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ABSTRACT

Peri urban areas are contipuous to urban areas, they consist of a large population and these are
regions where farming practice is in conflict with other economic activities. These actjvities
drive the changes in land cover that end up constricting the availability of natural resources for
human and livestock use, some of these changes pose environmental risks. Hence this study was
aimed at understanding the dynamics of land cover of the greater Gaborone area, and the impacts
these changes have on agricultural production. Land cover change of the greater Gaborone area
was analyzed using an orthophoto for the year 2002 and a satellite image from Google Earth map
(acquired 8" June 2010 through spot platform).Population data was also linked to land cover
changes. Yield data was used to estimate production loss consequent to land cover changes.
There has been a decline in the agricultural lands while the built environment increased.
Rangeland decreased from 698.12 km®to 674.46 km®, arable lands from 137.34 km™ to 100.20
km* whereas the buildup area increased from 81.09 km* to 144.09 km® from 2002 to 2010.Amid
these changes, 44.08 km® and 9.00 km*® of rangeland and arable land respectively have been
converted to build up area resulting in yield losses of 980 LSU und 142 200 .Kg of cereal.
Fiscally these losses amounted to P 101 738 70 and P 337 014 \x_'nnh of livestock und ccrcal.
respectively. During the same period, population in the study area has been increasing from 253
874, 356-251 in 2001, 2011 respectively and predictably 699 409 in 2035, Weighed against the
buildup area, these inhabitants necessitate81.09 km®, 144.09 km_"" and the predicted 282.54 km®
of build environment in the same years. From 2002 to 2010 most of the rangeland and arable
lands were converted to build up arcas. The increase in buildup environment is undoubtedly at

the expense of rangeland and arable land.

Key words: Urhan expansion, agricultural Innd loss, subsistence farmer, food self sufTiciency, Botswann
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CHAPTER ONE

_H

1.0: INTRODUCTION

It is projected worldwide that more than five billion people will live in urban areas by the year
2025 with majority (80%) of these living in cities and towns in developing countrics (ITC,
2005). Thus concerns relating to land usce/cover change (LUCC) have invoked interest amongst
scholars, as well as international organizations, ranging from those who attempt to mode] spatial
and temporal patterns of land conversion 1o those who want to comprehend the causes and

effects of LUCC and how these effects can be averted (LUCID, 2004; GECAFS, 2005; Long et

al, 2008; Araya, 2009 and FAQ, 201 1).

The development process of urbanization drives the chanpe in LUCC pattern, which may also
have adverse impacts on the cnvirons of the area (Aganwal et al, 2002; Wu et al, 2008 and Jat et
al, 2008). LUCC limit the nblninnbilily and accessibility of different biophysical resources
including arable land, rangeland, vegetation, water and other resources. Subsequently, LUCC
could lead to a diminished availability of var};ing prnduclé and services for human use, Iivcstotic,

agricultural production and also harm the environment. (Gwebu, 2004; Wu et al, 2008 and

Soffianian et al, 2010).



Swift urban expansion in various conurbations of developing countries has been identified as a
major cause of LUCC (Weng, 2002 and Codjoe, 2007). With amassed recognition of
urbanization as a cause of LUCC, essential and dependable data are mandatory to observe,
investigate and envisage current and imminent trends of LUCC consequential from the urban
growth. Urban expansion monitoring and mapping hence befits the necessity to make

comprehensive policy for development and regulation of further growth of urban areas. Such

tasks entail the use of reliable data on regular bases.

Remote sensing techniques (RS) and geographic information systems (GIS) have become
impartant tools in the acquisition, monitoring, evaluation and mapping of urban expansion and
LUCC.LUCC maps produced through the use of RS and GIS provides basis for reliable data in
urban growth studies. Through the use of RS imagery and GIS, LUCC data is generated for
storage, quantifying, modeling and analyzing spatial data (Reis, 2008; Njungbwen and
Njungbwen, 2011 and Makhamrehand Almanasyeh, 2011). lLUCC analysis may contribute to g
bmadlperspectivc of changes that have environmental and socio - ccﬁnnmi’c impacts, and provide
relevant and prpcisc information for_cnmprchcnsivc policy and deci-sion making in lund use

planning approaches at local and regional levels (Long et al, 2008; Oladele and oladimeji, 2011).

| %



In the context of peri ~ urban development, LUCC has of recent attracted the attention of
researchers (Adell, 1999; Allen, 2003; and Mandere, 2010). Allenet al (1999) describes the
peri-urban expanse as a ‘transitional area between urban and rural zones, being thus a special
case of urban-rural relations’. Mandere (2010) clarifies the peri urban areas to be ‘areas which
are transitioning between the urban and rural landscapes as determined by daily commuting 1o
central business districts of the nearby city or town'. In addition the peri urban areas as described
by Busck et al (2006) are regions contiguous to urban areas (built up areas) consisting of a large
population, furthermore these are regions where farming practice is in conflict with other

economic activities for example, commercial, residential and recreational interests.

1.1: Rationale

The peri- urban interface has uni}* emerged recently as research focus independent from urban
and rural sludieg (IAdelI, II9§9; Ailcn ct al 1999 and Allen, 2003). Morcover land cover change in
puri-urbhn 'arcaslussucialcd. with urbanization is discussed in general terms on large regional
scales (Pickett ct al 2001; Lambin et al 2003: Huston 2005 and Simon et al 2006). This research
uses the Gaborone city as a case study to provide a perspective of land cover chqngcs associated

with urbanization that are more scale-appropriate for land management and conservation efforts.



Thus the study would provide pertinent information to contribuie in the environmental
management plans and improve urban planning issues through: provision of information on the
dynamics of urban land use of the study area. The study would also assist planners and
environmentalists and decision makers to consider the potential of geospatial tools to monitor
and plan for urban environments. It will also provide a baseline for further research by

identifying topics that should be dealt with in much more detail in the study area.

1.2: Problem statement

The growth of Gaborone city has necessitated infringement on surrounding communal
farmlands. The capital city is still spreading out and suggestions of ncquiring more farmland to
accommodate urban developments have been mentioned by authorities. The conversion of

agricultural land has an impact on agricultural production and eventually food security of the

surrounding rural communities (Mosha and Cavric, 2001),

Government policies like, the Tribal Grazing Land Policy of 1975, the National agricultural
policy of 1991 and the National Master Plan for Arable Agriculture and Dairy Development
(NAMPAAD) advocate for the conservation of scarce agricultural and land resources (CAR,
2005). Even though such policies are in place, it has not been possible to prevent conversion of
agricultural land to other uses specifically to build up arca. The conversions are infiuenced by

chiefly among other factors, the high demand for land for residential uses within Gaborone City

4



(Batisani and Yarnal, 2010).To curb the conversion of land, the government has of late taken a
stern measurce 1o maintain land usc zones as planned and approved. The Department of Town and
Regional Planning (DTRP) through lhc Town and Country Planning Act is mandated to prepare
and gazette development plans in all planning areas. Even though that is the case the plans are

reviewed from time to time to accommodate the practical needs of the people (GoB, 1980).



Based on the above, the goal of this study is to better understand the dynamics anc temporal

differences of land cover transitions in peri-urban areas of the Greater Gaborone area.

The specific objectives are to:

(1) Characterize land cover transformations in the greater Gaborone area between 2002 and

2010,

(1) Relate land cover transformations to population growth in the study area.

(1i1) Quantify relationships between urban expansion and loss in agricultural production.



CHAPTER TWO

LITERATURE REVIEW

—mm— ——-r-s e e e - -

2.1 Introduction

Land use/cover change is a physical, biological and chemical process which is linked to the way
human beings manage the land (Wu et al, 2008). Land use/ cover change involves two
definitions of conversion and modification. Land cover conversion involves a change from one
cover type to another for example from grass to tree cover. Land use change may include
conversion from one land use to the other for example, from grazing to cropping, agricultural to
residential land or settlements (Quentin et al, 2006). Land cover modification involves alterations
in terms of structure or function bf land cover but without a \#holt;: chnﬁgc form one type to the
other, for example a change in pfnduclivity (Briassoulis, 1999). Land use change may take the
form ﬁl’ muc‘lTiﬁcalion of a certain lypclof' land usc ﬁnd this involves ﬁlmngcs in the illlL;‘HSEI}/ of
that use for example, changes of forests 1o recreational sites and residential arcas clmngfné from

low income to high income (Meyer and Turner, 1996).



Land cover is the attributes of the earth’s land surface, its biophysical state, also include human
activities like settlements, fields and mines (Lambin et al, 2003). The causes of LLUCC are
catcgorized into proximate and underlying causes. The proximate or direct causes of land use

and cover change constitute human activities or actions that originate from planned and

envisioned land use that eventually affect land cover (Ojima et al, 1994).

The proximate causes of LUCC are forces that operate from far afield and yet can change or alter
the proximate causes (Leemans et al, 2003). While proximate causes operate at local level, farm,
households and communitices, the underlying causes are driven by social, political, economic,
demographic, technological, cultural and biophysical variables in the relationship between
human beings and their environment and may be found to be emanating from regional nnd

international levels (Lambin et al, 2003).

Food sccurity materializes when all people at all times have access to adequate food that is
affordable, safe and healthy, is culturally acceptable, meets specific dietary needs, is obtained in
a dignified manner and is produced in ways that are environmentally sound and socially just
(FAQ, 1996). Food sccurity is dependent on the food systems, when food systems are stressed:
food security is likely to diminish. Food systems are interactions between and within bio-
gcographica. and human environments that results in the production, processing, distribution,

preparation and consumption of food (GECAFS, 2005),



The components of a food system are food availability (production, distribution and exchange),

food access (affordability, allocation and preference), and food utilization (nutritional value,

social value and food safety).

Human alteration of land through urbanization affects the ability of the land to suppart needed
food production. Land use changes affect the capacity of the land to generate sufficient food
supplics. Losses of arable land to infrastructure development might lead to food production
deficit in the future. The possible risks of land use change are not only environmenta! but also
include social risks. One of the social risks that is brought about by land use change is the impact
on food security, as developments take place they threaten to compete for arable lands that could
be suitable for agricultural food crops resulting in the potential threat of driving down potential
supply (UNEP, 2009). Greater emphasis should be placed on the conservation of land, walter,
plant and animal resources. Land use planning is to be intensified to tackle the problems of land

degradation, loss of agricultural biodiversity and soil crosion and maintaining high productivity

levels (Emerson and Wallis, 2003).

[) :



The convention to combat desertification of 2008 supports that land use changes should be
considered where current agricultural patterns are no longer sustainable. Conversions of marginal
agricultural lands into suitable altemnatives would prevent land degradation and will regenerate
long term farming potential. The introduction of measures to limit the conversion of agricultural
land to other uses that are not agriculturally viable will maintain a reserve of land for food
production at the same time prohibiting the encroachment of urban and rural residential

development into food producing lands.

2.2 Urban expansion and land usce/land cover change

Urbanization is the result of increasing population in urban arcas relatively and absolutely. The
driving forces of urbanization are the perceived quality of life differentials between urban and
rural areas that is jobs, living conditions and better services. Urbanization is linked to urban

expansion which is also known as urban sprawl.

Urban spraw! and urbanization has brought about environmental problems which are faced by

almost all the cities around the world (Makhamreh and Almanasyeh, 2011).
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The conversion of agricultural land and forest as well as wetlands for urban infrrastructural
development is linked to the widespread removal of vegetation to support the urban needs which
puts pressurc on the nearby areas which may be ecologically sensitive. There is also the problem
of improper waste disposal and handling, air and water pollution and loss of productivity by

‘workers as they spend many hours in traffic congestion (Ujoh et al, 2010).
2.3 LUCC in peri-urban areas in developing countries; implications for food security

Peri-urban refers to the geographical edge of a city and marks the transition or interface between
rural and urban activities. Peri-urban arcas are characterized by an increasing population density,
uncontrolled conversions of farmlands to housing, lack of regulation, diverse sources of income

and intensified resource exploitation (Marshall et al, 2009).

Even though urbanization brings ubnu-t opportunities, it has resulted in concentrating poverty and
environmental degradation in peri-urban arcas and the peri-urban poor are often the most
affected (Allen et al, 2006). Scemingly so, subsistence farming is considered to be a system of an
cconomy truncated houscholds, this implying that majority of houscholds have small proceeds

also that the prhcccds are derived from agricultural undertakings (d* Allonnes, 2006).



The practice of agriculture in urban arcas takes place at the city's periphery where its recognition
is little, this recognition is due to the fact that the peri-urban interface is viewed as a temporary
place on the city’s fringes which will soon pave way for urban development (Adedeji and
Ademiluyi, 2009).Peri-urban agriculiure is also disadvantaged by lack of judicious proceedings

as it occurs outside the boundaries of civic authorities, there is therefore deprioritisation by

agrictltural programs.

Botswana as a developing country is faced with a number of land issucs particularly in its citics
and towns. Population and economic growth has exerted vast pressure on land. Although existing
legal frame work is in place, it has not been an easy task to equitably distribute land among the
people for different uses (Ministry of Lunds, 2002).Land institutions espccia.ll}' the land bnﬁrds
have from time to time been criticized for the cumbersome and time consuming processes and
procedures of allocating land. These complaints are a reflection that there is pressure resulting

from the socio economic needs of the people (Tembo and Manisa, 2001).

lllegal lmnsfhr of land has been another issue of concern. The requirements for land transfer are
that the land has to be developed for the purpose it was applied for, however land holders have
been found to be ignorant of these requirements and transferred undeveloped land. The transfers
are done to those who have the ability to buy land as compared to the poor who actually need it.

This development creates a skewed distribution of the land (Mnlhubq,L 2003).



The growing population has created land use conficts as land is now required for man y uses. As

a result some land uses have been pushed to marginal arcas.

Settlements have been expanding into arable land; arable farms into livestock rearing, areas and
livestock rearing into wildlife areas. These land use conflicts have been found 1o be putting
pressure on land resources with rangelands being the most affected. At the fringes of cities and

towns, pastoral residents want to rear cattle whereas the grazing resources are hastily lessening

(Ministry of Lands, 2002).

Even though the government has responded to the migration of people into towns and cities
(especially Gaborone) by decentralizing services through the National Settlement Policy, rural
dwellers continue to move to towns. The villages close to Gaborone (Mogoditshane,
Metsimothlabe, Tlokweng, Gabane and Mmopane) continue to grow in terms of population. The
population of Gaborone and its pace of urbanization has created problems of its expansion into
arable land, illegal dumping of waste in its outskirt villages leading to land degradation. Other
Issues consequent to its urbanization have been the illegal mining of sand, quarrying activities

and unauthorized land use changes (GoB, 1992),
Land use/Cover Change detection

Change detection studies involving the use of satellite image data has been done using a large
range of methodologies for identifying land use/cover changes (Mas, 2000). The methods have

some advantages as well as disadvantages.

Image differencing — image differencing is a commonly used method which involves the
subtraction of registered images acquired at different times, The subtraction is either pixel by

pixel or band by band. A pixel value of 0 signifies no changes whereas change is represented by
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a negative or a positive value (Lu et al, 2004). Even though this method is not complex its

challenge is to identify the threshold values of change and no change in the final or resultant

images.

Image rationing — lts simplicity and challenges are comparable to image differencing, the
difference between the two is that image rationing is not as cc;mmonl}* used as the image
differencing method. This method is simply a ratio of the images acquired at different times,
pixel by pixel and band by band (Berberoglu and Akin, 2009). Changes are represented by pixel

values of more or less than one whereas pixel values of one represent no change.

Post classification —Post classification is widely used and is casy to understand. The principle of
the method is that two images acquired at different times are independently classified and then
compared. Changes between the two images are visualized by the use of a change matrix
indicating the amount of changes that have occurred for both dates (Briassoulis, 1999). Through
the matrix it is easy to sce what changes ncﬁcun'ed and in which class the changes occurred. The
advantage of this method is the negligible impacts of radiometric and geometric differences

between the two images (Berberoglu and Akin, 2009).

Multi date classification — Multi date images are combined into a single dataset in which either
supervised or unsupervised classification is performed. Areas where changes have occurred will
be represented by different statistics as compared to those with no changes (Pontius et al,
2011).This method produces multiple classes with respect to the spectral changes thus the

interpretation of the results is often complex requiring a good knowledge of the study area (Lu et

al, 2004).
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Change vector analysis — This technique is based on the spatial representation of change in
spectral space. Change here is represented by a vector defined by two factors which are the
direction of change and the magnitude of change. Under this method, multiple bands can be
processed however the difficulty is in determining the threshold of magnitude and in

differentiating between change and no change. Often the interpretation of the direction vector is

not casy (Coppin et al, 2004).

Image regression — Image regression method assumes the existence of a linear relationship
between pixel values of the same image at different times (Atasoy et al, 2006).A regression
function best describing the pixel relationship is developed, the residuals from the regression
function arc deemed to represent arcas of change. Through this method there are minimal
radiometric impacts however there is difficulty in selecting the appropriate regression function

and in defining the threshold between change and no changes (Rogana et al, 2004).

Various as they are, the alternative to use cither of them is dependent on the ability of the user to
successfully execute them and arrive at desired and understandable results. Analysis involving
large data or many images acquired at different times may also prompt for the use of certain

techniques over others.
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CHAPTER THREE

METHODOLOGY

3.1 Description of the study area

The study area is the greater Gaborone area, which encompasses the localities of Gaborone city
and the peri urban villages of Mogoditshane, Tlokweng, Gabane, Metsimotlhabe and Mmopane
(Figure 3.1). Gaborone city has experienced economic growth and development and is among

the fastest growing cities in sub Saharan Africa. The city's population has created prablems with

resources more importantly land (Batisani and Yarnal, 2010).

Hence Gaborone city is surrounded by tribal and private ngricullurai land on the northemn,
castern and southern sides. The migration of people into the city in scarch for efnploymml has
further created problems of competition. for land among tribal lands and agriculture. The
projected population for Gaborone city is 313 000 by. 2030 (CSO, 2001). This pnpulation and the
envisaged growth of the greater Gaborone together with urban sprawl could result in with much

of the scarce fertile 'ugricullui'_nl land being tuken up by settlement growth and only leaving poor

unproductive soils.
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J.2 Data

Land cover patterns for 2002 were mapped by the use of an orthophoto from the depanment of
surveys and mapping. This orthophoto is projected to UTM (WGS_84 Zone 35 S), with a
geographic extent of 7294783.37 m North, 415270.34 m West, 7254648.39 m South and

369825.69 m East. lts spatial resolution was 1:1. Tiff images from Google map (acquired June

8" 2010 through spot platform http://maps.google.com) were used as an image 1o complement

the orthophoto. The image also covered the same extent and resolution as that of the orthophoto.

The population and housing census preliminary results for the Gaborone and the villages that
form the greater Gaborone were used. This data was obtained from the central statistics office.
The yield per hectare (kp/ha) of cereal crops (maize) for the Gaborone region is 158 kg/ha (CSO,
2006) while the livestock carrving capacity is between 4 and 5 ho/lsu (averaging to 4.5 ha/Lsu)
(MoA, 2001). Supplementary data included the BMC price structure by grade of P 23.07/Kg

(Appendix 1) and the BAMB cercal (maize) price of P 118.00/50 kg bag (Appendix 2),
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3.3 Data Analysis

The orthophoto was used as a base map while the satellite image was used as a warp image (or
the tmage to be analyzed for changes). Land cover types were manually digitized and include:
(1) Urban or build up arca, (2) arable land, (3) rangeland, (5) tree dominated and (5) water.
Population data for the census year of 2001 and 2011 was also related to urban growth pattern.

Furthermore arable and rangeland converted to the built environment was analyzed in terms of

potential yield loss.

3.3.1 Geo referencing and mosaicking

Screen captures (tifT images) of the 2010 SPOT satellite image from Google map were geo
referenced (image to image geo referencing), the first order polynomial (affine) method was used
as a warping method as it enables for accurate results because the warp image will only shift its
origin, scale, and rotates to merge that uf'_lhe base (Tufls university, 2007). The tiff images were
then put together to make a single image by mosaicking, and by del‘uuil when displaycd in the
same data frame as that of the base map., the warp image assumes the same projection (Tufts
university, 2007). The 2010 satellite image was therefore projcﬁlcd to UTM (WGS_84 Zone 35
S) to match the spatial reference of the 2002 orthophoto. The ged referencing procedure followed

is summarized in figure 3.2 below.
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3.3.2Land cover classification scheme,

Urbanized areas exhibit spatiallv varied features making discrimination of some features a
challenge (Anderson et al, 2001), hence land use/cover was categorized into five classes and
their descriptions are given in Table 3.1. In this case, rangelands are the features that can be
utilized by livestock for grazing and the *Buijld up/urban area” comprises all forms of built
structure including, residential, transportation, commercial, industrial, facilitics and other

impervious features. Accuracy of the images was assessed by the use of a contingency table

(Table 3.2)

Table 3.1: Land cover classification scheme

| -
Land use/cover classes Description I

Arcas that can be used for grazing livestock and any feature other than

Rangeland arable land, build up areq, tree dominated, water body and ‘others'.
(Hills were only classed for their prominence, but are part of the

rangeland)

Arable land Land utilized for growing crops mainly under main fed production for

Subsistence farming

Build up/Urban area | Residential, transportation, commercial, industrial , facilities and

tmpervious features

Tree dominated | tree and shrub

il

Waler body Dams and streams
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Table 3.2: Contingency matrix for accury cy Assessment

Reference Data |

Classified | Rangeland | Arable | Built Tree Water | Others User's
Data | land | up/Urban l dominated | Body Accuracy
' area
Rangeland 652 T 0 95 °
: S %

b

Arable

Built

up/Urban 44 9 81 0 0 o0 | 134 31 %

areq

Tree

dominated 100 %
r | |

Wate
() 0 (} ()
Body 16 |

Producer’ s
100 % 48 Y%

Accuracy

m] ful

T(r“ X ‘-r!

=}

NZ Xy - 2(1“ XX,

A= e
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N is the total number of sites in the matrix, r is the number of rows in the matrix oA is the

number in column 7 and row j, ¥ + 4 1s the total for row i and ¥ i+ 15 the total for column j (Jenson
1996). Kappa for the above matrix therefore is:

K = [961 x (652 + 99 + 81 + 13 + 16 + 9)] - [ (684x698) + (105x130) + (143x81) +(13x27) +
(16x16) +(9x9)] / 961% - (684x698) + (105x130) + (143x81) + (13x27) + (16x16) + (9x9)

=3 327 17/4 201 68
K=0.79

J.3.3 Characterization of land use/cover of the greater Gaborone area

Both the 2002 orthophoto and the 2010 image were manually delineated or digitized into
polygons representing the land cover categories. The digitized orthophoto and image were then

clipped to the boundary of the greater Gaborone; clipping demarcates the spatial extent of the

area or region 1o be analyzed for LUCC. The 2002 and 2010 land cover maps were thus created.
The extent of each land cover category was calculated in Arc Map 10 with the help of the spatial
statistical too! (» utilities » calculate areas).The results (areas) (Appendix 3 and 4) were

tabulated. Figure 3.3 is an illustration of the land cover characterization procedure undertaken.
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3.3.4 Land cover change detection analysis

An overlay analysis (» intersection) of the 2002 and 2010 land cover maps categories (polygons)
was performed dual at a time and the areas of the intersected regions were calculated by the

spatial statistical tool (» utilities » calculate arcas). The steps undertaken for the analysis are

outlined in Figure 3.4,
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Land cover is expected 1o change from one category to the other, from period one to period two
(Wu et al, 2008). The intersected areal extents were thus used 1o analyze the land cover

conversions from one class to another {rom 2002 to 2010 in a change matrix by the following

equation; (Long et al, 2008 and Wy et al, 2008).

CHi= (pi—p.i) I p.ix 100 (1)
Where:

CHi is the change of land cover in row i relative to the previous compared vear;

pi. s the row total of grid cells for category i;

p.i is the column total of grid cells for category i.

3.3.5Urban expansion detection

Build up /urban arca maps were extracted from the land cover maps for the two periods (2002
and 2010). The extracted maps were rasterized and map subtraction was performed resulting in a

buildup/urban area change map. Figure 3.4 depicts this process.
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Figure 3.5: Urban expansion defection



3.4 Probable relationship between land cover change and subsistence Tarmer food sclf-

sufficiency

3.4.1 Yield loss (LSU)

The quantity of grazing land (rangeland) converted to build up areas consequently resulted in
vield loss (livestock units). The number of livestock units lost was calculated by the equation

below;

Rangeland area

Yield loss (LSU) = e
u

(at time {; tO time o) (2)
Where;
Rangeland area is the size of the rangeland in hectares, converted to build up area

Hlsu is hectares per livestock unit (stocking rate)

The total number of cattle lost consequent to the conversion of rangeland to build up arca was

then calculated using the livestock unit ratio provided by d’Allonnes, (2006);

| LSU = | Cow of 450 Kg - 3)




Botswana Meat Commission’s price per Kg and LSU live weight of 450 Kg was then used 1o

compute the price value for one cow (450K g);

P=XY: (4)
Where;

P is the amount in Pula for 1 cow;

X is the LSU live weight;

Y is the BMC price per Kg

The amount in pula was then multiplied by the number of cattle forfeited to deduce the fiscal

value for cattle loss and consequently loss to subsistence communal farmers;

M=NP . , (5)
Where;

M is the monctary value for cattle loss;

N is the number of cattle forfeited in the study arca;

P is the price for 1(onc) cow
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b.4.2 Yield loss (Cereal)

he loss of land for cereal production to build up/urban area subsequently lead to cereal yield

[orfeited (Kg of cereal).Yield forfeited was calculated by the following equation;

Arable Area

Yield loss (Kg of cereal) = Ka/ha
1

(at time t; to time o) (6)

Where:

Arable Area is the extent of arable land, in hectares converted to build up/urban area

Kg/ha is kilograms per hectare of maize (158 Kg/ha)

Cereal yield loss was then totaled by 50 kg bags that would have been lost due to arable fields
converted to build up arca and total number of 50 Kg bags and the BAMB producer price of

P118.00/S0Kg bag were used to estimate the monctary value lost due to arable land conversion

by the following ratio analysis;



f=pg;

)

Where;
fis the fiscal value of the total number of bags forfeited:
p is the BAMB price of cereal per 50 Kg bag;

¢ is the total number of bags forfeited:

J.5Relating population to urban expansion in the Greater Gaborone area

The population for Gaborone and villages that constitute the greater Gaborone area are presented
in Table 3.2. As population census in Botswana is held every after 10 years, the census for 2001

and 2011 and also growth rate were used to link population to build up area increase between

2002 and 2010

Therefore future urban expansion wuas then predicted by simple ratio analysis using annual

population growth rates.
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Table 3.3: Greater Gaborone population (2001 and 2011)

Years

Annual % growth
(2001-2011)
2001 2011

Name of locality

Mogoditshane

_Tlukweng

Adapted from CSO preliminary results 2011
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Figurce 3.6 Population of the Greater Gaborone (2001 and 2011)
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T +P (7)

Where;

ris the annual growth rate in 9% (2001 -20] 1);

B is the number of years (2011 — 2035, 2035 inclusive thus 25 years);

P is the population for the preceding census year

The following quotient was used for predicting the potential built up area in 2035.The

predictions are done on the bases that the prevailing conditions stay the same:

B o
p=—
8

(8)

Where;

is the predicted build up area:
is the buildup area for the preceding vear:
is the predicted population for the census year;

is the population for the preceding year,
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CHAPTER FOUR

RESULTS AND DISCUSSION

-_—

4.1 Characterization of land cover of the greater Gaborone area

Land cover maps for 2002 and 2010 are presented in Figure 4.2 and 4.3 respectively. In 2002 the
greater Gaborone covered an area of 961.26 km*with rangeland having an area of 698.12 km?
and 674.46 km* in 2002 and 2010 respectively. Agricultural land (rangeland and arable land)
I_luvc been decreasing. Rangeland displayed a relative decrease of 23.66 km? (2.4%6) while arable
iand decreased by 3.9% for the same period. In 2002, built up/ urban area had a coverage area of

81.09 km” and 144.09 km?in 2010, an increase of 63 km* (6.5 9%) (Table 4.1).

Agricultural lands are declining while the built environment is increasing. This relationship has
been found to be prevailing in most urban/peri urban research studies, Oladele and Oladimeji
(2011) found agricultural lands in Ibadan, Nigeria to have decreased by 67.9% being replaced by
construction between 1986 and 2000, while at the same time farmers were losing their lands to
urban developments. This trend has been found to have resulted in acute food shortage to the

urban population of Ibadan.
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Similarly in a study done in Kathmandu Nepal, cultivated lands have been decreasing, from

39.10 km® in 1989 to 17.30 km" in 2009. Whereas the built environment increased from 17.70

km? 10 43.10 km? between the same period (Rimal, 2011). Nonetheless a decline in a gricultural

lands is likely to impact agricultural production.

Table 4.1: Land cover statistic for the greater Guborone (2002 and 2010)

G Tl



In 2002 rangeland was the dominant land cover followed by arable land; build up areas, water
body, forest cover and others. While in 2010 rangeland was still the most land cover but buildup

area was now the second followed by arable land, water body and others (Figures 4.1, 4.2 and

4.3).

Land use/cover statistic of the Greater Gaborone area
800 3

700
600 - —
500 —fM
400 +—
300 +—f i - = 2002
| . —— B2010 |

Extent(sq km) x 1000

200
100

Rangeland BuiltUp Arableland Waterbody  Tree |
Area dominated

Land use/cover Category

Figure 4.1: Land cover statistic for the Greater Gaborone (2002 and 2010)
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Figure 4.2: Land cover map of the greater Gaborone, 2002
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Figure 4.3: Land cover map of the greater Gaborone, 2010
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4.1.1 Land cover change

Between 2002 and 2010, build up area and others increased by 77.7% and 1382.4% respectively
with quantities of 63 km* and 12.58 km?> respectively. Extent wise, mngeland was the most

converted while percentage wise, forest cover, arable land and rangeland decreased by 50.40%,

27.04% and 3.39% respectively in the same period.

It was evident during analysis that some arable felds in 2002 had been abandoned and hence
they have undergone a change in cover characteristic similar to rangeland/grazing land in
2010.Consequently of the 137.34 km® of armble land in 2002, 21.46 km was converted to
rangeland in 2010.Water body/dams did not change (Table 4.2). Nevertheless most of the
landscape remained unchanged as indicated by the bolded figures indicating that there may be
some regulatory measures mandated towards the protection and management of each of these

land cover categories.
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Table 4.2: Land cover change matrix

Land use/cover Land use/cover type in 2002 Changes in 2010
vpe in 2

RL _BU AL WB TD OT Total Change(SqKm)Change (24)

RL 652.17 0.00 2146 0.00 0.82 0.01 674.46 -23.66 -3.39
BU 44.08 8109 9.00 0.00 930 0.62 144.09 03.00 77.69
AL .28 0.00 98.85 0.00 0.0 0.00 100.20 -37.14 -27.04
WB 000 0.00 0.00 1632 0.00 0.00 16.32 0.00 0.00
D 0.03  0.00 0.00 000 13.61 0.00 13.64 -13.86 -30.40
OT 056 000 8.03 000 3.7¢4 027 13.49 12.58 1382.42
Total 698.12 81.09 137.34 1632 27.50 0.9] 961.26 |

Note: RL = rangeland, BU = built up area, AL = arable land, WB = water body/dams, FR =

forest cover and OT = others: the area of each land use/cover categorv that remained the same
was marked in bold

4.1.2 Urban expansion in the greater Gaborone

Urban area maps (Figures 4.4 and 4.5) depicts the built up environment between 2002 and 2010
and its extent. Change in buildup area between the two study years is illustrated by Figure 4.6.
the buildup area measured 81.09 km® and 144.09 km? respectively between the same period

(Table 4.2) while population in 2001 was 257 930 and 364 332 in 2011 (Table 4.6).
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4.1.3 Effects of urban expansion on agricultura) production loss,

The link between urban expansion and agricultural loss is given in Table 4.3, The conversion of
44.08 km* of rangeland and 9.00 km? of arable land resulted in yield Josses of 980 LS U and 142
200 Kg of cercal. The assumption here is that arable lands are not simultaneously used gs grazing
arcas. Yield loss (LSU) is expected to change when arable ﬁelds are used concurrently with
rangeland for livestock grazing. The loss of agricultural land can bring in hunger and poverty in
urban/peri urban areas where agriculture was initially practiced. Njungbwen and Njungbwen
(2011) found that agrir.;ultural land in the Uyo urban arca of Nigeria was declining while the built
Up area was increasing, they reported that these lands declined from 6024.17 ha in '1969 o
2463.78hain 2001 whereas the built environment increased from 2626.29 ha to 8231.59 ha
between the same years. They further alluded that the loss of these lands even though resulied in

food shortage in the area, agrarian business was enhanced in the nearby states.

On the same perspective, in peri-urban areas, extensive land use patterns not gimed at
agricultural economic optimizzl_li[m are likely; it is also probable that livestock rearing and crop
production will be morc hobby-oriented or practiced on part time bases(Busck et al, 2006).0n
the same context, further conversion of rungclunds and arable fields 1o build up area is likely to
‘reduce their capacity to support livestock and arable farming' and cnnséqucnll}' denting the

potential of subsistence farmers attaining a self sufficiency status.
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Table 4.3: Agricultyral production loss

Land converted to build up area (hectares) W

Kg of cereal

forfeited

The conversion of agricultural lands has impacts on agricultural production, the resultant mostly

being the loss in productjon, Consequent to rangeland and arable land conversion to buijld up
area, 980 cattle and 2 844 50 Kg bags were forfeited thus agricultural production loss (Table
4.4). In a study done in the vine yards of Frascati, Italy, the cultivable area of vine yards have
been found to have decreased from 1082.48 ha 1o 1021.99 hg between 2005 and 2008 linking this
loss to urban developments (Loret and loannilli, 2011). This trend has resulted in low wine
production. Even though these findings are not linked to rangeland and arable land, the notion is

that the loss of agriculiural land 1o build environment is likely to depress production.

Table 4.3a: Agriculturul production loss

Yield loss Pula

980 cattle | 101 738 70
2 844 50Kg bags 337014




4.2 Relating land cover transitions to population

Urban and peri urban areas are characterized by the concentration of people, and hastened urban
growth ts usually linked with and driven by the population concentration in an area (Long et al,
2008).This trend is likely to continue over the years as most of the amenities particularly higher
learning institutions and large shopping malls are found in the study area. Therefore thesc
facilities lure people 1o settle in their vicinity in pursuit for education, cmploj*mcnl and the
perceived better lifestyle (Wu et al, 2008). The projected population for the study area in 2035 s
699 409 (Table 4.5), this increase in population necessitates for the provision of land lar housing

as well as infrastructural development thus adding more pressure on land resources.

On the samc context, rangeland and arable land showed a decrease of 3.39 % and 27.04%
respectively between 2002 and 2010, (Table 4.2). The conversion of rangeland and arable land to
build up area may signal their vulnerability to be converted to that category consequent to the
resource needs (urban infrastructure) of the growing population (Table 4.5). In areas where there
Is an increasing population especially in urban and peri urban areas, rangelands or agricultural
land in general have been found to be abandoned and later on converted to urban uses
(Njungbwen and Njungbwen, 2011). Such a development is likely to negatively impact
subsistence farmers cfforts towards food self sufficiency, that is while at the fringes farmers wish

to increase their herds, the grazing areas are lessening, a practice which is likely to discourage

potential subsistence farmers.
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Table 4.5: Population of the greater Gaborone area (2001, 2011 and 2(135)

Name of locality

Mopgoditshane

Tl'lnkwcng

14



Predictably, the population for the study area in the vear 2035 will be 699 40%and its potential

built up/urban arca extent is 282.54 km2 (Table 4.6 and Figure 4.7). Population growth in the

study area means that land resources in the study area will be under pressure of satisfactorily

meeting its demand. Population growth and sprawl in the study area are likely to intensify the
competition for land among rangeland, arable land and the built up arca (Batisani and Yarmal,
2010). The continued increase in population and expansion of the build up area is likely to

reduce the agricultural land subsequently forfeiting yield. Thus impacting communal subsistence

farmers’ agricultural production.

Table 4.6: Relating population size and built up area expansion

- Population size 186 007 356 681 699 409
Build up area (Km*) m 144.09 282.54
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Population size and build up area expansion

300
E 250 282.54 Km?2
T ———
s 15
7144, >
S 50 6l09Km* =
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0
186 007 356 681 699 409 Population
200] 201 1 2035 Jear

Figure 4.7: Relationship between population size and potential build up area
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CHAPTER FIVE

CONCLUSIONS AND RECONMDMENDATIONS

_——

5.1 Conclusions

The goal of this study was to explore the dynamics of urban landscapes in response 1o

urbanization in the greater Gaborone area between 2002 and 2010. The results of this study
revealed that the greater Gaborone area was covering an arca of 961.26 km® in 2002 and the
same extent in 2010, Proportionate to the extent of the study area; rangeland was the dominant
land cover (72.6%9% in 2002 and 70.2% in 2010). Arable land was covering 14.3% and 10.4%

while build up area was covering 8.4% and 14.9%. in 2002 and 2010, respectively.

Results of the analysis also show that land cover classes have undergone a change with differing
magnitudes. The transition matrix highlights that amid these changes, 44.08 km? of rangeland
and 9.00 Km? of arable land were converted to build up area from 2002 to 2010, signifying the
pressurc posed by urban expansion on these agricultural lands. Production wise, these

conversions resulted in forfeiture of 980 LSU and 142 200 Kg of cereal worth 101 738 70 and

337 014 pula, respectively.

47



Population has been found to be Increasing in the study area from 2001 when it was 257 950 to
364 322 in 2011, Within the same period also, rangeland and arable land decreased by 23.66 km?
and 37.14 km® respectively shile the built environment increased by 63 km".By the year 2035
the predicted population for the area will be at 699 409 necessitating a 282.54 km* of built

environment undoubtedly from agricultural land (rangeland and arable land), if conditions in the

study area stay the same.

Even though urban expansion and land cover changes are linked to the physical conditions of a
locality, other prevailing conditions are also influential in shaping the urban landscape. The socio
cconomic faclors, land policies or regulations and the individual behavior of the land users also
contribute to urban expansion. The greater Gaborone thus encompasses the Gaborone city which
is central to socio economic activities, policies and a concentrated population. These factors can
highly influence the cover changes in these areas. It is therefore imporant to inlegfnte methods
of research like GIS and RS together with social surveys which will providc dcpﬁndnble data to
study the urban environments with the aim of providing bases for hlunning towards sustainable |

urban development.
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5.2 Recommendations

I Urban expansion has become an environmental concem the world over and its impact is

rapidly surfacing. To abate the impacts of this occurrence, ways of urban development

promote sustainability could be incorporated in the civic land use plans, for example

the introduction of a smart growth policy (EPA, 2001) where emphasis is on vertical

development as opposed to lateral. Through this guiding principle coupled with sound

resource management practices, ag

ricultural lands can be preserved and agronomic

activities in this area could be revived ultimately improving vields and self - sy fTiciency.

2. Expansion of the built environment is correlate

d to population growth therefore measures

o control the concentration of population in urban areas could be devised. Thesc

strategies could include decentralizing the provision of facilities, services, infrastructural

development and resources in areas neighboring the greater Gaborone city and beyond.

This practice could minimize population concentration in the study area because people

are likely to dwell in the vicinity of areas they deem convenient in terms of facilitics,

services and their resotirce needs,

3. Public involvement in de

cision making should be commended as it could enhance the

assessment of the likely impacts of urban expansion on the surrounding environments,
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Land institutions should also work together imrespective of their administrative level for

sustainable development and apt ecological management.

4. Further research is required to tackle the policy dimensions of LUCC in the study area as

well as the use of time series imagery analysis to help predict the probable urban

expansion pattern and the possible impacts, for the vears to come.
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APPENDICES
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Appendix 1: BMC price structure by grade

PRICESTRUCTURE BY GRADE
LOBATSE AND FRANCISTOWN ABATTOIR

EU Compliant Cattle

4+.50

150.00|per head

Non-EU and Detained Cattle
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Appendix 2: BAMB producer prices

Botswana Agricultural Marketing Board

Reference:
Dale:

2012/2013 MARKETINO SEASON
FRODUCER PRICES FOR SCIIEDULED PRODUCE
Mnmwummmm:mmummnmm.mm;mm

delivery at all our branches across the country; Pilsane, Kanye, Meshupa, Gaborone, Mahalapye,
Palapye, Serowe, Selibe Phikwe, Francistown, Maun and Pandamatenga.

Bag Tonne
SORGHUM Grade 1 130.00 2,600.00
Orode 3 91.00 1,820.00
BITTCR SOROHUM Crade 1 21.00 1,820.00
Grade 2 631.70 1.274.00
MILLET Crude 130.00 2,600.00
Crade 2 91.00 1,520.00
WHITE MAIZE Omde 1 11850 2-370.00
Orade 2 R2.95% 1.659.00
YELLOW MAIZE Crade | 118.50 237000
Qrade 2 B2.9% 1.659.00
SUNFLOWER Orade | 121.91 4.023.00 .
OROUNDHUTS Cmade | 440.00 8.500.00
Crale 3 3038.00 6,160,00
TSWANA COWPEAS Grade | 400.00 8.000 00
Orade 2 280.00 5.600.00
BLACK-EYE COWPTAS Grade | 400.00 8.000.00
Crade 2 2480.00 3.600.00
WHITE HARRICOTS Crade | 310.00 6,400.00
Grmle 2 424.00 4 480.00
JUGD BEANS Grade | 420.00 8.400.00
Grade 1 294 .00 5.A80 00
TEPARY RARANS Orade 1 320.00 f,400.00
Orade 2 224.00 4 480.00
CHINA FEAS Crade ] 360.00 7.200.00
Omde 2 252.00 5,040.00

KB

The above pricen have been set in Jine with the matket, and are valid until 31= Asgust 2012, They will

be ndjusted to stay in line with the market prices whenever major thanges oocur. Prices of all cropa
pt sunflower sced are for 50 kg hags. Sunflower seeds prices arc for 30 kg bags. The price excludes

bags. Producers who deliver in new plastic bags will be paid an allowance of P2.00 per bag.
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Appendix 3: Extent of land use/cover of the greater Gaborone in 2002

| Category [ Count T Minimum | Maximam | Sam (5q meters

| Buildup [ 611 | 233797852 | 669686327 | _ 81088106.77

__Arable | 831 [ T081.894503 | 4944785.641 | 1378523633
_Rangeland [ 88 | 1651628495 (98937287.9

Tree .
dominated 5353.951792 3266798.113 28052337, 14
Greater
Gaboronc _ 961260036.7 961260036.7 061260036.7
48543.6348) 15865378.67 16323795.97
| 906013.21

4

133529.9626 505123.6162
166487.4413 350480.3804
7948136.23 1610490041

307000.4037 525434.4235
961260036.7

3364499.274 0252324.421

¥ Ay
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Appendix 4: Extent of land use/cover of the greater Gaborone in 2010
Count
| Buildup | 108 | 10003.07979 11628632.3 144087943.3 1334147.623 | 2111979.615
16369.28664 4426122,787 100203146.4 368393.9205 | 638770.9855
115121.1029 164180568.5 674460506.8 13764500.14 | 32877110.27
Iree 24 100250.9387 2603683.962 13643909.96 568496.2484 | 534067.6847
dominated
Greater . 961260036.7 961260036.7 961260036.7 961260036.7
Gaborone |
Waterbod 5 48543.63481 15865378.67 16822496.37 32664499.274 | 6252324.421
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