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Abstract: This paper examines whether regional characteristics can have a significant

impact on the engine sizes of the car fleet in Ireland. Disposable income is found to be

the dominant factor in determining the purchase probabilities of car engine size, but in

addition a combination of high population density and the availability of rail transport

can reduce the demand for medium and large engine sized vehicles, as well as for new

cars generally. Bus services, however, only serve as a substitute for small engine cars.
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1 Introduction

Transport is a major source of greenhouse gases and transboundary pollutants, and as a

multi-agent sector, controlling its emissions from presents significant challenges.

Understanding and influencing the fleet evolution therefore represents one important

strategic option for long-term emission control from this sector. The environmental

relevance of fleet evolution is usually considered in terms of engine sizes and the

corresponding positive correlation between engine size and the associated energy use and

emissions per km (European Monitoring and Evaluation Programme/European

Environment Agency, 20091). Previous work quantified the economic and demographic

parameters affecting car ownership and use (Giulianoa and Dargay, 2006; Dargay and

Hanly, 2007) and the role of built environment and transportation network properties

(Bhat and Guo, 2007; Bhat et al. 2009). Here we use a range of variables to build a car

purchase model that focuses on the likely evolution of the vehicle fleet, and individual

decision purchasing processes that may be swayedby specific policy instruments.

2. Model specifications

The model estimates the probabilities of purchasing cars of specific engine sizes; engine

size being an important in the generation of atmospheric pollution. Based on the discrete

choice model proposed by McFadden (2001, 2000), we assume that the probability that

decision maker i will select alternative j at time t can be calculated using equation 1; V ijt

being the deterministic term of the utility that can be captured by the explanatory

variables. The small engine car, j = 1, is used as the reference alternative. To reflect the

county structure of the data, the multinomial logit model with longitudinal data structure

and random effects, panel multinonmial logit model, is used ( Chen and Kuo (2001) A

two-level hierarchy (i, t) is used to divide the county-cluster data into periods.
EQUATION 1:

[image: image1.emf]
The relative probabilities of choosing alternative j rather than 1 are defined as odds, and

taking the logarithm of the Oddsijt generates Vijt, (equation 2). Xit is a vector of countyspecific characteristics, and βj is its corresponding coefficient vector. μi represents the

country specific intercept with random effects and μt the time specific intercept with

random effects. cj is the intercept for alternative j, and eijt is the error term. The

coefficients of the reference alternative, c1, β1 and μi1 are normalised to zero for

identification purposes.

EQUATION 2:
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The estimation is then based on the maximization of a weighted likelihood function

(Rabe-Hesketh, et al., 2004). Gauss–Hermite quadrature is used to approximate the

integrals in the estimation procedure because it works well with panel data with moderate

cluster sizes under 100. With random intercepts included variances across counties as

well as those over periods within a county and are used to indicate regional and temporal

heterogeneities in car purchase patterns.

A car ownership model, equation 3, is used to study new car ownership rates, basiaclly to

check if some of these variables influence ownership rates instead of engine sizes. Rit

denotes the new car registration number per 100 persons, c is the intercept and other

terms have the same definitions as in equation 2.

EQUATION 3
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3 Data
The macro parameters used at a county level are disposable income per capita (dinc1000),

average birth rate (nbirthr), population density (pdens), average gradients across the road

network (rslope), length of national ways and motorways per 1,000 persons (pmnw),

length of local roadways per 1,000 persons (plw), number of large public service vehicles

with more than eight seats per 10,000 persons (ppsv), and frequency of rail services per

1,000 persons. The dependant variable is the engine size which is segmented into, small

(less than 1.4 litre), medium (between 1.4 and 2.0 litre), and large (greater than 2.0). New

car registration numbers of each engine size segment are used as the weight of the

regression (nwa1). Whilst the dependant variable of the car ownership model is the ratio

of new car registration number per 100 persons.

The explanatory variables are lagged one year because the data is collected at the end of a

year, and mainly affect the purchase behaviour in the subsequent year. The dependant

variable and its weights are not lagged. Birth rates are also not lagged as it is assume that

births are fully anticipated by parents along with changes to associated transport

requirements. Disposable incomes are deflated to 1995 prices of 1995.

The average gradient of a coiutry’s road network is calculated using a geographic

information system. Terrain gradients are generated using a digital elevation model and

then the road network is overlapped on the terrain slope raster image to get the avearge

gradient of each segment of a road. The road gradient of a county is then taken as the

average gradients of these segments weighted by lengths. Road gradients are used instead

of terrain slopes to avoid overestimation of the slopes in some mountainous areas

inaccessible by car.

The rail service frequency data are extracted from the weekly time tables of Irish Rail.

Each time a passenger train stops in a station, this is trteated as a service available to local

people. All stop times in a week for stations within a county are summed at a county level

and divided by the population to generate an indicator for rail service availability. With

regard to large public service vehicles, national statistics are used for the number of

operation at a county level. Large public service vehicle numbers and rail service

frequencies act as proxies of public transport.

4 Results

First, the model specification should be checked as we use the panel multinomial logit

model instead of the simple general multinomial logit model. It considers both spatial and

temporal heterogeneities of the data and a greater log likelihood value of the panel

multinomial logit model indicates it will produce more reliable results. Furthermore, in

the results of the panel multinomial logit model, the random effect variance of time, 0.02,

is greater than the 0.01 variance of the counties impling that the time structure in the data

should not be neglected.

The Stata command of GLLAMM (Rabe-Hesketh, et al., 2004) is used to calibrate the

panel multinomial logit model; the results are shown in Table 1. The coefficients are

presented as log odds ratios in relation to a unit change of that variable. Thus, an

increment in disposable income significantly increases the relative probability of an

individual purchasing a medium or large engine size car. This suggests that the purchase

probability of a small engine size car decreases with additional disposable income whilst

the purchase probability of a medium or large size car increases with increasing

disposable income. On dividing the coefficients by standard deviations, disposable

income is found to have the highest significance level amongst all explanatory variables.

This gives strong evidence that disposable income is the dominant factor in choice of car.

In particular, scatter plotting of the marginal probability indicates that the increasing

curve of the large engine sizes demonstrates a quadratic trend, in contrast with the linear

increasing trend of the medium engine sizes.

Table 1 Results of panel multinomial logit model

-

	Dep V
	Dinc 1000
	Mbirthr
	Pdens
	Ppsv
	Pfreq
	Rslope
	Pmnw
	Plw

	Medium engine
	0.1344***
	0.1941***
	-0.0056***
	0.0193***
	-0.0108***
	0.0186***
	0.0902***
	0.004***

	Large engine
	0.2375***
	0.6218***
	-0.0165***
	0.032***
	-0.028***
	-0.0159***
	0.0354***
	0.0004

	Constant
	-2.8535***
	-6.801***
	Time variance
	0.0203***
	County variance
	0.0075***
	Log L
	01710666


Notes: *Significant at 10%; ** at 5%; *** 1%. (2) neng 2 and neng 3 mean medium and large engine sizes.

Birth rates are included in the model as families often require (or at least believe they

require) larger cars to accommodate their new babies and baby related luggage such as

buggies and child seats. The results show that birth rates have significant and positive

effects on the relative probabilities of medium and large engine sized cars, and slopes of

birth rates are steeper than those of disposable incomes, indicating more drastic changes

of preferences for cars to meet the needs of babies. However, birth rates are less

seignificant than those for disposable income, suggesting that there are more relevant

differences among families, particularly their disposable income, and this remains the key

determinant of car size. For examples, households with one new child vary significantly

in disposable incomes per capita, and this disparity will probably be enlarged after the

births of other children.
Population density has negative and significant impacts on the relative probabilities. The

former, on large cars, are almost double those on medium cars. Our findings are similar

Bhat et al. (2009) who finds that households in highly residential areas are less likely to

own large vehicles and those that live in high density street blocks prefer compact

vehicles. We also find negative and significant impacts of population density on the

ownership of new cars from the car ownership model. These negative impacts from

population density suggest that the building-up of high density residence areas in cities

may reduce the demand for medium and large engine size cars, and also the total demand

for new cars.

Rail service frequency has similar effects on the relative probabilities as population

density, that is, negative, significant and stronger on large engine cars. Hence, the results

would lend further support to the evidence which suggests that a combination of high

population density and high frequency public transport services can be an appropriate

strategy for regional planning. Specifically, the results show that this can offer an

effective means of reducing engine sizes in a car fleet over time and may thereby support

policies targeting reductions in associated transport pollution.

The representative variable for normal speed public transport (ppsv, the number of large

public service road vehicles), presents a more complicated pattern for interpretation. It

mainly substitutes small cars, and increases the demand for medium and large cars. In

consideration that buses are relative slow substitutes for cars and that people who tend to

buy small cars arguably have a positive perception of economical and “environmentally

friendly” modes of transport, the substitution of small cars can be easily understood. In

contrast, people who own relatively large cars may have special reasons for this, such as

they need a fast and flexible mode of transport or they have small children. These reasons

are understandably not diminished by access to a relatively slow form public transport

with a more irregular timetable.

Road slopes have significant positive impacts on medium engine size cars and significant

negative impacts on large engine sizes. High slopes require appropriate engine power. As

roads are usually built on smooth surfaces, the largest average road slope of a given

county is 4.54 degrees, and the technological progress of engines gives medium engine

size cars more power. This explains the increasing demand for medium size cars instead

of large engine size cars, considering the excessive vehicle weight and fuel consumption

of the latter.

Both national roads, including motorways, and local roads have significant positive

effects on the relative demand for medium engine size cars. National roads also have

significant positive impacts on large size cars. However, local roads do not have

significant effects on large size cars. This may be because local roads are usually narrow,

within residential areas and with a speed limit under 60 kph, which is less suitable for

those who prefer big cars and high speeds.

The results of the ownership model, shown in Table 2, suggest that disposable incomes

increase the demand for new cars, whereas population density and birth rate reduce the

demand. Because the birth rate increases the demand for bigger cars, but also increases

the population density and decreases the disposable income per capita, this is a probable

reason why it reduces the demand for new cars.

Table 2 Regression results of car ownership model
	Dep. V
	dinc1000
	nbirthr
	pdens
	ppsv
	pmnw
	_cons
	sigma_e
	sigma_u
	F

	npownr
	0.1043**
	-0.727*
	-0.7558*
	0.0369
	0.5463
	2.161
	0.6976
	2.4117
	3.73




Notes: * Significant at 10%; **significant at 5%.

We provide the marginal effects of each explanatory variable on the purchase

probabilities of a specific engine size car in Table 3. The values show the marginal

changes of the purchase probabilities caused by one unit changes of the explanatory

variables. These results are generated by the multinomial model.
Table 3 Marginal effects of the explanatory variables on purchase probabilities
	Engine
	dinc1000
	Nbirthr
	pdens

	ppsv
	pfreq
	rslope
	pmnw
	plw

	Small
	-0.037***
	-0.1266***
	-0.0043
	-0.0025***
	0.004***
	-0.0023
	0.0185*
	--0.0019**

	Medium
	0.0284***
	0.0951***
	0.0043*
	0.0017**
	-0.0028**
	0.0035
	0.0187**
	0.0018***



	Large
	0.0086***
	0.0315*** -
	0.00003
	0.0008***
	-0.0012***
	-0.0012
	-0.0003
	0.00004




Notes: *Significant at 10%; ** at 5%; *** at 1%.

5 County discrepancies
In addition to the study at the country level, the assessment of engine size purchase

probabilities at a county level also clearly indicates that for all counties the purchase

probabilities of medium (PMedium) and large engine size cars (Plarge) increase with

increases in disposable income, whilst those of small engine size cars (PSmall) decrease.

As PMedium < PSmall at the beginnings of all counties, the increase of PMedium means that

there are or will be intersecting points where PMedium surpasses PSmall. The earlier or later

arrivals of these intersecting points will be good indicators for the preference changes of

counties, and give answers to whether these counties change preferences towards medium

engine sizes simultaneously or asynchronously, and what factors can explain this. Thus,

we record the corresponding disposable income for each county where PMedium become

greater than PSmall (P2GP1 points)2, we find that not all counties move to preferring

medium engine size cars at the same points of disposable income: the values of P2GP1

points vary between 11,481 (Longford) and 16,225 (Dublin).

To explain these variations more precisely, average values of all explanatory variables

during the study period from 1995 to 2007 are calculated for each county. The most

relevant ones (disposable income, population density, road slopes and rail service

frequency) are displayed together with P2GP1 points in Figure 1 with bar charts on a map.

All values have been converted into relative values between zero and100. As for P2GP1

points, short bars mean the purchase probability of medium engine size cars increases

more quickly in this location than in others. That is, PMedium becomes greater than PSmall

even when disposable income is relatively low. In general, the preference for medium

engine size cars is at higher levels of disposable incomes locations in the east and south

parts of the country, and at lower incomes in the west, central and north parts.

We combined the probability calculated directly from new car registration data and the estimated probability from the model to find out the PMedium > PSmall points. As the former are from real world data, there are probably several such points during the PMedium that can be up, down and up again. We use the real point that is the closest to the estimated point.
[image: image4.emf]
Figure 1 County characteristics that explain the purchase probability changes

Sources: URBIS database, SRTM and data from explanatory variables

Notes: Values are rescaled to 0-100 although the population density of Dublin is not displayed proportionally to others because it is too. We rescaled county population densities except that of Dublin to 0-100 and set the population density of Dublin to 120, although it is 1153 when scaling the second to 100.

The strongest influence in probability changes is disposable income of county, averaged

from 1995 to 2007. From the figure we see that most counties have similar levels of

P2GP1 points and average disposable incomes and in more detail almost all counties

reached P2GP1 points concurrently in 2004 and 20053. This means that relatively slower

developing areas follow the trend of more quickly developed areas asynchronously even

though their income levels did not reach the same levels of those more rapidly developing

areas. In other words, lower income counties have lower P2GP1 points, which explains

the close levels between average incomes and P2GP1 points. Thus, if the values of P2GP1 points shift away from average disposable incomes, this is because of factors other than incomes.
Population density is one factor; the west, middle and north parts of the country have low

population densities. To discern the effects of the low population density from those of

disposable incomes, we can compare Galway and Limerick. They are in the same region

and have similar levels of average incomes, but the lower population density in Galway is

linked with significantly lower P2GP1 values than its income level. In contrast, the P2GP1 values of Limerick are higher than its income levels. Similar effects of higher population densities can be found in Louth, Cork, Waterford, Meath, Wexford and Carlow.
We also find that counties with higher road slopes, such as Kerry, Donegal, Leitrim,

Cavan and Monaghan, have lower P2GP1 values., with exceptions being Cork,

Waterford and Wicklow. The latter have relatively high population densities as well as

steeper road slopes. This suggests that lower population density and higher road slope

encourage people to buy medium engine sized cars instead of small engine ones to deal

with the slopes or to travel longer distances for social and work related purposes.

Rail service and road condition are also important regard preferences for small engine

size cars. One example is Wicklow, which has the highest value for road slope of 4.54

and yet has high P2GP1 values; is its adverse terrain is offset a relatively rich county

adjacent Dublin resulting in a good quality of it road network. Additionally the public

transport is relatively good, with a rail service frequency metric of 9.44 comapred to a

national avaerge average of 4.62. Other counties in the eastern region around Dublin,

southern areas around Cork, and counties connecting these two areas have good railway

connections and relatively good P2GP1 values. In contrast, Sligo and Mayo have lower

population densities, but still have higher P2GP1 points in comparison with their income

levels.
6. Conclusion

We have shown that purchase decisions and car engine size preferences are influenced by

economic, demographic and geographic characteristics at the regional levels. In a number

of cases, the explanatory variables offer scope for environmentally focused policy

interventions targeting vehicle size and transport energy cars. In particular, Therefore

effective regional planning would seem to be able to contribute toward a smaller fleet

with smaller engine sizes.
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