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Existing travel patterns in Windhoek are influenced by the past land use policy of 

restricted urban development in the former townships ofKatutura and Khomasdal. Thus 

residents in these townships are faced with longer distances to reach quality urban 

servtces. 

This thesis examined the impact on travel demand of changes in land use policies aimed 

at stimulating growth in the two areas using the HLFM computer model. The results 

showed that, policy induced land use changes may stimulate population and employment 

growth in the neglected areas, but with no effects on the present travel patterns. 

The model needs to be refined to fit the peculiarity of the study area. Nevertheless, 

information provided in the thesis could be used in assessing areas where development 

trends will go if any ofthe land use policy tested in the study is adopted. 

JKey woll"dls: Travel demand patterns; trip purposes; trip modes; travel period; trip length; 

activity locations; trip generation; distribution and assignment; urban land use and 

transport modelling; computerised highway-land use forecasting; urban land use/ transport 

policy analysis. 
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ClHLAJP>1I'JEJR ONJE 

RESEARCH DESIGN 

1. S'fA'fEMEN'f OJF 'fHE JPJROBLEM 

1.1 Introduction 

In the past, urban transport was considered as one of the problems confronting urban 

development in most cities of the world. Perhaps, in the planning and management of 

today's cities, especially in the developing countries, this problem remains fundamental. 

This may be attributed to increase in urban population, higher dependency of urban 

lifestyles on continuous spatially dispersed patterns of economic activities and a high level 

ofmobility and private automobile ownership. 

As a result, there has been a tremendous increase in traffic congestion on urban roads 

leading to high cost ·Of commuting, auto-emitted pollution, and road accidents in urban 

areas in recent years. And on the other hand, cost of constructing new transport networks 

and expanding the existing ones has remained problematic rather than panaceas to the 

present day urban transport issues in most cities of the world (Whitelegg, 1985). 

Although Windhoek is known to have one of the best urban transport infrastructures in 

Mrica and as such urban transportation problems as outlined above could not be 

considered as major constraints to its further development, however, on a closer 

examination there are two paradoxes to the existing transportation system in the city. The 

first, is the concentration ofthe main employment centres at the core of the city, such that 

traffic flow is one-directional during morning and evening peak periods. The second, and 

the most important, is the continuous expansion of low income residential areas (mostly 

in the former Black and Coloured Townships) away from the main employment centres, 

thus seriously threatening the economic and social life of the urban poor. Added to these 

issues is the rising cost ofurban commuting and the inadequacy of urban facilities to meet 

the needs of those who live in outlying low income residential areas. 
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The implication of these issues with regards to the transportation needs of these townships 

is that residents of these areas are now demanding from the newly reconstituted 

Windhoek Municipality Management Committee1
, that more attention be paid on those 

things they have been denied in the past. Nevertheless future strategies to upgrade urban 

infrastructures including the transportation system of these two townships cannot be done 

in isolation because ofthe magnitude of influence Windhoek City has on the day to day 

activities of the two areas2
• The following section is an attempt to present the overall 

outlook of the existing spatial interactions and socioeconomic framework ofKatutura and 

Khomasdal suburbs in the larger context of the Windhoek city within which they operate. 

This is essential in order to explicitly state the problem of study in this research. 

1.1.1. The study area 

Windhoek municipal area coyers approximately 106.25 Km in extent measuring about 

13.5 and 8.5 kilometres in both north-south and east-west directions respectively. It lies 

at the southern end of a wide, flattish basin cutting through the central highlands of the 

country from north to south. The built-up areas are mostly in this undulating basin floor 

surrounded by mountainous and rolling hills. Much ofthe town's developable land has 

already been consumed except in the southern part where flat land still exist in only 

relatively small quantities for future development. 

The structure of post-independence Windhoek Municipality has changed significantly, as all the separate Local 
Authorities Management Committees for the different Townships existing prior to independence have been 
brought under the same management committee since the promulgation of Local Authorities Act, 1992 (Act 23 
of 1992), of the National Assembly. 

Township is a connotation used in the Southern African countries referring to separate residential areas created 
away from the main urban centre, but lacking all other necessary urban facilities to function on its own. The 
residential areas ofKatutura and Khomasdal are taken as a single unit of study in this research. The terms are 

used interchangeably throughout the remaining chapters of this study. 
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lFigure lt.l: 'fhe Study Area in R.elation to 'fhe R.est of Windhoek 
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The main economic activity zones of the city consists of a Central Business District; 

Restricted Business Area with considerable number of wholesalers and warehouses; and 

the Northern Industrial Area with heavy manufacturing industries both located due south 

and north of the city centre respectively. These main activity generating zones are in close 

proximity to a number oflow density residential areas (former 'white only reserved areas') 

which are well connected with a good network of roads, while the high and medium 

density residential suburbs (Katutura and Khomasdal Townships), composed mainly of 

medium and lower income households are located to the extreme north and northwest 

corner of the city far away from most of the main activity zones. These two suburbs 

together serve as the area of study in this research. Figure 1.1 shows the location of this 

area in relation to the rest ofWindhoek city. 

The layout of the town has been shaped in response to the physiographic constraints, but 

is nevertheless, functional in terms of space relationships between land values and land use 

patterns (Windhoek Municipality 1980). While this may be true to some extent, however, 

the urban segregation policy known as the Natives (Urban Areas) Proclamation, No.56 

of 1959, according to Simon (1991) and Frayne (1992), provided the b~sis for apartheid 

urban planning, whereby the former so-called townships (residential areas for Black and 

Coloured people) were subsequently forced to relocate northwest away from the major 

economic zones. This resulted in a pattern which deviates from most cities in the 

developed world, in so far as the low income population with the highest density is located 

at the outskirts of the built up areas. A major problem resulting from this is that low 

income groups living far away from central zones are faced with ever increasing travel 

cost and long distances in order to have access to quality urban services. 

1.1.2 Recent Trends in Location of Urban Population and Housing. 

As far back as 1970, one out of every three urban dwellers in Namibia lives in Windhoek, 

and today the City of Windhoek accounts for over 31% of the total population of the 

country. With an annual growth rate of 3%, the population has rapidly increased from 

110,064 people in 1981 to 147,059 people in 1991 (National Planning Commission 1992). 

In terms of its spatial distribution, the concentration of the population conceals great 
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variation between the residential areas, particularly between the study area which accounts 

for 72% and the rest ofWindhoek with 28% of the total population respectively. 

A compounding problem to this high concentration of people in the study area is the 

problem of mass influx of people to Windhoek city in general, and in particular the 

suburbs being the most important destinations for the rural migrants shortly after the 

independence of the country. According to Frayne (1992), the absolute growth of the 

population ofthe study area is expected to be double against that of the rest of Windhoek 

city by the year 20203
. This has not only led to the peripheral expansion of the study area 

and polarization of the low income population outside the built-up areas4
, but also 

increased the number of commuters on the existing transport infrastructure, as more and 

more people now travel daily to employment zones in search of jobs. 

The present distribution of residential population of the entire Windhoek city serves as an 

indication of the future direction of traffic pattern in the city. With this in mind, it is 

evident that the zones that will generate more demand for urban transport facilities will 

in most part be in the study area since the majority of urban movements are between 

homes and the main employment zones. Ironically, the bulk of the employment zones are 

located away from the suburbs. Obviously the main source of labour supply for the 

existing employment zones is in the study area with the highest population, and tills will 

continue to be so in the near future. 

1.1.3 Change in Socioeconomic Mobility 

The study area can best be described as the largest residential area with a relatively low 

socioeconomic standard when compared with other parts ofWindhoek. With the abolition 

of the discriminatory Jaws in 1977 and the gaining of independence in 1990, there was 

Shortly after independence, (Frayne 1992) estimated this number to be between 250-300 rural dwellers migrating 
into the city every month in search of employment and a better standard of living. 

In order to meet the rapid increase in demand for housing four additional high densities residential zones which 
include Okuryangava, Hakahana, Goreangab and Otjimuise were created at the periphery of the of Katutura and 
Khomasdal suburbs. 
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mass movements of professionals and affluent people from this area to the former white 

residential areas including the 'grey areas' around the CBD. This led to a reduction in 

business investments in the area under study due to capital flight and helps to maintain 

functional contact (in the form ofwork and other kind oftrips) with the city centre due 

to absence of major employment activity mainly because of the municipal land use 

restrictions5
. Plans to change this situation are in the pipeline as Windhoek Municipality 

has planned for a light industrial zone to be developed at Haloid in the near future. The 

effects this land use policy on patterns of commuting to and from the study area and the 

relocation of major economic activities to the suburbs need to be studied. 

All told, it is within this context of spatial segregation of residential areas underpinned 

by social and economic inequality, a legacy of the past apartheid planning policy which 

ensures strong dependency of the study area on Windhoek city, that the issues relating 

to the present day transport needs of the area will be discussed. In other words, the main 

problem of this research is to show how the travel demands of residents in the study area 

relates to the existing and future land use. Particularly, the problem focused on the 

impacts of changing population and employment locations on travel times and traffic 

volume on the rietwork of roads in the study area. 

1.2. STATE OF THE ART AND LITERATURE JRJEVIEW 

The study of relationships between urban land use and transport systems is perhaps one 

of the most important field of research to date where geographers have contributed 

significantly in the application of geographical concepts and theories in an attempt not 

only to describe and explain spatial patterns of urban and regional phenomena, but also, 

to seek for clues and implications of the designed patterns. This approach has a long 

tradition in transport geography through the studies oflocation ofland use, movements 

and interactions of people and goods and services between different geographical 

locations as exemplified in the works of Von Thi.inen (1826), Christaller (1933), Ullman 

In the past, the apartheid laws prevent affluent blacks from owning service business in their place of residence, 

but after independence, the business and educated elite were free to move to any part of the city. 
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(1956), Taaffe, Morril and Gould (1963), Hagerstrand (1957) and many others. Common 

element of study in these earlier works places emphasis on the definitions and the 

applications of geographical concepts of' location', 'market areas', 'accessibility' and 

'distance to centre' to explain ways in which demand and supply of transport services 

affects urban and regional development processes. To understand major contributions to 

this body of knowledge through the applications of geographical concepts, it is important 

first to briefly review the development in this field over the last three decades. 

Specific applied research in transportation studies by geographers, which drew heavily 

upon geographical concepts and models which can support the decision-making process 

in urban transportation planning include, among others, trip generation and forecasting 

using regression or category analysis models (Wootton and Pick 1967: 137-153), trip 

distribution analysis based on gravity - entropy-maximizing and linear programming 

models (Fratar 1954; Lowry 1964; Isard et al 1960; and Wilson 1967), modal split 

analysis based on discrete choice models and models of dynamic choice behaviour (Luce 

1959; Anas 1983; Halperin and Gale 1984; and Timmermans and Borgers 1989). 

Empirical applications of these models as a framework for solving pressing urban 

problems has been extensively reviewed by Berry and Horton (1970), and Abler et al 

( 1978), and recently Timmermans and Golledge (1990) gave detailed r~view of recent 

applications ofthese concepts spanning through diverse disciplines outside geography. 

The main focus of these works are on such tasks as pattern of travel behaviour in urban 

areas, origins and destinations, travel-demand predictions, modal split, pedestrian desire 

survey lines, and studies of location of residential, shopping and recreation areas. These 

are in turn employed in transportation studies (a field which has been dominated by civil 

engineers for many decades) in the assignment of traffic to networks, and in the testing 

of routes capacities and standards, and users' benefits (Ratcliffe, 1981: 223 -240). The 

major contributions of this trend to studies in applied geographical research, is the 

recognition of the importance and emphasis on the use of spatial inputs as a fundamental 

part of the overall transportation research and planning process. 

Although attempts to model the interaction between land use and transportation changes 
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could be traced to the large-scale American transport studies of the late 1950s (in 

particular the Chicago, Pittsburgh and Penn Jersey area transportation studies) which 

marked the beginning of the popular four-stage transportation model, these earlier models 

however, were not developed to simulate the interactive processes between land use and 

transport. 

Lowry's original formulation of the gravity model (model of metropolis) with varied 

modifications (Garin 1966; Wilson 1970, 1974; Echenique 1969; Putman 1983; Batty 

1970, 1974,) has been generally regarded as the foundation for the application of 

integrated land use and transport models to simulate and predict the consequences of a 

wide range land use and transport policies. By the late 1970's, concern about the 

operations and efficiencies of these models in providing the necessary inputs for land use 

and transport development controls however, became questionable (Senior, 1977). Thus, 

gaining bad reputations with decision-makers in a number of ways, in that, they are too 

complex, require excessive and unmanageable data, time consuming, and diverting much 

ofthe planning agencies attentions to model building and calibration processes. 

However, with increasing availability of microcomputer hardware and software (in terms 

of programming methods, speed and capacities), processes ofintegrating these models 

have been developed and are still evolving, which attempt to provide a systematic 

approach to solving land use and transport problems. In other words original concepts, 

developed as a result of independent research in geography, are being reformulated into 

new terms like 'spatial interaction activity models', 'linked land use and transport models', 

and integrated land use and transport models, 'highway land use and forecasting model 

etc.(Wilson 1972; Echenique et a/1984; Putman 1989, 1991; De Ia Barra 1989; Horowitz 

1989). 

These models though still reflect the traditional four-stage transport planning approach 

but with more simplifications on data requirements, calibrations process and estimating 

the distance parameter as well as the introduction of multi-parametric and behavioural 

elements into the model specifications. Thus enabling them to be practically applied to 

study the interactive impacts of location of urban activities on transport demand and 
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supply. Consequently, as a result of new growing interests in these models by planners and 

decision makers alike, some of these models (in computerised form) are now being use 

to provide simulation ofprobable effects of applying and implementing particular land use 

and transport policies. 

A review of the literature on integrated land use and transport models shows that research 

and applications of the first generation of these fully interactive models were mostly done 

in cities of the United States. However, major developments and applications of 

operational, and computer simulation of integrated urban land use and transport models 

in recent years came from other parts of the industrialised world. These include among 

others DORTMUND (Wegener, 1982), :MEPLAN (Echenique et al., 1984) and LILT 

(Mackett, 1983). 

Webstal eta! (1988) reported empirical case studies where these models have been widely 

used to simulate tests conducted on a number of specified policies and scenarios in the 

fields of metropolitan population, employment, retail facilities, land use regulations, 

transport pricing, traffic management and transport investment in seven major 

metropolitan cities outside the United States which include: Amersfoort (Netherlands), 

Tokyo(Japan), Dortmund (Germany), Leeds (UK), Bilbao (Spain), Osaka (Japan), and 

Melbourne (Australia). The results of these studies analysed in terms of modal shares, trip 

costs (or benefits), distances travelled and location of employment and population, shows 

that there is competition for travel demand (accessibility) between different socioeconomic 

groups, and that demand for urban land strongly influences the location of urban activities 

with consequential implications for travel demand. Also, the demand for transport was 

found to respond very quickly to changes in car ownership, trip rates, modal choice and 

route choice. While changes in migration and employment were found to be influenced 

to a large extent by frictions in the housing and labour markets and as well as to changes 

in transport costs in a medium-term. However the degree of these relationships vary 

greatly between the cities studied (Mackett 1990; Wegener eta!. 1991 ). 

Large-scale land use and transportation studies in most cities of Africa with application 

of integrated models are still very few. With particular reference to Southern African 
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cities, most of the past transportation studies for example, Windhoek Transportation 

Study (Van Niekerk, Kleyn and Edwards Consulting Engineers 1981, 1984); and the 

Strategic Planning in the ~ohannesburg Metropolitan (JOMET) Area (Ferreira et al, 

1980a, 1980b and 1980c) were based on the traditional gravity model. Notable exception 

in this regard is the Cape Land-use Transport Study for the Cape Town Area (Simmonds, 

1984) using MEPLAN. 

1.3 GOALS AND OBJECTIVES 

1.3.1 Goals 

In designing the research and indeed the type of model to be employed, certain goals were 

formulated to be accomplished. The guidelines used to evaluate these goals involve the 

following. 

Firstly, at the end of the research, the study has to provide estimates of the number of 

household trips undertaken for various purposes on the one hand, and on the other hand, 

it has to provide estimates ofthe origins and destinations ofthe various trips in each of 

the traffic zones (subareas) of the study area and as well as estimates of costs, time and 

distances required to undertake such travel between the zones. 

Secondly, it has to provide an analytical explanation of the observed trip making patterns 

ofhouseholds and the functional relationships between trip flows from the two resid~ntial 

areas and the location of employment /service centres in the rest of Windhoek city. 

Information on the basic processes that shape and condition the growth and determine the 

dimensions of the transportation problems ofthe study area is generally lacking. 

And thirdly, the research is designed to test a system of the Highway Land Use 

Forecasting Model (HLFM) for the area. Such a model facility could be used for 

forecasting and simulating transport demands arising from future changes in spatial 

distribution of activities. 
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1.3.2 Objectives 

In general terms, the requirements in meeting the above goals involved stated primary and 

secondary objectives. 

The primary objectives of the study are specifically directed to address the following 

Issues 

1.3.2.1. 

1.3.2.2. 

To determine the total number of trips originating and terminating in each 

traffic zone of the study area; and 

To describe and analyse the existing trip-making patterns (for several 

purposes) observable in the study area. Principally, this involves testing 

major hypotheses to explain factors affecting urban travel demand for the 

study area. 

Secondary objectives are 

1.3.2.3. 

1.3.2.6. 

To forecast the number of trips originating and terminating in each traffic 

zone for different purposes in the study area for a target year; 

To test the probable impacts efland use policies on present and future trip 

making patterns'in the study area. Specifically the following policy tests 

will be performed: 

the effects of rapid population growth in the study area, but with land use 

restrictions at the core zones so that development are limited only as far 

as possible to the peripheral zones and 

the general effects of a shift of some central area jobs to the proposed light 

industrial estate at Haloid. 
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1.4 HYlPOTJB[ESES 

Subsequent to the discussion of the hypotheses, some basic facts about land use and 

transport interactions in an urban system must be established. That is, the spatial pattern 

ofland use and travel demand in a free market system revolves around location decisions 

made by households, firms and institutions and as well as transportation facilities available 

to them. These decisions are in turn, influenced by the socioeconomic, technological and 

public policy conditions prevailing in the area. These premises serve as the bases upon 

which the hypotheses about the urban land use and transportation requirements of an area 

can be developed. Subsequently the following hypotheses were put forward and tested in 

order to determine the importance and extent of major factors affecting travel demand in 

the study area. 

1.4.1 The overall zonal travel demand in the study area is not related to zonal patterns 

of urban developments such as differences in population, employment, income, 

number of persons per dwelling units and amount of land available for 

development. 

1.4.2 Zonal travel demand for home-based work trips in the study area is not related to 

zonal patterns of urban development such as differences in population, 

employment, income, number of persons per dwelling units and amount of land 

available for development. 

1.4.3 Zonal travel demand for home-based nonwork trips in the study area is not related 

to zonal patterns of urban development such as differences in population, 

employment, income, number of persons per dwelling units and amount of land 

available for development. 
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1.5 RELEVANCE OJF 'fJH[E JRESEARCJH[ 

The Transportation Master Plan for Katutura and Khomasdal residential areas currently 

in place is based on the recommendation ofthe Windhoek Transportation Update of 1986. 

It is obvious that the transportation problems in the two residential areas in particular and 

Windhoek city in general identified in the study have been overtaken by events. Such 

events are the sudden influx of people into the city, rapid increase in vehicular ownerships, 

and rapid expansion of residential areas at the outskirts of the area under study since 

independence. Thus the current Master Plan is outdated to address the transportation 

problems of households especially those located on the periphery of the study area. 

In addition to the above;.mentioned shortcomings of the Windhoek Transport Update of 

1986, there was a lack of reliable data on household trip-making patterns for Katutura and 

Khomasdal, not only for the 1986 study, but also for the previous studies, due to neglect 

and discrimination on the one hand, and due to lack of response to household surveys by 

residents in the areas on the other hand. The report of Van Niekerk, Kleyn and Edwards 

Consulting Engineers (1987) recommends that a transportation study for Windhoek in 

general should be reviewed every 5 years and in particular, accurate household survey on 

trip-making patterns ofKatutura and Khomasdal need to be obtained. None of this has 

been done. A recent study done by Frayne ( 1992), is of minor use as it concentrates 

generally on the nature and scale oftransport problems in Katutura only. 

In the light ofthe above, the relevance ofthis work, is not only to analyse the trip making 

patterns at household level for the study area, but also to serve as a valuable source of 

information for urban transportation planners, transport operators and academic 

researchers interested in applied research of this nature. 
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1.6 ORGANISATION OF THE STUDY 

The study is divided into five chapters structured around specific activities. This 

introductory chapter covers the study design, describes the problem of the study and the 

goals and objectives of the research. It provides a theoretical and practical foundation for 

the research. Chapter two is centred around the methodologies in formulating the models, 

types of data needed and methods of collection. In chapter three an attempt is made to 

describe the observed trip patterns and factors affecting their spatial variations. Then 

chapter four is focused on model calibration to suit the situations in the study area, 

forecasting and simulation of transport demand and results of the findings. The last part 

ofthe study is devoted mainly to the application ofthe methods of research in the study 

area, conclusions, implications and recommendations for further research. 
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C1BIA1?1I'lEJR TWO 

METHODOLOGY 

This chapter presents the sequence of activities and the types of data needed to meet the goals and 

objectives setout in the study. Specific modelling techniques, having roots in the various spatial 

interaction theories, are employed to developed the relationship between land use and 

transportation demands of the study area. 

2. MODEL DESIGN 

In general terms a transportation planning process at any level might consist of any or all of the 

following interrelated activities: estimating demand for transportation services and facilities, 

matching supply to demand, and socioeconomic and environmental cost-benefit analysis ofthe 

impact of supply alternatives. These stages require the use of technical methods and procedures 

designed in such a way, so as to produce a consistent set of forecasts. Following the various lines 

of research in land use and transportation planning processes, a brief introduction concerning the 

overall structure and contents of the procedures to be employed in this research are appropriate 

at this stage. 

The type of configuration employed in this study reflects that of the HLFM (Highway Land-use 

Forecasting Model). The HLFM is a computerised land use and transportation model built 

around a derivative of the Lowry-Garin matrix formulation of the gravity model (Horowitz, 

1989). The HLFM assumes that there is a relationship between access (measures in nonlinear 

function of travel impedance and attractiveness of destinations) and spatial distribution of 

activities measured in terms ofpopulation and employment. 

The model predicts the distribution of land use activities and the trips among each traffic zone 

using a production- constrained gravity model and economic base concept, before calculating trips 

generated· in each zone and before assignment of trips to transportation network. A detailed 

description of the HLFM model and its application in modelling interactions between urban land 

use and transport demands follows. 
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2.1 FORMULATION OF HLJFM (IDGHW AY JLAND-USE FORECASTING MODEL) 

In the HLFM, the trip generation calculations require some knowledge of land use patterns in the 

form of spatial distribution ofnonbasic (service) employment subdivided into employment serving 

businesses and employment serving population and the total population, before trips are allocated 

to the network. Generally, the overall structure of the model can be viewed as having two main 

interlinking parts: the land use model and the transportation model. The linkages between them 

are shown in figure 2.1 

Figure 2.1: 'fhe HLFM (Highway Land-use Forecasting Model) 

LAND USE MODEL TRANSPORT MODEL 
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2.1.1 The Land Use Model 

The starting point in the land use model is the matrix formulation of employment equations which 

is then used to calculate the spatial distribution of total employment in each zone. Given the total 

employment in this manner~ the spatial distribution of total population in each zone could as well 

be calculated. 

This sub-model defines activities into population, service employment and basic employment and 

these correspond to residential, service and industrial land uses. Apart from this, it recognises the 

inter-dependence between travel demand and land use activities that is: the present locations of 

employment and resident population as a labour force in an area has a significant influence on the 

future intra urban locations of activities and thus the area's travel patterns. This in turn is affected 

by the existing transportation system in the area. Based on these assumptions, a simple spatial 

employment model for calculating and forecasting urban spatial activities can be derived from the 

following matrix formulation of employment equation (Horowitz 1989: 5.3) 

(2.1) 

where E = vector of total employment of an urban centre-with an element ei representing total 

employment in a traffic zone ofthe urban area, 

Eb = vector ofbasic employment, 

Er = vector of employment serving population, 

Ew = vector of employment serving businesses. 

Similarly, the size and location of total residents (total population) of a zone can be calculated 

from Er variables in equation 2.1. Landre (1994: 203-208) described iterative procedures for 

solving the above matrix formulation broken down as follows. 
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... ' 

1. Calculate and distribute employment servmg businesses from residential zones to 

employment zones: 

(2.2) 

where Ew;j = vector of number of workers in employment serving businesses in zpne and 

resident in zone I 

f3 

c .. 
lJ 

= 

= 

vector of total employment in zone I 

base multiplier defined as a ratio of service employment (only that serves 

businesses) to total employment 

vector of service attractiveness of zonej, measured in terms of net service 

developable land i.e. total amount efland less that is either unusuitable for 

development or devoted to basic industries or other purposes outside the 

reserved land for non-basic services (business) development 

conditional probability matrix that an individual residing in zone; works in 

zonej 

Employment serving businesses distribution parameter defined as ratio of 

retail employment to service employment and 

generalised cost of travel from zone; to zonej. 

Furthermore, C;j and ~ are calculated from the following equations: 

c .. = (1 + y/v)tu + tii' (2.3) IJ 

where t. = the portion of the shortest travel time that occurs on a street 
lJ 

y the cost of travel per minute 

v = is the value of time parameter 

tij' the portion of shortest travel time that occurs on a centroid 

~ = Cl;j Wjexp(~Wc)i ~ Wjexp(~Wcu) (2.4) 
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2. In the second iteration employees serving the entire population Erij are allocated from 

residential zonei to employment places in zone j through a similar relationship as that 

constructed in equation 2.2. 

Erij 

where Erij = number of workers in the employment serving population 

number of residents living in zonei 

(2.5) 

All other variables remain as defined in equation 2.2 

3. Given the distribution of total employment, allocate population from employment centres 

in zonej to residential zont15 using the following production- constrained interaction 

equations from the previous iterations. 

~i 

where~i 

Ej 

B 

Ej B ALi exp(113cg) (2.6) 

= 

= 

= 

vector of number of residents living in zonei and working in zonej 

vector of total employment in zone j 

base multiplier defined as ratio of population to employees in residential 

zonei 

vector of attractiveness of zonei> measured in terms net available land for 

residential development i.e. total amount of land less that is either 

unusuitable for development or devoted to basic industries or other 

purposes outside the reserved land for residential development 

remain as defined in the previous iterations but refers to a conditional 

probability matrix that an individual working in zonej lives in zonei; and 

household distribution parameter i.e. defined as persons per dwelling unit. 

All other variables remain as defined in the previous equation. 
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2.1.2 The Transportation Model 

The transportation model consists of three interrelated activities which include trip generation, 

trip distribution and trip assignment. Beginning with the trip generation activity their mathematical 

formulations as used in this study are as follows. 

2.1.2.1 Trip Generation Model 

The trip generation submodel forms the interlink between the land use model and transportation 

model. It allows the trip ends of a particular trip type to be estimated by using the calculated zonal 

trip attracted and produced for different purposes from the land use phase. In general two main 

classes oftrips modelled are: 

home-based-work (HBW) that is, journey to work with final trip ends at home, and 

home-based-non-work (NHBW) that is, school trips, shopping trips, personal business, 

social and recreation trips with origin and final trip ends at home. 

Using a multiple linear regression model, trips generated by each zone can be calculated 

(Hutchinson 1974: 31-46, Horowitz 1989:5.11-5.14 and Landre 1994: 141) using the following 

equations: 

= total trips attracted to zonei; 

bk> ck and dk = trip attractions parameters (for purposek = 1 .. 2) 

E". 
I 

a 

= retail employees from zone i; 

non-retail employees from zonei; 

total dwelling units in zonei; and 

regression constant. 
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Similarly, trip production i.e trips originating from residential zone can be estimated in this same 

manner by calculating total number of trips produced in each zone as in equation 2. 7 

a +Jui (2.8) 

where TPik = total trips produced in zone I for purpose k = Pit W ik; 

total trips produced in a zone; 

b 

a = 

2.1.2.2 

a factor of trip purpose k = W uk 1100 for k = 1 and 2; 

percentage oftotal trip productions that should be allocated to purpose 1 

or 2 from row u income group; 

total income for trips purpose k; 

trip production parameter; and 

regression constant. 

'frip Distribution Model 

The purpose ofthe trip distribution submodel is to develop a procedure that predicts the pattern 

and number of person trips that go between traffic zones for different purposes within certain 

period of the day such that 

where 

n 

~ 
j=l 

n 

~ 
i=l 

Tijk 

oik 

T .. k IJ 

T .. k IJ 

= 

= oik (for j = 1.. ... n) (2.9) 

Dik (fori = 1.. ... n) (2.10) 

the number of trips of typ~ that goes between zonei and zonej; 

the number of trips oftyp~ produced from zonei that have been estimated 

in the previous land use allocation and trip generation phases; and 

Dik · the number oftrips oftyp~ attracted to zonej that have been estimated in 

the previous land use allocation phases 
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In the above equations, two constraints must be satisfied, namely, a production constraint which 

ensure that the number of workers leaving zonei equals the number of workers in that zone; and 

an attraction constraint which ensure that the number of workers arrivin~ at destination i equals 

the number of work places in that zone. Different methods exists for carrying out trip distribution 

analysis (Hutchinson, 1978: 82-120) however, the procedure employed in this study is based on 

mathematical formulation of a doubly-constrained spatial interaction model of the following type. 

= (2.11) 

where ~ and Bj are normalizing or balancing factors which ensure the consistency of both origins 

and destinations input values, and are defined as 

= 

(2.12) 

(2.13) 

travel impedance cost matrix calculated by finding the minimum paths or cost 

between all pairs of zone on the network and remains as defined in equation 2.3. 

The final aspect of the trip distribution analysis is the conversion of the day's person trips for the 

three trip purposes into vehicle trips before they are exogenously passed on to the assignment 

submodel for network loading. This aspect is automatically computed by the HLFM program and 

therefore need no further elaboration. 

2.1.2.3 The Trip Assignment Model 

This model takes exogenously the calculated vehicle trips from each origin zone to each 

destination zone to load the transportation network. This process of loading the network is 

performed after several iterations in order to determine the minimum path (shortest route), the 

least travel times and the daily traffic volumes between origin and destination zones. 
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There are different methods in assigning trip matrices on a network, but the main assumption is 

that, ceteris paribus, a trip maker will choose the shortest path (defined in terms of the least 

travel time or cost) through the network from origin to destination. The procedure adopted for 

this study in order to solve the assignment problem described above, involves the use of two 

techniques which in transportation literature are known as 'tree-tracing' or 'tree-building 

algorithm' and 'capacity-restraint by equilibrium/incremental loading techniques'. 

In order to find the minimum path between origin and destination zone, the model begins by 

tracing of path between them using algorithm process. The set of all minimum paths from a 

particular origin to all possible destinations is referred to as a 'tree' (Hutchinson, 1974). At the 

end of the tree tracing, the outcome of the algorithm will result in a: tree table or tree graph, 

which shows for a given origin centroid, the sequence of nodes that define the minimum path from 

any particular node back to the origin centroid; a link table, which shows the travel time along 

the link from both origin and destination; and lastly, a list table, which shows all the links 

emanating from a given node with the travel time and volume of traffic flow on the link. Finally, 

this procedure produces unconstrained network loads whereby times and cost of travel through 

the congested network must have changed from the original designed capacity6
. 

The second technique (capacity-restraint by equilibrium/incremental loading) is used to remove 

traffic congestion observable in the network during the tree-tracing process. Typical mathematical 

formulation of this technique is a non-linear increasing function oflink flows and link capacity 

(Putman, 1983) defined as: 

t 1 = · t0 (1.0 + 0.15 (v/v0)
4
) (2.14) 

subject to 

(v > v0), and 

(v <= v0). 

Where t 1 

v 

= 

= 

modified congested link travel time 

un-congested link (free-flow travel time) 

the volumes of trips on the link, and 

route designed capacity 

6 In the analysis, intrazonal trips were assigned differently from the main zonal trips. 
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On the completion of the assignment process, the zone to zone least-time or least-cost paths could 

be determined, the new cost matrices fed back into the land use model for future forecasting of 

locations of employment and population in the study area. 

2.2 MODEL CALillRATli:ON PROCESS AND DATA COLLECTION 

In order to test the predictive capability of the HLFM and its applicability in the study area, its 

estimated parameters should be comparable to some significant process of urban development 

observable in the study area. For this purpose the model was calibrated using the procedure 

outlined in figure 2.2. 

While it could have been worthwhile and ideal to test the performance of the model against the 

output of similar or previous studies carried out in the area under study, this was not done for 

certain reasons. For example, the last transportation study for the entire Windhoek city was in 

1986 and since then significant changes in terms of socioeconomic and political developments 

have taken place which makes the two studies to be incomparable. More so, the system of 

defining traffic analysis zones and model specification differs greatly between the two studies and 

thus making it unrealistic to compare their results. The alternative method used was to rely on 

comparing the model estimates with observable zonal data and the results of the home interview 

survey. 

The procedure used for calibration did not strictly follow the normal linear sequence of activities 

as outlined in figure 2.2 7
. It begins with demarcation of the traffic analysis.zones, followed by a 

description and specification of the network characteristics. This is a kind of 'housekeeping' 

activity which checks for connectivity of nodes, capacity of links, time, distance, and shortest path 

between each 0-D pair. 

7 Other methods and techniques not directly connected with the land use-transportation modelling e.g. projections 
of population, employment and other economic data, and testing of policy options were introduced into the study 
where they are found to be relevant to explanations. 
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lFigure 2.2: Calibrating the HLJFM for the Study Area 

" 

1rrocedures J 
~ 

Oefimitation of Traffic 
Analysis Zones 

~ 
Transformation of Road 

Network to Directed Graph 

'7 

CoHection of 1991 
Census Data 

'· 

Home Interview Surveys 
. (July, 1994) 

~ 
Model Run and Base Forecasts 

of Land use and Traffic 

Model Simulations 
and 

Poficy Tests 

J-- Population Projections to 1995 and 2000 ~ 

~ [Employment Projections: 1995 and 2000 
!I 

_,;. Calculations of Base Multipfiers, Employment and 
Population Ratios 

Calculations of amount of Land for Residential and Service 
Developments 

" Vandations and Performance Testing 

... lm of Po ulation Growtl1 Land use Resmcted· ~----~l~ __ p_~ ______ p _________ ·_( ________________ .d 

'b----c>ilmpacts of Shift In Employment Locations 

25 



2.2.1 Zoning 

The first step in the specification of the network was the division of the study area into traffic 

analysis zones (T AZ). These zones thus serve as the basis for traffic analysis as well as units for 

gathering and organising the socioeconomic data. There are eleven such T AZ. Their sizes and 

boundaries corresponds partly to the major activity generating zones and partly to the Local 

Enumeration Areas (LEA) used by the National Planning Commission for the 1991 Population 

and Housing Census surveys. However, some LEA that were found to be too small in size were 

joined together with other zones, making it possible to 'highlight' the present conditions and 

future changes and gives manageable quantities to manipulate during the analysis. Figure 2.3 

shows the final analysis zones used in the study, of which there are eight internal zones and three 

external zones respectively. 

2.2.2 l'he R.oad Network Data 

Network data consists of an abstract representation of the physical infrastructure of the road 

network of the study area. This map was then transformed into a graph which describes the 

components parts and the properties of each of the main streets and intersections. Information for 

this purpose was prepared from the updated road map of Windhoek supplied by the Transport 

Engineering Department, Windhoek Municipality and partly from direct field observations. Figure 

2.4(a) shows the main road network and figure 2.4(b) the transformed road network in the form 

of directed graph. This directed graph contains the following information. 

Zone Centroid: This is a point representing the centre of each zone on the graph and thus present 

the centre of gravity of the zone and corresponds in reality to the location within the zone with 

the highest concentration of population or employment. They are indicated as rectangles on the 

graph. 
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Figure 2.3: Traffic Analysis Zones 
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JFngure 2.4(a): Road Network of the Study Area 
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lFngure 2.4l (lb): 1rransformedllRoadl Network 
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Centroid Connector: The centroid or centres ofthe zones are connected to the basic network 

of arterial streets by links (local streets) within each zone, and positioned on the network where 

the main feeder streets or roads from a zone would be expected to connect. In all, a maximum of 

four centroid connectors were allowed to originate from a zone in order to reduce coding and 

computing time. 

Nodes: These are centroids and observable intersections of the network of links (streets) 

protected by stop signs or traffic signals. They are indicated as thick black rectangles (centroids) 

or thick black dots on the graph and numbered consecutively from 1 onward. These coded 

numbers serve as reference points during computerization and traffic loading of the network. 

Links: The section of the street or road connecting two nodes on the network is called a link. 

Each segment between two nodes i.e starting node and finishing node, as well as the distance 

between them, permissible (designed) free-travel speeds, travel time, and maximum allowable 

traffic volume were coded and tables showing this information were prepared. A maximum of four 

links to a node is allowed. 

Appendix A is a link table which shows details of the properties of the ofthe network. 

The second stage involved calibration of the land use model using the generalised travel cost as 

trip probabilities between 0-D pairs to produced a matrix of trips. The result of this trip 

distribution process is then converted into a vehicle-trip matrix and loaded and assigned back to 

the network. At the end of this first traffic assignment, a new set of travel time of the minimum 

path through the congested network was re-calculated. After this stage, the residential location 

was forecasted and simulated for the base year and target years. The descriptions of the data used 

for the calibration of the land use model follows briefly. 
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2.2.3 Zonal Data 

Zonal data refer mainly to estimates and forecasts of socio-demographic data essential to describe 

both the base year and the target year activities in each zone. These data partly serve as major 

input data for the land use model as well as forming the basis for forecasting trips in the transport 

model. Precisely, the zonal data relate to: 

o average household income; 

o average amount of time taken to travel within a zone; 

o total population; 

o amount ofbasic employment; 

o amount of land available for residential development; and 

o amount ofland available for service development. 

Besides these inputs, zonal data also include both the zonal and area-wide economic base 

multipliers and land use parameters necessary for forecasting and simulating the overall 

socioeconomic and land development of each zone, as specified in the land use model. These 

parameters include 

o value of time; 

o ratio of service employment (i.e only those that serves businesses) to total employment; 

o ratio of service employment (i.e only those that serves residences) to total population; 

o ratio of retail employment to service employment; 

o ratio of retail employment to basic employment; 

o area per service employee; and 

o persons per dwelling unit. 

With the exceptions of data relating to household income, persons per dwelling units and average 

amount of time taken to travel within a zone, all the other zonal data outlined above, were 

collected and computed directly from secondary sources and thereafter projected to the base year 

of study. Detailed description of the purposes, sources of collection and computational procedures 

of these data are presented in Appendix B. 
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2.2.4 Origin and Destination (0-D) Surveys 

Origin and destination surveys were carried out in order to gain an insight into the existing traffic

flows and forecast travel requirements by households for different trip purposes. Information 

obtained from the surveys was used to 

o check that the number of trips by households for different trip purposes are being 

reasonably estimated in the model, and 

o obtain information for the calibration and sensitivity analysis of the model. 

The survey method involved the use of home interviews to sample responses of trip-makers on 

habits, origin and destination, average income and expenditures of households, size, mode and 

purpose of travel, frequency, number of vehicle available to households and so on. The questions 

were administered by trained assistants to every 1Oth house in randomly selected streets in the 

study area. The selected streets were generated using SPSSPC+ Random computing functions 

after the names of all the streets were passed as input into the program. A sample copy of this 

questionnaire is provided in appendix C. This is a modified questionnaire used in the pre-test 

survey carried out in July 1994. Detailed analysis of the survey is discussed in Chapter Three. 
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<C lillAJP>1flE 1R 1flBI1RJE lE 

URBAN 'IRA VEL 1? A l'l'JERNS AND DJEMAND 

3. HOME ][N'fJERV:llEW SURVJEY 

Urban travel demand is a derived demand. The structure of this demand is complex and 

consists of many interdependent parts, some of which include demographic and 

socioeconomic attributes of household members, space, time and service level of a given 

transportation system. The following discussion attempts to break travel demand in the 

study area into several groups and subgroups. In this way one could probably analyse 

urban travel demand in the study area for the different demands made by different groups 

of people. 

The base line data used for this purpose were obtained through home interviews by 

spatially stratified random sampling according to Traffic Analysis Zone (T AZ). The survey 

data were collected through personally administered questionnaires during October 1994. 

Population of interests during the survey was restricted to dwelling units occupied by 

household members. A probability representative sample of 562 dwelling units was drawn 

from the pool of26 809 shown on the locality plan ofthe study area. This sample size 

represents approximately 2% of the total dwelling units as at the time of the survey. 

The questionnaire used for the survey was divided into two main parts: one for household 

data and the other for trip data. Household data covered demographic and socioeconomic 

characteristics of households. The trip data on the other hand, sought information that 

relates to the type oftrip made by each member ofthe selected households (who is five 

years old or older) on a typical weekday. This includes their type of occupation, purposes 

and period oftrips, their destinations, mode of travel, time spent on each trip, costs and 

estimates of distance travelled. 
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These two data sets were analysed by computer software program SPSSPC+ (Statistical 

Package for Social Scientists) in two stages: First, descriptive statistics were produced to 

provide summary background information on the structure and variations in household 

compositions and their trip making patterns. These descriptive analyses were also used to 

check the reliability of the data set for further travel demand modelling process. Second, 

correlation and regression statistical analyses were employed to test the relationships 

between zonal trips generated by households (as a measure oftravel demand) and some 

selected household demographic and socioeconomic variables. Those valid variables 

tested to have an influence on travel demand were then used as information for modelling 

travel demand in the study area. 

Appendix C provides detailed aescriptions of the survey design, that is, sampling design, 

sampling frame, fieldwork and data analysis including validation and quality control of 

collected information, reporting of results, limitations and uses of survey results. 

3.1 Results of the Home Interview Surveys 

The remaining sections of this chapter focused attentions on the discussions of the results 

of the home interviews in the following sequence: demographic and socioeconomic 

background ofthe household population and household trip patterns and demand. 

3.1.1 Demographic and Socioeconomic Background 

Some demographic and socioeconomic data considered critical indicators of households 

trip-making patterns measured among the traffic analysis zones include size, household 

income and household ownership of passenger vehicles. 
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3.1.11..1 JH[ou.nsellnoHdl Comjposntnmn 

Figure 3 .1 illustrates the gender composition of head of household of the sampled data. 

This shows that household headship is predominated by male, accounting for 71 percent 

of the interviewed households The remaining 29 percent of the surveyed households are 

headed by females. The age composition of household heads ranges from 21 years to 80 

years. However, 61 percent ofthe interviewed household heads were generally in the age 

bracket of21-40 years, 19 percent in the 41-50 years age brackets and 12 percent were 

above 50 years. The statistics shows the average age of heads of household to be 37 years. 

From the survey, average household sizes were 3.9 persons per household, although, 

finding some families having more than 6 persons is not unusual. It was also found that 

some families had additional number of people living with them in the same dwelling unit. 

These additional residents are either relatives, friends or tenants. This increased the 

average number of residents per dwelling units to 4. 7 persons in the study area and in 

some case above 9 persons were found living together in the same dwelling unit. 
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The above descriptive statistics on household composition are quite comparable to 

similar studies on urban households in Namibia (Katjiuanjo et al 1993; Arowolo 1994; 

Graefe, Oherein and Renaud 1994). This shows that the design and execution of the 

survey conformed with high scientific standards, and thus, the estimated parameters can 

be used to describe the trip making patterns of household for the study. 

An interesting observation about the survey, which is worthy of note, is the variation in 

household compositions between the traffic analysis zones. For example, as shown in table 

3.1 the household size differs between the zones. Household sizes are largest in Katutura 

with an average of5.2 persons per household, compared to Okuryangava, Hakahana and 

Goreangab with 2. 9, 2. 5 and 2.2 persons per household respectively. Similarly, average 

number of residents per dwelling unit are also largest in Katutura and Wanaheda with an 

average of 6 and 5.1 persons per dwelling unit respectively. 

The rest of the zones have small household sizes per dwelling unit than the total average. 

This trend is expected as most of the zones with smaller household sizes are newly 

developed residential areas with younger residents as heads ofhouseholds. 

6.03 

2.90 4.21 

2.45 3.86 

3.58 5.1 

2.16 3.5 

3.9 3.66 

Source: Home Interview Survey. 
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3.1.1.2 Household Income 

On average, monthly income of households is about N$ 2 757.6 (Namibia dollars) with 

44.5 percent ofthe households below and 44.2 percent above this average respectively. 

This monthly income however, refers to all available sources of income for _a household 

in a month. There is a considerable variation in monthly income by traffic analysis zones. 

As shown in figure 3.2, zones with the lowest monthly income include Goreangab and 

Hakahana with an average income ofN$ 1 663.7 and N$ 1085 per household respectively. 

Figure 3.2: Household Income per Zone 
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Household Ownership of Passenger Vehicles 

Household ownership of passenger vehicles in the study area also provide interesting 

information and closely reflect the distribution pattern of household income. While 54.4 

percent of the sampled households have no passenger vehicles, 3 5.2 percent of them 

reported having passenger vehicle and only 10.4 percent have more than one passenger 
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vehicles. The average number of passenger vehicles per household is 0.58. As illustrated 

in Figure 3.3 only in Khomasdal do the sampled households have an average of more than 

one passenger vehicle. . 

Figure 3.3: Ownership of Passenger Vehicles Per Zone 
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3.1.2 Household Travel Demand Patterns 

For a given weekday, about 1 660 person trips originate from the sampled dwelling units. 

This give an average of3 person trips per sampled dwelling units. This however, does not 

include return trips and trips made by nonresident of the study area. Table 3.2 shows the 

results of the numbers of person trips by the T AZ. Average person trips vary 

tremendously among the zones with Wanaheda and Hakahana showing the highest 

averages of approximately 5 person trips per dwelling units respectively. By contrast, 

Katutura, Khomasdal and Otjimuise each has an average lower than that of the study area. 

This result proves that demand for urban transport differs within the study area and that, 

households in each zone may have different transport needs and make journeys which 

differ from each other. 
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(n = 404) 24.3 2.2 

(n = 336) 20.2 3.1 

(n = 108) 6.5 4.9 

(n = 352) 21.2 5.03 

(n =56) 3.4 3.11 

(n = 183) 11.0 2.54 

(n = 221) 13.3 2.51 

Source: Home Interview Survey. 

A more useful way to account for this variation in person trips could be to differentiate 

between types of travel demand in the study area in terms of trip purposes, modal choices 

and the patterns and relationships they assumed over time and space. 

3.1.2.1 Trip Purposes 

I 
For convenience, the sampled person trips were categorised into: Home-based work 

(HBW) trips, Home-based Nonework (HBNW) trips which include trips to school, 

shopping, social and recreation and other trips such as seeking for jobs, obtaining 

documents from offices etc., and Non Home-based (NHB) trips that include trips made 

from place of work to other nonhome places. 
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Figure 3.4 illustrates the percentage distribution of the observed person trips for the study 

and suggests that person trips undertaken by individual members of households are highly 

specialized and varied. Work and school trips accounts for 57.7% (n = 958) and 23.3% 

(n = 384) respectively. These are compulsory trips and they are by far the most important 

trips in the study area on a typical weekday. They are followed by shopping trips 6. 9% (n 

= 114), other trips 6.4% (n = 106) and social and recreation trip 5.5% (n =)in that order. 

Non Home-based trips forms, an insignificant part of the person trips accounting for less 

than 1% ( n = 6) of the total household trips on a given day. 
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This variation in trip purposes is even more clearly seen in Table 3.3 that shows the 

overwhelming dominance of work trips in many zones: for example, as much as 80.5% 

and 79.8 % of all the total trips produced in Khomasdal and Otjimuise are made up of 

work trips. However, there are few exceptions, particularly in Wanaheda where 41.5% 

of the total trips are school trips as compared with 39.8% of work trips; and in Goreangab 

where most of the trips (53.6%) produced are non compulsory trips made for such 

purposes as shopping, social and recreation and other purposes. 

Regarding person trips attracted (Table 3.4), the majority (69.90 %) of them are attracted 

to the main employment zones (Windhoek central areas 53.13%, Windhoek South 

Industrial area 8.3.1% and Windhoek North Industrial area 4.46%) found outside the 

study area. Only 17.11 %, are attracted to Katutura and less than 10% are attracted to 

the rest of the zones. The importance ofWindhoek central as major attraction zone for 

both HBW and HBNW trips originating from the study area is evident from Table 3.4. In 

all, it serves as destination for 61.20% and 41.66% of the HBW and HBNW trips 

respectively. 

Table 3.3: Person Trips by Purpose by Traffic Analysis Zone 

Traffic Anal}'sis Zone 
Trip Purpose /Katutura Okurayangava Hakahana Wanaheda Goreangab Otimuise 

%Trips %Trips %Trips %Trips %Trips %Trips 
Homebased 
Work 15.1 9.4 4 8.4 1.3 8.8 

61.9* 46.4* 61.1* 39.8* 39.3* 79.8* 

School 5.7 5.1 0.7 8.8 0.2 1.4 
23.3* 25.0* 11.1 * 41.5* 7.1* 13.1 * 

Shopping 2 1.1 0.8 1.1 0.5 0.5 
8.4* 5.4* 13.0* 5.1* 14.3* 4.4* 

Social/recreation 0.2 1.9 0.6 1.3 0.1 
1.0* 9.5* 9.3* 4.5* 39.3* 1.1 * 

Other 1.3 2.7 0.4 1.8 0.1 
5.4* 13.1 * 5.6* 8.5* 0.5* 

Non-Homebased 0.1 0.1 0.1 
0.6* 0.6* 1.1 * 

* Percentage distribution within a zone 

Source:·Home Interview Survey 
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'fable 3.4: 'frip Destination lby JPurp_QE 

Percentage Person Attracted! 

Total HBW HBNW NHB 

Windhoek Central 53.\3 61.17 41.66 \00 

Windhoek North Industrial 4.48 7.72 

Windhoek South Industrial 8.3\ 1 1.06 4.59 

Katutura 17.11 10.66 26.15 

0\.."Uryangava 2.3 1.25 3.74 

Hakahana 0.12 0.28 

Wanaheda 8.9 2.1 16.67 

Goreangab 0.72 1.72 

Haloid 

Otjimuise 

Khomasdal 5.66 6.05 5.2 

Total 100 100 100 100 

Source: Home Interview Survey. 

3.1.2.2 Trip Mode 

Mode of transport used by households in the study area was grouped into walk, private 

and public (bus) transport. The category "Private transport" includes commercial private 

transport (such as taxi cabs and mini buses) and private transports owned by households 

or provided by their employers. A percentage distribution of person trips by these different 

modes for all purposes is illustrated in figure 3. 5. 

The high percentage 68.3% (n = 1134) of households using private transport as compared 

with 20% (n = 332) of households walking or using public transport 11.7% (n= 194) is 

overwhelming. 
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Figure 3.5: Mode of Transport 

Trip Frequency 
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This suggests the relative efficiency of private automobiles as means of 

intra-urban movements in the study area in terms of comfort and ease of travel over 

public transport and walk. 

Modal split by purpose is highly specialized and extremely pronounced for some kind of 

trips. This is illustrated in Table 3 .5. For example, it is apparent from this table that both 

private and public transport rely more on the patronages from the Home-based work trip

makers and least from all other trip-makers. On the other hand most of the walk trips are 

Home-based school trips and social trips. 
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'fable 3.5: Modal Split by 'fri~ 

All Modes Private Bus Walk 

(%) (%) (%) (%) 

Work 57.71 67.90 76.29 12.10 

School 23.13 14.46 14.43 57.83 

Shopping 6.88 8.64 2.06 3.62 

Social 5.54 2.82 2.06 16.81 

Other 6.38 5.65 5.16 9.64 

NHB 0.36 0.53 0.00 0.00 

Total 100 100 100 100.00 
Source: Home Interview Survey. 

Even at that, the data provided by Table 3.5 probably understate how inaccessible the 

public transport is to different zones in the study area. Table 3.6 shows the relative market 

shares of each mode in the different zones and as expected, private transport enjoys the 

highest patronage in all the zones. 

Perhaps the most striking feature ofthe data provided in Table 3.6, is the spatial variation 

between public transport trips and walk trips. While the use of bus forms the second most 

important mode used by households in Katutura, Khomasdal and Otjimuise zones, this is 

not so in the rest of the zones where walk trips ranked second to private transport. 

Ironically, most of these zones where the patronage of bus transport is very low are found 

at the periphery ofthe study area and this further points to the inefficiency of the public 

transport mode spatially. 
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Table 3.6: Modal Split by Zone 

All Mode Private Bus Walk 

(%) (%) (%) (%) 

Katutura 100 64.36 23.27 12.37 

Okuryangava 100 67.86 2.38 29.76 

Hakahana 100 61.11 3.7 35.19 

Wanaheda 100 57.96 6.25 35.79 

Goreangab 100 67.86 3.57 28.57 

Haloid 

Otjimuise 100 84.15 15.85 0 

Khomasdal 100 83.26 15.85 0.9 

Source: Home Interview Survey. 

3.1.2.3 Travel Demand by Time of Day 

Overall the volumes of trip flow by purpose and time-of-day also vary and have a regular 

pattern with peak-hour rush usually in one direction: heavy flow out ofthe study area 

during the morning rush hour; and another heavy traffic flow into the area during the 

evening rush hour. Figure 3.6 shows this characteristics only for the morning peak period 

that usually occurs between 6:30 hours and 10:00 hours when about 87.4% (n = 1468) 

of all the morning trips occurs. The evening peak period is assumed to be a mirror image 

of the morning peak period. 

A break down of a morning trip purpose by peak-and off-peak period is presented in 

. Table 3.7. The vast majority (89.92%) ofthe trips that occur during the rush hour period 

are compulsory trips made either to work (62.17%) or to school (25.75%). The 

pronounced peaking of compulsory trips, especially work trips in relatively shorter 

periods coupled with the fact that most of the employment zones are outside the study 

area places great strains on the capacity of the transportation systems during the rush 

hours. Off-peak trips are mostly non compulsory trips such as shopping, social and 
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recreation and other trips and thus rendering the capacity of the transportation system to 

be underutilised during this period. 

Table 3.7: Trip Purposes by Time of Day 

Work 

School 

Shopping 

Social 

Other 

NHB 

Total 

Source: Home Interview Survey. 
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Peak Period 

(%) 

64.17 

25.75 

4.22 

1.91 

3.95 

0 

100 

Off-Peak Period 

(%) 

8.33 

3.13 

27.08 

33.33 

25 

3.13 

100 



A further insight in the use of the transportation system by different modes at different 

times of the day is provided in table 3.8. As expected, private transport experience the 

highest demand during peak- and off- peak hour due to its service advantage for work 

trips over the rest of the modes. In contrast, the public transport (bus) has the least 

demands for its use both during the peak and off-peak periods. 

'fable 3.8: Modal Split by 'fime of Day 

Mode 

Private 

Bus 

Walk 

Total 

Source: Home Interview Survey. 

Peak Period 

(%) 

69.35 

12.39 

18.26 

100 

Off-Peak Period 

(%) 

60.42 

6.25 

33.33 

100 

About the management of the transportation system in the study area, this differing 

demand by purpose and mode is of great concern as it has become extremely costly in 

recent times both in personnel and monetary terms to provide the necessary capacity 

during the rush hours. As for the public transport system, it could be seen that, because 

ofthe very high percentage ofbuses standing idle and unutilised for most part of the day 

(this situation is expected to be worse during weekends) is perhaps contributing to 

financial problems and the crippling public transport system of Windhoek municipal area. 

This has created a service advantage for private transport. 

3.1.2.4 'frip Length 

An efficient transportation system should be able to meet travel requirements of all kinds 

of trip-maker at a reduced distance, travel time and cost. One way to measure this 

efficiency in the study area was to examine trip length in terms of travel times with 

references to trip purpose and mode of transport. Figure 3.7 is an illustration of the 

relative distribution of trips and travel times. 
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lFigure 3. 7: 'frip Length Distribution 
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An aspect of this observed distribution that is, worthy of note, is the increase in trip 

frequency as distance increases away from the study area. This phenomenon strictly 

speaking, may be connected with low economic activities associated with the study area, 

increasing expansion of peripheral zones and an increasing motorization culture. Usually, 

a single trip takes approximately about 16.15 minutes on average to complete. However, 

evidence from Figure 3.8 shows that travel time spent on each single trip relates to 

48 



purpose of trips and the reward or value attached to such trips. As expected, the 

proportion of trips for all trip purposes decrease as travel time increases. 

lFigure 3.8: Trip lLength Distribution by Purpose 
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For the different Home-based trips, average travel time varies greatly: with social and 

recreation trips showing the shortest average travel time. This is followed by school trips 

and shopping trips. Home-based other trips and work trips have the longest average travel 

time of 17 and 20 minutes respectively. The reasons why trip length for these two 

purposes are higher in the study area support the earlier arguments that the observed trip 

length may be connected with the prevailing land use pattern and reduced employment 

opportunities. For example, it is easy for employed trip-make.rs to have a greater degree 

offreedom in choosing places of work and hence higher travel time. On the other hand, 

49 



the bulk of Home-based other trip makers are made up of unemployed people who 

experienced longer travel time because they rely mostly on the walk mode. 

If trip length is broken down by mode alone, the same survey however, shows that, the 

proportional use of both walk and private transport declines as travel time increases 

(Figure 3.9), while that of the use of public transport increases as travel time increases. 

Travel time averages differs slightly between private transport with an average of 14.89 

minutes per trip and walk transport with an average of 15.23 minutes per trip. Public 

transport has the longest travel time with an average of 25 minutes per trip. 
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lFigure 3.9: 'frip 1Lenght Distribution by Mode of Transport 

60 

\ 
so \ 

\ 
>. \ 0 
c:: \ 
Q) \ ::J 40 
C" \ dl 

\ L. 

u. -r ~ Q. -
·;::: 30 

\ 
~ 

.... ····· ······· .... ····· 
Q) \ .. 
Ol 
co \ .. .. 
c 20 

.. 

Q) \ X/ 0 
L. \ Q) 

a.. \ ./.-------
10 _\; .......... ·.:._--

.................... --- '-....,, ./ 

'-.._./ 

0 I I 

<10 Minutes 10-14 Minutes IS-19 Minutes 20-24 Minutes 2S-30 Minutes >30 Minutes 

Trip Length 

! Legend 

I 
Private ---- Walk ............. Bus 

51 



CJB[AJP>'fJEJR JFOUJR 

l'RA VEL DEMAND MODELLING AND SIMULA l'ION 

In the previous chapter, it has been shown by means of simple descriptive statistics that 

substantial di:lferences exist between zones of the study area in demand for urban 

transport. However, reasons why trips occurs in this way were based only on speculations 

rather than explanatory variables. 

4.1 JFACTORS AFFECTING l'RA VEL DEMANDS 

In what follows, an attempt is made to relate the observed zonal trip patterns to the 

prevailing land use and socioeconomic characteristics of the different zones in the study 

area through testing of hypotheses. By so doing it is therefore possible to establish the 

most important land-use and socioeconomic variables which could correctly describe the 

base year travel demand patterns in the study area. In this respect the significant variables 

thus serve as parameters for use in modelling travel demands for the base year as well as 

testing the impact of land use and transport policies for the base forecasts. 

The approach involves using a Least Square Regression and Correlation model to develop 

estimation equations for the various travel demand of interests. Section 2.1.2.1 describes 

typical estimation equations employed for this purpose. The procedure employs a blend 

of census and home interview survey data. The specific variables used and their 

descriptions are listed in Table 4.1. Appendix B.1 describes in detail the methods used to 

project some ofthe census data both for the base year (1995) and the target year (2000). 
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P TOTRIPS 

P HBW Percenta e zonal home-based work tri s 

P HBO Percenta e home-based work tri s er zone 

POP Zonal Po ulation · 

EMPLOY Zonal Em lo ment 

P PDU Avera e zonal Persons unit. 

INCOME 

LAND SER Land available for service develo ment 

The choice of these variables was influenced by a number of factors. Amongst which 

include ease of collections and projections; and most importantly, many past studies on 

zonal travel demand have shown that major trip types such as home based work trips and 

home-based other trips are functions primarily ofurban land use activities (Hutchinson, 

1974; Onokala, 1981; Ortuzar and Willumsen, 1990; Landre, 1994). 

Using these data sets as input to the SPSSPC+ computer program, the independent 

variables were together regressed on each of the dependent variables. The coefficients of 

correlation of these variables were then used to assess whether there is a causal 

relationship between zonal travel demand of interest and urban developments of zones. 

At 95% confidence interval and 0.01limits further validity tests were performed based on 

F-statistics in order to determine whether the magnitude of the regression coefficients are 

statistically significant for a variable to be considered as trip determinant in the study area. 
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4.1.1 Testing of Hypothesis and Parameter Estimations 

Travel demand in an area will usually be influenced by the nature of the land use 

development in that area. Variations and intensities of land use development between 

zones in terms of population, employment, income, persons per dwelling unit and amount 

of land available for development should also result in distinct travel demands amongst 

the zones. Thus the following hypothesis were tested in order to assess the validity of the 

above notions. 

Hypothesis 1: Overall1'ravel Demand and Land use Activities 

H 0 : The overall zonal travel demand in the study area is not related to zonal patterns 

of urban developments such as differences in population, employment, income, 

number of persons per dwelling unit and amount of land available for 

development. In other words 

Ho 1= f\ =f. [32 =f. [33 :/= [34 I= [35 

HI : The overall zonal travel demand pattern in the study area is primarily a function 

of zonal patterns of development i.e differences in population, employment, 

income, number of persons per dwelling unit and amount of land available for 

development determines travel demand patterns of the study area. In other words 

HI = [31 = [32 = [33 = [34 = [35 

Table 4.2 is a summary of the analysis of correlation and variance. This indicates that there 

is a high degree of correlation (R = 0.994 and R2 = 0.988) between the overall travel 

demand in the study area and all the digonistic variables taken together. The F-test 

associated with the analysis of variance also shows that the relation is significant (F = 

17.55 and F-signif. = 0.179). Thus HI is accepted and H
0 

rejected. 
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Hypothesis 2: Zonal Travel Demand- Home-based Work Trips 

H 0 : Zonal travel demand for home-based work trips in the study area is not related to 

zonal population, employment, income, number of persons per dwelling unit and 

amount of land available for residential development. In other words 

Ho fo I\ I= f32 :1: f33 I= f34 I= f35 

HI : Zonal travel demand for home-based work trips in the study area is primarily a 

function of zonal patterns of population, employment, income, number of persons 

per dwelling unit and amount of land available development. In other words 

HI = [31 = [32 = [33 = [34 = [35 

Table 4.2: Analysis of Correlation and Variance between the Variables and 

Overall Travel Demand 

MultipleR 0.99435 

R Square 0.98873 

Adjusted R.Sq. 0.93237 

Standard Error 2.05300 

Analysis of Variance 

D.F 

Regression 5 

Residual 

F ratio = 17.5445* F _signifiant = 0.1792 

* Significant at the 0.1 percent level. 

Sum of Squares 

369.73947 

4.21481 
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Mean Square 

73.94789 
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The summary results of the association between home-based work trips and all the five 

digonistic variables are shown in Table 4.3. When all the five variables are taken together 

they significantly explain the overall travel demand for home-based work trips because of 

the high coefficient of correlation of the multiple regression equation (R = 0.98775 and 

R 2 = 0.97564). Since the F-ratio (8.01105) associated with the analysis ofvariance is 

higher than the F-signif test, the null hypotheses is accepted. Thus all the variables in the 

equation could well serve as predictors for home-based work trips for the study. 

Hypotheses 3: Zonal Travel Demand - Home-based Other Trips 

H 0 : Zonal travel demand for home-based other trips in the study area is not related to 

zonal population, employment, income, number of persons per dwelling unit and 

amount of land available for residential development. In other words 

H0 f 13 1 f= 132 f. 133 fo 134 -/135 

H, : Zonal travel demand for home-based other trips in the study area is primarily a 

function of zonal patterns of population, employment, income, number of persons 

per dwelling unit and amount of land available for residential development. In 

other words 

H1 = 13 1 = 132 = 133 = 134 = 135 

As shown in Table 4.4, the association of all the explanatory variables taken together also 

correlates very well with demand for horne-base other trips and thus the null hypotheses 

is accepted. In addition the overall power of the explanatory variables also indicates 

significant relationship ( F =9 142.13 and F-signif. = 0.0629). 
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Table 4.3: Analysis of Correlation and Variance between the Variables 31rnd 

Home-based 'Work Trip...£ 

MultipleR 0.98775 

R Square 0.97564 

Adjusted R.Sq. 0.85386 

Standard Error 1.71631 

Analysis of Variance 

D. F. 

Regression 5 

Residual 

F ratio= 8.01105* F. Signif. = 0.2617 

* Significant at the 0.1 percent level. 

Sum of Squares 

177.99142 

2.94572 

Mean Square 

23.59828 

2.94572 

Table 4.4: Analysis of Correlation and Variance between the Variables and 

Home-based Other Trips 

MultipleR 

R Square 

Adjusted R.Sq. 

Standard Error 

Analysis of Variance 

Regression 

Residual 

F ratio = 145.12594* 

0.99931 

0.99862 

0.99174 

0.42923 

D.F 

5 

Sum of Squares 

133.69005 

0.18424 

F. Significant = 0.0629 

* Significant at the 0.1 percent level. 
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26.73801 
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4.2 lBASlE JFORJECAS'f OJF LAND USJE AND 'fRANSlP'OR'f 

Using the available data specified for the HLFM i.e. spatial distribution of population, 

service employment, total employment, links travel times and amount of land available for 

residential and service development, the model was calibrated to provide base traffic 

forecast. This is done through many iterations between traffic forecasts and allocation of 

activities to obtain a combined equilibrium solution: by comparing predicted traffic 

volumes with the design capacity of the streets and relate this to ease of travel between 

the zones and on activity allocation at each successive iteration. 

In all, five iterations were performed each for the land use and transport models. First, the 

observed data on spatial patterns of activity were used to calculate zone-to-zone trip 

matrix, travel times, and minimum path. The resulting trip-matrix were then converted 

to vehicle trips and assigned to the network using equilibrium/incremental capacity 

restraint procedure. 

4.2.1 Model Performance 

Selected values of key parameters from the calibrated model output were compared with 

observed processes ofurban development and traffic patterns in the study area. The result 

of this analysis is presented below in Table 4.5. Although, the model over-estimates 

average trip-length for both trips as compared to the observed patterns from the home 

interviews, however, it is interesting to note that there is little change between the 

observed and the model estimates of activity locations: the base forecast of land use 

patterns is a substantial reflection of the observed development patterns in the study area. 

High correlation values between the observed land use parameters and that of the model 

estimates (R2 = 0.997 for population and R2 = 0.894 for employment), together with their 

respective low standard error of estimates therefore, means that, the results of the base 

forecast could be used for subsequent policy tests and simulation of urban development 

and traffic for the study. 

58 



'fable 4.5: Model1P'erformance 

Population 

Employment 

Service Employment 

Trip Length (HBW) 

Trip Length (HBNW) 

** Source: Projected 1991 Census Data. 

Source: Home Interview Surveys. 

Observed Patterns 

129 346*"' 

45 582""" 

25 070** 

17.00* 

14.95* 

R. Standard 
Model Estimates 

Square Error 

129 129 0.997 0.02 

44 545 0.894 0.091 

26 741 

30.46 

28.06 

The most important development from the model estimates of land use activities relevant 

to travel demand forecasting of the study area, is the conversions of these activities 

(population and employment) in the form of functional flows into actual trips, their 

assignment to the principal links of the road network and their effects on the link travel 

times. 

Table 4.6 shows zonal trip generating capacities of each zone and this reflects their land 

use capacities. In all, the model estimated a total of 556 696 vehicle trips for the modelled 

period (between 06hr-20hr). Of these 518 692 are trips between zones and 38 004 are 

intra-zonal trips. However, this table requires caution when interpreting it. Trips modelled 

for external zones are in reality all vehicle trips either leaving or entry the study area and 

thus, they could be regarded as corridor trips. 
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Table 4.6: Modelled Yehicle Trips for a Period !between 06-20 hrs 

Vehicle Trips 

Leaving Entry Intra-Zonal 

Internal Zones 

Katutura 145 843 145 831 29 761 

Okuryangava 23 079 23 077 2 478 

Hakahana ·14 883 14 883 I 860 

Wanaheda 22 863 22 865 I 497 

Goreangab 12 374 12 374 I 080 

Haloid 

Otjimuise 22 212 22 210 I 328 

External Zones 

Windhoek Central 250 734 250 746 

Windhoek North Industrial 9 488 9 488 

Windhoek South Industrial 17 216 17 218 

Total 518692 518 692 

Based on the derived speed flow curves of links and minimum time it takes to travel 

through each of the links, these vehicle trips from the zones were assigned to the existing 

network of roads in the study area, using the capacity restraint by incremental loading 

method7
. The results ofthis assignment (see figure 4.1) shows that, why some of the links 

are redundant or underutilised for the period being modelled, however some portions of 

the main links connecting the study area to the external zones (Windhoek major 

employment zones) have serious congestion problems especially at corridor points. For 

this study, congestion on a link is determined by comparing its design volume capacity 

with the volume assigned by the model. Links found to have a volume 

The speed !flow curves refers to average design speed limits in miles per hour and the link design capacity per 
direction (vehicles per hour). These information was derived from Van Niekerk, Kleyn and Edwards (1987:46) 
classification of links in Windhoek. 
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capacity ratio (V/C) greater than 1, are regarded to have congestion problems and links 

with ratios between 0.800 and 1.000 are regarded to have potential for congestions. For 

the base year traffic forecast, streets identified with congestions include the following. 

1) Abraham Mashego Street: through Florence Nightingale Street, to where it joins 

up with the centroid connector leading to Windhoek Central. 

2) Independence Avenue: starting from the junction with Abraham Mashego Street, 

down to the centroid connector leading to Windhoek Central .. 

3) Aswart Street. 

4) Otjimuise Road: starting from Aswart Street junction to Gammans Road. 

5) Claudious Street: from Abraham Mashego Street all through Hostel street down 

to the centroid connector leading to Windhoek Central. 
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4.3 SIMtrlLA 1'IONS OF lLAND USE AND 1'RANSJPOR1' 

From the results of base forecast of traffic it is obvious that, flow patterns are mostly 

between the study area and external zones. Nevertheless, access to these external zones 

is mainly through the major links with capacity problems especially at the corridor points. 

As a result, an increasing proportion of trips from the study area take longer time to 

complete. 

Using the values of the base forecasts together with broad base information representing 

expected change in the present land uses policies, the model was applied to simulate 

trends in the locations of population and employment. The results of the simulations were 

also used to assess the general impacts of land use developments on road network and 

travel time to activity points. 

4.3.1 1'he Policy Tests 

From the point of view of land use policies, two alternative policy scenarios were 

simulated and their impacts evaluated based on the assumptions that a new network of 

roads might not be introduced and that the existing ones might not be expanded within a 

short-term period. They include the general effects of an increase in population at 3% 

annual growth rate for a short-term planning period (1995- 2000), but with restrictions 

on land developments at core zones (Katutura, Wanaheda and Khomasdal) of the study 

area. The second one is concerned with the effects of the proposed light industrial estate 

at Haloid. For the purpose of this study, these policies should however, be regard as 

propositions purely based on theory as none have been implemented. Nevertheless they 

represent expected exchange that could occur or ways in which current trends in land 

use developments in the study area might affect travel patterns to residential, work places 

and retail activity places in a short-term period. 
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4.3.1. ]_ impact of .!Land use l?olicy 

This test examines the impact of residential policy on population expansion at peripheral 

locations of the study area due to imposition of land use restrictions at the core areas. 

Broadly speaking, if residential densities of an area rise as a result of lack of developable 

land or due to restricted. uses, this in turn may force residential attractiveness of the area 

to fall. This will lead to decentralization of population from the restricted area to 

elsewhere. 

Mackett (1990) in his application ofthe LILT model in three cities: Leeds, Dortmund and 

Tokyo, observed that residential land use regulations in any part of a city may lead to 

decentralization of population or concentration efland use activities. This however, will 

depend on the current state of housing markets and employment locations, amount of 

vacant land available or reserved for both residential and service developments and the 

attractiveness of neighbouring zones in terms of their employment assumption capacity. 

In a situation of a growing population such policy may create additional demands for 

housing and higher residential densities, thus forcing additional members of the population 

(especially younger household members) to relocate elsewhere. 

This decentralization effect, arising from the expected 3% general increase in population 

from 1995 to the year 2000 was observed for this study. It was based on the assumption 

that the amount of land for residential development remains unchanged in the core zones 

but increased by 10% in the peripheral zones. Figure 4.2 shows how some land use 

indicators employed in the policy simulations responded to this test. Concerning of its 

impact on population the simulation shows movement of population from Katutura (-

4.10 %), Khomasdal (-1.72 %) and Okuryangava (-66.6%). Probable zones that would 

experience population growth as a result of this outward movement from the core are in 

the peripheral areas including Wanaheda. 

In terms of employment, this policy will also lead to changes in zonal employment in 

response to the outward movement of population to the peripheral areas. However, this 

will only be a relative slight decline in the number of employees locating in Katutura (-
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10.22%) and Khomasdal (-15.28%) as compared to a decline of -26.16% in Wanaheda. 

This implies that, for the study, land use policy that encourages availability of residential 

land at the peripheral zones must be backed-up by corresponding increase in service land 

for business d,evelopment. 

lFigure 4.2: Growth in Land use Activities (1995-2 000) 
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As for changes in travel demands, Webster eta/ (1988), reported that, the extent to 

which changes in the model simulation of land use policy affects travel demands may also 

depend on the responses of employment location to such policy test, and this in turn, 

depends on the attractiveness of zones in terms of the amount of land release or 

constraints for residential and service development as well as their capacity to absorb the 

attracted employees. As for the study, since there is little response of employment to. the 

outward movement of population, this will in no doubt create some consequential 

transportation problems in terms oftravel cost required to reach activity locations. 

Under condition of zero restriction on land use, locations of land use activities tends to 

be denser and concentrated. However, the reverse will be the case when restrictions are 

imposed on land use (Horowitz, 1989). This pattern is observable for the study when land 

restrictions are imposed on some of the core zones. This could be in the form of longer 

travel times to both places of employment and residence. Summary of the area-wide 

effects of population decentralization on travel demand patterns in the area are shown in 

Table 4.7. For example, the overall average journey times to activity locations will 

increase by at least 6.67%, 65.86% and 19.77% for residential, retail employment and 

nonbasic service employment locations respectively. 

Table 4.7: Response of Travel Demand :n:ndicators to Changes in Population 

Mean Travel Time 

Area-Wide Travel Indicators 1995 2000 % 
Estimates Simulations Change· 

Residential locations 9.7 10.35 6.67 

Retail Employment Locations 9.99 16.57 65.86 

Nonbasic Service Employment Locations 9.66 11.57 19.77 

Home-based Work Trips 29.79 29.99 0.67 

Home-based Nonwork Trips 24.44 26.04 6.55 
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4.3 .. 2.2 Impact of Employment Location lP'olicy 

As with population locations, the impacts of changes in employment locations on land use 

and transport developments takes different dimensions depending on whether such policy 

favours decentralization or centralization of employment places. As indicated in the 

previous sections, the present situation of expanding population at the outskirts of the 

study area while major employment locations are outside the area should be discouraged 

in order to reduce travel times to activity locations. 

The policy test in the study concerned with possible ways to reverse this trend is to asses 

the probable impact of the proposed light industrial estate to be established at Haloid (one 

of the peripheral zones defined in the study). Though, detailed information on the actual 

number of employment the proposed site can generate is not available for this study, 

nevertheless the site will consume approximately 0.23 square miles when fully developed. 

Given this land area requirement, the impact assessment of the proposed site therefore 

involves simulating its area-wide effects in terms of total employment to be generated, the 

extent it can induce changes in re-locations of activities, travel times, flow patterns, and 

congestions on the network. The overall area-wide impact of this policy test shows that 

the proposed industrial estate will be capable of attracting about 2797 employees. This 

will increase employment in the basic sector to about 15.99% and 0. 61% in the service 

sector (see table 4.8). Also the number of workers serving the population will increased 

by a ratio of0.029 or an increased of8.4%. 
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TalbRe 4!.8: Area-wide limJPmd o1f tlille PiroJPoserll lilllldlUJistriaR Estate 

Total Total Basic Service E/PRatio 

Population Employment Employment Employment 

Simulation 127 244 47 556 20652 26 905 0.374 

Model Estimate 129 129 44 545 17 804 26 741 0.345 

Absolute Change -I 885 3 011 2 848 163 0.029 

%Change -1.46 6.759 15.99 0.61 

The spatial extent of responses of land use indicators to a new industrial estate may vary 

from zone to zone in accordance with the existing development trends both within and 

outside the study area (Uyanga, 1978:3). In this respect, the study shows that zones with 

most multiplier effects are in the peripheral area close to the industrial estate. For example, 

as shown in figure 4.3 the new estate will have the capacity to increase employment 

concentrations in Otjirnuise by 46.62% to as much as 152% in Okuryangava. In contrary, 

it will lead to decentralization of employment in the core zones like Katutura, Khomasdal 

and Wanaheda where there will be a loss in the number of employees to the new industrial 

estate or to the growing peripheral zones. 

With regards to travel demands, the effect of the new industrial estate was assesed on the 

ground that it would attract more employment opportunities closer to homes and reduce 

the amount of time, money and energy used by trip-makers in order to have access to 

work and urban services. In contrary to this expectation, the test however, shows that 

some of the transport gains to be derived from the location of the new light industrial 

estates could be minimal if not contra-productive at least for a short-term period. 

First, the new industrial estate should be seen as a powerfull generator of population and 

employment to peripheral areas (especially to Haloid). This in turn, could change the 

existing zonal capacity to generates vehicle trips when compared wtih the base forecasts 

oftraffic. This is illustrated in Table 4.9. It shows that, the number of vehicle trips entry 

or leaving the outlying zones will substantially increase, while those entery and leaving 

the core zones will decrease. Further more, the number of vehicle trips corning from or 

going to the external zones will remain unchanged. 
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'fable 4,9; Impact oflEmploxment lLo~atiQn Poli~x on Vehide Trips fqr a P~riqd 

between 06-20 hrs 

Vehicle TriQs 

Base Forecast Simulated % Change 

Internal limes 

Katutura 145 843 132019 -9.5 

Okuryangava 23 078 29 199 26.52 

Hakahana 14 882 19 136 28.58 

Wanaheda 22 862 20 852 -8.8 

Goreangab 12 374 15 977 58.24 

Haloid 0 17 316 100 

Otjimuise 22 212 29 944 34.81 

Khomasdal 69 692 48 682 -30.08 

External Zones 

Windhoek Central 250 734 251 396 0.26 

Windhoek North Industrial 9 487 9 570 0.87 

Windhoek South Industrial 17 215 17 329 0.66 

Secondly, increase in vehicle trips at outlying zones coupled with high volume flows to 

the external zones will lead to pronounced changes in traffic patterns on the network of 

roads and this in turn will lead to slowing down of travel times on links that were not 

previously congested. Figure 4.4 shows the resulting flow patterns on the road network. 
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Table 4.10 illustrates the effect of the proposed industrial estate on travel time 

charateristics. As as a result of the changing patterns of employment location, travel times 

to activity locations will substantially increase at least in a short-term period (with travel 

times to retail employment locations showing the highest increase). 

Table 4.10: Response of Travel Demand ][ndicators to Employment Location 

l?olicy 

Residential Locations 

Retail Employment Locations 

Nonbasic Service Employment Locations 

Home-based Work Trips 

Home-based Nonwork Trips 

Mean Travel Times In Minutes 

Base 

Forecast 

9.71 

9.99 

9.66 

29.79 

24.44 

Model 

simulation 

10.93 

17.44 

12.05 

30.03 

26.33 

%Change 

12.67 

74.68 

24.74 

0.81 

7.77 

This pattern is neither unique nor is out of place but should be expected. In almost all the 

models reviewed in the ISGLUTI study, Webster et a/(1988) also reported that there is 

no reduction in travel times or costs, even when employment location policy is deliberate 

so as to ease journey to work places and homes. Although this may once again appear to 

be contrary to the purpose of the employment policy, however, it should be noted that 

increase in traffic flows caused by shift in employment and population without general 

improvements in the transportation system will only worsen congestion problems and will 

lead to general increases in travel times. Again, area-wide decentralization of population 

(-1.460%) (see Table 4.8) coupled with very little concentration ofservice employment 

implies that on a short-term period more time, costs and effort will be required in order 

to travel to retail employment locations. This situation may however, change as the 

multiplier effects ofthe new industrial estate increases with more employment locations 

being attracted to the near by residential zones. 
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SUMMARY AND CONCLUSKONS 

5.1 SUMMARY 

In this research, the central focus has been, an analysis of urban travel demands of 

households in the residential areas of Katutura and Khomasdal. In this regard, the study 

focused on how households travel demand patterns relates to changes in the existing land 

use and transport system. This involved first, detailed analysis of the processes that govern 

the existing travel demand patterns in time and space. 

Secondly, the study involved modelling the major interaction effects between land use and 

transport using the HLFM model. This is necessary to gain more insight into how urban 

developments will affect future travel demands of residents in the study area. Within this 

· framework, the study relied extensively on both a home interview survey and baseline data 

on trends in population, employment, land and transportation network developments. 

Discussions on the major findings of the study are presented under the following 

categories. 

Urban Travel Demand Patterns in the Study Area 

a) Socioeconomic Composition of Households 

Three socioeconomic data categories considered in the study to be critical indicators of 

households trip-making characteristics are as follow: Number of persons per dwelling 

unit, monthly income and number of passenger vehicles available to households. On 

average, the study shows that about 5 persons live per dwelling unit. This however, vary 

from one zone to another with Katutura and Wanaheda having the largest average of 6 

and 5 persons per dwelling units respectively. Regarding household income and ownership 

of passenger vehicles, the result shows averages ofN$ 2 757.6 (Namibia Dollars) and 0.58 

vehicles per household respectively. These two parameters are highest for Khomasdal, 

Katutura, and Otjimuise. 
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b) Trip Patterns 

Regarding trip rates, the study shows that households' members produced an average of 

3 person trips (one way) per dwelling unit on a typical weekday. Trip rates however, do 

vary between zones and higher trip rates do not strictly depend on zonal patterns of 

household income or number of passengers vehicles. This thus, supports the expected 

outcome ofthe study. That is, urban travel demands differ among households in the study 

area. This is because households may have different needs and make journeys that differ 

from each other. 

c) Trip Purposes and Destinations 

The most important trip purposes observable in the study area are; home-based work 

(HBW) and home-based nonwork trips both accounting for 57.7% and 23.3% respectively 

oftrips demanded by households. Nonhome-based work trips form an insignificant part 

(less than 1 %) of travel demand's characteristics of the study area. As for trip ends, the 

largest proportion ofthe trips (69.98%) end in the Windhoek Central, North and South 

industrial Areas. While this trend is not unique to the study, what is unique however, is 

the visibly higher trip volume in the study area as travel time increases. This phenomenon 

strictly speaking, is in response to the prevailing land use patterns and reduced 

employment and service opportunities in the study area. 

d) Trip Patterns by Mode and Time 

The study shows that private mode of transport is the most commonly used mode by trip 

makers in the study area. This is because it receives the highest patronage in all the zones. 

The use of public transport is the lowest among the trip makers. This low patronage of 

the public transport is worse at the peripheral zones where walk mode ranked second to 

private transport. The level of service of the different modes measured by their uses at 

. different time of the day further shows that, the public transport system has the lowest 

demands both during Peak and off-peak periods as compared with private or even walk 

mode. 
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This pattern oftravel demand is obviously a polarized one with heavy reliance on private 

transport. It also implies a high cost oftravel on the one hand to the trip makers and, on 

the other hand, a high cost of service level in terms of provision of the necessary 

personnel, infrastructure, and capacity in order to meet the high demand for private 

transport especially during the rush hours. 

2. Modelling Travel Demands 

The second part of the study described the application ofthe HLFM in the study area. The 

HLFM is a computerised planning model which draws heavily on Lawry-Garin 

formulations of land use and urban economic theory to predict the amount of population 

and employment for each zone in an urban area. Besides this, it uses predicted economic 

activities to show the magnitude and impact of development densities on transportation 

networks; predicts trip generating capacities of zones; their congestion effects on the 

network; and their effects on ease of travel between zones. 

The model was calibrated usmg existing land data, transportation parameters and 

projected zonal population and employment data taking 1995 as a base year of forecasts. 

In the first run, the calibrated model was used to produced a base forecast of land use and 

traffic, and the results compared with the observable developments in the study area. The 

results of the base forecast were then used as criteria to simulate and assess the impacts 

of policy tests on travel demand patterns in the study area. 

a) Model Performance 

The results ofthe model.estimates (area-wide forecast of land use activities) show a good 

reflection of the observable development trends in the study area. And also in terms of 

allocations of these activities (population and employment), the results also show a good 

correspondence with developments taking place in each of the specific zones. For 

instance, the model estimated relative decentralization of population to the outskirts of the 

study area and reemphasizes the relative dominance or concentration of service 
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employment in the older (core) zones of the study area. In terms of modelling travel 

demands, there are however, some differences between the results of the home interview 

survey and the model estimates of travel demand parameters. For example, the model 

overestimated average trip lengths for both home-based work and home-based nonwork 

trips as compared to the averages obtained from the home interview survey. 

b) lP'olicy Tests and Implications 

Land use and transport interfaces form an integral part of modern urban planning 

processes in most cities of the world. Two policy tests selected which could provide useful 

information for planning and management of the study area were selected for this purpose. 

The first of this, include area-wide effects on transport if population of all the zones 

increased by 3% at a target year 2000, but with land development restricted to the 

outskirts of the study area. The second test involved testing the area-wide effects on 

transport if the proposed development of a light industrial estate at Haloid comes into 

effect. These two tests were however, based on the assumption that there will be no 

major improvements ofthe road network that could significantly affect travel patterns. 

In the model simulation of these tests, it was found that, the two policies appeared to 

have little or no significant impacts in inducing reduction in travel times per se. Thus, in 

response of travel demands to 'policy-induced' population and employment changes, it 

was found that the uncontrolled expansion of residential land at the outskirts of the study 

area with development restricted at the core would lead to the following: ( 1) outward 

movement of population from the core zones to the peripheral zones; (2) further 

concentrations of service employment at the core zones; (3) increase in traffic 

congestions; and (4) increase in travel times to retail and non-basic service employment 

locations. Furthermore, the development ofthe light industrial estate at the outskirt of the 

study area would also result in some displacements of population from the core zones, 

however, with a spread or decentralization of service employment to the peripheral zones 

due to the multiplier effects. Surprisingly, the impacts of these tests on travel patterns 

are less convincing in reducing travel times to activity locations. 
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5.1 CONCLUSIONS 

Previous sections of this chapter summarised the major findings of this research which 

have been presented in details in chapters 3 to 4. At this point, one will like to conclude 

the work by briefly evaluating the applicability of the methodologies employed. First, the 

use of home interview survey method to analyse households travel demands patterns in 

the study area proved effective. Despite the drawbacks and shortcomings inherent in any 

sample survey, the use ofthis method has been valuable in identifying travel patterns of 

trip-makers in the study area. Thus making urban transportation studies to be more 

rigorous than has ever been done before for the area. Nevertheless, in order to have 

clearer understanding on processes that affect travel demand patterns of households in the 

area this work alone could be inadequate. There is the need therefore, to carry out more 

socioeconomic studies of this nature covering wider spectrum of urban travel behaviour. 

Regarding the model employed, the HLFM seems to be applicable in the area under 

investigation. More especially in simulating population and employment locations. Its 

unsatisfactory results in simulating traffic patterns were perhaps, due to lack of accurate 

data or improper calibration of the model itself to fit the study area. For example, at 

present the problem of classifying employment into basic and nonbasic sector remains 

difficult to handle at the level of interest. This made it very difficult to properly specify 

zonal employment data for the model. In addition, there was extensive use of the model 

(computer) default values for some important parameters: distance, value of time and trip 

rates parameters were not calibrated for the study area. 

Despite these limitations, the appljcation of the model in study has been able to show the 

directions of population and employment if nothing interferes with the existing land use 

patterns in the study area. Based on this type of information, planners could be able to 

make decisions on how to improve the existing transportation system to increase 

households access to quality urban services. 
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Lastly, it is proper to concluded the research by looking at the future prospects regarding 

the methods of improving the application of the HLFM in the study area. The value of 

the study would be enhance if more effort is devoted to data gathering, specifications and 

calibrations to suit the study area. 
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Al?l?lENDJIX A: JLJNK l'ABLJE 

Table A.l.l: Link 1'able9 

Link From To Ref. Node Node Dist. Link Type Travel Speed Design 

No. Node Node Type (mile) Time (M/PH) Capacity 

I I 2 I Intersection I Two-way 4 21 1200 

2 2 16 2 Intersection 1.4 Two-way 6 21 1200 

3 16 25 16 Intersection 0.8 Two-way 3 21 1200 

4 25 28 25 Intersection 2 Two-way 5 21 1200 

5 28 44 28 Intersection 3 Connector 6 21 1200 

6 2 3 2 Intersection 0.8 Two-way 2 15 800 

7 3 17 3 Intersection 1.2 Two-way 4 15 800 

8 17 46 17 Intersection 0.8 Two-way 3 15 800 

9 46 34 46 Intersection 2.1 Two-way 5 15 800 

10 5 4 5 Centroid 0.6 Connector 4 15 800 

II 4 18 4 Intersection 1.2 Two-way 5 15 800 

12 18 27 18 Centroid 1.1 Connector 3 15 1200 

13 27 30 27 Intersection 1.2 Two-way 6 21 1800 

14 30 46 30 Intersection 1.3 Two-way 3 21 1800 

15 46 36 46 Intersection 0.2 Two-way I 21 1800 

16 19 31 19 Intersection 1.2 Two-way 3 15 800 

17 30 31 30 Intersection 1.2 Two-way 6 15 800 

18 31 46 31 Intersection 1.1 Two-way 7 15 800 

19 6 20 6 Intersection 0.8 Two-way 2 15 800 

20 21 32 21 Intersection 1.2 Two-way 4 15 800 

22 39 38 39 Centroid 0.8 Two-way 2 15 800 

23 21 33 21 Intersection 1 Two-way 3 21 1200 

24 33 40 33 Intersection 1.1 Two-way 4 21 1200 

25 40 41 40 Intersection 0.4 Two-way I 21 1800 

9 
Measurement are in imperial units to meet HLFM data specifications for the computer program. 
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Link Table Contd. 

Link From To Ref Node Dist. Link Travel Speed Design 

No. Node Node Node Type (mile) Type Time (MIPH) Capacity 

26 25 45 25 Intersection 4 Connector 15 21 1800 

27 7 8 7 Centroid 0.5 Connector 3 15 800 

28 10 9 10 Centroid 0.5 Connector 3 15 800 

29 9 22 9 Intersection 2 Two-way 4 21 1200 

30 22 42 22 intersection 2.3 Two-way 4 21 1200 

31 42 43 42 Intersection 0.7 Two-way 2 21 1200 

32 43 45 43 Intersection 4 Connector 15 21 1200 

33 13 14 13 Intersection 5 Connector 20 21 1200 

34 12 13 12 Intersection 1.3 Two-way '8 21 1200 

35 3 4 3 Intersection 1.2 Two-way 4 21 1200 

36 4 6 4 Intersection 2 Two-way 4 21 1200 

37 6 8 6 Intersection 0.6 Two-way 2 21 1200 

38 8 9 8 Intersection 0.8 Two-way 2 21 1200 

39 9 II 9 Intersection 0.8 Two-way 2 21 1200 

40 ll 12 II Intersection 2 Two-way 8 21 1200 

41 15 16 15 Centroid I Connector 4 15 800 

42 16 17 16 Intersection· 0.8 Two-way 2 15 800 

43 17 18 17 Centroid 0.8 Two-way 2 15 800 

44 18 19 18 Centroid I Two-way 3 15 800 

45 24 2S 24 Centroid 0.8 Two-way 2 15 800 

46 25 26 2S Intersection 0.8 Two-way 2 IS 800 

47 26 27 26 Intersection I Two-way 3 15 800 

48 27 19 27 Intersection I Two-way 3 15 800 

49 19 20 19 Intersection 0.7 Two-way I IS 800 
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Link 'fable Contd. 

Link From To Ref Node Dist. Link Travel Speed Design 

No. Node Node Node Type (mile) Type Time (MJPH) Capacity 

50 20 21 20 Intersection 0.6 Two-way I 15 800 

51 21 22 21 Intersection 1.5 Two-way .4 15 800 

52 22 23 22 Intersection I Two-way 3 15 800 

53 29 30 29 Centroid 2 Two-way 8 15 800 

54 31 32 31 Intersection 1.4 Two-way 4 15 800 

55 32 33 32 Intersection I Two-way 3 15 800 

56 39 40 39 Centroid I connector 4 15 800 

57 40 42 40 Intersection I T\vo-way 3 15 800 

58 42 23 42 Intersection 1.3 Two-way 2 15 800 

59 34 35 34 Intersection I Two-way 4 15 800 

60 35 36 35 Intersection 1 Two-way 4 15 800 

61 36 37 36 Intersection 0.6 Two-way 2 15 800 

62 37 38 37 Intersection 2 Two-way 7 15 800 

63 38 39 38 Intersection 1 Two-way 3 15 800 

64 36 45 36 Intersection 8 Connector 15 21 1200 
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AJPJPEND][X JB: ZONAL DATA 

B.l ZONAL l?OJPUJLA TION AND EMPLOYMENT FORECASTS 

B.l.l Population Forecasts (1991-2000) 

Zonal population figures were obtained from the Population and Housing Census Report of 1991 

(National Planning Commission 1994). This was arrived at by adding together the population 

figures for all LEA in a zone. Unfortunately, records of past trends are not yet available at the 

level ofinterests and thus, meaningful projections becomes difficult at zonal level. Based on the 

overall national population trends of annual growth of 3% ( Arowolo, 1994 ), each zone's 

population and employment figures were first projected to 1992 in order to have two data points 

for a further simple extrapolations of 199 5 base forecasts and future trends using the exponential 

model of the form 

where 

n 

projected population for a target year 

mean rate of changed over the observed intervals 

base year population and 

number ofyears between observations. 

The results of the population forecasts from 1991 to 2000 are presented in Table B .1.1. 
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'fable Rl.l: Zonal Population Forecasts (1991-2000) 

Year Katutura Okuryangava Hakahana Wanaheda Goreall!l'lb Otjimuise Khomasdal 

1991' 63 486 3 768 4 799 14 586 2 100 6 794 18 899 

1992•• 65 391 3 995 4 942 15 024 2 163 7 005 19 466 

1993 67 353 4 236 5 089 15 475 2 228 7 223 20 050 

1994 69 374 4 491 5 241 15 940 2 295 7H7 20 652 
.. 

····•.:·.·········· 
••••• •••••• 

l\\7678 
··.:: 

1995> 71 456 4 761 ·.· ·•.· 5 397 16 419 ... 2 364 21271•::·• 

1996 73 600 5 048 5 558 16 912 2 434 7 917 21 909 

1997 75 809 5 352 5 724 17 419 2 508 8 162 22 567 

1998 78 083 5 675 5 894 17 942 2 583 8 416 23 244 

1999 80 426 6 017 6 070 18 481 2 660 8 677 23 941 

zoo()· ••• ··{~51 > •19036 ·•·•••·• 

·• 
~I 82 840 6 379 2 740. :·: .• . 8 947 

*Source: NatiOnal Planmng ComrmssiOn (1994), PopulatiOn and Housmg Census Reports 

** Projected population. 

B.1.2: FORECASTS OF EMPLOYMENT 

The type of employment data needed by HLFM include number of employees in basic and 

nonbasic (service) industries by zone. Basic employee refers to the number of workers that cannot 

be re-located as a result of improvements in the transportation systems. Generally these type of 

workers are employed in firms or industries that sell their products to people or other firms 

outside the zone. While service (nonbasic) employment of a zone refers to the number of workers 

employed in those firms that sells their products to the local markets. Nonbasic (service) 

employment is further subdivided into service employees that serves the local businesses or 

industries (such as professional accountants, workers in the advertising industries, information 

services, industrial laundries, etc); and service employees that serves the local people or residents 

directly (such as grocery store checkers, petrol station and hotel attendants, doctors dentists, 

criminal lawyers, social workers, etc). 

However, there are service industries that serves both the local and outside markets. In such a 

situation, the number of employees in these service industries must be split between basic and 

nonbasic industries proportionally. As a result, decision on what type of employment is to be 

classified as basic and nonbasic industries becomes problematic and varied between researchers 

and from country to country. 
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To overcome this problem, the industrial classification as used in the 1991 Population and 

Housing Census Report was adopted, which classified employment into major industrial classes 

by occupational categories (defined as the kind of work done and duties performed by the 

respondent as at time of census). 

First, data on employed population by industries and occupational groups for each Local 

Enumeration Area were collated and total for each Traffic Analysis Zone. By using occupational 

definition, this was then re-classified into basic employees, nonbasic employees serving businesses 

and nonbasic employee serving residents as in Table B.1.2. 

Table B.1.2: Classification of Employment 

Code Definition in 1991 Census Classification for the Study 

00 Armed Forces Basic 

II Legislators, senior officials and Basic 
managers 

20 Senior Professionals Split between basic and nonbasic (business) on 
a 40-60% basis 

30 Technical and associate Nonbasic (business) 
professionals 

40 Clerks Nonbasic (business) 

50 Service workers, shops and Nonbasic (residents) 
market sales 

60 Skilled agricultural and fishery Basic 
workers 

70 Craft and related trade Nonbasic (residents) 

80 Plant and machine operators and Basic 
assemblers 

Elementary Occupations Nonbasic(rcsidents) 

Based on the same assumption of3% annual population growth rate, each of the economic sector: 

basic; service (nonbasic) employment serving businesses; and service (nonbasic employment 

serving residents) were examined separately and probably trends in each of the employment 

sectors were projected for each zone by using the same exponential model as in equation B.l.3. 
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JB.1.3: CAlLClUlLA1nONS OF BASE MUlL'fUPJLJDERS. 

Two base multipliers for each zone, i.e. ratio of service employment to the total employment and 

the ratio of service employees to the total population were calculated from the projected census 

data. The ratio of service employees to the total employment was calculated by dividing the 

number of employees that serves businesses by the total employment in a zone. Similarly, the ratio 

of service employees to total population was computed by dividing the number of employees that 

serve people by the total population. The population to employment ratios were calculated by 

dividing the population of each zone with the total employment in that zone. 

'fable B.1.3: Base-Year (1995) Forecasts of Employment Parameters. 

Area-wide Projected Population (Base Year 1995) = 129 346 

Residents 

19 078 89 00 6 921 3 257 

I 375 583 477 318 

2 050 923 733 394 

6 142 975 4 392 775 

2 049 920 790 339 

7 445 2 501 1731 3 213 

* Area-wide population/employment ratio. 

Method of Calculating Area-wide Multipliers (Base Year 1995): 

I. Service/total employment ratio= 115 63/45 587 = 0.254 

2. Service/total population ratio= i6 222/129 346 = 0.125 
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3.75 

3.50 

2.63 

2.77 

1.15 

2.80 



Table B.1.4: Target-Year (2000) Forecasts of Employment lP'arameters. 

Area-wide Projected Population (Target Year 2000) = 150 852 

22 126 

I 608 

2 388 

7 122 

2 388 

8 635 

* Area-wide population/employment ratio. 
+Projected zonal employment (year 2000) 

10 323 

680 

I 072 

I 130 

I 075 

2 899 

7 081 

556 

799 

3 595 

788 

3 442 

Method of Calculating Area-wide Multipliers (farget year 2000): 

I. Service/total employment ratio = 12 887/52 902 = 0.24 
2. Service/total population ratio = 19 357/150 852 = 0.13 

4 722 

369 

517 

2397 

525 

2 294 

B.2. LAND ABSORPTION RA TlE 1P ARAMETERS 

3.74 

3.97 

2.62 

2.67 

1.15 

1.04 

Two parameters concermng the attractiveness of each zone for residential and service 

developments required by the HLFM are net developable land and service developable land. Net 

developable land is defined here as the amount ofland in a zone that is either used or reserved for 

residential developments. This however, exclude all land used or reserve for municipal purposes, 

public held open spaces, inst~tutions, businesses or industrial developments as well as all 

unsuitable land for any ofthe above mentioned purposes. 

Service developable land on the other hand refers to the amount of land that is currently being 

used or reserved for businesses but excluding all land use or reserved for industrial, net 

developable and all other exclusions defined for net developable land. Table B.l.5 shows the total 
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net developable and service developable for each zone in the study area. The data include both 

the present and future estimates for each of the parameters. They were calculated from the 

Locality Plans supplied by the Town Planning Department ofWindhoek Municipality. 

Table lB.l.S: Net and Service Developable Area 10 

Zone Residential Area (Sq. Miles) Service Area (Sq. Miles) 

Katutura 1.32 0.080 

Okuryangava 0.310 0.030 

Hakahana 0.490 0.010 

Wanaheda 0.610 0.010 

Goreangab 0.870 0.010 

Haloid 0.000 0.230 

Otjimuise 1.790 0.010 

Khomasdal 1.160 0.010 

10 Measurements are given in imperial units to meet the HLFM data specification for the computer program. 
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AJPJPENDIX C: SURVEY DESlfGN 

C.l. Sample Design 

The objective of the home interviews is, to provide socioeconomic and trip-making data to assess 

households travel demands in the study area by means of questionnaire administered at selected 

dwelling units. A sample size represent 2% or 562 of26 809 dwelling units that exists in the study 

area as at the time of the survey was selected for the interviews. This sample size was considered 

to be large enough to secure. representative probability samples of households which could 

guarantee that at 95% confidence level no calculated responses or percentages will be offby more 

than +- 5% confidence interval. However, in order to have sufficient number of cases for analysis, 

the sample size was increased to 685 to safe guard against non-response and loss of 

questionnaires during the fieldwork. 

C.l.l. Sampling lFrame 

Sampling was based on spatially stratified random process. Each stratum corresponds to the same 

Traffic Analysis Zones (T AZ) used to collect the zonal and network data. All streets in each zone 

were selected as primary sampling units (PSU) by a random process. This was achieved by coding 

all the streets names in each T AZ into microcomputer based SPSSPC+ (Statistical Package for 

Social Scientists) software program. By invoking its Random Function command, streets were 

then selected as PSU. Locality Plans showing details of dwelling units in the selected PSU were 

obtained from the Town Planning Department of the Windhoek Municipality for further random 

selection of dwelling units. 

The process of selecting sample sites (dwelling units) from a PSU involved coding all the erven 

(plot numbers) in a P SU into the software package once again and by random selection process 

at least between 3 to 10 dwelling units were selected from each PSU. To allow for a situation 

whereby some of the selected dwelling units would not be accessible or some selected household 

refused to cooperate or participates in the survey, additional 10 dwelling units of from each PSU 

were selected as back-up samples. Thus, it was possible for field workers to easily switch to these 

additional sample sites in situations were any of the initial selected samples could not be 
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interviewed due to the above mentioned reasons. 

C.l.2. Sample allocations and !Response !Rates 

To give a fair representation of the prevailing socioeconomic and demographic conditions of 

households in each T AZ, allocation of sample size to sub-population groups, was proportional 

to the distribution of dwelling units in each T AZ, thereby obtaining a more representative sample. 

This results in larger sample sizes in some T AZ. Table C.l.l provide a summary of the probability 

allocation of sample size, number of successfully interviewed samples and response rates for all 

the strata. 

7 719* 190 

2 044 112 

2 025 45 

3 958 90 

3 231 72 

3 831 86 

*Source: National Population Commission (1994). 

Source: Home Interview Survey. 

184 32.7 

108 19.2 

22 3.9 

70 12.5 

18 3.2 

72 12.8 

The response rates for each T AZ was computed in the form of the number of completed and 

returned questionnaires as a proportion of the allocated sample size. The low response rate 

reported for Goreangab and Hakahana is by and large due to a number of plots which were 

randomly selected from the Locality Plans but were found to be undeveloped plots during the 

fieldwork. 

On the other hand it was necessary to take excess sample points in Okuryangava because this area 

97 



has witnessed quite a large number of influx of migrant residents with squatter dwelling units 

which were not shown on the Locality Plans. As for Haloid, this zone is an area reserved for a 

light industrial estate which is yet to be developed. In all, a total of 685 dwelling units were 

selected for interviews, of which 562 were successfully completed, for a 82% response rate. 

C.2. Fieldwork 

C.2.1. Questionnaire 

The questionnaire used for the fieldwork comprises of mixed open and closed-ended questions. 

The questions were partly developed after a considerable consultations of sample questionnaires 

on similar transportation studies . The first draft was then sent to the Assistant City Engineer, 

Roads Planning Division, Windhoek Municipality for review and comments. Amendment were 

then made as necessary before the fieldwork. A pre-test interview with the questionnaire was 

conducted to few selected dwelling units of the study area in July, 1994, to ensure that, the 

questions were in logical sequences, meaningful and serves the intended purposes they were 

designed for. Some adjustments were made to misinterpreted or wrongly framed questions. A 

reproduced copy ofthe final version of the questionnaire used for the main fieldwork is provided 

in Appendix D. 

The questionnaire was developed in English language, but while in the field, translations of it to 

Afrikaans and other local languages was possible as the field assistants could speak Mrikaans and 

most of the other local languages in addition to the English language. The questionnaire was 

divided into sections with most ofthe questions directed to the head of the households, who were 

expected to give responses to socioeconomic and demographic status of their households. 

However, in some situations where heads of household were not present as at the time of the 

interview, interviewers had the options to solicit for responses from any other members ofthe 

household they may considered old enough to give accurate answers to the questions being asked. 

98 



Information asked during the interviews covers the main areas of household trip-making 

characteristics which include: 

1. socioeconomic and demographic characteristics of household, 

2. trip-making patterns of every members of the household who is five years or older as at 

the time ofthe interview, 

3. household ownership of passenger vehicles, 

4. social and residential mobility ofhouseholds, 

5. household monthly income and expenditure, and 

6 types of dwelling. 

C.2.2 Fieldwork 

The fieldwork was conducted in the beginning of October and lasted for two weeks. Four 

interviewers were recruited from the third-year students of the Department of Geography and 

Environmental studies, University ofNamibia, Windhoek to assist in the survey. The interviews 

were conducted during the evenings after normal working hours and during weekends when most 

people were expected to be at home. 

Apart from Okuryangava, Goreangab and Hakahana, zones where squatters do not have plot 

numbers most part of the field work was hitch free. 

C.3. Data Analysis 

The collected data were analysed using a microcomputer based SPSSPC+ software program at 

the Department of Geography and Environmental Studies, University of Namibia, Windhoek, 

Namibia. The process of designing of files, coding of responses to questions and data entry, 

editing, cleaning and analysis started in the beginning of November and was completed in 

February 1995. 

99 



C.3.L Data Validation, Control and Reliability 

In any type of survey, some element of errors may occur and the main types could be categorised 

into nonsampling errors and sampling errors. The detections, corrections and controls ofthese 

errors to a large extent can affects the U§e of survey results and their reliability. Procedures on 

how these errors were treated in the study follows below. 

C.3.1.1 Non Sampling Errors and Data Cleaning 

Nonsampling errors, otherwise known as measurement errors emanates from mistakes introduced 

into sample estimates during execution of field survey and data processing. These errors may 

occur due to wrong definition of population of interests; wrong design of sampling frame; 

misinterpretation of questions and data entry mistakes arising from wrong keyboard punching. 

These errors may introduced bias into the survey and could lead to distortions of survey results 

and its validity if not properly controlled. 

In addition to precautions taken in the designing of sampling frame and pre-testing of 

questionnaires to see whether the questions were well phrased and understood, the following 

procedures were used to control some ofthese errors. 

C.3.1.1.1 Control of Wrong Responses and Codes 

At the end of each day during the fieldwork, each completed questionnaire was properly 

scrutinized with the interviewer to correct inconsistencies in coding responses, omissions and 

illegible handwritings. 

C.3.1.1.2 Data Entry Controls and cleaning 

The second editing was done at the end of data entry process. This involved checking the input 

data to see whether codes entered for responses are valid codes and to detect discrepancies in the 

responses provided. This process was achieved first by producing frequency tables of answers to 

every responses. Unanticipated codes in the tables were treated as errors in the data entry. For 
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example, codes for sex ofhousehold heads ranges from 0 to 1 and if 2, 3, or any other number 

appears in the frequency table for sex, such numbers and their values stands for unknown and are 

corrected immediately by making reference back to the questionnaires. 

In addition, this procedure was also used to identified cases with unreasonable values. For 

example, suppose a tally concerning travel distance from home to work shows values of not more 

than 1 0 kilometres for all the cases in one T AZ but one with values of 1 00 kilometres, such 

answers raises suspicions and are doubled checked with the questionnaire to ensure that it is really 

correct. At the end of this process, all files were double checked once again for incorrect codes 

values by running the Data Cleaning command of the SPSSPC+ software program. 

C.3.1.2 Estimates of Sampling Errors 

One ofthe major objectives of the household survey is to investigate possible differences in trip

making patterns of households in the study area so as to offer general socioeconomic explanations 

for the observed patterns. Since hypotheses about the population are of interests, the quality of 

such explanations will however, depend on the level of accuracy the sample parameters can best 

represents the actual characteristics about the true population under investigations. 

Since the calculated values of the sample parameters are estimates and based on a cross section 

of conditions of selected dwelling units in the study area, it is unlikely that these values are exactly 

the same as the population parameters, but probably are not too different. Thus sampling errors 

are bound to occur in an attempt to generalized about the conditions of the entire population of 

interests. The closer the values of the standard errors are to the sample statistics, the smaller the 
I 

range within which the unknown population statistics are expected to fall, and the more confident 

one can have that the sample statistics are not too far from the population statistics, i.e. one may 

assumed that a reasonable representative sample has been achieved to tests hypotheses about the 

population. 

The extent to which sample parameters differs from the actual population can be determined by 

standard error for the population statistics which are the square roots of the variances. This can 

then be used to calculate confidence intervals within which the true values of the population 
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parameters can reasonably be assumed to fall (Norusis/SPSS INC, 1988: B-153; Huizingh, 

1993 :253-263). For example. given the same conditions by using probability, and at 95% 

confidence limits the range within which a give value of the population statistics fall can be 

estimated by the value of the standard error of estimates. 

The microcomputer based SPSSPC software program was used to estimate sampling errors for 

the home interview survey by calculating sample means, standard deviations, standard errors and 

. the 95% confidence limits (sample mean +-2 standard error). The result of the standard error for 

some selected variables considered to be of primary interests to test hypotheses designed for the 

study are presented in Table C.3.1 to C.3.7. 

Standard error ofestimates for the selected variables for the study area as a whole and as well as 

the sub-population groups (T AZs) are small with very little variations for all the variables 

selected. For example, the confidence interval calculated for the average family size variable in 

Table C.3.2 can be interpreted as follows: the sample mean for the whole study is 3.9359 and its 

standard error is 0.1069. Thus to obtain the sampling error at 95% confidence limits one adds 

and subtracts twice the standard error to the sample estimates, i.e 3.9359 +- 0.2138. In other 

words, there is a high probability at 95% confidence limits that the true average family size of 

households in the study area is between 3.7260 and 4.1459. Further more these values could 

always be expected from surveys set under similar conditions. 

C.3.1.3 Data Limitations and Uses 

Apart from basic data sets specifics to socioeconomic, demographic and housing structures of 

households in the study area, information obtained from the home interview survey centred 

around the questions of total trips generated by households per zone, purposes for such trip, mode 

of transport, destination, peak travel time and distances travelled. 

Responses to some of these issues on the questionnaire were reported on nominal scales and 

coded into the computer program accordingly. In some other cases, responses were reported and 

coded as numeric values, ordinal", interval or ratio scales. However, results of responses to 

questions have been collapsed into defined groups or categories to produce frequency tables 
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according to T AZ by using the RECODE command in the SPSSPC+ software program. These 

frequency table tables as used in this study shows numbers, percentages and means. 

While it would have been worthwhile and of great interests to have complete data sets for the 

entire members of the population understudy, the report of this survey however, limits itselfto 

only sample members of the population due to time, financial and manpower constraints. Thus 

it is recommended that one should use the means or percentages when interpreting the results of 

the survey, bearing in mind that, numbers refers to sampled cases or dwelling units and not the 

actual population of interests in the study. 
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1'3ble C,3,1; A verag~ Age of ·JH~ads of lHQl!seholds 

Sam~ling Error 

Zone Standard Standard 
Mean 95% Con f. Int,. for Mean 

Deviation Error 

Katutura 41.35 11.07 0.82 39.75 To 42.96 

Okuryangava 33.17 7.21 0.69 31.80 To 34.55 

Hakahana 31.90 7.04 1.50 28.79 To 35.03 

Wanaheda 35.27 8.75 1.04 33.18 To 37.36 

Goreangab 33.44 6.24 1.47 30.34 To 36.55 

Otjimuise 34.13 9.49 1.11 31.90 To 36.37 

Khomasdal 36.36 11.74 1.25 33.87 To 38.85 

IArca_-widP 36.69 10.3~ 0.43 3~.R4 To 37.~~ 

Source: Home Interview Survey 

'fable C.3.2: Average Family Size 

Sampling Error 

Zone Standard Standard 
Mean 95% Conf. Int. for Mean 

Deviation Error 

Katutura 5.28 3.27 0.24 4.81 To 5.76 

Okuryangava 2.91 1.71 0.16 2.58 To 3.24 

Hakahana 2.45 1.53 0.32 1.77 To 3.14 

Wanaheda 3.58 2.12 0.25 3.07 To 4.10 

Gorcangab 2.17 1.29 0.31 1.52 To 2.81 

Otjimuise 3.39 1.37 0.16 3.06 To 3.71 

Khomasdal 3.84 1.56 0.17 3.51 To 4.17 

Total 3.93 2.53 0.11 3.72 To 4.14 

Source: Home Intcr•icw Survey. 
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'fable C.3.3: Average Number of lResidents JPer Dwelling Unit 

Sampling Error 

Zone Standard Standard 
Mean 95% Conf. Int. for Mean 

Deviation Error 

Katutura 6.03 3.38 0.25 5.54 To 6.52 

Okuryangava 4.21 1.52 0.14 3.92 To 4.50 

Hakahana 3.86 1.32 0.28 3.27 To 4.45 

Wanaheda 5.10 2.66 0.31 4.46 To 5.73 

Goreangab 3.50 1.46 0.35 2.77 To 4.23 

Otjimuise 3.67 1.28 0.15 3.36 To 3.96 

Khomasdal 43.95 1.62 0.17 3.61 To 4.29 

Total 4.77 2.59 0.11 4.55 To 4.98 

Source: Home Interview Survey. 

'fable C.3.4: Average Monthl): Income per Household (N$) 

Sampling Error 

Zone Standard Standard 
Mean 95% Conf. Int. for Mean 

Deviation Error 

Katutura 2 872 3 201 236 2 407 To 3 338 

Okuryangava 2 221 1452 140 1944 To 2 498 

Hakahana 1664 1 071 228 1189 To 2 138 

Wanaheda 2 411 1464 175 2 062 To 2 760 

Goreangab 1085 449 106 862 To 1308 

Otjimuise 3 370 1540 181 3 008 To 3 732 

Khomasdal 3 566 1884 200 3 167 To 3 965 

Total 2 756 2 297 97 2 567 To 2 947 

Source: Home Interview Survey 
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l'abl~ C,3,5; Arerage Number of lResidents Making 'frillS 

Sampling Error 

Zone Standard Standard 
Mean 95% Conf. Int. for Mean 

Deviation Error 

Katutura 2.88 1.56 0.12 2.65 To 3.10 

Okuryangava 3.16 1.37 0.13 2.90 To 3.42 

Hakahana 2.77 1.27 0.27 2.21 To 3.33 

Wanaheda 4.15 2.48 0.29 3.56 To 4.75 

Goreangab 2.72 1.02 0.23 2.21 To 3.23 

Otjimuise 2.15 0.86 0.10 1.95 To 2.36 

Khomasdal 2~17 0.96 0.10 1.97 To 2.37 

Total 2.88 1.62 0.07 2.75 To 3.01 

Source: Home Inten·iew Survey 

Table C.3.6: Avenge Number of Vehicles ~er Household 

Sampling Error 

Zone Standard Standard 
Mean 95% Conf. Int. for Mean 

Deviation Error 

Katutura 0.63 0.79 0.06 0.52 To 0.75 

Okuryangava 0.28 0.49 0.05 0.19 To 0.38 

Hakahana 0.10 0.29 0.06 -0.04 To 0.22 

Wanaheda 0.27 0.45 0.05 0.16 To 0.38 

Goreangab 0.00 0.00 0.00 0.00 To 0.00 

Otjimuise 0.85 0.55 0.06 0.71 To 0.97 

Khomasdal 1.13 0.93 0.09 0.92 To 1.32 

Total 0.58 0.74 0.03 0.52· To 0.64 

Source: Home Inten·iew Survey. 
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'fable C.3.7: Mean 1'rayel1'nmes to Work from 1'AZ (Minutes) 

Sampling Error 

Zone Standard Standard 
Mean 95% Conf. Int. for Mean 

Deviation Error 

Katutura 18.08 9.73 0.7 16.66 To 19.52 

Okuryangava 20.99 12.15 1.16 18.67 To 23.31 

Hakahana 25.00 11.33 2.42 19.97 To 30.3 

Wanahcda 17.48 10.45 1.24 15.00 To 19.97 

Gorcangab 22.38 25.99 6.13 9.46 To 35.31 

Otjimuisc 19.90 12.79 1.51 16.89 To 22.91 

Khomasdal 20.21 13.19 1.41 17.42 To 23.01 

Total 19.55 12.21 0.52 18.54 To 20.57 

Source: Home Interview Survey. 
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WTINTiliHIOJEK 1riRA1F1FTI<C §1[J!RVJEY- O<C1rOIBJEJR Jl99~ 

SAMlPLE OUEST1lONNAIRE FOR THE HOME 1lNTERVIEWS 

NAME OF JINTERV1lEWER __________ DATE. __ _ 

SAMJP'LE NlUMJBER ____ TRAFF1lC ANALYS1lS ZONE ___ _ 

D1lSTANCE FROM THE CJBD ________ _ 

This questionnaire could be completed by the most elderly person available in the absence of 
the head of the household 

SECT1lON A: HOUSEHOLD ATTRIBUTES AND TRJDI>-MAKJNG JP'ATTEJRNS 

A 1. Sex of household head 

Tick appropriate code for sex 

A3 Marital status of household head 

Marital Status X 

Married 1 

Single 2 

Divorced 3 

Lived together 4 

Widowed/widower 5 

Others 6 

I ~ n ormatiOn on size o fh h ld d ouse o an num b ft . k er o np-ma ers 

A4 Size of family excluding relatives 

AS Number of other residents 

A6 Number of residents 5yrs & above making trips , 

A7 Number of residents 5yrs & above making no trips 
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AS. Look at the map provided along with this questionnaire. This map shows your area 
within Windhoek. Estimate the time it will take you to travel round it. 

A9. Itemised below the kind of trips undertaken by residents ojyour household on a typical 
weekday. Such trips may include journey to work, shops, schools, visiting 
friends/relatives, restaurants and recreation sites or for business pwposes. 

Trip- Maker Trip Pattern 

SIN Age sex Indust. Purp. De st. Mode Period Dist. Travel Cost 
time 

1. Cd f IdtRf f 0 es or n us.: e ers to occupa wna category of the trip- maker. 

Code Occupational Type 

I Agriculture/mining 

2 Manufacturing 

3 construction 

4 Wholesale/retail 

5 Transports 

6 Finance, insurance, publishing, agency and Information 
systems 

7 Community, social and personal services 

8 Public services 

9 Education 

10 Others 

11 Unemployed 
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2. Codes for Trip Purposes 

Code Trip Purpose 

I Work 

2 School 

3 Shopping 

4 Social/recreation 

5 Others 

6 Business 

3 CdfT.Dff 0 es or np es ma ton 

Code Trip Destination 

I Katutura 

2 Ok:uryangava 

3 Hakahana 

4 Wanaheda 

5 Goreangab 

6 Haloid 

7 Otjimuise 

8 Khomasdal 

9 Windhoek Central 

10 Windhoek North Industrial 

II Windhoek South Industrial 

4 C d f M d fT 0 es or 0 eo ran~o rt 

Code Mode 

I Public Transport (Municipal bus) 

2 PriYate (including taxi & mini-buses) 

3 Walk 

4 Others 
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AlO If your household do not have own transport for any of the above mentioned trips, 
estimate on average tirile taken in minutes 

A lOa Waiting time to board a taxi from your home. 

A lOb To travel by taxi from home to your destination. 

AlOe Waiting time to board a taxi from your destination. 

AlOd To travel by taxi from your destination back home. 

AlOe Waiting time to board a bus from your home. 

AlOfTo travel by bus from home to your destination. 

A lOg Waiting time to board a bus from your destination. 

AlOh To travel by bus from your destination back home. 

AlOi To walk from home to your destination. 

AIOk To walk from your destination back home. 

All. If your household have own transport, estimate your average monthly cost of 

Alla. Petrol/oil charges. 

All b. Service/repair charges. 

Allc. Parking charges 

A12. What is the most important reason why you preferred the mode of transport mentioned 
inA9? 
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SECTION JB: HOUSEHOLD INCOME AND EXPENDITURES 

Rl. On average how much do your household spend monthly on the following?. 

Bla. Rent or bond repaj'lTient 

Blb. Car loans/ other accounts repayments 

Blc. Food 

Bld. Clothing 

Blc. Household goods 

Blf. Transport 

Blg. Medical 

Blh. Entertainments 

Bli. Other 

R2. What is the highest level of educational attainment of the head of the household? 

None 

Below standard 6 

Standard 6 

Standard 8 

Standard 10 

Diploma 

University Degree 

Post-University Degree 

JB3. What is the total nionthly income of your household (including income from spouse and 
other sources) 

TJEllANK YOU FOR YOUR COOPERATION 
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