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ABSTRACT

The only ecosystem that is best suited to accommodate livestock in Africa is the
Savanna ecosystem. The livestock can be raised well in the savanna ecosystem due
to the availability of enough grass and trees. However, there has been an expansion
in indigenous woody plant species cover, density, and biomass in the savanna
ecosystem. Therefore, with an increase in woody cover, also known as bush
encroachment; which is globally, threatening grazing resource availability in the
Savanna. The study aim was to assess bush encroachment and its potential drivers
in selected locations of the Limpopo province, between 2001 and 2018 time periods.
The objectives of this study are to highlight areas of bush encroachment using
existing remote sensing derived tree cover product over a period between 2001 and
2018 in the Limpopo province; and to determine environmental and socio-economic
factors that influence bush encroachment in the Limpopo province. The tree cover
change dataset was acquired from the Council of Scientific and Industrial Research
(CSIR), and was used to asses bush encroachment. The logistic regression was
used to determine which environmental and socio-economic variables influence bush
encroachment. When implementing logistic regression to understand drivers of bush
encroachment, three scenarios were decided, i) environmental variables only, ii)
socioeconomic variables only and iii) environmental and socio-economic data
combined. The results of the study show that there has been an increase of bush
encroachment over the past years in the Limpopo province. Environmental variables
such as temperature minimum, temperature mean and bulk density were found to
significantly influence bush encroachment. Similarly, socio-economic variables such
as population density and annual income distributions such as household income
with no income; income above poverty line; income below average income; average
income; and middle average income were found to be significant. Therefore, the
study used the applications of remote sensing to assess bush encroachment in the

Limpopo province.

Keywords: Savannas, Woody cover, Bush encroachment, Socio-economic,
Environmental, Council for Scientific and Industrial Research, Logistic regression,

and Remote Sensing
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CHAPTER 1
GENERAL INTRODUCTION

1.1. Introduction

Woody and grassy cover coexist in the savanna ecosystem (Bourliere, 1970; Belsky,
1990; Scholes & Walker, 1993; Scholes, 1997; Scholes & Archer, 1997). Savannas
are regarded as Africa’'s most important breeding habitats (Bourliere, 1970; Lamprey,
1983). According to one researcher, 'global research evidence suggests that bush
encroachment is deforming savannas' (Archer et al.,, 1995). The encroachment of
woody species on consumable grasses and herbs endangers domestic livestock
survival. Furthermore, bush encroachment reduces livestock carrying capacity. The
majority of the world's population lives in southern and central African savannas,
including a large number of pastoralists whose survival is threatened by bush

encroachment (Lamprey, 1983; Scholes, 1997).

Several grazer species suffer when the grassland environment disappears since
grass is their primary source of food. The loss of grass cover will reduce the area that
can support grazing. The drivers and/or triggers of bush encroachment are believed
to be variations in precipitation, atmospheric carbon dioxide, vegetation fires, and
land usage (Buitenwerf, Bond, Stevens, Trollope, 2012; Case & Staver, 2017;
Aleman, Blarquez, & Staver, 2016; Berry & Kulmatiski, 2017). Over various timelines,
all of these components are expected to interact. For example, stochastic
fluctuations in rainfall are predicted to provide decadal scale variability, whereas
grazing pressure and fire are thought to be the primary drivers of long-term changes
in the grass/woody vegetation ratio (Gil-Romera et al., 2010; Scott et al., 1991 & Van
Rooyen et al.,2018; Gillson, 2004).

According to some intriguing research, precipitation, fire, and herbivory may all have
different effects on the stability of savannas. These factors may also have different
effects on invading species (Joubert et al., 2008; Joubert, Smit, & Hoffman, 2012,
2013). As a result, extensive time series with sufficient taxonomic resolution are
required to understand stabilizing feedbacks and distinct triggers that result in state
shifts. Changing human settlement patterns in response to diseases such as

sleeping sickness, a decline in herbivores that browse such as megaherbivores,



wildlife, and livestock pandemics such as rinderpest, and intensive harvesting of
woody plants for fuel are all notable features of African ecological history (Spinage,
2012). Traditional field surveys have given way to remote sensing technologies such
as satellite systems and aerial photography for monitoring bush encroachment
(Shantz & Turner, 1958; Madonsela et al., 2017b) (Munyati et al., 2009; Belayneh &
Tessema, 2017; Vogel & Strohbach, 2009; Symeonakis et al., 2016; Baumann et al.,
2018). New remote sensors are viewed as valuable for monitoring the state of the
environment and providing new opportunities as a result of earth observation
technology (Ludwig et al., 2016). As a result, remote sensing can identify tangible
objects such as soil and vegetation features without coming into contact with them
(Hill et al., 2008).

1.2.  Problem statement

The impact of bush encroachment decreases grazing carrying capacity of livestock
through restraint and replacement of palatable grasses and herbaceous cover (Ward,
2005; Tefera et al., 2007). Therefore, woody species could have resulted into
reduced carrying capacity; which led to loss of profit by livestock farmers. Bush
encroachment threatens food security and the variety of plant and animal life in the
world of between ten and twenty million hectares (Ward, 2005). Supporting evidence
brought forward by Chamane (2012), suggests that veldfire, the results of climate
change; and the ecological implications are not well comprehended by various

communities in the world.

Commercial farmers have suffered significant financial losses as a result of
rangeland degradation, particularly in non-migratory ranches in Southern Africa, as
well as reduced arable land and animal hunting grounds in African savanna
ecosystems (de Klerk, 2004; DRFN, 2009). African countries currently affected by
bush encroachment include South Africa, Botswana, Uganda, Zimbabwe, Ethiopia,
and Namibia (Ayelew & Mulualem, 2018; Charis et al., 2019). Increasing
anthropogenic carbon dioxide led expansion of bush encroachment (Buitenwerf et
al., 2012; Kgope et al., 2010); and primary cause of bush encroachment is changes
in rainfall patterns. Globally, there are more studies focused on detecting bush
encroachment than on monitoring, and the analysis of environmental drivers is even

more limited. Therefore, monitoring bush encroachment in the Limpopo province is



limited; and this indicates that bush encroachment monitoring and detection is
necessary in the province. Remote sensing provides an opportunity to effectively
and efficiently monitor vegetation extent, condition and composition. This study
evaluates bush encroachment and identifies potential drivers of bush encroachment

using tree cover data analysed from remote sensing by Cho and Ramoelo, (2019).

1.3. Motivation of the study

The effect of bush encroachment can cause biome shifts and change savannas to
dense vegetation, as well as change the heterogeneity and natural identity of
savannas, which is harmful to agricultural productivity and socioeconomic benefits
from rangelands (Eldridge et al., 2011). Control management of bush encroaching
species using remote sensing technology has the capacity to minimize the burden to
keep track of rangeland ecosystems with manuals by range managers. Remote
sensing satellites are able to cover wider areas and they are repetitive and less
tedious. Conventional field methods are difficult and costly to implement especially in
wider landscapes (Provincial to a National scale). Therefore, remote sensing will
allow repetitive coverage and effectiveness when collecting field data; and obtaining
remotely sensed data is relatively cheaper compared to conventional field sampling
methods. Therefore, there is a need to constantly monitor the extent and rate of bush
encroachment in the Limpopo province, and determine its potential drivers using

remote sensing technology.
1.4. Aims and Objectives
Aim
The aim of the study is to assess the extent of bush encroachment using remote
sensing technology and determine its potential drivers in the Limpopo province.
Objectives

The objectives of the study are to:

I. To assess the extent of bush encroachment using existing remote sensing
derived tree cover change product over a period between 2001 and 2018 in
the Limpopo province.

ii. Determine environmental and socio-economic factors that influence bush

encroachment in the Limpopo province.



1.5. Research questions
i. Which areas in the Limpopo province have been affected by bush encroachment
between 2001 and 2018 period?

ii. Which environmental and socio-economic factors influence bush encroachment

in the Limpopo province?
1.6. Methodology adopted for this study

The Limpopo province has limited control management and monitoring of bush
encroachment. Range managers are using manuals to track the impact of bush
encroachment on their rangelands rather than using remote sensing technology,
which has the potential to reduce the burden of tracking the impact of bush
encroachment on rangelands. It is also clear that bush encroachment in the Limpopo
province has had a negative impact on agricultural productivity over the years, owing
to a lack of sustainable and effective rangeland management. The effect of bush
encroachment can cause biome shifts and change savannas to dense vegetation, as
well as change savanna heterogeneity and natural identity, which is detrimental to
agricultural productivity and socioeconomic benefits from rangelands (Eldridge et al.,
2011).

The methodology used to obtain the results for this study was described in details in
the study for tree cover conducted by (Cho et al., 2017) and only the first 100
polygons were evaluated for tree cover using the methodology of Cho and Ramoelo,
(2019); and the chosen polygons were three-band (red-green-blue) raster image
scenes that were saved in Google Earth and later utilized to estimate tree cover
change. The Kendall’'s Tau coefficient method was used for tree cover change in this
study to determine whether or not the area has bush encroachment. Therefore, when
analysing the results three groups of variables were selected into environmental
variables, socioeconomic variables and a combination of both using ENVI software.
The results of this study further show that bush encroachment has been affecting the

Limpopo province between the years 2001 and 2018.



CHAPTER 2

LITERATURE REVIEW

2.1. An examination of bush encroachment and its processes

In dry to semi-arid savanna ecosystems, when roughly 40% of arable land and 50%
of rangeland land are utilised, bush encroachment is pervasive and expanding
quickly (Lukomska et al., 2010; Huang et al., 2018;). Among the African nations
affected by bush encroachment are South Africa, Botswana, Uganda, Zimbabwe,
Ethiopia, and Namibia (Ayelew & Mulualem, 2018; Charis et al., 2019). According to
sources, Namibia is now dealing with a serious bush encroachment problem that is
degrading the rangelands (Ayelew & Mulualem, 2018; Schroter et al., 2009). Over
70% of Namibia's territory is made up of arid to semi-dry regions that make up the

country's savannas (National Drought Task Force, 1997).

Many academics believe that bush growth is a sign of land degradation (Gibbens et
al., 2005; Maestre et al., 2009; Van Auken, 2009). Woody thickening, regrowth,
thicketization, thicketization (Kerley et al., 1995; Lechmere-Oertel et al., 2005),
woody weed invasion (Booth et al., 1996), and xerification are all terms used to
describe encroachment (Van Auken, 2000; Eldridge et al.,2011; Noble, 1997). In
South Africa, intensive livestock grazing and subsequent management have resulted
in the extinction of desirable grass species in favor of less desirable bushes and
shrubs (Hudak, 1999). According to Grossman and Gander (1989), as a result of
this, 1.1 million hectares of South African savanna are now inaccessible, another 27
million hectares are threatened, and the area's capacity to graze animals has been

reduced.

2.2. The main causes of bush encroachment
2.2.1. Determining the environmental and socio-economic factors that influence bush
encroachment.

2.2.1.1. Environmental drivers of bush encroachment

Environmental drivers constitute a global role and purpose of geographic
surroundings referred to be extremely beyond management control. These are
physical features (e.g., Topography; aspect; soil types and moisture, physical and

chemical properties; and vegetation; climatic features; geology); which cannot be
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managed using technical management strategies. Therefore, in relation to
environmental conditions (climatic), moisture is extremely more present in coarse
textured, readily available for the plant root uptake (Knoop & Walker, 1985).
Therefore, determinants of environmental drivers of bush encroachment are

discussed as follows:

i. Fire

Studies identified that savannas are developing into a dense vegetation and
evergreen thickets due to lack of fire as a disturbance to bush encroachment, and it
has been developing for many years (Gignoux et al., 2009). Therefore, having
enough grass loads available, there will be desirable rainfall patterns and effective
fire controls to destroy the sapling. In dry areas or semi-arid savanna, where there is
a frequent grazing pressure and poor rangeland management; the results will be that
dry grass loads for making fuel will not be enough for fire control and management
practices. In addition, burning areas of encroachment on the savanna with little grass

materials will accelerate the spread and dense of vegetation cover (Van Oudshoorn,
2002).

African authorities prohibit rangeland burning because they do not view fire as a
useful tool for managing savanna ecosystems (Dalle et al., 2006). The lack of
routine burning, according to ecologists and pastoralists, has facilitated the growth of
woody plants (Kgosikoma et al.,, 2012a). Therefore, controlling fire should be a
crucial aspect of savanna administration. Overgrazed savanna ecosystems also
have a low fuel load, avoiding frequent, severe fires. Given the significance of fire in
savanna ecosystems, it is imperative to create organizations and long-term burning
intervals to regulate routine burning in savanna ecosystems (Fatunbi et al., 2008).
Alternatively, burning without control can increase the quantity of carbon released
into atmosphere and make pastoralists more susceptible to the impacts of drought. It
is essential to have knowledge about future climate circumstances as well as the
abilities to lessen its negative consequences in order to use fire as a management

tool sustainably (e.g., air pollution and carbon loss).

il. Grazing pressure



Grasses and trees are the most important vegetation type housing in the ecosystem
and functions as habitat for other species. Therefore, when savanna grassland
component is removed, then trees may increase the effect of bush encroachment.
Overgrazing can be caused by livestock and/or wildlife putting high grazing pressure
within the rangelands. Overgrazing usually occurs in places where rangeland
management strategies are not effectively planned. In essence, overgrazing
generally results into a reduced grassland; thus, minimizing carrying capacity and
grass load for burning bush. However, in the absence of high grazing oppression,
there will be converse effects by supporting production of grass biomass and

ultimately cause more frequent fires will be expected (O’Connor et al., 2014).

The majority of rangeland degradation, including bush encroachment, in Africa,
according to Moleele & Perkins (1998) and van Vegten (1984), is connected to dense
livestock populations around boreholes and kraals. This theory is supported by the
observation that along grazing biospheres, plant species density declines as distance
from water sources increases. A zone of bush encroachment has been observed
between 0 and 300 meters away from foci (boreholes) where there is a significant
concentration of grazers or communal grazing grounds in Botswana (Moleele et al.,
2002).

Overgrazing may reduce the dominance of grass species, which would then
stimulate the establishment and growth of woody species since they would have
more access to the soil's moisture (Skarpe, 1990). By dispersing the seeds of
encroacher plants, grazing indirectly contributes to bush encroachment. Plants like
Dichrostachys cineria and Grewia flava deposit their seeds with animal faeces near
boreholes, where they are later drawn in large numbers due to their high palatability
and extensive ingestion by animals. However, some studies have found no link

between grazing pressure and bush cover (Oba et al., 2000).
iii.  Soil properties

According to Sankaran et al., (2005), the amount of soil clay and tree cover are
inversely related. On sandy soil with limited clay component, as the Kalahari sands
of Botswana, bush encroachment is more frequent (Kgosikoma et al., 2012b). In the

African savannas, woody cover was found to be negatively linked with soil nitrogen,



suggesting that increased nitrogen deposition may limit bush encroachment
(Sankaran et al., 2008). In a separate investigation, the connection between total soil
phosphorus and woody cover was complex and non-linear (Sankaran et al., 2008).
Yet, other researchers have found that the soil types in African savannas have no

impact on the dynamics of shrubs (Roques et al., 2001).

Iv.  Rainfall variability

In savanna ecosystems, water scarcity is prevalent, and bush encroachment is
associated with variations in interannual rainfall (Angassa & Oba, 2007). With
increasing mean annual precipitation in dry and semi-arid regions, the quantity of
woody cover and density tends to increase (Sankaran et al., 2005). Locally, a rise in
the amount of woody vegetation is encouraged by especially high annual
precipitation over a number of years, and invasion species like Acacia mellifera
require at least three years of consistently good rainfall to successfully recruit
(Jourbert et al., 2008). Woody plant seedlings have an easier time surviving and
growing into thickets because grass isn't a major rival and soil moisture is more
easily available. According to Rogues et al., (2001) dryness stops bush invasion by
restricting plant growth, preventing seed germination, and increasing competition for
water at high shrub densities Bush encroachment is a cycle that happens naturally
as a result of the development and decline of encroaching plants in reaction to
rainfall patterns (Wiegand et al., 2006).

Dryness prevents bush invasion by limiting plant development, inhibiting seed
germination, and raising competition for water at high shrub densities, according to
Rogues et al., (2001). Due to the growth and decline of encroaching plants in
response to rainfall patterns, bush encroachment is a cycle that occurs naturally
(Wiegand et al., 2006).

v.  Climate change

High atmospheric CO, concentrations may have an impact on savannas and
contribute to bush encroachment, according to Smit (1999), Wigley et al., (2009),
Ward (2010), and (Buitenwerf et al., 2012). The introduction and implementation of

the Industrial Revolution have increased CO, concentrations in 2014 (397 parts per



million) and have reached 397 parts per million in 2014; and that CO, uprising is
expected to be 450 ppm prior 2030 (Cha et al.,, 2017). The increasing CO,
concentrations in the atmosphere may lead to global warming; and may also put an
imposing direct threat and impacts on ecosystem functioning and its structure; and
plant physiology and productivity (Ceulemans,1999). Furthermore, semiarid savanna
ecosystems with limited water, and sometimes experience no rainfall at all, having a
subsequent effect on bush encroachment and variability in annual rainfall (Angassa
& Oba, 2007). Therefore, during dry seasons when there is a limited plant growth
and productivity which can cause death to other plant species (Roques et al., 2001);

therefore, in several cases minimize the risk and spread of bush encroachment.

2.2.1.2. Socio-economic drivers of bush encroachment

In the context of this study, socioeconomic concerns are those that have a negative
impact on a community's economic activities, such as a lack of education, prejudice
based on culture and religion, overcrowding, unemployment, and poverty. The latter
frequently establishes socioeconomic status, or a person's or a group's place in a
hierarchical social structure, which is defined by a combination of factors such as
employment, education, income, wealth, and place of residence (Erreygers, 2013).
As the population grows, so do basic needs, and so do the incentives for cattle
production. As a result, the availability of grasses has decreased, allowing trees to
dominate, resulting in bush encroachment. The process of urbanisation implies that
areas in rural villages must be abandoned, which supports bush encroachment by
reducing wood harvesting, timber, and fire frequency. Distance from the road to the
forest, where road access is restricted and poor forest management is experienced,
usually encourages bush encroachment in savanna ecosystems, threatening grass

cover survival.

2.2.2. Unsustainable land-use management

In dry land environments, unsustainable land use practices like expanding rain fed
farming over unsuitable lands, soil mining, cutting down on fallow periods,
overgrazing, and unrestricted biomass gathering are major causes of bush
encroachment (De Beer et al.,, 2005). If livestock numbers are not effectively
monitored, grass may be lost, leading to bush encroachment and unsustainable

land-use management. Land degradation, on the other hand, is largely the result of
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unsustainable rangeland management systems (Tainton, 1999). The main
drawbacks of a shared livestock system are the difficulties in managing rangeland
resources, which are the result of multiple resource partnerships (Sive, 2016). As a
result, in this practice, all joint groups have equal access and authority to
management and can carry out their own production activities (Mapekula, 2009).
Multi-ownership complicates decision-making for communal farmers and makes
rangeland management strategies difficult (Hardin, 1968). As a result, as the

population grows, so does the demand for ecosystem resources and services.

2.3. Impact of bush encroachment

i. Loss of grazing resources

Agriculture productivity has been significantly impacted economically by Bush
encroachment, leading to a major gap in production failure. Due to the effects of
bush encroachment, there is a low amount of livestock output (de Klerk, 2004).
Furthermore, some animals generated less due to the encroachment of the bush
(Kruger, 2002). The impacts of grazing may be reversed by reducing animal grazing
pressure; as a result, management goals should be to establish a long-term carrying
capacity between grazing pressure and successional tendency (Ellis & Swift, 1988;
Westoby et al., 1989).

ii. Creating new habitat for birds

A large scale of bush dominance in savanna ecosystems can result in a significant
and systematic change in habitat diversity (Ward, 2002; 2005, Wiegand et al., 2005;
2006). Due to changes in habitat structural variety brought on by bush
encroachment, the diversity of bird species is declining, posing a threat to their
existence. If grasslands and other food sources for herbivores are not removed, bush
encroachment may have a beneficial effect on land production (Ward, 2005; Kraaij &
Ward, 2006; Wigley et al., 2009). Due to habitat destruction, the endemic cape
vulture of Southern Africa, for instance, is now extinct and no longer breeds in
Namibia. As a result, the cape vulture bird requires long flat areas to run and take off
flying high in the air, making it more difficult for them to cope with bush

encroachment (Welz, 2013).

iii. Impact on botanical diversity
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Bush encroachment threatens botanical diversity and it has been indicated that
woody vegetation overtakes plants species (de Klerk, 2004). Trees that always
encroach much can dislocate and remove other species availability and eventually
resulting to the removal of other plant species. Encroaching woody cover have an
outward and a well-developed taproot that goes down deep into the soil to get
moisture and nutrients for growth and development (Walker et al., 1981). In addition
to this, grass roots system normally appears in the topsoil layer; and have not been

able to get deep down into the soil layers (de Klerk, 2004).
iv. Impact on mammalian diversity

Animals that prefer densely vegetated areas are hampered by the density of tree
species. A lack of accessible browsers in the trees cover will eventually lead to an
increase in bush encroachment. Subsequently, sixteen other mammalian species like
to dwell within an opened woodland area as habitat (Joubert, 2003). Therefore, the
increase in vegetation cover can have major disturbances in conservation areas,
monitoring and management, especially looking at the savanna ecosystem (Tews &
Jeltsch, 2004). Therefore, trees that have greater volume of encroachment will
negatively influence areas that require unlocked savannas as their habitat. Dense
vegetation prohibits mobility of browsers, and at the same time threatens their

survival and freedom; thus, affecting their hunting habit and foraging success.
v. Impacts with specific to the groundwater

Water is the most important factor influencing bush encroachment. Water is critical in
every way, given the country's aridity and the effects of climate change. The
encroachment is estimated to have lost approximately 12 million M3 of water through
transpiration over a 10 000ha area (NAU, 2010). Encroachment currently affects
33% of the 476 548 K2 of low groundwater potential, 52% of the 323 333 K2 of
intermediate groundwater potential, and 89% of the 24 247 K2 of high groundwater
potential (NAU, 2010). Almost 80% of Namibia is dependent on groundwater, which
is the country's most important source of water during dry spells (NAU, 2010;
UNFCCC, 2010). Although S. mellifera species transpires at least six times more
than other bushes and shrubs, necessitating approximately 2000 litres of water in 8
hours per day, the situation may be worse (Larcher, 1983 & Donalson, 1969; NAU,

2010). The species has a deep root system that extends over 30m and has an effect
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on the water table at farm Aiams in the Otavi district (NAU, 2010). Boreholes dug by
farmers in the Platveld aquifer area were initially 7m deep in 1940, but had dropped
to an average depth of 85m by 1990. In order to ensure that there would always be

enough water, the number of boreholes was raised.

Vvi. Socio-economic impact of bush encroachment

Invasion of woody cover to the savanna has a negative influence on the
socioeconomic lifestyle especially in rural areas, and the impact that it has can affect
farmers who use the land for different activities. According to the perspectives and
analysis of this study, socio-economic variables are population densities, education,
employment and income household. However, in other studies, the impact of bush
cover on ecosystem services and functions was primarily focused on biological
processes and economic interference, with little attention paid to land users'
perspectives and impact management (Eldridge et al., 2011, Anadon et al., 2014). As
a result, this explains why most involvements fail because their system ignores land

users' participation (Menzel & Teng, 2010; Mcnally et al., 2016).

2.4. Management of bush encroachment

There are many methods implemented to control and reduce the impact of bush
encroachment in the rangelands, and these methods are called bush encroachment
management systems (Fulbright, 1996). Subsequently, these control methods have
varying policy implication for bush control (Olson & Whitson, 2002). Therefore,
applying knowledge and understanding must be the potential roles played by various
techniques and methods employed for bush encroachment controls, and to promote
grass layer composition which requires acknowledgement of the objectives of
resource users, and policy makers for decision-making. Therefore, management
methods of bush encroachment which are discussed are globally recognised as
possible mitigation measures to monitor bush encroachment in South Africa (Barac,
2003).

2.4.1. Mechanical control
This control method is simply in the form of clearing trees, and which is the costliest
method to perform; and it is usually utilized as additional to various methods of

monitoring and measurements. Therefore, this system starts from tree cutting by
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using physical strength to stumping by using tractors and bulldozers. However, the
method of monitoring and controlling bush encroachment in mechanical control is
extremely costly and labour intensive; and it also have a restricted role in most areas
where problems are mostly encountered (Hoffman & Todd, 1999). However, the
mechanical cutting method has disadvantages and one of them is of suppressing
thickening and development of trees within a short-term period and later vegetation

regrows back to woody cover (Clark & Wilson, 2001).

2.4.2. Chemical control

The chemical method of woody species using chemical substances is usually carried
out extensively on a large-scale analysis; and produces immediate better results
when used appropriately, i.e., sprayed aerially. As a result, in 1980, at bush
encroachment workshop seminars, precautions for chemical application methods
were introduced. Some of the chemicals used and recommended include Hyvar X,
Tordon 225, Tordon Super, Garlon, Ustilan, Graslan, Grazer, and Reclaim (Hoffman
& Todd,1998). In general, the size of the target area to be applied, available financial
support, and professionally well-trained labor are all factors to consider (De Klerk,
2004). Furthermore, Tebuthiuron (COH16N40S) is a potent and dynamic ingredient

found in many arborocides used to reduce the impact of bush encroachment.

2.4.3. Biological control

Mechanism of controlling bush encroachment in this method usually involves the role
of browsers and fire. Therefore, Goats and other domestic animals can be used
appropriately to browse trees and shrubs. Furthermore, browse animals will succeed
in lowering impact of bush encroachment and allow access for cattle farming to get in
underneath the trees. Goats in this system are used to minimize trees from growing
up and keeping invading trees short. It is imperative to establish breeding system for
browse and domestic animals to control bush encroachment. However, this idea has
been ignored and have not been carefully explored; and this calls for effective

training and practical work.
2.5. Integrated approach is needed to understand causes of bush encroachment

A multidisciplinary strategy that incorporates ecological and indigenous ecological

knowledge is necessary to comprehend the causes of bush invasion (Sop &
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Oldeland, 2011). Additionally, this approach ensures that issue solutions are ethical
from an economic, cultural, and environmental standpoint given the local
circumstances. Indigenous ecological knowledge gathered through extensive land
use and observation in Africa, where there are few long-term ecological data, could
complement scientific knowledge by offering a long-term view on vegetation change
and underlying causes (Bart, 2006). Therefore, these studies do not take into
consideration the confounding effects of other variables and simple models that
concentrate on a single variable are unlikely to explain the causes of bush

encroachment.

According to Van Auken (2009), it is very likely that the bush invasion factors
mentioned above will combine to encourage the development and dominance of
bushy vegetation. A multidisciplinary strategy that incorporates ecological and
indigenous ecological knowledge is necessary to comprehend the causes of bush
invasion (Sop & Oldeland, 2011). Furthermore, given the regional circumstances, this
strategy ensures that problem solutions are economically, culturally, and
environmentally sound. Due to a mere concentration on technology and a disregard
for socioeconomic concerns, the majority of rangeland development programs have

been unsuccessful (Squires et al., 1992).

In order to ensure that a common goal is established and that any strategies (or
regulations) employed to minimize bush encroachment take into consideration the
way of life of that specific community, it is helpful to use both traditional and scientific
ecological knowledge. Modern grazing regulations must promote open, flexible
decision-making that considers a broad range of information and values. Bush
encroachment management must put a heavy emphasis on managing grazing
pressure and choosing the right burning intervals because variables like rainfall and

soil quality cannot be managed.

2.6. Assessment and monitoring of bush encroachment
2.6.1. Conventional assessment of bush encroachment
The forces driving bush encroachment are not fully understood, and this has resulted
in a lack of proper and effective forestry management (Ward, 2005). Remote sensing
had achieved quantitative rigour or thoroughness in analyzing the global impact of

bush encroachment (Rohde & Hoffman, 2012). As a result, traditional data collection
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methods such as lateral photographs and aerial photographs are time consuming
and labor intensive, and are more difficult and costly to implement, particularly in
larger landscapes (Provincial to a National scale). Although these traditional methods
provide recorded information about landscape levels of change and can capture an
overview spectrum of the ecological sphere of life through repeated photography on
bush invasion, they are more complex and costly to implement, particularly in the

case of bush invasion.
2.6.2. Remote sensing assessment of bush encroachment

2.6.2.1. Mapping areas of bush encroachment using existing remote sensing derived

tree cover prod uct

Several investigations have discovered errors in the categorisation of woodlands in
Southern Africa's current global forest cover maps (Sedano et al., 2005; Gong et al.,
2013; Fritz et al., 2010). Hansen et al., (2000), Loveland et al., (2000), Friedl et al.,
(2002), and Tateishi et al., (2011) are a few authors who have contributed to this
work. For instance, Sedano et al., (2005) concluded that global land cover products
lack the detail evidence necessary for resource management at the national and
provincial levels after finding more than 50% errors in the Moderate Resolution
Imaging spectrometer MODIS - MOD12Q1 land cover product in the Miombo
woodlands of Mozambique. A systematic bias in tree cover prediction was found by

Sexton et al., (2013), and it shows up as overprediction in sparsely forested areas.

2.7. Statistical Models used for understanding the interactions and relationships
between environmental and socio-economic variables

2.7.1. Generalized linear regression models

McCullagh and Nelder (1972) extended Nelder and Wedderburn's generalized linear
regression model (GLM). The GLM has two key framework enhancements in addition
to the fundamental structure of linear regression equations. A form that is linearly
linked to the predictors is created from the predicted value in order to handle
nonlinear predictor-criterion connections; a link function then links the predicted and
observed criterion scores. Second, the GLM takes error structures besides the linear
regression's normally distributed error structure (i.e., conditional distributions of

outcome variance). The generalized linear model is made up of the systematic
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component, the random component, and the link function. The model for the
expected value is connected to the ordinal logistic regression's systematic
component. It describes how the model's independent variables, which are all

functions of the predicted value of Y, interact with one another.

2.7.2. Statistical analysis: Logistic regression

The logistic regression method is commonly used to study two independent variables
and a categorical dependent variable. Logistic regression can also be used to
calculate the likelihood of an occurrence by feeding data into a logistic curve. The
two kinds of logistic regression models are multinomial logistic regression and binary
logistic regression. When the dependent variable is dichotomous and the
independent variables are either continuous or categorical, binary logistic regression
is commonly used. A multinomial logistic regression can be used if the dependent
variable has more than two groups and is not binary. Many of the key assumptions of
linear regression models based on ordinary data are not required in logistic
regression. Stepwise regression is also a backward and forward elimination method.
When variables are introduced or removed early in the process and we subsequently

decide to change our thoughts, this is helpful.

2.8. Environmental variables

A map of slope, aspect or relief, and curvatures, for example, can be used to
spatially resolve all DEM (digital elevation model) derived maps. Because of grazing-
induced reductions in the herbaceous layer and limited fire frequencies, the increase
in vegetation cover would have been much larger (Archer, 1995). As a result of
abandoned lands that lack proper rangeland management and monitoring, woody
coverage has replaced the yield of the grass layer in the Borana lowlands. As a
result, there are now fewer large grazing areas for livestock feeding and, eventually,
become a home for dangerous animals, preventing access to the grass biomass that

is currently available (Gemedo et al., 2006a).

2.9. Socio-economic variables

A savannah ecosystem has become dysfunctional due to bush encroachment, in
which trees outcompete grasses in open savannas by growing quickly, causing
grassland to disappear. To be more resilient in general, closer involvement in forest

management and control of dense woody species is required (O'Connor et al., 2014).
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As a result, distance from the road and built-up areas indicates that sites with greater
distance from roads and built-up areas have higher ecosystem multifunctionality. The
greater the distance from roads and developed areas, the greater the density of
woody species. An ecosystem that is inaccessible for movement is difficult to monitor
and manage, and this type of ecosystem structure will eventually result in bush
encroachment. Population density, employment, education, and household income
are the socioeconomic variables examined in this study. Thorn trees cover an
estimated 10-12 million ha, or 12-14% of the land, according to Feller et al., (2006),
causing some animals to migrate to less hospitable areas. He asserted that a 700
million dollar loss in yearly economic output had a direct detrimental effect on the
socioeconomic activities of 65,000 communal households and 6,283 commercial

farmers and their staff.

2.10. Conclusion

Remote sensing has been established as an essential tool for understanding
potential drivers of bush encroachment and its spread, as well as monitoring and
assessment. Furthermore, many studies concentrate on bush coverage analysis
rather than monitoring. Overgrazing, uncontrolled fire and drought, seasonal changes
in rainfall, and climate change are the driving forces behind this phenomenon. To
diagnose, prevent, control, and manage the impact of bush encroachment, integrated
plant invasion management methodology has been introduced. The diagnostic stage
entails identifying and characterizing the invasion; the control stage entails
integrating the invasion and approaching strategies. Finally, mechanical, chemical,

biological, and manual treatment should be included in the management strategies.
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CHAPTER 3
METHODOLOGY AND ANALYTICAL PROCEDURES

3.1. Study area
The study was conducted in the Limpopo province. The map in Figure 1 depicts the
Limpopo province, which includes five district municipalities. Limpopo province has
hot weather, with an average temperature of 27 degrees Celsius. The weather in the
lowveld is hot, with an average temperature of 45 degrees Celsius. The Limpopo
River Basin's annual rainfall ranges from 200 mm in hot dry areas to 1 600 mm in
high rainfall areas. The main Limpopo River Valley contains the majority of the hot
and dry areas that receive 200 mm to 400 mm of annual rainfall. The Limpopo River
basin's dominant biomes are tropical and subtropical grasslands, savannas, and
shrublands. Limpopo province is known for its fertile soil and abundant rainfall.
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Fig 3.1. The study area, which includes the five district municipalities of the Limpopo
province as well as various land cover features (2020). (Source:

egis.environment.gov.za, Department of Environmental Affairs).

18



3.2. Tree cover data

The method used in this study to calculate the percentage of trees was described in
detail by (Cho et al., 2017). On the MODIS image scene, 150 arbitrary 4 by 4 pixel or
1000 m by 1000 m polygons were created, translated to keyhole markup language
file format, and superimposed on a high-resolution Google Earth image using the
Google Earth software (Google Inc). As a result, the investigation was limited to
polygons that did not change in tree cover between 2001 and 2018. The first 100
polygons were evaluated for tree cover using the methodology by Cho and
Ramoelo, (2019), and the chosen polygons were three-band (red-green-blue) raster
image scenes saved in Google Earth and then used to estimate the change in tree
cover. The chosen polygons were two-groups of three-band (red-green-blue) raster
picture scenes that were initially imported into ENVI software after being stored in

Google Earth.

The sites were chosen based on the existing tree cover layer, with a particular
emphasis on areas with significant increases in vegetation cover (Cho & Ramoelo,
2019). The existing tree cover datasets between 2001 and 2018 periods were used
to create the woody canopy cover. In the research, only polygons with constant tree
cover from 2001 to the present (typically 2016—2018) were employed. This was
achieved by examining old pictures of each hexagon. Settlements, plantation
forests, and agricultural land were not included in the research. Additionally, only
pictures captured from November to April during the summer months were used

because the savanna's tree canopy cover changes with the seasons.

The degree of deviation from nutrition and fluid guidelines, for example, are two
variables that are assessed using this method as paired observations for each
patient in the sample. Calculating the correlation between the two variables is
feasible if at least one of the variables is ordinal. Like Spearman's rank correlation,
Kendall's tau is applied to data ranks analysis (Crichton, 1999). Simply put, each
variable's values are ordered from lowest to highest, with 1 denoting the lowest
value, 2 the next lowest, and so on. Conover, (1980) explains how to compute
Kendall's tau. A positive correlation means that the ranks of both variables rise

together, and a negative correlation means that as one variable's rank rises, the rank

19



of the other variable declines. Kendall's tau, like other measures of correlation, will

accept values between 1 and +1.

According to the study of structural categories of vegetation, trees 0.5 to 3 m tall
covering more than 25% of the ground indicated the presence of bush
encroachment, while trees 0.5 to 3 m tall covering less than 25% indicated the
absence of bush encroachment (Pratt et al.,1966). As a result, the study used the
method modified from Pratt et al., (1996), whereby structural categories of
vegetation associated with values greater than 0.5 to 3 m were indicating presence
of bush encroachment, whereas values less than 0.5 to 3 m were not associated

with woody cover, indicating the absence of bush encroachment.

Table 1 contains a list of environmental and socioeconomic data to be tested as
drivers of bush encroachment, as well as their respective sources. The majority of
the environmental and socioeconomic data in Table 1 are freely and easily

accessible.

Table 1: The Environmental and Socio-economic data

Environmental [Variables Type Resolution [Source

Elevation Continuous [30M DEM, https://dwtkns.com/srtm30m/

Precipitation  [Continuous |1 KM www.chelsea.co.uk

Temperature [Continuous [1 KM www.chelsea.co.uk

Maximum

Temperature [Continuous 1 KM www.chelsea.co.uk

Minimum

Temperature [Continuous 1 KM www.chelsea.co.uk

Mean

Sand Categorial 30 M SOTER Database
(https://www.isric.org/explore/soter)  or
soilgrids website
(https://soilgrids.org/).
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Clay content  Categorial 30 M SOTER Database
(https://www.isric.org/explore/soter)  or
soilgrids website
(https://soilgrids.org/).

Soil organic Categorial 30 M SOTER Database

content (https://www.isric.org/explore/soter)  or
soilgrids website
(https://soilgrids.org/).

Nitrogen Categorial 30 M SOTER Database
(https://www.isric.org/explore/soter)  or
soilgrids website
(https://soilgrids.org/).

Bulk density | Categorial 30M SOTER Database
(https://www.isric.org/explore/soter) or
soilgrids website
(https://soilgrids.org/).

Woody cover | Categorial 250 m WWW.CSir.gov.za

Livestock Continuous | 90 m www.ldard.gov.za

per unit

hectare

Socioeconomic | Population Categorial KKmm? www.statssa.gov.za

density

Employment | Categorial KKmm? www.statssa.gov.za

Income Categorial KKmm? www.statssa.gov.za

distributions

Education Categorial KKmm?2 www.statssa.gov.za

21


http://www.csir.gov.za/
http://www.csir.gov.za/
http://www.ldard.gov.za/
http://www.ldard.gov.za/
http://www.statssa.gov.za/
http://www.statssa.gov.za/
http://www.statssa.gov.za/
http://www.statssa.gov.za/
http://www.statssa.gov.za/
http://www.statssa.gov.za/
http://www.statssa.gov.za/
http://www.statssa.gov.za/

3.3. Statistical data analysis

The logistic regression analysis was used to determine which environmental and
socioeconomic factors influence bush encroachment and was implemented in
stepwise. As a result, the logistic regression model employed three modelling
scenarios: environmental variables only, socioeconomic variables only, and a
combination of the two. The environmental and socioeconomic variables were
combined to determine the drivers of bush encroachment. When selecting significant
environmental and socio-economic variables, the ArcGIS software 10.4.1 and Envi
5.3 were used to extract the values of various environmental and socioeconomic
variables, and prepare data for analysis. Stepwise logistic regression was used in
each scenario, and the combination of variables with the lower Akaike Information
Criterion (AIC) threshold were chosen. The variables that were optimal based on the
AIC when running a stepwise variable selection using the AIC were used to build the
logistic regression model. The overall statistical analysis was completed with a 95%

confidence interval (p<0.05).

3.4. Model validation

The importance of accuracy assessment is to determine the quality of the evidence
obtained from remotely sensed data. The accuracy assessments are both qualitative
and guantitative. Qualitative assessment methods are very quick and used to test
whether the remote sensed data or map looks right; and test if they correspond to
what is on the ground. Quantitative assessment methods are used to identify and
guantify errors, e.g., bias and root mean square errors. Remote sensed data are
often used for mapping and developing environmental models that are used for

control management and decision-making purposes.

Data splitting is a method of dividing accessible data into two sections that is
frequently used for cross-validation. A prediction model is built using the first
collection of data, and its performance is evaluated using the second set. As a result,
we used sixty percent (60%) of the data for training and the remaining forty percent
(40%) for validation. Logistic regression model was used to determine which
environmental and socioeconomic factors influence bush encroachment, and
stepwise regression was implemented to run all the variables within the model. As a

result, the model included environmental variables only, socioeconomic variables
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only, and a combination of both. All variables were validated using the same method

of data splitting.

For the purpose of evaluating the precision of projected trends in tree cover, high-
definition Google Earth images were used (Cho et al., 2017). Both tree recruitment
and the expansion of current tree canopies can result in significant rises in tree cover
(i.e., increasing leaf area index). While the gradual thinning of the forest caused by
activities like wood harvesting, elephant tree felling, or bush fires may result in a
discernible decrease in tree cover. Due to the greater prevalence of this
phenomenon than the decreasing trend, we only carefully assessed the accuracy of
polygons that were mapped as having a significant rising trend in tree cover.

Evidence-containing polygons were assigned the numbers one (1) and zero (0).

The validation of this study was carried out between 2001 and 2018, when the aerial
imagery was gathered. The MODIS image scene was used to generate 150
randomly chosen 4 by 4 pixel or 1000 m by 1000 m polygons, which were then
converted to keyhole markup language file format and overlay on a high-resolution
Google Earth image using the Google Earth program. This was done to make sure
that each class' evaluation would include a sufficient number of samples (Google
Inc). Estimates were made for total classification accuracy, contingency matrices,

omission and commission errors, and overall kappa indices (Cohen, 1960).
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CHAPTER 4

RESULTS AND DISCUSSIONS

4.1. Results

Environmental variables such as minimum temperature, mean temperature, and bulk
density significantly explain the variability of bush encroachment; and socioeconomic
variables such as population density, education, employment, and income
distributions were also significant in explaining bush encroachment in the Limpopo
province. Fig. 4.1, shows the environmental and socio-economic factors that
influence bush encroachment in the selected locations of the Limpopo province. Fig.
4.2, shows the tree cover change map showing the extent or degree of bush
encroachment and the hotspot areas using the Kendall's Tau coefficient, in the

selected locations of the Limpopo province between 2001 and 2018 periods.

4.2. Tree cover and bush encroachment hotspots based on the existing tree cover
data in the Limpopo province.

4.2.1. Tree cover change using NDVI and time series analysis (Cho & Ramoelo et
al., 2019).

4.2.1.1. Bush encroachment in the Vhembe district municipality

According to the analysis of Cho and Ramoelo, (2019) of tree cover change data,
Thulamela, Collins Chabane, Makhado, and Musina local municipality were the
hotspot areas of bush encroachment in the Vhembe district, with a confidence level
of 90-99% and 95-99% at Thulamela, indicating a moderate to high presence of tree
cover change; whereas cold spot areas have a confidence level of 90-99%,
indicating a low presence of tree cover The changes in tree cover in the Vhembe
district ranged from -0.05 to -0.93 m height, 0.05 to 0.5 m height, and 0.5 to 0.93 m
height. Specific environmental and socioeconomic parameters were significant within
the four local municipalities while others were not because, using the Akaike
Information Criterion (AIC), the variables that were significant to the study were those
related to woody cover. The results of this study further demonstrate that between
2001 and 2018, there was no influence of bush encroachment in Collins Chabane

local municipality.
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In the Vhembe district municipality, bush encroachment was correlated with
population density, education, yearly income levels, minimum and mean
temperatures, and low to medium bulk densities. Long-term ecological data and
indigenous ecological knowledge gathered through long-term observation and land
use are in conflict in the setting of Africa. By offering a long-term view on changes in
forest cover and their underlying causes, indigenous ecological knowledge could

complement scientific understanding (Allsopp et al., 2007; Bart, 2006).
4.2.1.2. Bush encroachment in the Mopani district municipality

Tree cover change in the Mopani district municipality ranges from -0.05 to -0.93 m
height; from 0.05 to 0.5 m height; and from 0.5 to 0.93 m height. Ba-Phalaborwa,
Greater Letaba, Greater Tzaneen, and Maruleng local municipalities were the areas
of hotspot in bush encroachment for Mopani district, with a confidence level of 90-
99%; and Greater Letaba and Greater Tzaneen local municipalities had a confidence
level of 90-99% of cold spot areas of bush encroachment. According to the Akaike
Information Criterion (AIC), the variables that were significant to the study were those
related to woody cover with a p-value less than 0.05 and predictor variables were
correlating to bush encroachment. Bush encroachment was correlated with
population density, yearly household income levels, and low to medium bulk density
within these local municipalities located in the Mopani district. Relationships between
soil clay concentration and bulk density and tree cover are adverse (Sankaran et al.,
2005). Therefore, soil clay content and bulk density were tested and found not to be

correlated to bush encroachment for this study.
4.2.1.3. Bush encroachment in the Capricorn district municipality

Capricorn district is the second largest affected by bush encroachment in the
Limpopo province. According to Cho and Ramoelo (2019) analysis of tree cover
change, the local municipalities most affected by bush encroachment were Blouberg,
Lepelle Nkumpi, Molemole, and Polokwane. The tree cover change in the Capricorn
district municipality ranges from -0.05 to -0.93 m height, 0.05 to 0.5 m height, and 0.5
to 0.93 m height. In the district, four local municipalities have hotspots of bush
encroachment with a confidence level of 90-99%, and two have cold spot areas with

a confidence level of 90-99% in Lepelle Nkumpi and Polokwane. The Capricorn
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district municipality's tree cover change extends from the Waterberg district to the

Mopani district and Vhembe district municipalities.

According to the Akaike Information Criterion (AIC), the variables that were
significant to the study were those related to woody cover with a p-value less than
0.05 and predictor variables were correlating to bush encroachment. Selected
environmental (low to medium bulk density, minimum and mean temperature) and
socioeconomic (population density, education, and income distributions) were the

variables linking the bordering district municipalities in bush encroachment.
4.2.1.4. Bush encroachment in the Sekhukhune district municipality

The study shows that Sekhukhune district had very little bush encroachment
between 2001 and 2018 periods. Ephraim Mogale local municipality was the area of
hotspot with confidence level of 90% tree cover change, while other areas of cold
spot having a confidence level of 90-99% tree cover change. Tree cover change in
the district municipality ranges from -0.05 to -0.93 m in height, 0.05 to 0.5 m in
height, and 0.5 to 0.93 m in height. According to the Akaike Information Criterion
(AIC), the variables that were significant to the study were those related to woody
cover with a p-value less than 0.05 and predictor variables were correlating to bush
encroachment. The study discovered that socio-economic variables such as
population density, education, and income distributions, as well as medium bulk
density and temperature minimum and mean, were significant to the study.
Additionally, research has shown that the amount of bush cover and grazing
pressure are not substantially related (Oba et al., 2000). Therefore, the grazing
carrying capacity was not determined to be contributing bush encroachment in this

study.
4.2.1.5. Bush encroachment in the Waterberg district municipality

The Waterberg district municipality was found to be the area of hotspot in bush
encroachment in the Limpopo province and the areas of hotspot were Bela-bela,

Modimolle-Mookgophong, and Thabazimbi local municipalities, with a confidence
level of 90-99%, and cold spot areas having a confidence level of 90-99% tree cover.
The findings of this study, as shown in fig 4, indicates that there was no impact of

bush encroachment in the Mogalakwena local municipality between 2001 and 2018.
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In the Waterberg district municipality, tree cover change ranges from -0.05 to -0.93 m
in height; from 0.05 to 0.5 m in height; and from 0.5 to 0.93 m in height. According to
the Akaike Information Criterion (AIC), the variables that were significant to the study
were those related to woody cover with a p-value less than 0.05 and predictor
variables were correlating to bush encroachment. Some of the local municipalities,
such as Lephalale and Mogalakwena, did not experience the impact of bush
encroachment between 2001 and 2018 periods due to stabilized changing
temperature minimum and mean, population density, and low to medium bulk density.
Therefore, Fig 4.1 and Fig 4.2 below show the tree cover change and bush
encroachment hotspot areas in the Limpopo province between 2001 and 2018

periods.
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Fig.4.1. Tree cover change map, showing the extent of bush encroachment and the
hotspot areas using the Kendall's Tau coefficient, in the selected locations of the

Limpopo province between 2001 and 2018 periods.
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Fig.4.2. Areas of hotspot map, showing how environmental and socio-economic
factors that influence bush encroachment are distributed in the selected locations of

Limpopo the province between 2001 and 2018 periods.

4.3. Environmental variables as drivers of bush encroachment

Table 2: Significant environmental variables as drivers of bush encroachment

Environmental Variables P-Value Estimates
Temperature Minimum 0.00112 -6.40716
Temperature Mean 0.00038 5.63979
Bulk density 0.01985 0.04401

The logistic regression model's goodness of fit was 0 and its p-value was less than
0.05, indicating that the model is statistically significant for analysing bush
encroachment-related drivers. There were 6228 degrees of freedom in the model,
and the correlation co-efficient was 0.9893369. The bulk density co-efficient
estimations were equal to zero, and the result of 0.5 showed a substantial
association for bush invasion. Indicating a higher positive connection for bush
encroachment, the coefficient estimates for temperature mean were greater than 0.5,
while those for temperature minimum were less than 0.5, indicating a low correlation
for bush encroachment. In the study, model performance was also assessed using

the ROC (Receiver Operator Characteristic) and AUC (Area Under the Curve)
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curves, binary classification issue evaluation metrics. The regression model's AUC of
0.9996, which corresponds to the scenario above, shows that the classifier

functioned brilliantly.

It was necessary to convert the response variable in the number structure to a factor
because it has two factors, O for non-woody cover and 1 for woody cover. A
misclassification error of 0.0008 was found while using the training dataset, indicating
woody cover, whereas a misclassification error of 0.002 was found when using
nonwoody cover. As a result, the actual misclassification error for woody cover
testing data was 367 and 561 for training data. The study's model summary was then
put to the test to determine which predictor factors were statistically significant. With
a confidence level of 0.95 p-value, the asterisk in the model summary indicated
which variables were significant. Fig. 4.3 below, shows the ROC (The Receiver
Operator Characteristic) and AUC (The Area Under the Curve) of logistic regression

model for environmental variables.
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Fig. 4.3. ROC (The Receiver Operator Characteristic) and AUC (The Area Under the

Curve) of logistic regression model.

4.4. Socio-economic variables as drivers of bush encroachment

Table 3: Significant socio-economic variables as drivers of bush encroachment

Socio-economic variables P-Value Estimation
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Population density 0.000152 -0.17

AHH income_ No income 0.035134 -0.13

AHH income_ Income | <0.05 0.08
above poverty line

AHH income_ below 0.018536 -0.00

average income

AHH average income 0.028994 -0.01
AHH middle average 0.006313 -0.04
income

When analysing the factors that influence bush invasion, the logistic regression
model's goodness of fit was 1.438355e-195 and its p-value was less than 0.05,
showing that the model is statistically significant. Indicating a low association for
bush encroachment, the co-efficient estimates for population density, yearly
household income and no income, annual household income below average income,
and annual household income and middle average were all less than 0.5. A
substantial correlation exists between bush encroachment and the co-efficient
estimates for annual household income over the poverty line, which were equal to
zero and had an outcome of 0.5. The correlation co-efficient of the model was 0.
2454576 and it has 6228 degrees of freedom. The study used the ROC and AUC
evaluation measures for binary classification issues to assess model performance

further.

It is a probability curve that effectively separates the TPR from the FPR at various
threshold values. AUC is used to summarize the ROC curve and is a measure of a
classifier's ability to distinguish between classes. As a result, the AUC obtained was
0.8414, indicating that the classifier distinguished correctly between all Positive and

Negative class points.

Because it has two factors, O for non woody cover and 1 for woody cover, the
response variable in the number structure had to be changed to factor. Data
partitioning for training was 60 and 40 for validation, with 40% attributed to training

data and 20% attributed to test data. When using the training dataset, a
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misclassification error of 0.0008 was obtained indicating woody cover and a
misclassification error of 0.002 indicating non-woody cover. As a result, the actual
misclassification error for training woody cover was 81, and the actual
misclassification error for testing woody cover was 60 In order to confirm that the
predictor variables are statistically significant, the study additionally looked at the
model summary. The study then examined the model summary to determine which
predictor variables are statistically significant. The Asterisk in the model summary
guided which variables are significant with a confidence level of 0.95, which is 95
percent; and population, population per square, annual household income such as
no income, income above the poverty line, below average income, average income,
and middle average income were the variables with a confidence level of 0.95 p-
value. Fig. 4.4 below, shows the ROC (The Receiver Operator Characteristic) and

AUC (The Area Under the Curve) of logistic regression model for socioeconomic

variables.
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Fig. 4.4. ROC (The Receiver Operator Characteristic) and AUC (The Area Under the

Curve) of the logistic regression model.

4.5. Selected variables for the combined model.

Table 4: A combination of both environmental and socio-economic variables as
drivers of bush encroachment.
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Environmental and | P-Value Estimation
Socioeconomic variables

combined

Population density 0.985 -5.264e-01
Area per hectare 0.977 -3.026e-05
Nitrogen 0.971 8.680e-01
Employment (Employed) 0.982 7.229e-01
Temperature Maximum 0.993 -4.463e+02
Temperature Minimum 0.987 -6.786e+02
Temperature Mean 0.990 1.113e+03

Given that the logistic regression model's goodness of fit was 0 and its p-value was
less than 0.05, it can be used to analyse factors connected to bush encroachment
statistically significantly. On degrees of freedom 6228 and 6221, respectively, there
was no deviation and some residual deviation. The estimates of the co-efficient for
population density, area per hectare, minimum temperature, and maximum
temperature were all less than 0.5, showing a weak correlation for bush invasion. As
a result, co-efficient estimates for nitrogen, employed individuals, and temperature
mean had results greater than 0.5, showing a higher association to bush invasion. In
the study, model performance was also assessed using the ROC (Receiver Operator
Characteristic) and AUC (Area Under the Curve) curves, binary classification issue
evaluation metrics. The regression model's AUC of 0.997, which corresponds to the
scenario above, shows that the classifier operated without error. Fig. 4.5 below,
shows the ROC (The Receiver Operator Characteristic) and AUC (The Area Under
the Curve) of logistic regression model for combined environmental and

socioeconomic variables.
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Fig. 4.5. ROC (The Receiver Operator Characteristic) and AUC (The Area Under the
Curve) of the logistic regression model for combined environmental and

socioeconomic variables.

4.6. Discussion

For the long-term management of a number of essential ecosystem services and
processes, it is necessary to comprehend the spatiotemporal dynamics of tree cover
in African savannas. Southern Africa's semi-arid savannas are extremely
heterogeneous in space and time, making mapping difficult (Gaughan et al., 2013).
The variation in grass and tree cover is influenced by a number of environmental and
socioeconomic variables. For instance, it is expected that tree growth will be boosted
by increasing levels of human carbon dioxide, which cause precipitation and
photosynthesis (Kgope et al., 2010; Buitenwerf et al., 2012). This leads to bush
encroachment, also known as the expansion of forests into grassland areas. The
mapping of the flora in the province of Limpopo identified two classes: bush and
grass. In many parts of the globe, socioeconomic and environmental variables are

both affecting how grass and forest cover change over time (Mograbi et al., 2017).

The exploration of seasonal variability of bush encroachment using existing tree
cover product was obtained from the CSIR and carried out with the goal of
assessing bush encroachment and determining its potential drivers in the selected
Limpopo province locations using remote sensing tree cover change data analysed
by Cho and Ramoelo (2019). Higher resolution satellite remote sensing can be a
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more cost-effective tool for rangeland monitoring and management than traditional
field survey methods, which are difficult, time-consuming, and expensive to
implement, particularly in larger landscapes for land-cover assessment (Smit et al.,
2011).

The findings of Cho and Ramoelo (2019) study were relevant to the study objectives.
As a result, using the existing tree cover dataset, it was clear that there was an
extension of bush encroachment in the Limpopo province between 2001 and 2018.
The study also found that environmental and socioeconomic factors influence bush
encroachment in the Limpopo province, which was accomplished by grouping all
variables into three groups: environmental variables only, socioeconomic variables
only, and a combination of both to determine which variables influenced bush
encroachment in the Limpopo province between 2001 and 2018.The areas of
hotspot in bush encroachment were identified and specified using the Kendall's Tau
coefficient and the variables which were not statistically significant were omitted in

the study.

The response variable, which contained two components of zero for non-woody
cover and one for woody cover, had to be transformed from being a number structure
into a factor before it could be used in a logistic regression model. Running a logistic
regression model revealed that the chosen socioeconomic and environmental
variables were significant to the study at a confidence level of 0.95, or 95%, with a
factor of one (1) indicating a change in woody cover. The variables that were not
significant to the study at a confidence level less than 0.95 with a factor of zero (0),
which did not add explanation to the variance in the data and were ultimately omitted

and found to be ineffective.

Several environmental and socioeconomic variables were excluded when using
stepwise logistic regression because the model did not find them to be statistically
significant, but those that were found to be statistically significant were included in
the study results. Stepwise logistic regression was used to select the variables that
were significant to the study and also used to eliminate the variables that were not
significant. In the logistic regression model, a comparison of estimated
environmental and socioeconomic variables results revealed a significant level of

less than 0.05 for both environmental and socioeconomic variables result; and all
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variables considered in the model were correlated to tree cover change. However,
certain factors did not show a significant difference and were eliminated from the
study since their results revealed that the p-value was greater than 0.05; hence,
there was no statistical evidence that the variables may be correlated to tree cover
change. This suggests that the environmental and socioeconomic variables included
in tables two (2) and three (3) of this study were positive drivers of bush

encroachment in the Limpopo province between 2001 and 2018 time periods.

4.7. Management approaches

According to Smit et al., (1996), the primary goal of bush control is to bring tree
populations to an ideal level so that the veld can be returned to a state of optimal
grazing and browsing production while preserving ecological stability. According to
Hoffman and Todd (1999), there are three methods that can be used to handle bush
invasion: mechanical, chemical, and biological control. The study further
recommends the method of debushing using mechanical means and brush packing
as a restoration technology where stump is removed physically with a shovel, axe
and digging bar which is the fastest and easiest mechanical way to mitigate bush
encroachment. Beukes (1999), Visser (2007), Kellner (2008), Tongway & Ludwig
(2011), and Pelser (2017) have all investigated the brush packing restoration
technology to bring back quality of the savanna ecosystem.

This approach of protecting exposed surfaces from soil erosion effectively mimics
the protective cover effect of plants (Kellner, 2013).

The following factors make brush packing an efficient technique for restoring

savannas (Coetzee, 2005).

* It acts as a layer of protection against erosion caused by rain impact.

* It lowers soil temperature and helps to buffer temperature swings throughout
the day.

* It helps keep soil moisture in the earth.

« The microenvironment for soil organisms and seedling plants is therefore
improved.

« Grazing animals that frequently search for new development will be kept away

from the developing plants.
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CHAPTER 5

5.1. Synthesis, Conclusion and, Recommendations and Limitations of the study.
5.1.1. Synthesis

The Kendall’s tau coefficient for tree cover was used to determine whether or not the
area has bush encroachment. Environmental variables such as minimum
temperature, mean temperature, and bulk density significantly explain the variability
of bush encroachment in the Limpopo province, as do socioeconomic variables such
as population density, education, employment, and income distributions. As a result,
selected environmental and socioeconomic variables were found to be statistically
significant to the study in the selected locations of the Limpopo province between

2001 and 2018 period, and the following study objectives were achieved:

i. To assess the extent of bush encroachment using existing remote sensing
derived tree cover change product over a period between 2001 and 2018 in
the Limpopo province.

ii. Determine environmental and socio-economic factors that influence bush

encroachment in the Limpopo province.
5.1.2. Conclusion

Savannas are significant ecosystems with socioeconomic significance, according to
Bourliere (1970), Belsky (1990), Scholes & Walker (1993), Scholes (1997), and
Scholes & Archer (1997). They are composed of a mixture of trees and grasses. The
most significant ecology for raising livestock is the African savanna (Bourliere, 1970;
Lamprey, 1983). There has been growing evidence for the past 50 years that a
phenomenon known as "bush encroachment” is changing savannas all across the
world (Archer et al., 1995). Throughout rangelands throughout the world, including in
Africa, the impact of bush encroachment is a typical type of land degradation. Our
knowledge of the dynamics of bush encroachment can be expanded because
controlling it calls for an improved comprehension of the underlying causes and
coordinated management strategies. Future studies on the impact of bush

encroachment should take into account several variables because there are few
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thorough studies that investigate the dynamics of woody vegetation across a variety

of environmental conditions (e.g., Sankaran et al., 2008).

Environmental factors such as minimum temperature, mean temperature, and bulk
density contribute to bush encroachment in the Limpopo province, as do
socioeconomic factors such as population density, and annual household income
levels such as no income, income above poverty line, income below average,
average income; and middle average income. Therefore, the areas of hotspot were
identified to determine which areas in the Limpopo province have been mostly
affected by bush encroachment between 2001 and 2018 periods; and the Capricorn
and Waterberg district municipalities were the mostly affected compared to other

areas in the province.

The logistic regression method was used to analyse environmental and
socioeconomic variables associated with bush encroachment in the Limpopo
province. A logistic regression model that proved to be a useful tool for detecting key
indicators of tree cover change under a variety of possible correlates, was used as a
statistical method to determine whether environmental and socioeconomic variables
contribute to bush encroachment. The environmental and socioeconomic variables in
the model further explain a significant portion of the variance in the tree cover data,
indicating that environmental and socioeconomic factors are a major driving force of

the impact of bush encroachment in the Limpopo province.
5.1.3. Recommendations of the study

As a result, remote sensing technology is recommended for monitoring bush
encroachment in the Limpopo province. For many years, data from remote sensing
has been utilized to track bush encroachment. Using remote sensing data is simple
and offers several benefits over conventional approaches (Dube & Mutanga, 2015;
Dougill et al., 2016). It is suggested that the following factors be prioritized for future

research and assessment:

i. use of synthetic aperture RADAR (SAR), e.g., Sentinel-1 in the improvement
of tree cover layer, or even testing the integration of Optical and SAR data
ii. Improve the spatial resolution of the tree cover product using 30m Sentinel-1

data
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iii.  Texture metrics derived from optical and SAR images should be tested in the

mapping of bush encroachment.
5.1.4. Limitations of the study

The study period was limited for the years between 2001 and 2018, as a result,
longer-term data are needed to fully assess the recovery of tree cover change and the

impact of bush encroachment on the savanna ecosystem.
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