MODELLING HOUSEHOLD CAR
OWNERSHIP IN THE GULF STATES

The Case of Kuwait

By Galal M. Said*

INTRODUCTION

Household car ownership rates are important and need to be estimated in the analysis
of several transport-related issues. Khan and Willumsen (1986) have outlined the basic
differences in the needs of car ownership modelling for transport planning in develop-
ing and developed countries. The term “developing countries” covers a wide range of
nations, with countries in the Gulf region providing a good example of aunique category
of developing nations.

The oil-producing Gulf states are very rich and share several features. They are not
heavily populated, their populations contain a significant proportion of lower income
foreigners, they have experienced considerable economic growth over the last three
decades and their internal social and economic situation is essentially different from
both developed and other developing countries. Referring to Kuwait in particular, the
population is composed of two distinct groups — Kuwaitis and non-Kuwaitis — and
each has been growing significantly since the 1950s. While the Kuwaiti population has
steadily grown to contain a homogeneous mix in terms of age and sex, the non-Kuwaiti
population has experienced some structural changes. One change is related to the
increase in the proportions of individuals in the working age. Another change has been
the bias towards working males rather than females. A third change has been the rise in
the proportion of non-Kuwaitis from Asian countries in the total non-Kuwaiti popula-
tion which has traditionally been dominated by Arabs. These issues have been discussed
by Hutchinson and Said (1990). There have been strong structural changes in the
national, demographic and socio-economic setting of Kuwait since the Iraqi invasion
in 1990 and the Gulf War in early 1991. The data used in this paper do not reflect these
changes.

Modelling approaches of the transport sector in the Gulf countries are expected to
reflect the above features and should rely on data that are routinely available and can be
forecast easily. This paper develops a model of household car ownership rates for
Kuwait as an example of countries in the Gulf area. The model is developed using a
cross-sectional database collected through a home interview survey in 1988. The model

*  Professor, Department of Civil Engineering, Cairo University, Fayoum, Egypt. This article is based
on research funded by Kuwait University. The author thanks Hassan Ibrahim, Hassan Abdul Baki, and
Reda Alfi.

121



May 1992 JOURNAL OF TRANSPORT ECONOMICS AND POLICY

utilises the framework of the general linear model where its regression specification is
used. Car ownership of Kuwaiti and foreign households is modelled as a linear function
of some qualitative and quantitative variables, and the single and joint effects of these
variables are considered. This approach is believed to be more appropriate for situations
like those existing in Kuwait since behaviour-type models are difficult to develop and
use for some of the nationality groups, for reasons cited later in the paper.

A review of current car ownership models is given in the next section and the
suitability of these models is reviewed against the conditions in Kuwait. An analysis of
the factors influencing household car ownership is presented using data from the 1988
home interview survey. The framework of the general linear model is then described.
Car ownership models for Kuwaiti and non-Kuwaiti households are then described and
assessed.

CURRENT CAR OWNERSHIP ESTIMATION TECHNIQUES

Early work on car ownership used a logistic growth curve fitted to time-series data of
household car ownership while employing an independently determined estimate of
saturation levels. The work of Tanner (1978), Pearman and Button (1980), Button et al.
(1980) and Groenhout and Bell (1985) provide typical examples of studies using this
approach. The independent variables in these models were the per capita income, cost
of motoring and the saturation level of car ownership. This approach has been criticised
for omitting critical variables from the estimation procedure and for being strongly
dependent on the concept of saturation level of car ownership. The nature of the
saturation level of car ownership was the subject of different interpretations.

There has also been some work on modelling car ownership rates using cross-
sectional regional (zonal) observations of some explanatory variables. Pearman and
Button (1976) have used simultaneously both cross-section and time-series data in a
framework of pooled regression. ,

Cross-section analysis has also been used on the household level. The probabilities
of a household owning a specific number of cars were modelled as functions of the
relevant household characteristics. The cross-sectional approach has been enhanced by
the use of discrete choice analysis models (see Train (1980) and Ben-Akiva et al.
(1980)). The latter approach gives a deeper knowledge of the socio-economic factors
of importance for household car ownership, and allows for the identification of the
influence of local conditions such as public transport provision on car ownership. There
has been some shift towards the joint modelling of car ownership and use (see Bates
(1982) and Train (1980)).

Jansson (1989) has argued that through the use of the cross-sectional approach it will
be impossible to identify the dynamics of car demand. Jansson has suggested that a
better approach is to study the car ownership development path over the life-cycle of the
individuals of a particular generation and by comparing this with developments of other
generations it will be possible to capture the dynamics of the growth in car ownership.

Abelson and Baker (1982) have taken the view that if models are to be used in
forecasting, then the ability to forecast their explanatory variables becomes very
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important. They noted that it is always difficult to predict the full and joint distributions
of a large set of characteristics of individual households. Prediction of the average
characteristics of a group of households is easier and the car ownership forecasts for
groups of households may well be better based on grouped (zonal) cross-sectional data.

Car ownership in Kuwait has been studied in one specialised transport study in 1977
and within the transport analysis of the master plans in 1970, 1978 and 1983. In these
studies visual trend analysis of the per capita car ownership was undertaken. Based on
this analysis, the 1983 master plan has produced somewhat crude estimates of future car
registration levels. The master plan estimates for the 1985-1990 period are now proven
to be excessive.

This paper introduces a modelling approach of car ownership on the household level.
The proposed approach is a statistical one and is based on the concepts of the general
linear model. It is argued that this approach is more appropriate for use in Kuwait and
other Gulf states than discrete choice models. Households of some of the nationality
groups that make up the population are severely constrained in their car ownership
decisions and could not be assumed to make the kind of rational decisions implicit in
discrete choice models.

Kuwaitis do not use public transport and rely completely on private cars for work and
other trips. This is not the result of employing any utility maximisation decision
criterion; it is rather due to their very high income, the perception that public transit
users are less socially-situated individuals, and the presence of family drivers in most
households, making factors such as the number of family members in the driving age
irrelevant to the car ownership decision making process. Non-Kuwaiti households are
of lower income. However, almost 90 per cent of these households can afford to own
at least one car because of the exceptionally low prices of good second-hand cars, the
extremely low gasoline price, the absence of road tax and the low insurance premiums
and parking fees. Because these households are faced with external constraints,
restricting the issue of driving licences mostly to their working members (especially
those in technical occupations), they cannot automatically own cars if they wish to. This
results in about 30 per cent of the private households and the majority of the 9400
collective households recorded in 1985 having no cars.

Another factor that would make the use of discrete choice models not readily feasible
is the availability and accuracy of data. Data of the type needed to calibrate and use these
models are difficult to generate for households of some of the nationality groups.

Statistical models identified within the general linear model (GLM) framework have
a number of features that suit car ownership modelling in Kuwait and other Gulf states.
The relationship of car ownership to several household quantitative variables such as
size and income is found to be approximately linear or could be linearised. The use of
the GLM framework makes it possible to identify the qualitative factors that influence
car ownership, thus allowing for the separate treatment of households of significantly
different car ownership levels such as those in Kuwait. These factors could include the
nationality, house type and area type. For each of the household groups that have
different car ownership rates, it is possible to develop regression (or ANOVA)
expressions of car ownership rates as related to all statistically significant quantitative
household variables. The significant interaction terms of these variables could be
included as well. The use of this approach has been proposed and applied earlier in
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conjunction with the modelling of trip rates (see Rickard (1989), and Said and Young
(1990)). The framework of the general linear model has been described by McCullagh
and Nelder (1983).

PRELIMINARY ANALYSIS OF HOUSEHOLD CAR OWNERSHIP RATES

The 1988 home interview survey conducted by Kuwait Municipality included 6,200
households and 60,000 persons. The households included 2,200 Kuwaiti and 4,000 non-
Kuwaiti households. The household information collected included data on nationality,
household size, house type, car ownership, income, number of adults, full-time workers,
zone of residences and the age and occupation of household heads. The personal
information included age, occupation, status in the household, morning trips with
specification of the destination and mode of travel. This data has been used to generate
a combined car ownership-household-person file. This data is used in the analysis in the
rest of this paper.

Some preliminary investigations of the household characteristics and their relation-
ship with car ownership have been undertaken. It has been established that:

(a) Nationality has a noticeable effect on car ownership with Kuwaiti households
having, on average, more than double the car ownership of non-Kuwaiti households
(see Figure 1).

(b) Car ownership has a clear correlation to household size as the level of car ownership
increased steadily as the household size increased. Kuwaiti and non-Kuwaiti

households have different car ownership levels in relation to household size (see
Figure 2).

(c) Household car ownership has increased as the income increased. Kuwaiti and non-
Kuwaiti households have had increasing levels of car ownership in relation to
income increases (see Figure 3).

(d) The number of male and female adults in the household has an impact on car
ownership (see Figure 4). Kuwaiti and non-Kuwaiti household car ownership levels
increased as the number of adults increased.

(e) Car ownership levels vary with the house type. Kuwaiti households in single family
housing (villas and “other housing types”) have higher ownership rates than
households in apartments. The situation is less clear for non-Kuwaiti households
although households in villas had generally higher ownership rates. Household place
of residence appears to have some influence on car ownership. Well established
Kuwaiti households in inner zones closer to the Downtown had higher car ownership
rates when compared to those in outlying areas (see Figure 5).

(f) The household structure appears to have an impact on car ownership of Kuwaiti
households and only moderate impact on car ownership of non-Kuwaiti households
(see Figure 6). Figure 6 also shows that the occupation category of Kuwaiti heads of
households has some impact on the car ownership level.
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Influence of Monthly Income on Car Ownership
for Households of the Three Nationality Groups, 1988
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FIGURE 4
Influence of the Number of Adults on Household Car Ownership Levels, 1988

The above preliminary analysis suggests that the variables describing nationality,
house type and location within the metropolitan area may be considered as important
qualitative factors. The significance of the house type and location factors is to be
verified statistically. The analysis also suggests that the variables describing income,
household size and number of adults are important quantitative variables. The house-
hold structure had effects on car ownership similar to the household size and the number
of adults variables, and is therefore dropped from further analysis.

In the analysis that follows, equations relating the car ownership rate to income,
household size and number of adults are developed for households of each of the three
nationality groups. Up to six equations may be developed for each group, corresponding
to three house types, and the two groups of inner and outer zones. In cases where one
or both of these factors is not significant, fewer equations will be required. For example,
it will be shown that both the house type and area type are not significant in the case of
Arab and Asian households and only one equation for each group will be required.

Said et al. (1992) have described, in conjunction with a study on work trip rates, a
statistical procedure within the general linear model framework (see Dobson (1983) and
McCullagh and Nelder (1983)) through which the significance of possible qualitative
variables could be tested. This procedure is utilised in this paper.
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THE GENERALISED LINEAR MODEL

There are clear differences among households of the three nationality groups. House
type and location within Kuwait metropolitan area are other qualitative factors that need
to be evaluated. The quantitative variables X, = household size, X, = number of adults
in the household and X; = household monthly income are included as possible variables
for explaining the variations in car ownership rates.

In the following statistical models, the superscript i is used for the area type, with i
coded as 1 and 2 for inner and outer zones, respectively. Cell (j,k,I,m)® corresponds to
the group of households with area type level i, house type j, k™ observed value of X, I**
observed value of X, and m™ observed value of X;.

For cell (j,k,/,m)"” in the sample let

N©,,,, = number of households, .
YO my = numberof owned cars observed for the " household, r=1,... ,N®,
Y®ym = total number of owned cars

and in the population let
u®., = mean number of household cars
0'(‘)/ = standard deviation of the number of household cars.

Examination of the observed within-cell variance of cars per household in relation
to the cell means has revealed that the variance/mean ratios for Kuwaiti households are
stable with values close to one, suggesting that the car ownership rates for cell (j,k,/,m)®
may be taken to have approximately a Poisson distribution with mean p®;,;,,.. A similar
examination for both Arab and Asian non-Kuwaiti households has revealed that the
variance is relatively stable with changes in the mean. Figure 7 shows these relation-
ships for households of the three nationality groups for inner zones only. The figure
includes Kuwaiti households in villas and Arab and Asian households in apartments.
Households in the outer zones had similar relationships.

Tomodel the dependence of the mean car ownership of Kuwaiti households on house
type (within a specific area type, i) and on the quantitative variables X, X, and X;, a
logarithmic link is assumed:

log p'(i)jklm = B(')Oj + B(’)UX et B(')ZjXZI + B(1)31 Xam + B(')4j XX

+ BOs; X1, X, + B Xop X3, + B2 X 1y Xy X3,
This model ensures that the mean is positive.

Tests of the house type effects (within each area type) are performed by examining
the reduced models

log WDy, = B + BD Xy + BOy Xy + BO3 X, + POy X Xy

ey

Jkim
. . . )
+ BOs X 1, X, + B X X3, + BO7 X1 Xy X5, .
and
log p® kim = BOg + B X, + B, Xoy + B3 X5, + By X Xy
+ BDs X X, + PO Xy X3 + BO7 X1 Xy X, A)
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Model (2) allows for house type to have a systematic effect on the average car ownership
rate but takes the effects of X;, X, and X; to be the same for all house types within each
area type. Model (3) implies that house type has no effect at all. Other reduced model
forms are obtained by setting subsets of the B-terms in (1), (2) and (3) equal to zero (Said
et al. (1992)).

Models are fitted by the method of maximum likelihood using the statistical package
GLIM. The goodness-of-fit is measured by the deviance. When a Poisson distribution
is used the deviance is measured by:

D =23553, (YO, 108 (Y0 INO sy WO ) = (YO — 1P, 4
The deviance D is approximately distributed as chi-square with degrees of freedom
equal to the number of cells within the area type minus the number of parameters in the
model. Changes in the deviances may be assessed using chi-square tests to test reduced
models (Said et al. (1992)).

In the case when the standard deviation-mean relationship shows that the standard
deviation is relatively stable with changes in the mean as in the case of Arab and Asian
non-Kuwaiti households, the models equivalent to (1), (2) and (3) would be expressed
in terms of p®;,, instead of log p”;;,,. The deviance in this case is measured by:

. _ A
D=X%3%, NOy, YO, - (i + 61X wt ﬁzle + 63X3m + BaX 1 Xy
+ 65X 16XK3m + 66X2lX3m + 37X 11X2:X3m)]

In (5), Y4, denotes the observed mean car ownership rate for households in area
type (i), house type (j) and household size, number of adults and income combinations
(k, 1, m). The B terms are the estimates of model parameters. If the model is correct, then
the deviance (D) is approximately distributed as an F distribution.

The study of models (1), (2) and (3) for Kuwaiti households and the other models for
Arab and Asian households should help in the identification of house effects within each
area type. The study of the significance of area type requires the use of similar models
in which the effect of area type is studied for each specific house type. This can be
thought of as re-defining (i) to denote the house type and (j) to denote the area type.

®)

CAR OWNERSHIP RATES OF HOUSEHOLD GROUPS

Kuwaiti Households

The statistical analysis of the effect of area type for Kuwaiti households has shown that
households in inner zones differ in car ownership from those in outer zones. The
procedure used to arrive at this conclusion is similar to the one used below for the study
of the effect of house type.

The statistical analysis of the effect of the house type within individual area types has
been done through the examination of reduced forms of models (1), (2) and (3). Only
the household size and income variables and their interactions were included. Similar
conclusions were obtained when the number of adults variable was included. Fits of
these models for inner zones gave deviances equal to 112.8, 118.7 and 130.5 with 125,
131 and 133 degrees of freedom respectively. The y? statistic for comparing the models
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TABLE 1

Model Fits of Car Ownership Rates of Kuwaiti Households
Using Household Size and Income

House Type Inner Zones Outer Zones

Villa Cum = €xp(0.61 + 0.068X, + 0.09X;,,) Cum = €xp(0.38 + 0.04X, + 0.2X3,)
Apartment Coum = €xp(0.23 + 0.068X, + 0.09X,,,)) Coum = €xp(0.14 + 0.04X, + 0.2X;,)
Others Cim = €xp(0.38 + 0.068X, + 0.09X3,) Cam = €xp(0.33 + 0.04X; + 0.2X3,)

X, = household size
X5 = monthly income in 1000KD

given by (1) and (2) has a value of 118.7 — 112.8 = 5.9 with 6 degrees of freedom.
Similarly, the 72 statistic for comparing the models given by (2) and (3) has a value of
11.8 with 2 degrees of freedom. Since from y? tables the upper 5 per cent points are e
(0.95) = 12.59 and %2, (0.95) = 5.99, there is a significant difference only between (2)
and (3). This means that the house type has a systematic effect on the average car
ownership rate and that the effects of X;, X, and X; are the same for all house types.
Model (2) is used accordingly. Similar conclusions were reached for households in
outer zones.

Given the above findings, equations have been fitted for Kuwaiti households of each
of the three house types using (2) for households in inner and outer zones. Reduced
forms of (2) are examined for each of the three house types. The equations for the
estimated cell means of car ownership rates are listed in Table 1.

A number of observations are drawn from Table 1. The difference in the magnitude
of the coefficients between inner and outer zones is clear in the table. With similar
household size and income characteristics, households in inner zones are expected to
have higher car ownership rates. This is consistent with our knowledge of the area since
the majority of households in inner zones are more established. Within each of the two
area types, the changes in the coefficients for different house types are only restricted
to the grand mean with the main effects being similar. Within each area (inner or outer
zones), households in villas have the highest car ownership rates followed by house-
holds in “other” housing types (mostly Arabian houses or old style villas). Again this
is consistent with our knowledge of the socio-economic situation of Kuwait.

Equally good results were obtained using the number of adults variable, X, instead
of the household size variable X,. The fitted models are shown in Table 2. In this case
it was found that the interaction term X, X5, is significant but with a negative sign. This
is probably to offset the relatively higher main income effect in this set of equations
compared to the earlier group in which the household size was used. The relative value
of the parameters of household size and number of adults variables in Tables 1 and 2
reflects the proportion of the number of adults to the household size of Kuwaiti
households.
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TABLE 2

Alternative Model Fits of Car Ownership Rates of Kuwaiti Households
Using the Number of Adults and Household Income

House Type Model Fits
Inner Zones
Villa C\um = €xp(0.38 + 0.168X,, + 0.18X;,, — 0.019X,,X;,,)
Apartment Cyum = €xp(0.10 + 0.168X,, + 0.18X;, — 0.019X,,X;,.)
Others Cim = €xp(0.17 + 0.168X,, + 0.18X;,, — 0.019X2,X,, )
Quter Zones
Villa Cium = €xp(0.15 + 0.15X,, + 0.26X 5, — 0.018X,,X,)
Apartment Coum = €xp(0.006 + 0.15X,, + 0.26X;,, — 0.018X,,X;,,)
Others Cim = €xp(0.11 + 0.15X,, + 0.26X5,, — 0.018X,,X5,,)

X, = the number of adults in the household
X; = monthly income in 1000KD

TABLE 3

Observed and Estimated Car Ownership Rates of Sample Group of
Kuwaiti Households Living in Villas Within Inner Zones
Using Model Fits of Table 3

Income Household Size
KD/month 4 6 8 10 16
500 2.33(3) - 2.60(5) 3.50(2) -
2.53 3.30 3.78
800 2.43(7) 2.66(6) *4.77(9) 3.75(4) 5.00(2)
2.60 2.97 13.41 3.88 6.40
1500 3.00(6) 4.13(8) 4.66(6) 4.80(5) 6.50(2)
2.77 3.17 3.63 4.13 5.84
2500 3.00(2) 3.50(4) - 6.67(3) -
3.03 3.47 4.52
4000 - 4.00(3) 5.40(5) 8.00(2) 7.00(2)
3.97 497 5.17 7.31
* observed (frequency) t estimated

— no observations
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TABLE 4
Observed and Estimated Car Ownership Rates
of a Sample Group of Arab Households
Income Household Size
KD/month 2 4 6 8 10
100 0.42(12) 0.18(17) 0.90(20) 0.47(17) 0.67(9)
0.67 0.73 0.79 0.85 0.90
300 0.80(45) *0.97(99) 1.10(151) 1.00(147) 0.93(80)
0.87 10.92 0.98 1.04 1.10
500 1.16(32) 1.13(132) 1.28(172) 1.38(100) 1.15(88)
1.06 1.12 1.18 1.23 1.29
800 1.10(20) 1.40(94) 1.51(116) 1.51(72) 1.57(46)
1.35 1.41 1.47 1.52 1.58
1500 1.50(4) 1.88(34) 2.32(37) 2.50(12) 2.00(5)
2.03 2.09 2.15 2.20 2.26
* observed (frequency) testimated
— no observations
TABLE 5
Observed and Estimated Car Ownership Rates
of a Sample Group of Asian Households
Income Household Size
KD/month 2 4 5 6 8
100 - 0.70(10) 0.33(6) 0.60(5) -
0.70 0.70 0.70
300 0.43(7) *0.69(32) 0.67(27) 0.71(17) 0.60(5)
0.79 10.79 0.79 0.79 0.79
500 0.50(6) 1.00(27) 0.90(21) 0.82(11) 2.29(7)
0.89 0.89 0.89 0.89 0.89
800 - 1.18(17) 0.89(19) 1.13(15) 1.14(7)
1.03 1.03 1.03 1.03
1500 - 1.27(11) 1.56(9) 1.00(5) 1.00(2)
1.36 1.36 1.36 1.36
* observed (frequency) testimated

— no observations
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Table 3 shows the observed and estimated car ownership rates of Kuwaiti house-
holds in villas within inner zones allowing for different combinations of household size
and monthly income. The table shows that there is very good agreement between the
observed and estimated levels of car ownership rates.

Non-Kuwaiti Arab and Asian Households

Statistical analysis of the significance of the effects of house type and area type for Arab
and Asian non-Kuwaiti households indicates that neither factor is significant for each
of the two nationality groups. Accordingly, only one model fit was needed for
households of each nationality. For both nationalities, the combined effect of household
size and income was not significant. Furthermore, the household size was not found to
be significant for Asian households.

The model fit for Arab households has shown that the best model has the form:

(i, =0.518 + 0.029X,, + 0.9X,,, (6)
On the other hand, the fitted model for Asian households has the form:
(i), = 0.649 + 0.48X,, 7

In equations (6) and (7) the monthly income is measured in 1000KD.
An equally good equation was developed for Arab households in which the number
of adults was used instead of the household size. The equation has the form:
fi;, = 0.45 + 0.11X,, + 0.85X;,, (8)
The observed and estimated values of car ownership rates of the two nationality
groups are shown in Tables 4 and 5 for selected household size and income combina-

tions using equations (6) and (7). These two tables also show very good agreement
between the observed and estimated car ownership rates.

CONCLUDING REMARKS

The socio-economic structure of countries in the Gulf area is essentially different from
those of developed and other developing countries. This has an impact on several
transport-related issues such as car ownership. Car registration and household car
ownership have increased significantly in the Gulf states owing to the combined effect
of (1) natural population growth, (2) the steady rise of foreign workers, (3) the
exceptionally high income of native and some foreign households, (4) the presence of
a good proportion of very large households, (5) the absence of road and gasoline tax, and
(6) the low insurance and parking fees. Kuwait is a typical example of countries in the
Gulf region.

Behavioural-type cross-sectional models based on discrete choice analysis may not
be appropriate for Kuwait since some of the household groups are constrained in their
car ownership decisions. They cannot be assumed to make the kind of rational decisions
implicit in discrete choice models. An alternative approach has been proposed based on
the general linear model framework.

Because of their markedly different characteristics, Kuwaiti and the two non-
Kuwaiti household groups were dealt with separately. Within each group the possible
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effects of two qualitative variables were studied. It was established that the area type and
house type had an effect on the car ownership rate of Kuwaiti households, whereas no
‘such effect was detected for Arab and Asian households.

Three quantitative explanatory variables were used and their single and combined
effects were studied. It was established that : (1) car ownership of Kuwaiti households
for various house and area types could be expressed as functions of the household size
and income, or as functions of the number of adults in the household, household income
and the combined effects of the two variables; (2) car ownership of Arab households for
all house and area types could be expressed as a function of the single effect of the
household size and income; and (3) only household income was found to be a significant
quantitative variable for Asian households.

The quality of the model fits was confirmed through comparison of the observed and
estimated values of car ownership rates of selected household groups. The model
estimates agree well with the observed car ownership levels. Kuwaiti households seem
to be the least constrained in their car ownership decision, suggesting that behavioural-
type models could be developed for them. This is the subject of a current investigation.

Date of receipt of final typescript:May 1991
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