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1. INTRODUCTION

South Africa lies on the southern tip of Africa and the city of Durban is on the east coast�

6RXWK $IULFD LV D GHPRFUDF\ LQ LWV LQIDQF\ KDYLQJ D QHZO\ HOHFWHG GHPRFUDWLF JRYHUQPHQW VLQFH

����� 6LQFH WKDW WLPH� PDQ\ WKLQJV DUH FKDQJLQJ� LQFOXGLQJ WKH IRUP RI WKH FLWLHV DQG WRZQV LQ

WKH FRXQWU\� 7KH SXUSRVH RI WKLV SDSHU LV WR VKRZ KRZ (00(�� LV EHLQJ XVHG DV D WRRO LQ SODQQLQJ

WKHVH FKDQJHV�

7KH SDSHU LQLWLDOO\ JLYHV VRPH EDFNJURXQG RQ WKH FXUUHQW VLWXDWLRQ LQ 'XUEDQ� ORQJ WHUP VWUDWHJLF

SODQV IRU WKH FLW\ DQG KRZ (00(�� LV EHLQJ XVHG LQ WKLV SURFHVV� $ SURILOH RI WKH FLW\ LV JLYHQ

QH[W� LQFOXGLQJ WKH GHPRJUDSKLFV DQG HFRQRP\ RI WKH UHJLRQ� $ EULHI RYHUYLHZ RI WKH WUDQVSRUW

V\VWHP LV WKHQ SUHVHQWHG� 7KH (00(�� PRGHO GHYHORSHG LV WKHQ GHVFULEHG LQ VRPH GHWDLO�

LQFOXGLQJ KRZ LW LV WR EH XVHG LQ D SUHGLFWLYH PRGH

2. BACKGROUND

7KH SHULRG SULRU WR WKH GHPRFUDF\ ZDV FKDUDFWHULVHG E\ GHFDGHV RI SROLFLHV DQG LQVWLWXWLRQV

DLPHG DW SURPRWLQJ WKH VHSDUDWH GHYHORSPHQW RI WKH GLIIHUHQW UDFH JURXSV DW WKDW WLPH� 7KLV ZDV

NQRZQ DV DSDUWKHLG� 7KH FRUQHU VWRQH RI DSDUWKHLG ZDV EXLOW RQ WKH SUHPLVH WKDW GLIIHUHQW UDFHV

VKRXOG OLYH LQ VHSDUDWH DUHDV DQG XVH VHSDUDWH IDFLOLWLHV� 7KLV OHG WR D YHU\ GLVWRUWHG VSDWLDO

VWUXFWXUH IRU WKH &LW\ DQG KDV EHHQ WKH PDLQ FRQWULEXWRU\ IDFWRU WKDW KDV OHG WR WKH VHWWOHPHQW

RI WKH SRRUHVW SHRSOH WKH IXUWKHVW DZD\ IURP WKH FLW\ FHQWUH� 2QH RI WKH RWKHU SHFXOLDULWLHV DV D

UHVXOW RI WKHVH SROLFLHV ZDV D GXSOLFDWLRQ RI VHUYLFHV� VHSDUDWH EXV VHUYLFHV IRU GLIIHUHQW UDFH

JURXSV IRU H[DPSOH� )XUWKHUPRUH� SXEOLF IDFLOLWLHV VXFK DV VFKRROV� KRVSLWDOV DQG VRFLDO IDFLOLWLHV

ZHUH DOVR GXSOLFDWHG� ,Q WKH WUDQVSRUWDWLRQ DUHQD GXULQJ WKLV SHULRG WKH PDLQ HPSKDVLV ZDV RQ

URDG EXLOGLQJ DQG SULYDWH WUDQVSRUW PDLQO\ WR FDWHU IRU WKH KLJK LQFRPH JURXSV� 1HHGOHVV WR VD\

WKH �� \HDUV RI DSDUWKHLG KDV FUHDWHG D UHDO FKDOOHQJH IRU WKH WUDQVSRUWDWLRQ SURIHVVLRQDOV LQ WKDW

WKH SRRUHVW RI WKH SRRU OLYH WKH IXUWKHVW DZD\ IURP WKH MRE RSSRUWXQLWLHV EXW DW WKH VDPH WLPH

WKH\ DUH WRWDOO\ UHOLDQW RQ SXEOLF WUDQVSRUW� 'XULQJ WKH DSDUWKHLG UHLJQ WKH JRYHUQPHQW DUWLILFLDOO\

SURSSHG WKH SXEOLF WUDQVSRUW V\VWHP ZLWK KXJH VXEVLGLHV ZKLFK LV FOHDUO\ QRW VXVWDLQDEOH LQ

WRGD\¶V VLWXDWLRQ ZKHUH WKH LQHTXDOLWLHV RI WKH SDVW SROLFLHV DUH LQ WKH SURFHVV RI EHLQJ DGGUHVVHG

DQG WKHUH LVQ¶W VSDUH UHVRXUFHV WR FDWHU IRU LQHIILFLHQFLHV�

&XUUHQWO\ WKHUH DUH YDULRXV LQLWLDWLYHV ORRNLQJ DW UHVWUXFWXULQJ WKH FLW\ �QRW QHFHVVDULO\ UHFWLI\LQJ

WKH VLWXDWLRQ� ZLWK D VWURQJ HPSKDVLV RQ GHYHORSLQJ D ORQJ WHUP GHYHORSPHQW VWUDWHJ\ WKDW ZLOO

SURYLGH WKH IUDPHZRUN IRU PDNLQJ WKH FLW\ PRUH HIILFLHQW DQG JOREDOO\ FRPSHWLWLYH LQWR WKH IXWXUH�

7KH PDLQ IRFXV UHYROYHV DURXQG EHWWHU LQWHJUDWLRQ RI WKH &LW\ DQG WUDQVSRUW LV VHHQ DV RQH RI

WKH PDLQ HOHPHQWV WR DFW DV D FDWDO\VW LQ WKLV SURFHVV�

$V SDUW RI WKH WHDP LQYROYHG LQ FRQWULEXWLQJ WRZDUGV WKLV GHYHORSPHQW SODQ IRU WKH &LW\� RQH RI

WKH ILUVW VWHSV LQ WKH SURFHVV LQ WHUPV RI WUDQVSRUWDWLRQ SODQQLQJ ZDV WKH UH�FDOLEUDWLRQ RI WKH

(00(�� PRGHO WR UHIOHFW WKH FXUUHQW VLWXDWLRQ LQ RUGHU WR EH DEOH WR VLPXODWH VRPH RI WKH ORQJ

WHUP VWUDWHJLF GLUHFWLRQV RI WKH &LW\�



���

3. PROFILE OF DURBAN

The Metropolitan area of Durban lies on the east coast of South Africa with an population
of some 2.5 million.  The 'XUEDQ 0HWURSROLWDQ DUHD FRYHUV VRPH ���� VTXDUH NP DQG KDV WKH

IROORZLQJ GHPRJUDSKLF DQG HFRQRPLF SURILOH�

3RSXODWLRQ

+LJK ,QFRPH  � � :KLWH  ���

0LGGOH ,QFRPH  ��� ,QGLDQ  ���

/RZ ,QFRPH  ��� $IULFDQ  ���

0RGDO 6SOLW

$SSUR[LPDWHO\ ��� RI WKH SRSXODWLRQ LV SXEOLF WUDQVSRUW GHSHQGHQW LQ WKH FRPPXWHU SHDNV� 7KLV

YDULHV IURP SUDFWLFDOO\ ���� LQ VRPH DUHDV WR SUDFWLFDOO\ �� LQ RWKHUV�

6L[W\ SHUFHQW RI HPSOR\PHQW LV FORVH WR WKH &%' ZLWK RQO\ WKLUW\ SHUFHQW RI WKH HPSOR\HHV OLYLQJ

FORVH WR WKH &%' ZKLFK WUDQVODWHV WR ORQJ WUDYHO GLVWDQFHV IRU WKH PDMRULW\ RI WKH SHRSOH�

(FRQRPLF )DFWRUV

&RQWULEXWHV WR �� WR 1DWLRQDO *'3� 1XPEHU RI KRXVHKROGV ��� ���� 'XUEDQ LV D 3RUW &LW\

VHUYLQJ PRVW RI 6RXWKHUQ $IULFDQ ZLWK WKH EXVLHVW 3RUW LQ $IULFD � � PLOOLRQ FRQWDLQHUV�DQQXP

2WKHU DFWLYLWLHV� 7RXULVP� FRPPHUFH� VXEWURSLFDO IUXLW� VXJDUFDQH� PRWRU PDQXIDFWXULQJ�

DJULFXOWXUH DQG FRQVWUXFWLRQ�

4. EXISTING TRANSPORT SYSTEM

Durban has an excellent freeway, arterial and local road network with a reasonably well
covered rail network.  There are three modes of public transport, being conventional
buses, mini-buses and rail.  Mini-buses are 16 seater vehicles that operate in a less
formalised fashion than rail and bus.  These mini-buses are operated and managed by
individuals from within mainly the lower income groups and they have captured a large
proportion of the market share over the last 20 years in opposition to the monopolies of
the bus and rail operators.  Rail uses old heavy rolling stock and is limited in the areas
it serves due to the topography of the region.

The public transport system is however in a very poor state with huge inefficiencies and
huge subsidies (R418 million/annum - US$ 58million) being paid to cater for the large
number of unproductive routes and the duplication of routes by different modes.  The 
deregulation of the industry in the apartheid years certainly contributed to the current
state of affairs. There is currently new legislation in place to restructure the public
transport system and to regulate the industry in line with international best practice.

Vehicles & Routes
Excess of 1 500 buses
Excess of 6 000 mini bus taxis
450 000 cars
800 bus routes
600 taxi routes
535 km of rail track

Passenger Flows  daily peak hour
Bus passengers 270 000    50 000
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Minibus passengers  600 000              100 000
Rail Passengers    230 000    40 000
Car Passengers 900 000              170 000

5. PUBLIC TRANSPORT RESTRUCTURING

One of the major sources of information in terms of public transport usage is an exercise
that is currently being undertaken in parallel with this study.  The public transport
restructuring project’s main thrust is to establish a least cost network with optimal modes
on the main corridors in order to move towards a restructured public transport system that
subscribes to improving efficiencies and making the system sustainable. 

As part of this exercise a detailed data collection exercise provided public transport
information for the public transport OD matrix.  The data was collected on all routes and
a large proportion of the vehicles was surveyed, including on board bus surveys.  This
information is  the best data available in terms of supply and demand for public transport.

One of the main outputs from this assessment provided what is now commonly termed
the High Priority Public Transport Network (HPPTN) with  recommendations on
appropriate modes on the main corridors.  The O-D matrix and the HPPTN are the main
inputs into the forecast public transport model.

6. THE EMME/2 MODEL STRUCTURE

Demographics

The starting point for the Durban EMME/2 model was the collection of demographic
information by zone.  A nation wide population census was undertaken in 1996 from
which populations and levels of employment by zone were extracted.  Added to this
information, from various sources, was employment and car ownership levels by zone.

In the past, in view of the government’s policy of separate development for the various
races, this demographic data was captured on racial lines.  Similarly, all traffic data
surveyed was also on racial lines, thus making it relatively simple to calibrate the model.
 In the new model, race classification has been eliminated and three stratifications of
income levels (high, medium and low) have been introduced which best reflects car
ownership levels and hence use of public transport.  This change, however, necessitated
a total re-think in the formulation of the model as traffic data surveyed is now on the
global population rather than racial groups which directly correlated to trip types.  This
required a simplification within the trip generation and distribution functions to
incorporate fewer global parameters rather than more specific parameters by trip type.
 Some detail has been lost using this approach, but has proved to be minimal and the
results obtained are still acceptable.  Some details of the previous and new models are as
shown in Table 1 below.

Trip Generation

From this demographic information, a simple trip generation model was developed (using



linear regression) which relates this demographic information to an estimate of person
trips in the morning commuter peak period.  This distinguishes between HBW and NW
trips as well as by  household income levels.

Modal Split

The modal split is at the origins only and estimates the proportion of person trips by
public transport or by private car based on the level of car ownership by income level by
zone.  Two separate car ownership curves are used which distinguish between HBW trips
and NW trips, with the use of public transport being less for NW trips than HBW trips
for the same car ownership level.

The model within EMME/2 allows for four modes (auto, rail, bus and mini-bus) and an
auxiliary transit mode (walk).  Transit lines for the three transit modes are incorporated,
including walk only links between road and rail.

Trip Distribution

Trip distribution uses a two dimensioned balance by trip type, incorporating two matrices
at origin (person trips by auto and person trips by transit) and a single destination matrix
(total person trips attracted) using the macro BALMPROD.MAC as developed by INRO.
 This procedure distributes trips between each O-D pair based on separate trip
distribution functions by mode (auto and transit) and the relative attractiveness of each
mode.  A simple entropy trip distribution function is used.  The strength of this procedure
is that the transit lines, as incorporated into the model, have an influence on the resulting
distribution.

Prior to the assignment, the various trip types are combined by mode into two peak one
hour matrices, one for transit trips (in persons) and one for auto (in vehicles).

Assignment

Auto is assigned first using a single class fixed demand assignment, with the auto
equivalent of transit vehicles included as the additional auto volumes.  Transit is assigned
next, with the speed of road based transit vehicles determined by the auto speeds (as
extracted from the auto assignment) as set in the transit travel time functions.  In the
transit assignment, trips can use any mode (rail, bus or mini-bus taxi) and any
combination of modes.

Results Obtained

The results obtained from the model were reasonably good. A list of the R2 values
obtained are as listed below:

&DUV �DXWR� RQ ��� OLQN FRXQWV 5
�
 �����

3XEOLF WUDQVSRUW �WRWDO� RQ �� VFUHHQOLQHV5
�
 �����

3XEOLF WUDQVSRUW �EXVHV� RQ �� VFUHHQOLQHV 5
�
 �����

3XEOLF WUDQVSRUW �PLQL�EXVHV� RQ �� VFUHHQOLQHV 5
�
 �����

3XEOLF WUDQVSRUW �UDLO� RQ �� VFUHHQOLQHV 5
�
 �����

0RUH GHWDLOV RI WKH UHVXOWV REWDLQHG ZLOO EH SUHVHQWHG DW WKH FRQIHUHQFH�



TABLE 1 : COMPARISON OF OLD TO NEW MODEL

(/(0(17 2/' 02'(/ 1(: 02'(/

1XPEHU RI ]RQHV ��� ���

$UHD FRYHUHG %H\RQG SUHYLRXVO\
SURFODLPHG PHWUR
ERXQGDU\ �� ���NP��

%H\RQG SUHVHQW PHWUR
ERXQGDU\� OHVV WKDQ
SURFODLPHG XQL�FLW\
�� ���NP��

5RDG �/LQN W\SHV ����� � �����NP � �����NP
5DLO �/LQN 7\SH ��� �����NP �����NP

%DVHG RQ 5DFLDO ,QFRPH
1R� RI WULS W\SHV � � :�+%:

:�+%2
: � 1+%
,�& � +%:
,�& � 1:
% � +%:
% � 1:

� � + � +%:
0 � +%:
/ � +%:
1:

)DFWRUV DIIHFWLQJ
SURGXFWLRQV

(PSOR\HG 5HVLGHQWV
3RSXODWLRQ
(PSOR\PHQW
&DUV
$FFHVVLELOLW\ ,QGH[

(PSOR\HG 5HVLGHQWV
3RSXODWLRQ
(PSOR\PHQW

7ULS
*HQHUDWLRQ

)DFWRUV DIIHFWLQJ
DWWUDFWLRQV

(PSOR\PHQW
3RSXODWLRQ
&DUV
$FFHVVLELOLW\ ,QGH[

3RSXODWLRQ
(PSOR\PHQW
�$FWLYLW\ =RQH�

0RGDO 6SOLW %DVHG RQ OHYHO RI FDU
RZQHUVKLS E\ ]RQH DQG E\
UDFH �+%: 	 1: VHSDUDWH�

%DVHG RQ OHYHO RI FDU
RZQHUVKLS E\ ]RQH DQG E\
LQFRPH �+%: 	 1:
VHSDUDWH�

3URFHGXUH 7ZR GLPHQVLRQDO EDODQFH
LQFRUSRUDWLQJ PRGDO VSOLW DW
RULJLQ �37�FDU�

7ZR GLPHQVLRQDO EDODQFH
LQFRUSRUDWLQJ PRGDO VSOLW DW
RULJLQ �37�FDU�

)XQFWLRQ ([S ���
&� ([S ���
&�

%HWD 9DOXHV ��� %\ UDFH JURXS
%\ PRGH �37�&DU�
%\ SXUSRVH �+%:�1:�
%\ DUHD

%\ PRGH �37�&DU�
%\ ]RQH

&RVW IRU 37�&� 7ULS FRVW� LQFOXGLQJ
ZHLJKWLQJV� ZDONLQJ DQG YDOXH
RI WLPH

7ULS FRVW� LQFOXGLQJ
ZHLJKWLQJV� ZDONLQJ DQG
YDOXH RI WLPH

7ULS
'LVWULEXWLRQ

&RVW IRU &DUV �&� 7UDYHO WLPH 7UDYHO WLPH
)RUPDW ,QWHJUDWHV WR FDU DQG 37

DVVLJQPHQWV
,QWHJUDWHV WKH FDU DQG 37
DVVLJQPHQWV

&DU $VVLJQPHQW
�5XQ ILUVW�

)L[HG GHPDQG DXWR
DVVLJQPHQW� 3XEOLF
WUDQVSRUW URDG EDVHG
YHKLFOHV LQFOXGHG DV 3&8¶V�

)L[HG GHPDQG DXWR
DVVLJQPHQW� 3XEOLF
WUDQVSRUW URDG EDVHG
YHKLFOHV LQFOXGHG DV
3&8¶V�

7ULS
$VVLJQPHQW

37 $VVLJQPHQW
�5XQ VHFRQG�

$IWHU DXWR DVVLJQPHQW� 5RDG
EDVHG 37 VSHHGV VHW E\ DXWR
VSHHGV� 6LQJOH PDWUL[�
FRPSHWLQJ PRGHV �EXV� PLQL�
EXV� UDLO DQG ZDON��

$IWHU DXWR DVVLJQPHQW� 5RDG
EDVHG 37 VSHHGV VHW E\ DXWR
VSHHGV� 6LQJOH PDWUL[�
FRPSHWLQJ PRGHV �EXV�
PLQL�EXV� UDLO DQG ZDON��
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7KH PDLQ XVH RI WKH PRGHO LV WR VLPXODWH WKH LPSDFWV RI DQ\ IXWXUH VFHQDULR RQ WKH WUDQVSRUWDWLRQ

V\VWHP� 7KH IXWXUH VFHQDULRV FRXOG UDQJH IURP D VLPSOH WUHQG SURMHFWLRQ WKURXJK WR YDULRXV

LQWHUYHQWLRQ SROLFLHV DLPHG DW FHUWDLQ REMHFWLYHV� ,W DOVR QHHGV WR EH HPSKDVLVHG WKDW SXEOLF

WUDQVSRUW SODQQLQJ QHHGV DUH RI SDUDPRXQW LPSRUWDQFH� %XLOW LQWR WKH PRGHO DUH D QXPEHU RI

SDUDPHWHUV WKDW ZRXOG DOORZ IRU WKH DVVHVVPHQW RI WKHVH IXWXUH VFHQDULRV� DV OLVWHG EHORZ�

)XWXUH 'HPRJUDSKLFV

)XWXUH SRSXODWLRQV �DQG WKHLU VSDWLDO GLVWULEXWLRQ�� OHYHOV RI HPSOR\PHQW DQG WKH GLVWULEXWLRQ RI

WKH HPSOR\PHQW FDQ EH LQSXW LQWR WKH PRGHO�

8VH RI 3XEOLF 7UDQVSRUW

7KH XVH RI SXEOLF WUDQVSRUW ZLOO KDYH D PDMRU LPSDFW RQ WKH W\SH DQG H[WHQW RI LQIUDVWUXFWXUH WKDW

ZLOO EH QHHGHG LQ WKH IXWXUH� 7KH PRGHO DOORZV IRU DVVHVVLQJ WKH LPSDFW RI YDULRXV OHYHOV RI

SXEOLF WUDQVSRUW LQ WKH IXWXUH� 7KH FXUUHQW PRGDO VSOLW LV ��� DQG WKH 1DWLRQDO WDUJHW LV ����

3XEOLF 7UDQVSRUW 1HWZRUNV

5HILQHPHQWV WR WKH H[LVWLQJ SXEOLF WUDQVSRUW QHWZRUNV FDQ EH LQFRUSRUDWHG WR VXSSRUW DQ\

SODQQHG FKDQJHV WR WKH VSDWLDO GLVWULEXWLRQ RI SRSXODWLRQV DQG HPSOR\PHQW RSSRUWXQLWLHV�

:LWKLQ WKH YLVLRQ RI FUHDWLQJ D PRUH HIILFLHQW XUEDQ IRUP IRU WKH FLW\� YDULRXV WUDQVSRUWDWLRQ

LVVXHV�SDUDPHWHUV KDYH HPHUJHG� WKH REMHFWLYHV RI ZKLFK LQFOXGH WKH IROORZLQJ�

¾ ,QIOXHQFLQJ WKH DEQRUPDO WULS OHQJWK IUHTXHQF\ GLVWULEXWLRQ �RU WUDYHO GLVWDQFHV� FXUUHQWO\

H[SHULHQFHG LQ D QXPEHU RI DUHDV LQ WKH 0HWURSROLWDQ DUHD�

¾ 5DWLRQDOLVLQJ WKH SXEOLF WUDQVSRUW QHWZRUN� XVLQJ HVWLPDWHG RSHUDWLQJ FRVWV DQG IDUH LQFRPH

DV D PHDVXUH RI LPSURYHPHQW�

¾ ,QFRUSRUDWLQJ YDULRXV ODQG XVH VWUDWHJLHV VXFK DV QRGH DQG FRUULGRU GHYHORSPHQWV LQ

VHOHFWHG DUHDV LQ WKH &LW\�

¾ (OLPLQDWLRQ RI ERWWOHQHFNV LQ WKH URDG QHWZRUN�

¾ /LPLWHG URDG EXLOGLQJ SURJUDPV� ZLWK WKH IRFXV RQ VXSSRUWLQJ URDG EDVHG SXEOLF WUDQVSRUW

VHUYLFHV�

¾ 9DULRXV SRWHQWLDO WUDYHO GHPDQG PDQDJHPHQW �7'0� PHDVXUHV� LQFOXGLQJ WDUJHW OHYHOV RI

SXEOLF WUDQVSRUW XVDJH LQ VRPH GHWDLO GRZQ WR VSHFLILF 2' SDLULQJV DV ZHOO DV JOREDO

PHWURSROLWDQ ZLGH WDUJHWV�
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7KH 0HWURSROLWDQ WUDIILF PRGHO KDV EHHQ VXFFHVVIXOO\ FDOLEUDWHG DQG VLPSOLILHG WR UHIOHFW WKH

FXUUHQW WUDQVSRUWDWLRQ V\VWHP DQG JRHV D ORQJ ZD\ WR DFFXUDWHO\ VLPXODWH WKH WUDYHO

FKDUDFWHULVWLFV RI WKH UHJLRQ� $GGLWLRQDOO\� WKH PRGHO KDV EHHQ VWUXFWXUHG WR HDVLO\ UHIOHFW DQG

VLPXODWH VFHQDULRV DQG WKH DVVRFLDWHG LPSDFWV WKHUHRI� ,Q SDUWLFXODU� ODQG XVH VWUDWHJLHV WKDW DUH

IRFXVVHG RQ LQWHJUDWLQJ DQG UHVWUXFWXULQJ WKH FLW\ FDQ EH DVVHVVHG IURP D WUDQVSRUWDWLRQ

SHUVSHFWLYH ZLWK SDUWLFXODU HPSKDVLV RQ PDNLQJ WKH FLW\ PRUH HIILFLHQW DQG JOREDOO\ FRPSHWLWLYH�

     --- OOO ---


