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Abstract in English

This research work discusses the phenomenon of land
use and land cover, which has undergone constant chang-
es over the past few decades due to major variations in
the environment caused by anthropogenic and natural
factors. This study is supported by a long time series of
land use and land-cover satellite data of the Gambari For-
est Reserve boundary map for 1984, 2004, and 2020. A
maximum likelihood classification scheme was employed
to classify the satellite imageries using ArcGIS 10.1 soft-
ware to derive the spatial patterns and temporal variation
of the land-use and land-cover change (LULC) classes:
dense forest (DF), light forest (LF) and non-forest (NF).
Data on deforestation of the study area showed that the
area of DF increased from 31.7 km? (23.4%) to 72.8 km?
(54.4%) within a 36-year time series, with a percentage
change of 31.0%. The area of LF decreased from 79.2 km?
(65.4%) to 51.2 km? (41.5%), with a percentage change of
-23.9%, and that of NF decreased from 14.7 km? (11.2%)
to 2.6 km? (4.1%), with a percentage change of -7.1%.
This indicates that it would be reasonable to anticipate an
increase in deforestation in the future.
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Abstract in Povzetek

Raziskava se osredotoca na pojave rabe in pokrov-
nosti tal, ki se je v zadnjih nekaj desetletjih stalno
spreminjala zaradi vecjih okoljskih sprememb, pov-
zroCenih z antropogenimi in naravnimi dejavniki.
Raziskava je osnovana na dolgoletnih satelitskih po-
datkih iz leta 1984, 2004 in 2020 o rabi in pokrov-
nosti tal na obmoc¢ju gozdnega rezervata Gambari.
Za razdelitev satelitskih posnetkov v razrede rabe in
pokrovnosti tal - LULC (gosti gozd, redek gozd, ne-
gozd) je bila uporabljena klasifikacija maksimalne
verjetnosti s pomocjo programske opreme ArcGIS
10.1. Rezultati posnetkov na raziskovanem obmo-
¢ju v obdobju 36 let so pokazali, da se je gosti gozd
povecal iz 31.7 km? (23.4%) na 72.8 km? (54.4%)
s spremembo 31.0%. Redki gozd se je zmanjsal iz
79.2 km? (65.4%) na 51.2 km? (41.5%) s spremembo
-23.9%. Negozd se je zmanjsal iz 14.7 km? (11.2%)
na 2.6 km? (4.1%) s spremembo -7.1%. To dokazu-
je da je verjetnost za krcenje gozdov v prihodnosti
visoka.

Kljuéne besede: geoprostorske tehnike, LULC, zazna-
vanje sprememb, kréenje gozdov, kartiranje
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Introduction

As an important part of worldwide sustain-
able development, land -use and land-cover
change (LULC) and deforestation in Nigeria
have attracted great attention. LULC has been
considered as an important research topic
for global environmental change and sustain-
able development [1]. Land cover refers to
the biophysical attributes of the Earth’s sur-
face, while land use refers to the human pur-
pose or intent applied to these attributes [1].
Deforestation is an important process of LULC
[2], and it is also a factor that provides feed-
back for the drivers of land-use change [3].
However, examining the process and trends
of LULC via quantitative analysis is a prereq-
uisite for gaining a deeper understanding of
LULC and help policy makers set improve-
ment targets in specific areas and adopt
appropriate practices while also keeping in
line with other fields of sustainability [2,4,
5,6]. The acceleration of urbanisation and
industrialisation has led to serious ecological
destruction, such as a decrease in ecological
carrying capacity, vast coverage and inten-
sity of water and soil loss, desertification, soil
erosion, vegetation degradation, biodiversity
losses, invasion of alien species, environmen-
tal pollution, natural hazards, geological haz-
ards, and forest hazards [7].

LULC is the conversion of different land-
use types and is the result of complex inter-
actions between humans and the physical
environment [8]. Therefore, accurate and
up-to-date land-cover change information
is necessary for understanding and assess-
ing LULC changes. Remote sensing (RS) and
geographic information systems (GIS) are
essential tools that are used to obtain accu-
rate and timely spatial data of land use and
land cover, as well as to analyse the changes
in a study area [9,10]. RS images can effec-
tively record land-use situations and provide
an excellent source of data from which up-
dated LULC information and changes can be
extracted, analysed, and simulated efficiently
through certain means [11,12]. Therefore, RS
is widely used in the detection and monitor-
ing of land use at different scales [13-15]. GIS
provides a flexible environment for collecting,
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storing, displaying, and analysing digital data
necessary for change detection [9,16,17]. The
present study aims to assess the changes that
occurred in Gambari Forest Reserve, Nigeria,
within the period of the 32 years from 1984
to 2016. The objective of this study is to ex-
amine the LULC changes in the study area be-
tween 1984 and 2016.

Study Area

Gambari Forest Reserve is located between
latitude 7°10'51"N and longitude 3°52'34"E.
Figure 1 shows the natural forest reserve plot
at 6.5 km from the Cocoa Research Institute of
Nigeria (CRIN), on the Idi-Ayunre-ljebu-Ode
Road, Oyo State.

Gambari Forest Reserve has one of the
most complex vegetation types with the
highest number of plant species per unit
area. This vegetation is dominated by woody
trees to the exclusion of grasses; grasses are
shade-intolerant and cease to grow under such
tall vegetation, which has a heavy total canopy
[19]. The topography of the study area is gen-
erally undulating with the presence of lianas,
climbers, twiners, stranglers, scramblers, and
epiphytes, which makes movement almost im-
possible. The valuable indigenous species are
Terminalia spp K. Shum (Afara), Triplochiton
scleroxylon K. Shum (Arere, Obeche), Irvingia
garbonensis (Oro) and Treculia africana,
among others. Exotic species such as Gmelina
arborea (Gmelina) and Tectona grandis (teak)
are found in the study area. The study area lies
at an altitude between 90 m and 147 m above
sea level [20]. The study area is bounded by
two rivers (rivers Ona and Awon).

The major dry season occurs between
December and March. Temperatures are high
throughout the year, with a mean annual val-
ue of about 27°C and an annual range of 30°C
[18,21].

Materials and Methods

In this study, the sources of data collected are
the Landsat satellite RS images for 1984, 2004,
and 2020 with a resolution of 30 m. This study
will also show how the data are collected and
the methods of analysis used.

Mephors et al.
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Figure 1: Map of the study area (Gambari Forest Reserve).
Source: Adapted from the study by Adedeji et al. [18].
Table 1: Data set acquired and its sources
S/N Data Sets Resolution/ Year of Date of Source
Scale Production Acquisition
Landsat 5 30M 1984 18/12/1984 USGS
Landsat 7 30M 2004 06/02/2004 USGS
Landsat 8 OLI 30M 2020 15/02/2020 USGS
Gambari Forest ) Adedeji
4 Reserve boundary map 1:50,000 2015 23/11/2018 etal. [18]

Collection of Satellite Data

Landsat images of the study area for three
different years with the space span inter-
vals of 20 and 16 years (for 1984, Landsat 5;
for 2004, Landsat 7; and for 2020, Landsat 8
OLI) are used for this study, and the orthorec-
tified images for 1984, 2004, and 2020 were
downloaded from the United States Geological
Survey (USGS), as shown below (Table 1). The
software package ArcGIS 10.1 (2013) version

Analysing the rate of land-use and land-cover changes

was used to visually and digitally process and
interpret the Landsat satellite images.

RS Image Pre-processing and Accuracy
Verification

The RS image data of 1984, 2004, and 2020
were radially calibrated and atmospherically
corrected. The relative geometric corrections
of the three images were conducted to remove
geometric distortion caused by the sensor or
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Table 2: LULC classification scheme

S/N Code LULC Classification Definition of Terms
Category
1 DF Dense forest Area with dense intensity of forest with thick closed canopy
2 LF Light forest Area with low intensity of forest with light closed canopy
3 NF Non-forest Area covered with shrubs and grasses with no canopy

GPS is used for navigation, location of sample plots and recording of coordinate points. Ground distance is measured by surveyors using a tape.

the Earth’s rotation. Considering the study
area and the goal of this study, the land-use
types are divided into three categories: dense
forest (DF), light forest (LF) and non-forest
(NF) (as shown in Table 2). With the help of
the maximum likelihood method classifier,
classification was carried out on these three
images.

Results and Discussion

The data collected and analysed for this study
are satellite images that are classified and
presented in the form of maps and statistical
tables and represent the analysis of the various
research data used in this study.

Trend in the LULC distribution of the
Gambari Forest Reserve in 1984

The Gambari Forest Reserve area in 1984
recorded more LF than NFE DF covered an
area of 31.7 km? (23.4%), while LF covered
79.2 km? (65.4%), and NF covered 14.7 km?
(11.2%), as shown below (Table 3). The LULC
distribution for the study area in 1984, as
derived from the map, showed that LF occu-
pied the largest class, with 65.4% of the total
classes, which implies that the forest reserve
was still intact or minimally tampered with
at the time under study. The Gambari Forest
Reserve is a reserved area allocated to the
Forestry Research Institute of Nigeria for
experimental purposes, which restricted
the Gambari Forest from being encroached
(Figure 2).

Trend in the LULC Distribution of the
Gambari Forest Reserve in 2004

The static LULC change detection for the
Gambari Forest Reserve area in 2004, as
derived from the imagery, indicates that there
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Table 3: LULC distribution of Gambari Forest in 1984 showing
area (km?) of the LULC classes

Classes Area (%) Area (km?)
Non-forest 11.20 14.70
Light forest 65.40 79.20
Dense forest 23.40 31.70
TOTAL 100.00 125.60
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Figure 2: Land-cover classification of Gambari Forest in 1984.

is a significant increase in DF and NF areas,
while the area of LF reduced over the 20 years
(1984-2004). DF covered an area of 36.6 km?
(31.2%), while LF covered 51.2 km? (43.7%),
and NF covered 37.8 km? (25.1%), as shown in
Table 4.

The area of DF increased from 23.4% in
1984 to 31.2% in 2004, which resulted from
re-afforestation (amounts to 7.8%), while the
area of LF decreased from 65.4% in 1984 to
43.7% in 2004, which implied a percentage size
loss of -21.7% due to anthropogenic activities

Mephors et al.



Table 4: LULC distribution of Gambari Forest in 2004 showing
area (km?) of the LULC classes
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Table 5: LULC distribution of Gambari Forest in 2020 showing
area (km?) of the LULC classes

Classes Area (%) Area (km?) Classes Area (%) Area (km?)
Non-forest 25.10 37.80 Non-forest 4.10 2.60
Light forest 43.70 51.20 Dense forest 54.40 72.80
Dense forest 31.20 36.60 Light forest 41.50 51.20
TOTAL 100.00 125.60 TOTAL 100.00 125.60

2°4540"L 2°49'20"L 530°L
n fy 1

2004 IMAGE CLASSIFICATION

N

TIN0N
f

N
T
IR0

T
TN

TEWN
T
FEUN

Legend

[ JNON FOREST
B LIGHT FOREST
Il DENSE FOREST

3SFOL

AN
L
T
AN

3”“05"40"]; ."’49‘70’ "L

Figure 3: Land-cover classification of Gambari Forest in 2004.

such as selective logging and legal felling, which
led to the reduction of the volume of trees left
in the area.

For the NF area, there was also a geometric
increase from 11.2% in 1984 to 25.1% in 2004,
which implies that a percentage size of 13.9%
could be a result of the above stated anthropo-
genic activities such as major felling of trees
without replanting (Figure 3).

Trend in the LULC Distribution of the
Gambari Forest Reserve in 2020
The Gambari Forest Reserve area in 2020
recorded more DF than LF. DF covered an area
of 72.8 km? (54.4%), while LF covered 51.2 km?
(41.5%), and NF covered 2.6 km? (4.1%).

An assessment of the classification data in
2020 imagery reveals that there has been a
transition in the status of the forest reserve in

Analysing the rate of land-use and land-cover changes

the span of 36 years, which indicates that the
DF areaincreased from 23.4% in 1984 to 54.4%
in 2020, which implies a percentage change of
31.0%, due to favourable environmental fac-
tors such as climatic weather, decomposition,
and conservation.

For the LF area, it was established that there
was a decrease from 41.5% in 2020 to 65.4%
in 1984, with a percentage variation of -23.9%,
which is a decrease from what was classified in
1984. This could be as a result of poor manage-
ment of the experimental plots, illegal fellers,
and climate variability.

Furthermore, the NF status stands at 4.1%
in 2020, which is also a decrease compared to
11.2% in 1984, with a percentage variation of
-7.1% due to increase in sizes of both the DF
and LFE respectively, which increased their LU
over time.

The LULC distribution for the study area
in 2020, as derived from the map, shows that
DF occupied the largest class, with 54.4% of
the total classes due to anthropogenic activi-
ties that occurred to the other classes (Table 5,
Figure 4).

Changes in Land Cover of Gambari Forest
Reserve from 1984 to 2004

The changes outlined in Table 6 occurred over
the past 20 years in the Gambari Forest Reserve
area from 1984 to 2004, where changes of
the land covers are presented. LF declined
in percentage size drastically by -21.7%, NF
increased drastically by 13.9%, while DF also
increased by 7.8%.

Changes in Land Cover of Gambari Forest
Reserve from 2004 to 2020

The changes mentioned below occurred over
the past 16 years in the study area during
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2004-2020. As shown in Table 7, represent- changed by 23.20%, LF changed by - 2.20%,
ing 2004 to 2020 satellite images, changes of and NF changed by - 21.00%.

the land cover during this period show that DF

Changes in Land Cover of Gambari Forest
Reserve from 1984 to 2020

2020 IMAGE CLASSIFICATION B The overall trend of thr e36-year change that
occurred between 1984 and 2020—as shown
in Table 8—indicates that the DF area pos-
itively increased in percentage change by
31.00%, from 31.7 km? (23.4%) to 72.8 km?
(54.4%), which could be as a result of envi-
ronmental factors such as climatic weather,
decomposition, and conservation. The LF area
decreased in percentage change by -23.9%
from 79.2 km? (65.4%) to 51.2 km? (41.5%).
And finally, the NF area also decreased in
percentage change by -7.1% from 14.7 km?
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Table 6: Changes in land cover of Gambari Forest Reserve from 1984 to 2004

Classes Area in Area in Areain Area in Percentage Change
1984 (km?) 1984 (%) 2004 (km?) 2004 (%) from 1984-2004

NF 14.70 11.20 37.80 25.10 13.90

LF 79.20 65.40 51.20 43.70 -21.70

DF 31.70 23.40 36.60 31.20 7.80

Table 7: Changes in land cover of Gambatri Forest Reserve from 2004 to 2020

Classes Area in Areain Area in Area in Percentage Change
2004 (km?) 2004 (%) 2020 (km?) 2020 (%) from 2004-2020

NF 37.80 25.1 2.60 4.10 -21.00

LF 51.20 43.7 51.20 41.50 -2.20

DF 36.60 31.20 72.80 54.40 23.20

Table 8: Changes in land cover of Gambari Forest Reserve from 1984 to 2020

Classes Area in Area in Area in Area in Percentage Change
1984 (km?) 1984 (%) 2020 (km?) 2020 (%) from 1984-2020

NF 14.70 11.20 2.60 4.10 -7.10

LF 79.20 65.40 51.20 41.50 -23.90

DF 31.70 23.40 72.80 54.40 31.00

RMZ - M&G | 2021 | Vol.68[2] | pp.91-98 Mephors et al.



Conclusions

[t is very important to study LULC changes
due to natural causes such as climate vari-
ability or climate change, resulting in floods,
drought, or anthropogenic causes, such as
industrialisation and urbanisation. LULC anal-
ysis can provide important information for
global environment change and sustainable
development studies, which can also be use-
ful for decision-makers. A long time series
(1984, 2004, and 2020) of RS images with a
resolution of 30 m were used in the present
research. Findings show that the Gambari
Forest Reserve area in 1984 had a total DF
cover of 31.7 km?, while LF covered 79.2 km?,
and NF covered 14.7 km?, representing 23.4%,
65.4%, and 11.2%, respectively, of the land
area. In sum, the LULC classification using
Landsat imagery of 1984 reveals that LF occu-
pied the largest area size both in percentage
and kilometre due to the fact that the forest
was still intact, devoid of deforestation.

In 2004, in the Gambari Forest Reserve, DF
covered an area of 36.6 km?, while LF covered
51.2 km?, and NF covered 37.8 km?, represent-
ing 31.2%, 43.7%, and 25.1%, respectively.
In 2004, DF area increased by 7.8%. LF showed
a reduction in both the percentage and area
size in 2004 compared to the previous year
studied (1984) due to the effects of deforesta-
tion. A summary of the findings in 2004 shows
that LF still has the highest area and percentage
cover.

Finally, in 2020, DF covered an area of
72.8 km?, while LF covered 51.2 km? and NF
covered 2.6 km? representing 54.4%, 41.5%,
and 4.1%, respectively. To summarise, DF had
the highest percentage and area cover size in
2020.

Many more reasons (also explained in the lit-
erature review) show clearly how LULC study
is important for policy making and making de-
cisions to prevent environmental degradation.
There are many techniques that can be used in
monitoring and assessment of LULC, such as RS
and GIS.

Therefore, it is recommended that the con-
cept of using satellite images of land cover
change demonstrated the extent and status of
land cover. Therefore, this study recommends

Analysing the rate of land-use and land-cover changes

that more efforts need to be taken seriously to
halt deforestation and any other human activi-
ties that can have negative impacts on forests.
In the near future, more studies should be con-
ducted to complement the deployment of an
integrated RS-GIS approach towards precision
carbon management.

References

[1] Dafang, Z., Yunfeng, H., Batunacun, L.Z. (2019):
Assessment of land-use and land-cover change in
Guanggxi, China. Scientific Reports, 9(1), pp. 1-13,
DOI1:10.1038/s41598-019-38487-w.

Lambin, E.F. et al. (2001): The causes of land-use
and land-cover change: moving beyond the myths.
Global Environmental Change, 11, pp. 261-269.
Sohoulande Djebou, D.C. (2017): Spectrum of cli-

mate change and streamflow alteration at a water-

(2]

(3]

shed scale. Environmental Earth Sciences, 76(19),
pp. 1-13.
Verburg, PH., Chen, Y, Veldkamp, T.A. (2000):

Spatial explorations of land use change and grain

[4]

production in China. Agriculture, Ecosystems &
Environment, 82(1-3), pp. 333-354, D01:10.1016/
S0167-8809(00)00236-X.

Diouf, A., Lambin, E.F. (2001): Monitoring land-
cover changes in semi-arid regions: remote sensing

[5]

data and field observations in the Ferlo, Senegal.
Journal of Arid Environments, 48(2), pp. 129-148,
DOI: 10.1006/jare.2000.0744.

Akram, M,, Qian, Z., Wenjun, L. (2008):

Policy Analysis in Grassland Management of

(6]

Xilingol Prefecture, Inner Mongolia. In: The

Future of Drylands, Lee, C., Schaaf, T. (eds.).
Springer: The Netherlands, pp. 493-505,
DOI1:10.1007/978-1-4020-6970-3_45.

Li, Y, Liy, Y. (2011): The Ecological Analysis of a
New Round Land Use Planning Based on Ecological

(7]

Footprint in Guangxi. In: Proceedings of the

2011 2nd International Conference on Mechanic
Automation and Control Engineering, Hohhot,
China, [EEE: China, pp. 6981-6984, DO1 10.1109/
MACE.2011.5988655.

Pielke, R.A. Sr,, Pitman, A., Niyogi, D., Mahmood,
R., McAlpine, C., Hossain, F. (2011): Land use/land
cover changes and climate: modeling analysis and

(8]

observational evidence. Wiley Interdisciplinary
Reviews Climate Change, 2(6), pp. 828-850,
DOI:10.1002/wcc.144.

97



98

(9]

[10]

[11]

[12]

[13]

[14]

Reis, S. (2008): Analyzing land use/land cover
changes using remote sensing and GIS in Rize,
North-East Turkey. Sensors, 8(10), pp. 6188-6202,
DOI:10.3390/s8106188.

Srivastava, PK,, Singh, S.K,, Gupta, M., Thakur, ].K,,
Mukherjee, S. (2013): Modeling impact of land use
change trajectories on groundwater quality using
remote sensing and GIS. Environmental Engineering
and Management Journal, 12(12), pp. 2343-2355,
DOI1:10.30638/eem;.2013.287.

Pradhan, B,, Lee, S., Mansor, S., Buchroithner, M.,
Jamaluddin, N., Khujaimah, Z. (2008): Utilization

of optical remote sensing data and geographic
information system tools for regional landslide
hazard analysis by using binomial logistic regres-
sion model. Journal of Applied Remote Sensing, 2(1),
pp. 1-11,D0I1:10.1117/1.3026536.

Singh, S.K,, Laari, P.B., Mustak, S., Srivastava, PK,,
SzaboA, S. (2017): Modelling of land use land

cover change using earth observation data-sets of
Tons River Basin, Madhya Pradesh, India. Geocarto
International, 33(11), pp. 1-34, D01:10.1080/10106
049.2017.1343390.

Hua, AK. (2017): Land use land cover changes in
detection of water quality: a study based on remote
sensing and multivariate statistics. Journal of
Environmental and Public Health, 2017(1), pp. 1-12,
DOI1:10.1155/2017/7515130.

Olokeogun, 0.S,, lyiola, K., Iyiola, O.F. (2014):
Application of remote sensing and GIS in land
use/land cover mapping and change detection in
Shasha forest reserve, Nigeria. ISPRS - International
Archives of the Photogrammetry, Remote Sensing and
Spatial Information Sciences, Volume XL-8,

pp. 613-616, DOI:10.5194 /isprsarchives-XL-8-613.

RMZ - M&G | 2021 | Vol.68[2] | pp.91-98

[15]

[16]

[17]

[18]

[19]

[20]

[21]

Rai, PK., Vishwakarma, C.A., Thakur, S., Kamal, V.,
Mukherjee, S. (2016): Changing land trajectories: a
case study from India using a remote sensing-based
approach. European Journal of Geography, 7(2),

pp. 63-73.

Khan, S., Qasim, S., Ambreen, R, Syed, Z. (2016):
Spatio-temporal analysis of landuse/landcover
change of district Pishin using satellite imagery and
GIS. Journal of Geographic Information System, 8(3),
pp- 361-369.

Zeleke, G., Hurni, H. (2001): Implications of land
use and land cover dynamics for mountain resource
degradation in the Northwestern Ethiopian
Highlands. Mountain Research and Development,
21(2), pp. 184-191, DOI:10.1659/0276-
4741(2001)021[0184: IOLUAL] 2.0.CO; 2.

Adedeji, 0.H., Tope-Ajayi, 0.0., Abegunde, O.L.
(2015): Assessing and predicting changes in the
status of Gambari Forest Reserve, Nigeria using
remote sensing and GIS techniques. Journal of
Geographic Information System, 7(3), pp. 301-318,
DOI1:10.4236/jgis.2015.73024.

Whitmore, T.C. (1993): An Introduction to Tropical
Rain Forest, 2nd edition. Oxford University Press:
United States, 296 p.

Sanwo, S.K,, Ige, P.O., Sosanya, 0.S., Ogunlaye, O.G.
(2015): Tree species diversity and forest stands
dynamics in a tropical rainforest in Southern
Nigeria. Malaysia Applied Biology Journal, 44(2),
pp. 65-73.

Larinde, S.L., Olasupo, 0.0. (2011): Socio-economic
importance of fuelwood production in Gambari
forest reserve area, Oyo State, Nigeria. Journal

of Agriculture and Social Research (JASR), 11(1),

pp. 201-210.

Mephors et al.



