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HISTORY ABSTRACT

This study aimed to assess the vegetation changes and sustainability of the Wawa-Zange grazing
reserve. The study reported the vegetation composition and changes through time (1975-2020)
for the entire Wawa-Zange grazing reserve, one of the world's largest grazing reserves. Multi-
temporal satellite imageries were acquired from the USGS Earth Explorer collection of Landsat
data series and employed in this study. Normalized Difference Vegetation Index (NDVI)
technique was used to delineate forest and non-forest areas. ArcMap was used to elucidate the
‘G’Vrz‘;’i:gz;';ggwe transition of the reserve. The result obtained from the study showed that the reserve has changed,
Landsat owing to the spread of agricultural boundaries, overgrazing, and deforestation. During the study
Normalized Difference Vegetation Index period, the non-vegetation area expanded from 3.88 percent to 46.74 percent, while the
agricultural area increased by 37 percent. This approximately 50 percent decline in vegetation
cover indicates a significant decline in B-diversity at large spatial scales. It was observed that by
2030, the reserve could lose 67% of its vegetation cover. To stop land conversion and
unsustainable agricultural practices, strict legislative frameworks and regulations should be
implemented. Sustainable land management techniques like agroforestry and reforestation should
also be encouraged.
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INTRODUCTION to deforestation [5]. The country has only four percent of our

original forest cover now, and massive efforts are required to

The United Nations (U.N.) declared 2021-2030 to be the Decade
of Ecosystem Restoration in recognition of the critical need to
restore natural ecosystems to stop biodiversity loss and lessen
climate change's effects [1]. The U.N. set the goal of repairing a
billion hectares of the environment as part of this endeavor.
Ecological restoration is becoming a more critical tool for
governments and conservation groups to accomplish
conservation goals and lessen the effects of habitat loss on
biodiversity and ecosystem services [2]. Wawa-zange grazing
reserve is one of the 58 grazing reserves in Gombe State. It has
about 144,000 hectares and is believed to be the largest in Africa
[3]. According to [4], forests are the earth's
next most important natural resources, after air and water.
United Nations mandated that 25 percent of the surface area of
every country should be conserved under permanent forest cover
as the minimum ecological requirement for the socio-economic
survival of a country. Nigeria has lost 96 percent of its forest due

increase that coverage to at least 25 percent across the country in
30 years [5]. Governments worldwide have set aside forest
reserves to enhance rainfall, lessen wind erosion, prevent
desertification, and slow down desertification. Because of this,
forest reserves are safeguarded by law and constitution in many
countries [6].

Wawa-Zange forest reserve faces threats similar to those
faced by other forest reserves in Nigeria and other
developing countries, where many people are poor and
rely largely on natural resources. Without baseline vegetation
data, detecting and managing future changes will be
impossible. Observing the vegetation allows us to understand
better how habitat changes may affect the management decisions
made for protected species and other wildlife [7,8]. The
vegetation cover of the reserve in 1975 was 1476.878 square
kilometres (km2), whichis 96% of the total land area of
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1536.570 km2. Many studies [9,10] have tried to understand the
vegetation condition of the reserve to distinguish anthropogenic
land degradation or desertification by comparing the potential
and actual status of vegetation [11,12].

However, a fundamental impediment to policy formation is
the lack of extensive spatial studies at a regional size throughout
Gombe, particularly in places that are preserved and gazetted for
a specific purpose. Understanding the vegetation cover in a
given area is necessary for regional ecological restoration. The
Normalized Difference Vegetation Index (NDVI), which
accurately depicts the status of surface vegetation cover, is the
best indicator of  vegetation coverage and the
most useful indicator for tracking changes in regional vegetation
and the ecological environment [13,14]. Also, predicting the
magnitude of the degradation remains a challenge. The study's
objective was to investigate the Wawa-Zange forest's
spatiotemporal variability to ascertain the reserve's vegetation
cover and evaluate vegetation changes from 1975 to 2020.

MATERIALS AND METHODS

Study area

At 579 meters above sea level, the Wawa-Zange Forest Reserve
(Fig. 1)is  located between  latitudes 10°49'22.7"N and
longitudes 10°46'23.97"E. Four local governments—Dukku,
Funakaye, Kwami, and Nafada—bordered the restricted area.
Shrubs, a few scattered trees, and herbs make up the
vegetation. The forest reserve is an open savanna woodland
home to several thorny species and both broad- and fine-leaved
trees. The rainy season starts in May and continues through
October, with the maximum in August and September, with the
mean annual rainfall in the reserve of about 900 mm. The
temperatures are high throughout the dry season, beyond 40°C
during the hottest months (March — April), while during the rainy
season, the average temperature is usually within 24-26°C.

Fig. 1. Map of Wawa-Zange Grazing Reserve. Image from Google earth.

Multi-temporal satellite imageries, which are acquired from
the USGS Earth Explorer collection of Landsat data series, were
employed in this research. The acquired data include M.S.S. of
Jun 24, 1975, M.S.S. of Jan 28, 1980, and Landsat TM of Nov
29, 1990. Others were Landsat E.T.M. of Nov 17 2000, Landsat
E.T.M. of Jan 13 2010, and Landsat O.L.I. of Nov 16 2020. All
the imageries have a 30m resolution except M.S.S. data,
which has a 60m resolution. The normalized Difference

Vegetation Index (NDVI) technique was used in delineating
forest and non-forest areas, which is an indicator of the presence
and condition of green vegetation. This technique used Near
Infra-Red (NIR) and visible bands from each data set [15].

vyt = NIR— RED)

" (NIR + RED)
Where R is visible red reflectance, and NIR is near-infrared
reflectance. The wavelength range of the NIR band is (750-1300
nm) and the Red band is (600-700 nm).

The images were smoothed and sharpened using filtering
and stretching techniques to enhance the reflectance values of
these bands for easily distinguishing forested areas and non-
forest lands such as farmlands, settlements, and bare surfaces.
Vegetation indices for all the images were
computed using Map Algebra's "Raster Calculator” of the spatial
analyst tools in ArcMap 10.7. The normalized values range
between -1 and +1 and were grouped into two discrete classes of
vegetation and non-vegetation with a reclassifying tool that
employs the Natural Breaks (Jenks) classification model. Wawa-
Zange grazing reserve boundary shapefile was then used to clip
the reclassified data according to its spatial extent.

The intersect tool of the Analysis toolboxes was then
used for the overlay analysis, where two classified data of
different periods were compared to spatially discover which
class remained undisturbed or changed to another class. Before
overlay analysis, the classified data were converted to a vector
data model (shapefile), as the intersect tool accepts only vector
data. Finally, the area of each class for each period was
computed, as well as their percentages and rate of change
throughout the study period. The Hurst exponent was used to
predict the future trend of vegetation [16]. The Hurst exponent
approach based on rescaled interval (R/S) analysis is a fractal-
theory-based time-series analysis technique with several
applications in studying population movement and climate
change [17].

RESULTS AND DISCUSSIONS
Spatio-temporal dynamics of vegetation cover changes
The vegetation cover statistics and land-cover classification maps

of the years understudied—1975, 1980, 1990, 2000, 2010, and
2020 are shown in Fig. 2.
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Fig. 2. Spatial trend of deforestation in Wawa-Zange forest reserve from
1975-2020.

Wawa zange vegetation's NDVI trends showed
considerable variance in the spatial distribution. The reserve
degradation pattern shows no direction, as encroachment was
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observed from all directions of the reserve. From 1975 to 1980,
the vegetation cover had reduced in percentage by 1% (Fig. 2A).
However, between 1980 and 2020, it had reduced significantly
from 1470.14km? of dense vegetation to 819.06km> which is
46.68% (Fig. 2F). Non-vegetation area increased 1980-1990
from 4.31% to 7.74% and to 17.49% by 2000. This gradual
decrease in vegetation and more than 100% increase in non-
vegetation could be a result of an increase in the poverty rate,
which was 41.7% in 1990 from 28.1% in 1980, and a significant
increase in population, which was 73.42 million in 1980, 95.21
million in 1990 to 122.3 million in the year 2000 [18].

The study showed that over 71 thousand hectares of the
reserve had suffered the menace of deforestation. Thus, the
reserve had been destroyed to a distance of roughly 5 kilometers
from the initial frontier of the woody plants, which was only a
few meters away from major roadways, as shown in Fig. 2. This
degradation affected not only the reserve vegetation cover but
also directly affected the habitats of animals in the grazing
reserve. The situation is made worse by the influx of pastoralists
and internally displaced people (IDPs) to Gombe from the nearby
Borno and Yobe States [19,20,21], which have both been
devastated by Boko Haram insurgents and climate
change. These economically impoverished and frustrated
individuals are battling to survive and chop down the last tree in
the reserve in desperate attempts to feed their families or earn a
living by producing charcoal [22].

The study confirms the reports of [22] and [23] that 351,000
hectares of land are being turned into deserts each year in sub-
Saharan Africa as a result of overgrazing and overcultivation
[24]. Farmlands are the dominant land cover in the study
area, consistently increasing throughout the 45-year study
period. This is consistent with the [25], who reported that
intensified agricultural activities are the major factors influencing
and aggravating desertification in arid regions. According to
[26], vegetation degradation is getting worse. This was also
reported by [27] and [28], who noted that the land cover
in Nigeria's northern states has changed dramatically over the
last three decades.

Climate unpredictability and growing population density
have a combined influence on the region's declining vegetation
abundance, according to [26]. Growing numbers of people living
in rural areas exacerbate the effects of land
degradation. [29] Have emphasized the various policies and
programs the Nigerian government has implemented to address
environmental issues. Examples of such policies and initiatives
include the Great Green Wall Project, the Federal and State
Environmental Protection Agency (FEPA/SEPA), the Arid Zone
Afforestation Project (AZAP) in 1977, and the River Basin
Development Authorities (RBDA) in 1987. However, the issue
is getting worse because the problem has been approached as a
sectoral issue rather than through an integrated approach that will
bridge the gap between the formation of policy and strategies to
combat deforestation, drought, and desertification. [30] Reported
that protected areas in north-eastern Nigeria are not well
administered. The paper reported that federal government-
managed  protected  areasare  better = managed than
those controlled by states and local governments areas (L.G.A.s)
[30].
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Fig. 3. Predicted vegetation dynamics of Wawa-Zange forest reserve by
2030.

By 2030, the reserve could lose 67% of its vegetation (Fig.
3). The Hurst exponent (H) was 0.7, indicating persistent
behaviour. Thus, the vegetation cover in the reserve will continue
to decrease in the future (p<0.05, H>0.5). This might be the
result of native residents' increased demand for energy sources,
with Internally Displaced Persons (IDPs) in particular placing a
great deal of pressure on the woody vegetation. Furthermore,
without access to any modern or governmental infrastructure,
the villagers' sole energy options were firewood and charcoal.

CONCLUSION

The grazing reserve has shrunk by 47% of its original size as a
result of agricultural activities, population growth, overgrazing,
and overexploitation. 67% of the reserve's vegetation could
disappear by 2030. Frameworks for monitoring vegetation are
not being applied despite the existence of several regulations and
programs. Therefore, itis recommended that strict legal
structures and regulations should be put in place to stop land
conversion and unsustainable farming practices and promote
sustainable land management practices such as agroforestry,
reforestation, and afforestation to restore degraded landscapes
and increase forest cover.
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