster-based remote sensing and GIS
software where the geographical coordinates corresponding to the study area
centered on Nigeria was windowed (extracted) from the African continental
normalized difference vegetation index (NDVI) dataset. A total of seventy two
(72) dekadal NDVT dataset (imageries) covering Nigeria and few areas from ad-
joining countries for the 1999 and 2009 El-Nino Southern Oscillations (ENSO)
years (in dekadal images from Jan 1-10 through to Dec 1-31) were used as input
and analysed within a Geographical Information Systems environment. The
procedure utilised the forward t-mode Principal Component Analysis (PCA)
with standardised principal components (SPC). From the PCA analysis 72 com-
ponent images were derived (36 for each of the ENSO years) including component
loadings and eigenvectors which correspond to each of the component images as
output. A sample of these four (4) components (totaling about 86% of the va-
riance) indicates their respective percentage correlation with the total dataset used
as input in the analysis (Table 1). The PCA procedure clearly indicated broadly
areas where changes in vegetation status across Nigeria occurred covering the
1999 strong La-Nina and 2009 moderate El-Nino years. Rainfall data from the
Nigerian Meteorological Agency (NiMeT) covering the 1999 and 2009 ENSO
years were plotted and compared. Component 1 Images of the two ENSO years
(1999 and 2009) were subjected to simple image differencing and classification
so as to highlight areas across the study area where negative and positive changes

in vegetation occurred (Table 2). It should be noted that higher values

DOI: 10.4236/ajcc.2019.84027

507 American Journal of Climate Change


https://doi.org/10.4236/ajcc.2019.84027
http://www.spot-vegetation.com/

S.A.Yelwa et al.

Table 2. Changes in vegetation cover and classes 1999-2009 (Hectares).

Category Vegetation 1999 2009 Changes from (%) of Change
Classes (Hectares) (Hectares) 1999 to 2009 (1999-2009)
1 Water Bodies and Low Vegetation 117,661,704 117,461,974 —199,730.0299 —0.17003803
2 Low Vegetation Areas 26,707,968.7 25,711,081.7 -996,886.9365 —3.87726564
3 Irrigated or Moderate Vegetation 2,248,887.42 3,448,528.87 1,199,641.444 34.7870495
4 Natural Vegetation 30,585.0255 27,560.5484 —3024.477122 —10.9739366

(Source: Simple Image differencing analysis)

of NDVT on the satellite data (imagery) indicate greater vigor and amounts of
vegetation and low values indicate sparse vegetation or bare land, while water

bodies are negative or very close to zero [31].

4. Results and Discussion

This broad analysis of vegetation dynamics with PCA utilized the forward
t-mode process where each image band was analyzed as a (temporal) variable
which resulted into new set of principal component images that are uncorrelated
with each other and explain progressively less of the variance found in the origi-
nal set of NDVI imageries. A table of the component loadings and eigenvectors
were also derived as part of the output. For t-mode forward PCA, using standar-
dized variables utilized here, was meant for data compression or noise removal
which essentially gives equal weight to all the bands and, it is often the case that
the first four components typically explain close to or slightly 90 percent of the
total variance in the original data set. Those components explaining less than a
certain percent of the variance can be dropped and the inverse procedure used to
reconstruct a new data set. Although results for this assessment yielded 72 com-
ponents and their corresponding loading scores, the discussion is limited to only
four component images and their corresponding loading scores as they represent
86% of the total variances from the original NDVI images utilized in the analy-
sis, thereby indicating changes of varying degrees across Nigeria.

4.1. Component 1 Image and Its Loading Scores

Component I image (Figure 3(a)) explains about 69% of the total variance of the
72 time-series NDVI dataset utilized in this assessment. This illustrates a typical
vegetation pattern across Nigeria and the neighbouring countries covering the
10-year period between 1999 and 2009. The image thus, shows areas that are less
correlated with the dataset located mostly in the northern savanna vegetation
covering the 11 front-line states impacted by desert encroachment appearing
yellow and brownish in colour indicate either bare land or very less vegetation
vigor. On the other hand, areas that are highly correlated with the dataset are
located in the southern forest zone of the country, the irrigated area around Lake
Chad and part of southern Cameroun. These are all in green colour signifying
more vegetation vigor. The corresponding graph of the loading scores (Figure
4(b)) shows correlations between the component image and the whole 72
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Figure 3. Component 1 image and its graph of loading scores (source: PCA analysis). (a)
Component 1 Image; (b) Graph of Component 1 loading scores.

time-series NDVI dataset as positive figures. A further look at this graph shows
low peaks for the second dekad in August and first dekads in both September
and October 1999. This is likely to correspond to the impact of the moderate
La-Nina of 1999 which affected some parts of the country especially in the Sa-
vanna vegetation zone. Another corresponding low peaks can be seen in the
second dekads in August and October 2009 respectively, which correspond to
the strong El-Nino event of 2009. What is worth observing also on this compo-
nent image is the brownish pattern along the coastal areas particularly in the
Niger delta and major dam sites. For example, during this ten-year period the
country had experienced environmental degradation based on the activities of
the oil exploration companies like Shell and Chevron as well vandalisation of oil

pipelines and the recession of the coastal waters and drying of major lakes. Most
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Figure 4. Component 2 image and its graph of loading scores (source: PCA analysis). (a)
Component 2 image; (b) Graph of Component 2 loading scores.

of the major dams in the northern savanna zone such as Kainji and Shiroro in

Niger, Goronyo in Sokoto, Tiga in Kano and part of Lake Chad were negatively
affected in varying degrees.

4.2. Component 2 and Its Loading Scores

This component image and its graph of loading scores (Figure 5(a) & Figure
5(b)) is the first change component which differs from Component 1 image. It
explains about 3% of the total variance of the total dataset utilised in the analysis.
The corresponding graph of its loading scores shows a cyclic trend differentiat-
ing two distinct peaks representing the 1999 and 2009 ENSO years. The cyclic
trend shows positive values and peaks mostly in the second dekad in August

1999 and 2009. This corresponds to the rainfall pattern during the ENSO periods
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Figure 5. Component 3 image and its graph of loading scores (PCA analysis). (a) Com-
ponent 3 image; (b) Graph of Component 3 loading scores.

of these years (Figure 2(a) & Figure 2(b)) with lower peaks on the components
loading graphs both in the first dekad of April 1999 and 2009 (Figure 4(b)). The
positive peaks on the other hand are indicative of the peak rainy seasons across
the country, although rainfall varies from north to south of the country due to
the fluctuations of the Inter tropical Convergence Zone (ITCZ) [29]. The ITCZ
reaches its northernmost position near the 19" parallel in mid-August, when
Sahel rainfall peaks, and after August, retreats rapidly southwards from June to
September. This component image therefore, shows a clear pattern of the
changes in vegetation because of the gradual movement of the encroaching Sa-
hara desert into the 11 front line states of the northern part of the country to the
fairly naturally vegetated surfaces in the southern part of the country [32]. Areas
of negative vegetation anomaly pattern can be seen covering most of the south-

ern states including the Niger Delta (indicating negative values on the compo-
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nent image) while the positive vegetation anomaly (in positive values on this
component image) covers most of northwest and northeast ecological zones of
the country. According to [33] the northern arid areas in Nigeria like in other
arid and semi-arid areas of the world, is not just the total amount of rainfall that
is important, but the timing and its distribution (as can be seen on Figure 2(a)
& Figure 2(b)). Accordingly, the pattern of rainfall particularly in the arid and
semi-arid areas in the country is highly variable in spatial and temporal dimen-
sions with an inter-annual variability of between 15 and 20 percent. Hence, the
changes in the pattern of negative and positive vegetation anomaly across this
component image corresponds to the rainfall pattern of the gauging stations in
the frontline states prone to desertification (Figure 1(b)) as well as the negative
and positive anomalies where drought and floods were experienced during the

1999 and 2009 ENSO events in some states across the country.

4.3. Component 3 and Its Loading Scores

Component 3 image (Figure 5(a)) is the second change image exhibiting about
4% of the total variance in the 72 NDVI dataset. Its graph of the loading scores
looks similar to that of component 2 in its cyclic trend of vegetation dynamics.
However, its peaks for the positive scores in 1999 fell in the second dekad of
January and first dekad of September, while in 2009 the highest peak of the posi-
tive scores on the graph are in the last dekad of January and second dekad of
August (Figure 5(b)). As for the negative scores, low peaks are located in the
first dekad of July 1999 and last dekad of June 2009. Hence, this component im-
age presents a positive anomaly pattern of the vegetation NDVI mostly within
Sokoto, Kebbi, Kano, Jigawa, northern part of Bauchi, Yobe and Borno states,
while the negative anomaly pattern can be seen in the central zone of the coun-

try located in Niger, Kwara, Oyo, Nasarawa, FCT, Kogi and Benue states.

4.4. Component 4 and Its Loading Scores

This is the third vegetation change component which shows about 2% of the to-
tal variance in the total time-series dataset (Table 1). Its graph of the loading
scores indicated the highest peak located in the first dekads of August 1999 and
2009. However, while the graph of the 1999 La-Nina year is skewed to the left,
that of the EI-Nino of 2009 is skewed to the right. Both positive and negative
anomaly patterns can be seen on this component image. For example, areas
around Kainji dam and along rivers Niger and Benue look green. This can be
linked to the 2009 floods which affected most of the major rivers and tributaries
in the country in October that year. The resulting anomaly in the pattern of ve-
getation which appears green can be seen across the country. This indicated high
positive values on the loading scores of this component. Thus, in most of the
front-line states vegetation growth is limited by water such that the relative den-
sity of vegetation becomes a good indication of drought. Consequently, less rains

were experienced during the La-Nina of 1999 particularly in Katsina and Yobe
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states (Figure 2(a)), and as the graph of loading scores on this component image
indicates, particularly from the second dekad of August till the second dekad of
October of 1999 (Figure 6(b)). On the other hand, the sandy soils in most of the
arid and semi arid areas in the study area are usually low in organic matter, ni-
trogen and phosphorus also degrade rapidly under conditions of intensive rain-
fall [34]. Furthermore, based on the findings by [35] and, because of the nature
of the rainfall in the front-line states which support mostly savanna vegetation
the density of trees and other plants tend to be decreasing as one moves north-
wards. This is another reason why the savanna ecosystem of this zone in the
country is very sensitive to human and animal population pressure. As [36] re-
ported, there was a decline in rainfall amount in some of the southern parts of
the country between 1995 to 2000, this could have explained further, the nega-

tive NDVI anomaly pattern in the southern part of the country on this compo-
nent image.
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Figure 6. Component 4 image and its graph of loading scores (source: PCA analysis). (a)
Component 4 image; (b) Graph of Component 4 loading scores.
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4.5. Maps of Vegetation Status and Change Classes

From the results, Component 1 images of 1999 and 2009 and subsequent image
differencing and classification (Figure 7 and Figure 8) as well as the percentage
change image (Figure 9) it is very clear that changes in both status and classes in
vegetation canopy and vigor affected not only the front-line states but also the
southern part of the country within the ten year period (1999 to 2009). For ex-
ample, the low and very low vegetated areas combined fell in the frontline states
considered as desertification zone areas. In summary, about 15% of the study
area experienced one form of negative change in NDVI vegetation resource or
another (including part of southern Niger and northern part of Cameroon).
However, the naturally vegetated areas of the southern part and irrigated areas
across the country had positive changes (Table 2). By implication, about 35% of
the study area (which includes few areas of adjoining countries) experienced one

form of positive change or another in either vegetation canopy or vigor.

Component 1 (1999)

YNV
S =0 AN SN VIO
mOR NS R
N=\O0IN A

(a)

Vegetation Classes as at 1999

®

Legend

[l Water and Very Low Vegetation
[_]Low Vegetated Areas

[ Irrigated or Moderate Vegetation
[ Natural Vegetation

(®)

Figure 7. Comp. 1 images and vegetation classes for the 1999 La-Nina Year (source: im-
age classification). (a) Component 1 image (1999); (b) Classified 1999 componentl im-
age.
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Correlations
-13.42
-11.84
-10.26
-8.68
-7.10
-5.52
-3.94

Vegetation Classes as at 2009

Legend

mm Water and Very Low Vegetation
[ Low Vegetated Areas

I Irrigated or Moderate Vegetation
= Natural Vegetation

(®)

Figure 8. Comp. 1 image and vegetation classes for the 2009 EI-Nino Year (source: image
classification). (a) 2009 Component 1 image; (b) Classified 2009 Component 1 image.

Changes in Vegetation Status Across Nigeria 1999-2009

% Change

<-11.43
-9.95
-8.47
-6.99
-5.51
-4.03
-2.55
-1.07
041
1.89
3.38
4.85
6.33
7.81
9.29
10.77
12.25

Figure 9. Change image from Components 1 images of 1999 and 2009 ENSO Years
(source: percentage change analysis).
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Results in Figures 3-6, indicated varying correlations with the total dataset
though the first component (PC1) which accounts for 69% of total variance in
the dataset, correlates strongly across all years. Higher values are directly linked
to the high density of vegetation in the study area while lower values correspond

to places of arid areas and where the dominant vegetation is grass and shrub-
land.

5. Conclusion

From the results derived from this broad assessment, it can be concluded that
dataset acquired from SPOT satellite for the purpose of monitoring the status of
vegetation as a resource can be very useful for consistent and periodic monitor-
ing of land cover generally. In particular, issues relating to climatic impacts glo-
bally, continentally, regionally, nationally and even at local levels can be under-
taken. At the national level for example, a broad assessment using time-series of
medium spatial resolution dataset can be undertaken. Once a systematic me-
thodology is devised, adopted and maintained it can go along way for the policy
makers particularly in monitoring vegetation as a resource. Areas of likely ha-
zards such as drought and floods as well where serious disasters occurred can be
analysed for sustainable environmental and resource management. Further re-
search should include socio-economic data and extensive ground-truthing where

area covering Nigeria should exclusively be analysed.
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