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ABSTRACT: Public transil svatems provide mohility for a larpe pereentage of urban residents very dost-effectively and with
fminimium negative impact on the environment. In spite of their vital and indispensable services, bowever. the majority of iransil
swstemns worldvwide sufter from financial neglect and are forced o rely hiavily on government subsidies for survival. In response
to the rapidly shrinking lands and subsidy levels, transit managemenls have T fpeus attention on ways 1o IMprove service
aperations, The manggement-of public transit systems in Saudi Arabia is no exception o this trend. This siady is aimed al
evaluating the service performanee of o sample of regalar (Fxed-route, fised-schedule) bus tansit routes (n Riyadh, Saudi
Arabin Ltilizing a microcomputes-hased progeam, the bus trensi service operatinnal measures of fare, headway, vehicle size
anid routing wese sialyvieed. To secount tor the socio-eeonomic angd culiurad differences of transi ridership in Rivadh. timefcost
elasticities of demand as well a3 walk time and bus ravel time parametess of the model were calibrated. Evaluation of the impact
of changes in service operational measures supgested that no change in operational varshles could improve the very low
productivity of one of the sample stady routes. A cost-reduction strategy which meludes the use of smaller vehicles and less-
treguent serviee runs should improve the bow praductiviey of this route, Fimdings also indicated that @ small increase in fare
wonld pay for the total operstion and mamienance costs of the other routes. The mulhors, however, do not recammend an
merease infare for a varicts of reasons: the Jow meome level of the captive niderships, the enommous lnancial resourees of the
country, and the multi-dimentional ole o transit systems inoproviding urban mability with mimamum negative impacts on the
enviranment

This paper presents the result ol a rescarch study
designed to evaluate the impact of changes in service
attributes on the productivity of a sample of bus transit
routes in Rivadh, Saudi Arabia. The evaluation of service
measures was performed utilizing a microcomputer-based
evaluation program,

In spite of the positive impact of public transit
systems on urban land use development {Vuchic 1991},
quality of life (Pucher 1988), and its importance in

N

providing mobility and accessibility to employment
apportunities (Newsom et al. 1991), urban public
transportation modes are now threatened with complex
financial difficulties (Pickrell 1983, Technology Sharing
1985}, The majority of urban transit systems worldwide
rely heavily on government subsidies for survival
{(Koushki and Barry 1989, Talley 1991). The causes of
current transit system problems in the western developed
nations were addressed in a meeting of transport and
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transit specialists in the U,S, (Transportation Research
Board, TRB 1983), Transit problems were categorized
into three broad classes: societal conditions and trends,
government policy and subsidy, and management
shortecomings. The first category of societal conditions
and trend-related factors included: rising income and
decentralization of urban activities: recession, fuel, and
other price increases; skewing of government policies
relating to land development in favor of the auto and
highway use; and lack of interrelationship between transit
and planning for related activities such as land use
control, traffic controls, and community facilities, Factors
in the sccond category included the creation of a large-
scile operating subsidy program with little attention to
productivity, and rapid increase in the number and
complexity of government requirements. Management
shortcomings, the thied category, included such factors as
neffectiveness of management/skilled employees training
programs: emphasis on satisfying political constituencies
by expanding service without demand justification;

insulticient attention o new markets and new forms of

complementary services: and lack of attention 1o the
potential of various forms of paratransit systems, Of these
factors, those in the third category, are the ones most
commonly observed in the management of transit systems
in developing nations, Curtailing transit services to
minimize costs may provide for a simple short term
solution alternative.  However, n the long run, this
alternative usually results in a further decline of ridership
and loss of revenues. Operational changes aimed at
improving service productivity and efficiency, on the
other hand, are emerging as one of the most promising
palicy  alternatives  for the improvement of cost
elfectiveness of public transportation systems (Obeng et
al, 1986, MacDorman 1988,

A number of policy variables are available to transit
managements for service operation improvements, These
include serviee frequency. number and spacing of bus
stops, routing, fare (Guenthner and Jea 1985), marketing
(Walb and Booth 1985), management and administration
{(Turnguist et al. 1983), and technology (Stephanedes
1980).  The development of microcomputer-based
programs inorecent years has also faeilitaed the search
tor. and evaluation of, these service operating strategies.
[he Transit Operations Planning (TOP) model used in
this study represents one such model system ( Turnguist ef
ef, 1883}

[n Saudi Arabia, enormous revenues from oil over the
last twa decades have brought rapid and unprecedented
change  and  development  in socio-economic
infrastructures. The first (heavily government-subsidized)
public transport company, SAIPTCO, for example, was
only established in 1979 (SAPTCO  1987) The
availability of historical infermation and data on the
performance and productivity of the public transit svstems

in Saudi Arabia is, therefore, very limited (Al-Nuaim
1989). With the depletion of financial reserves due to the
recent wars of the Arabian Gulf, combined with the
sudden drop in oil revenues worldwide, Saudi Arabia's
bus transit system company is now suffering from
downsizing and cutbacks in its budget.

In contrast to the public transit system, the individual
driver-owned and operated minibus paratransit system in
Rivadh has been enjoving long-term financial success.
This positive phenomenon has been found to be a function
of & number of factors,  Chiel among them are the
system's tatloring of its service to meet the needs of the
demand, the expansion in the seat capacity of its vehicles,
the individual ownership/operation of its vehicles by the
drivers, and the system’s service operation type: flexible-
route, flesible-stop, and  Nexible-schedule (Koushki
| 984 ).

In anather recent unpublished study dealing with a
comprehensive survey ol demographic, transporiation.
land-use, and economic characteristics of Rivadh, data
were also collected on ridership traits of the SAP1CO
urban transit system (RDA |987), Important findings of
the study included the following: a) less than 3.5 percent
of daily trips in Rivadh were made by public transit
systems, and b) more passengers were carried by the
mini-bus paratransit than by SAPTCO bus transit (38,000
versus 34,000) per day,

The productivity of a sclected number of SAPTCO
bus teansit routes in Rivadh was also evaluated in a recent
study, Findings of the study indicated that the application
of life-cycle route cost and revenue analvsis may clearly
distinguish the efficient and inefficient transit routes
(Koushki and Barry 1989) Life-cvele analysis was
recommended as 4 mechanism which could play an
important and useful role T long-range planning,
budgeting and policy analysis of a bus transit system,
especially those with fluctuating levels of costs and
reventies, which is the case in most rapidly developing
countries.

Operational Characteristics

SAPTCO provides both inter-city and intra-city bus
transportation in ten urban areas. These include: Jeddak,
Rivadh, Makkah, Madinak., Dammam. Taif, Qasim;
Hofouf, Abha, and Yanboa. The svstem operates a flect of
1,100 buses (291 buses in Rivadh) and has manpower of
3,431 (made up of at least 16 nationalities). There are a
total of 106 bus rontes, 19 of which serve the capital citv
of Rivadh (SAPTCO 1988). An analyvsis of the annual
kilometers of operation {supply), and riderships (demand),
for the system's inter-city (public transit) services
nationwide pointed to the lack of adjustment between
demanded riderships and the supply of transit services
For example, while the number of passengers, both
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TABLE |

Swmmuary of Bowte Dava Surveys for the Study Rowtes

Foute Characteristics

Foute Name

Batha-Naseem

Atigah-Sulimania Batha-Ulayval

Lenzth, ki (Round Trip) 52 28 I8
Route Fare (SIY 3.0 2.0 2.0
o, of traffic signals 30 16 14
Population densin" Med - Low Hizh - Med L - Med
Area income level” Low - Med Mued High
Mean Mo of buses 9 il 14
Muean daily service rownd trps & ! 3
Mean passengers per round trip” LR 278 2003
Mean headway (min) R 185 4.5
Mean daily passengers’ 2,118 L3019 |, 39

PSS L0 =5SR 3.5

FRDA {1987

CEAPTOO (1987, 1988)

The Data

nationwide and in Rivadh, declined rather significantly
between 1985 and 1990, the vehicle-kilometers of
operation increased over the same time period, The
successhnl service completion of the paratransil systems
in urban areas has been cited as the main cause for the
ridership decline of the bus transit system (RDA 1987),
Further analysis of the data also showed that while the
number ol passengers declined by 9.1% and the system's
total revenue decreased by 5.9%. the kilometers of
aperation and the peak hour fleet size. both increased by
6.3% and 7%, respectively (SAPTCO [988).

Evaluation of Alternative Services Strategies

A number of bus routes in Rivadh were evaluated to
examine alternative service strategies such as fare,
frequency of service (headway), and rerouting, as well
as their effects on cost, ridership, and revenues. The
analyvsis was performed wtilizing the TOP model
program. A set of criteria was established to facilitate
the selection of sample bus routes. These included the
general socioeconomic status of ridership (income
levels, marital status, expatriate/Saudi, ete.). the
population density of the transit cormidor Chigh, medium,
low) and the length of the route (long, medium, short).
Using these eriteria, in conjunction with an analysis of
SAPTCOs route structure and discussions with its
managerial staft, the following representative bus routes
were selected Tor the study: Al-Batha/Al-Naseem (long,
medium density. low income), Al-Atigah/Al-Sulimania
(medium length, high density, medium-high income),
and Al-Ratha/Al-Ulayyah {short, low density, and high
meome ). Table | presents the locational, operational,
area ‘sociocconomic. and ridership characteristics of
these study routes.

Litilization of microcomputer-hased TOP model
program reguires a number of input data files. These
include route data {sequence of stops, theseating and
standing capacity of vehicles, route segment length,
speed limit, nuinber of signalized intersections, number
of stops, and the number of boardings and deboardings
per bus per segment); the x-v coordinates for each stop:
basic unit costs; and finally the choice of demand
maodel, Route-related data were collected via field
surveys of each selected bus route. Data concerning unit
capital and maintenance/operation costs were obtained
from the files of SAPTCO in Rivadh. Revenue
information was computed from annual riderships and
route fare levels,

Tos account for hourly, daily, and monthly varations
m demand (ridership). each sample route was field-
vistted during moeming peak period (7:00 a.m.-4:00
a.m.), evenimg peak period (6:00 pan <8:00 pm.), and
off-peak period (3:00 pom-~5:00 pom. ). cach repeated
three times on three different davs of the week. For cach
route, field-visits covered the six working davs of the
week - Saturday through Thursday. The data collection
was stretehed over time to cover an cight-month period.
At each field visit.a randomly arriving bus was selected
at the route origin stop, Riding in the bus, the reguired
data were recorded until the route destination stap was
reached. At least two random buses were monitored
during each time period. The operating travel speed for
cach origin-destination trip was computed from the
measured travel time and route length. The data were
then averaged to represent the service operational
characteristics of a route for a given time penod, Table
2 presents the summary result of route data surveys for
the sample routes.
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TABLE 2

Summary of Route Data Surveys for the Study Routes

Physical and Operational Morming Peak Afternoon Peak (Mi-Peak
Characteristics
Batha-  Augah  Batha- | Batha  Atigah- Batha- | Batha  Atiszsh  Batha -
Nas. - Suli LiTay. - Nas. Sali, Ulaw. - MNas. - Suli. Ulay,
Route fengzth (Km) - one-way | 26.0 4.0 o.0 6.0 14.0 %0 260 l4.0 &0
Mo of bus stops 210 200 (] 240 21.0 | 2.0 i 200 1.0
Mo, of signalized
intersections 00 [6.0 o 00 EVRY] 19.0 00 [0 190
Aveérage travel lime
(minj - pne-way 093 36.2 298 624 43.1 287 Bd.2 6.7 24.7
Avernge travel speed (km/hir) | 22.5 23.2 L8] 340 193 | 8.8 24.3 229 214

The Model

The TOP model has been developed to guide bus
transit managements in the search for, and evaluation of,
operating strategics thal meet local transit service
objectives, The model is primarily intended for use on
single routes or in transit corridors including a number
of serial or parallel routes (Turnguist et al. 1983). A
distinctive feature of the TOP model lies in its ability to
link the demand and supply components in an
equilibrium structure so that the effect of change in any
service measure will be reflected in the ridership of the
transit route,

The basic components of the TOP maodel include
models of demand. supply, costs and evaluation
medasures, Six service elements are specified, namely
the bus fare, headwav. vehicle size, routing, walk time
and bus travel time. Specification of these elements
determines the initial values for the four basic
performance measures  (supply  model). These
performance measures influence, and are influenced by
ridership (demand model). This interaction determines
the equibibrium between supply and demand for the
transit route.

TOP Moner. MODIFICATIONS: A review of the model
parameter files indicated that a number of parameter
values require modification if the characteristics of the
area/route under study are 1 be reflected in the demand
and supply madels. The default model parameters are
based on mean transit svstem characteristics in several
cittes in the United States. Model parameter
madifications included the following:

a)  Walking characteristics - The door-to-door travel
time for a given transit trip is a function of several time

components including access time, wait time, m-vehicle
travel time, transfer time, and egress time. In a recent
study concerning walking characteristics in central
Riyadh, the mean walking speed and the maximum
walking distance were found 10 be 1.1 més and 0.54 km,
respectively (Koushki 19893, The model default values
(13 m/s and 04 km) were. therefore, modified
accordingly.

The mean distance of walk 1o bus stops alse depend
upon stop spacings and the density distribution of walk
trips originating from, and destined to, the transit market
area surrounding each bus stop. Based on the
assumption of uniform distribution of trip-end densities
over the market area, the expected walking distance 1o
a bus stop may be computed as follows ( Tumquist et al.
1983}

2wp. - §*

E[WD] =
24WD__ - 68
forS =2WD,,,. (1)
and
2
E[W D] = —WD_
fa

il(}r 5 E : ‘Ir‘rIIDIIII'.\: |:2J
where WDmax = Maximum walking distance; S= Bus-
stop spacing and E[WD] = Expected walking distance.

by In-vchicle (bus) travel time [he multiple
regression equation for the computation of bus travel
time ona given route segment took the following form:
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=T 4 0L 1LOL, + 022N, + 004 P -2.3

i3
where:
I, = Mean travel time tor segment i (min)
it - . .
I™; = Free-flow travel time on segment i (min)

I, = Number of signalized intersections on segment |
L, = Lengthof segment i (km)
P, = Mean number of boardings and deboardings on

i

1
seement |

N, = Number of stops on segment i

However, sinee variables such as signal timing, number
of stops and passenger loading/unloading charactenstics
vary rather significantly in Saudi Arabia rom those of
the United States, the spatial transferability of the
parameters of the eguation required examination, Using
the data collected for the sample routes in Rivadh on
segment Jength, number of signalized intersections,
number of loading/unloading stops, and the number of
boardings and deboardings. a least square multiple
regression model was calibrated and evaluated. The
model demonstrated a high predictive ability and was,
then, chosen to replace the model-recommended
equation for bus travel time. The calibrated regression
equation for Rivadh had the following form:

T, = T'+0.2545 I;+0.01 L+1.5392 N;+0.U06 P;-3.82

(4}

where the variables are as defined above,

The resulting t-statistic values for the parameters of the
muodel were as Tollows:
i-hiatistic

Varnable Paramezer [3

Mo, of signalized inlecsections
on segment i; (L2545 tR.25

Mean no. of stops an

. 5107 53

shaRseat 1 | 5302 $3.16
. . 00123 29.51

Length of segment 3

Mean no, of

boarding/deboarding on

segment i D061 £ 5

R-square = (1.912; F-Statistic =54, p < 0.00]
The coefficient of determination, B, forthe mode!
was 91.2 % indicating an excellent goodness of fit for

the model.

¢) Cost parameters - Basic unit cost coefficients are
the input requirements of the Cost Model. These
melude:  capital eost per  vehicle-km.  fuel and
maintenance cost per vehicle-km and driver cost per
vehicle-km of operation. These data were taken from the
files of SAPTCO as mput to the model. Utihizing these
data and route-level operational data. the program
computes the tatal cost for cach route. The total cost is
the sum of labour, maintenance, fuel and capital costs.
The cost model estimates the short-run incremental
eosts of service changes, without including overhead
costs (administration, insurance. ete ), which would not
be expected to change on the short run. The capital cost
is expressed as equivalent annual costs over the life of
the vehicle (14 years with an engine overhaul during the
Oth vear of service). There is no parameter calibration in
the cost model, since actual transit system-related cosls
and operational data are input 10 the model.

i) Other modifications - Twao other modifications
were alse made 1o the parameter values of the TOP
model svstem, These meluded modilications 1o the
distributional split of daily trips (by trip purpose ) amd 1
demand elasticities.

The prohibition against women driving in Saud;
Arabia and the nponavailability of  school bus
transportation for a large number of school-age children
affect the distributional split of these trips significantly
(trip chaining). When a father leaves home for work,
with an intermediate stop to drop his children, the
home-based work trip will ¢hange to a home-based
nonwork (school) rip. [t was therefore, necessary fo
muodify the percent split of home based work, as well as
home-hased nonwork, trips for Bivadh. Utilizing the
data from a recent regional study (MOMRA 1985 ). the
TOP madel system parameters were then moditied. as
shown in Table 3.

[ABLES

TimeCost Elasticitis and Distribational Split of Daily Trips

Variahie Parameter Valug
Maode] Rivadh

Sphit of Daily Trips:

Home-based work 0.65 .56

Home-based nomwork 0,38 047

Transit Demand Elasticities:

In-veh. travel time -U.'__'_-" -[L13

Cut-ol-veh. travel tme -1.54 23

Fare =0.15 -39
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The other necessary modification involved is that of the
demand elasticity parameters. The model system
incorporates three elasticity-related parameters: in-
vehicle travel time elasticity, out-of-vehicle travel time
elasticity, and out-of-pocket fare elasticity, General
knowledge concerning the characteristics of bus
ridership in Rivadh indicates that lower clasticities
should be employed for the first two elasticity
parameters, since the great majority of the bus transit
ridership in Riyadh includes low-income expatriate
individuals, In general, expatriale low-income bus
travelers in Rivadh are found to be less sensitive to both
the in-vehicle and the out-of-vehicle travel times, and

maore sensitive (o the fare (cost), Based on a number of

lengthy team-work discussions with bus  transit
consultants in SAPTCO, and members of the Al-Rivadh
Development Autharity (RDA) transport planning team,
a set of travel time and fare elasticities for Rivadh were
developed, and the model-recommended clasticity
parameters were modified for Rivadh, as presented in
Table 3.

MODEL APPLICATION: The goal of the TOP model is to
provide the management of bus transit svstems with
information concerning the impact of changes in service
strategics on the system's ridership, costs, and revenues.
Important decision variables with [ikely impacts on
servige operations, therefore, include fare, headway
(frequency), and rerouting. Specific findings as a result
of model application are summarized in the conelusions.

a) Fare: [n general, transit ridership worldwide is
sensitive to fare. An increase in fare is usually
accompanied by a decrease in ridership. The ridership

1.1
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1.02

1
1
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i
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T
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decrease, however, depends on a number of factors
which may include the economic and choice traits of the
ridership. the purpose of the trip and, to a lesser extent,
the level of service characteristics of the transit system.
Due to their very low income levels, the transit ridership
in the oil-rich countries of the Arabian Gulf are most
sensitive to fare increases and basically insensitive to
service characteristics. This is the case in spite of the
fact that the majority of transit users in these and other
developing nations are captives,

The impact of a fare increase on the system's
revenue, therefore, depends on the point-clasticity of the
demand curve and the resulting shift in equilibrium flow
(lesser ridership paying a higher fare), Typical results of
the effect of a fare change on the revenue-cost ratio for
Al-Batha/Al-Naseem, Al-Batha/Al-Ulayyah, and Al-
Atigah/Sulimania routes are presented in Figures |, 2
and 3, respectively, The model changes the fare level
until the route's cost reaches an equilibrium with the
route's revenue. Results indicated that the Al-Batha/Al-
Naseem route pays for more than its cost during peak
hour operations (figure not shown) and for 88 % of its
cost during off-peak hours (Figure 1). Off-peak hour
revenues will match the route's cost only with a small
fare increase of SR 0.55 - 0.60 (5R3.5 = §1.0), from the
existing SR3.00 to SR3.55 or 3.60 {Figure 1), However,
due to the impracticability of SR 3.60 in fare collection,
a SR 3350 would he recommended
equilibrium achievement is desired.

To achieve revenue-to-cost equilibrium ratios for
the Al-Batha/Al-Ulayvah route. a fare increase of SR
8,00 (from the current SR 2.00 to SR 10.00) per ride is
required (Figure 2). With the current fare level of SR
2:.00, the route's revenue pays less than 30% of its cost,

if such an

[ TR S T T Y

(.88

3.75

Fare (SR

Figure 1. Fare Change and Revenue!/Cost Ratio (Batha-Naseem Route, Off-Peak),

19
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Figure 2. Fare Change and Revenue/Cost Ratio {Atigha-Sulimania, Afternoon Peak).

even during peak hours, The Al-Atigah/Al-5ulimania
route, which currently pays for 70% of its cost during
peak hours, will require a fare increase of SR 1.25 (from
SR 2.00 to SR 3.25) to pay for its cost (Figure 3 ).

The impact of a change in fare on ridership and
revenue per passenger-km were alse evaluated for the
study routes, An increase in fare was accompanied by a
decrease in transit ridership, as well as an increase in the
revenue per passenger-km for all routes, as expected.
However, the rate of change (increase) in revenue per
passenger-kilometer, with respect to a given fare level,
was higher than that of the ridership level (decrease), as

11

presented in Figure 4 for the Al-Atigah/Al-Sulimania
route. Under such a condition, an increase in fare more
than offsets the decrease in ridership and results in an
increase in revenues. This was the case for all the study
routes.

b) Headway: An increase in headway (reduction in
service frequency) is usually accompanied by an
increase m passenger wailing time and, consequently, an
increase in the overall route travel time. In the urban
areas of the developed industrialized nations, transit
ridership, in general. is very sensitive to transit travel
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Figure 4. Fare Change. Total Ridership and Revenug per Pass-kim tAtigha-sulimania, Off-Peak),

TABLE 4

Effect of Headway Change on Bus Transit Ridership for
the Study Rowtes (Off-Peak)

Headway Number of Daily Passengers

(min}
Batha- Batha- Hatha-
Mazeem I evwah Sulimanivah
10 G585 49240 4920
|4 fd ER08 4508
17 6373 4650 4650
20 G293 5750 4750

time. An inerease in headway is usually accompanied
hy a decrease in ridership. For the low-income riders of
mass transil systems in urban arcas of developing
nations, however, this is not the case,

As presented in Table 4. the result of the analysis af
the effect of change in headway on bus ridership
indicated that an increase in bus headway from 10 1o 20
minutes during off-peak hours resulted in a decrease of
nearly 300 person-trips per day in the Al-Batha/Al-
Naseem route, about 90 person-trips in the Al-Batha/Al-
Al-Ulayyah route, and 170 person-trips in the Al-
Batha/Al-Sulimania route. During the peak period
(mostly home-work/work-home trips), the impacts of
headway change on bus riderships were even smaller

12

than those observed during the off-peak hour, as
expected.

The evaluation of the impact of incressi ng headway
on route’s overall travel speed between origin and
destination ((-D) indicated that while the reduction in
travel speed due to an increase in headway (which
mereases the oul-of-vehicle waiting time, therchy
mcreasing the total travel time) was rather small during
the peak hours, that of the off-peak hours was generally
significant. As presented in Figure 5. increasing
headway from 5 to 12 minutes resulted in 0.2 km/hr
reduction in overall travel speed during the peak and 0.7
km/hr during the off-peak hours at the Al-Batha/Al-
Naseem route. This was basically due to higher in-
vehicle waiting time resulting from maore frequent bus
stops to satisty ridership demand. Similar trends were
also observed in the other study routes. A major impact
of headway increase, however, is the reduction in the
running costs of transit routes. The operation and
maintenance (O&M) costs are strongly affected by
changes in bus headways. The capital cost, on the other
hand. is slightly influenced by the change in headways
while revenues are not affected (Figure 6), as might he
expected,

) Re-Routing: Rerouting is the change introduced in
the original path followed by the bus transit. In general,
the rerouting of a bus transit route is periodically
undertaken to match the supply, and due 10 likely
changes which may oceur in urban land-use and the
consequential shifi in the location of ridership demand
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for bus transit. The TOP maodel also provides the transit
management with the rerouting option. Inputs to the
maodel are the characteristics of the new route segment
including length, number of stops, number of signalized
intersections and operating speed limits.

The application of rerouting was performed by
adding a new segment to the Al-Batha/Al-Ulayyah route
(Figure 7). Selection of this route for the analysis was
based on its very poor productivity, with a revenue/cost
ratio of only 032, in an attempt to improve its
performance,

The Re-Routing of Al-Batha/Al-Ulayyah resulted
in shight improvements i overall travel speed (Figure
8). The slight increase in speed was mainly due (o the
lower traffic volumes of the re-routed segment. Due to
the low land-use density, generally high-income nature
of residents in this area, and low level of bus riderships,
no change in the transit service characteristics could
significantly increase its ridership and improve the very
Lo productivity of this route.

Analysis of the data (not shown) resulting from
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re-routing indicated the insensitivity of demand (riders)
with respect to reductions in  hcadways (bus
frequencies). Reducing theé headway by 50 %, for
example, increased the ridership by less than 100
passengers for the peak period, The change in ridership
wias ¢ven less during the off-peak periods. The main
reason for the insensitivity of demand to this significant
change in the level of service characteristics stems from
the fact that the demand for bus transit services in
Rivadh, in general, and in Al-Batha/Al-Ulayyah district
in particular, consists of those of the "captive” nature.
Regardless of the service characteristics of the transit
system, captive riders remain the users of the system
due to the lack of any alternative choice of travel mode.

Conclusions and Recommendations

The TOP model is a simple-to-use analytical tool,
intended for a quick evaluation of alternative transit
service options, employing a number of default
parameters in its demand, supply and cost components.
These variables are all based on the characteristics of
transit systems in the United States. Clearly, these
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characteristics vary significantly from an industrialized
society to a developing nation. The default parameters
need to be calibrated and replaced by those reflecting
the socio-economic and transit systems characteristics
of the area under study.

Modifications to the TOP model for apphcation to
transit routes in Rivadh. Saudi Arabia, included those
concerning walking characteristics (length and speed),
distributional split of daily trips by trip purpose, fare
elasticities of travel demand, and cost input factors.
With these parameter modifications, the TOP model
system may effectively be used to evaluate mass transit
service operations in other countries of the Arabian
Gulf.

Based on the findings of this study, the following
conclusions and recommendations are made:
I. The Batha-Ulaayah route is extremely
unproductive, The route serves the area with the
highest income and lowest residential density. No
change in the service variables could improve the
productivity of this route. The regular transit



P.A. KOUSHKI, G.A. ALl AND Y A, AL-NUAIM

service should be offered by smaller/less costly
vehicles (minibuses), and with lower service
frequencies, especially during off-peak hours,

2. Small increases in fare for the other two study
routes resulted in increases in route revenues. The
total operation and maintenance costs of the routes
can be covered fully by this additional income.
However, when considering the low-income nature
of the SAPTCO bus ridership (captive expatriates),
the enormous financial resources of the country and
the deteriorating urban environment due to heavy
auto use, increasing bus transil fares may not be a
good policy lo implement.

3. In most areas of developing nations, bus transit
riders include mostly the "captive" submarket.
Attempts should be made to attract ridership from
the "choice" submarket. Use of marketing
techniques, improvements in the level of service of
transit systems, and application of pricing
mechanisms to parking, gasoline, and tolls to
discourage auto users, all have proven records in
mereasing demand for bus transit systems.

4. Theeffectiveness of microcomputer-based planning
and evaluation models in developing countries may
be hmited due to limitation of certain data such as
elasticities of ridership with respect to transit fare
and travel time, These are non-existent in Saudi
Arabia, and generally limited in developing
COUniries,
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