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ABSTRACT

A cap and share scheme is a policy whereby a cap or limit is placed on national CO,
emissions and individuals are allocated an annual CO, allowance. This paper examines some
of the potential impacts of introducing a cap and share scheme in the transport sector in
Ireland. The research presented in this paper focuses on travel-to-works trips specifically.
CO, emissions for these annual work trips are calculated and a cap is determined based on
these results. Two caps are examined one based on average emissions and one set at a 20%
reduction in average emissions as per Ireland’s reduction targets. A national and Dublin only
cap are examined and the results are presented as a means of comparison. Binary logistic
models are used to determine the socio-economic characteristics of individuals who fall
above and below the cap. The results demonstrate the importance of car ownership, journey
distance, mode choice and household composition in determining whether a commuter is
above or below a cap. Many commuters who fall above the cap are likely drive to work over
long distances, have dependent children in their household and own more than one car.
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INTRODUCTION

Cap and share schemes set a limit on the quantity of green house gases (GHG) which can be
emitted in an economy annually. This cap is enforced by issuing permits to GHG emitters in
the economy. If an entity exceeds their allowance they can purchase permits from entities that
have a surplus. This creates a market for GHG’s which is operated and regulated by
government. The different configurations of such schemes are discussed in more detail in the
subsequent sections. Under Kyoto guidelines, Ireland’s GHG emissions must not exceed
1990 levels by 12% by 2012. Recent Environmental Protection Agency (EPA) studies have
shown levels to be above Kyoto targets (/). The Irish government has outlined a number of
policy objectives to promote sustainability to meet Kyoto targets (2), particularly in public
transportation. These objectives include alleviating urban sprawl by reducing one off housing
in urban areas while promoting sustainable high density developments, investing significantly
in public transportation and promoting work at home policies such as e-working.

The Irish government has also commissioned a number of reports into the viability of
a cap and share scheme. Research has focused on the national implementation of an
emissions cap across all sectors of the economy. Such a scheme would compel fuel suppliers
to surrender tradable allowances for GHG emissions from fuel they import. These allowances
would then be issued to individuals who would sell these permits back to fuel suppliers via
intermediaries. This paper will investigate the impact of a cap on individuals who undertake
daily travel-to-work trips under a personal cap and share scheme. This paper is organised into
five sections including this introduction. It will proceed with an explanation of cap and share
and a review of the relevant literature, an explanation of the methodologies used, results of
the analysis and conclusions to be drawn from the research.

CAP AND SHARE

Internationally literature relating to cap and share has reached a consensus that such a scheme
can effectively reduce GHG emissions and is less regressive than a carbon tax. Debate
therefore has focused on the technical implementation of a potential scheme. Fleming (3) was
one of the first authors to advocate the use of “tradable quotas” in reducing carbon emissions.
Such a scheme distributed free allowances to end users and created an auction process for
businesses and public sector bodies to purchase quotas. This approach is an example of a
downstream cap. Subsequent studies have advocated an upstream cap (4, 5, 6). An upstream
cap allocates permits to importers of energy i.e. oil refineries, fuel importers etc. Millard-Ball
(6) recommended the use of such a scheme due to its administrative simplicity and complete
coverage of a small group of energy importers. This is a view shared by California’s Market
Advisory Committee (MAC). The MAC was created to study market-based mechanisms to
reduce GHG emissions in the US state. The MAC recommended an upstream cap due to
reduced administrative costs in comparison to a downstream cap and the presence of fewer
agents in the market (7).

Advocates of a downstream cap argue that durable reductions in GHG emissions can
only be achieved through the behavioural changes associated with a downstream cap on
consumers (3,8,9). The potential impact of an upstream cap is increased fuel prices which
will be in effect a tax on consumers creating inequitable market outcomes (3). Niemeier (9)
proposed a household GHG cap and trade (HHCT) system which would target consumers
with four key elements: a state allocation to households, household to household trading,
households to utility company credit transfers, and utility companies to government credit
transfers. The proposed system expanded on Fleming’s model in allocating free allowances to

3
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consumers while granting regulation of the scheme to energy utility companies. This system
is found to be more equitable than carbon taxes and an upstream cap. Millard-Ball (/0)
identified five options which would incorporate the transportation sector into a cap and share
scheme. As discussed previously an upstream and downstream cap were discussed in addition
to a vehicle manufacturer based scheme. This manufacturer scheme was rejected however as
tailpipe standards appear to achieve the same results. An offset scheme is also examined
which would not explicitly cap transport emissions but allow developers, municipalities
transit agencies etc. to put forward transportation projects that offset emissions from the
stationary sector. The favoured scheme was a ‘municipal mobility manager’ scheme which
would hold local governments responsible for emissions cap target, providing penalties for
exceeding the cap and incentives for reducing emissions. This provides the benefits of an
offset scheme without the administrative costs.

As this research is concerned with the end users of road transport, the impacts of a
potential downstream cap on transport emissions are studied. Research in the transportation
sector is limited, with many authors suggesting a cap on household energy use only. This is
ignoring the importance of the transport sector’s contribution to GHG emissions. The report
commissioned by Sustainable Development Council, Ireland (//) recommended an initial cap
on the transport sector applied downstream. This cap was compared to other carbon reduction
measures and the potential effects of a cap were discussed. A minority of lower income
households were predicted to be worse off from such a scheme and inequities between rural
and urban dwellers were predicted to arise. A gap in research arises in studying the effects of
the inequalities created by cap and share. Moreover literature has suggested research is
needed in the area of cap and share and associated energy poverty and equity issues (/2).
This paper does not deal with the technical implementation of a national cap rather it studies
the socio-economic impacts effects of a cap on the daily trip to work.

METHODOLOGY

The dataset used in this paper is a subset of the Irish Census of Population, 2006 relating to
people’s daily trips to work, school and college. This dataset is named the place of work
Census of anonymised records (POWCAR). It contains information on trips of 1,834,472
individual in Ireland. It is the most extensive national travel dataset available at present. As
this paper is concerned with a potential cap on personal travel emissions, a method for
calculating individual’s annual emissions must be determined initially. Once this is calculated
a cap can be set on emissions. Regression analysis can then be used to study the socio-
economic characteristics of individuals who lie above thus determined cap.

Emissions Estimation

This section of the paper presents the methods by which the relevant CO, emissions were
estimated. Emission factors calculated in Walsh et al. (/3) and are used in this particular
paper. These Irish emission factors are inclusive of an occupancy rate for the relevant modes
of public transport and are measured in kilograms of CO, per passenger kilometre. The
following equation was used to calculate the CO, emissions generated by travel-to-work
trips,

€0, = (EF xVKM) %215, (1)
where VKM is the total number of kilometres travelled by the mode of transport in question

and EF is the emissions factor per kilometres travelled by that mode. This was then doubled
to calculate the emissions for a return journey and multiplied by 215 to calculate annual

4
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emissions. This figure of 215 days is the average working year in Ireland. Average emissions
can be calculated and a potential cap personal emissions set.

Setting the Cap

While determining the level of an actual cap would involve a number of considerations, the
cap levels chosen in this case are based on the emissions calculations. As this paper is solely
focused on the behavioural characteristics of commuters and not the technical
implementation of a cap, the cap level is based on the average annual emissions of this group
as a whole. The initial cap estimated for both Dublin and the National datasets is set at the
average annual emissions calculated. The cap is then lowered by 20% in both datasets. The
purpose of lowering the cap is to ascertain if Ireland is to meet is GHG targets, which would
result in approximately a 20% cut in 2006 GHG levels, how this would impact upon society,
and what sectors would be most impacted. Two caps are examined in this paper a national
cap and a Dublin based cap. This results in eight subsections of the population being
examined those above and below the average cap and the average cap less 20% in the Dublin
and national datasets. The effects of imposing a cap on personal emissions are presented in
Table 1. Table 1 shows the percentage of commuters who would fall above and below a cap.
A cap based on average emissions calculated would leave 31% of commuters above the cap
in Dublin, much higher than the national average of 22%. Lowering the cap further by 20%
would leave 36% of commuters above the cap in Dublin compared to 68% nationally.

TABLE 1: Percentage of Commuters over the cap

Cap based on average emissions

Dublin Dublin % National National %
Above Cap 139,072 31 399,979 26
Below Cap 308,544 69 1,144,855 74
Total 447,616 100 1,544,834 100
Cap 20% below average emissions

Dublin Dublin % National National %
Above Cap 161,407 36 500,109 32
Below Cap 286,209 64 1,044,725 68
Total 369,318 100 1,290,315 100

Logistic Model Formulation

This model is based on a binary logistic regression. Consider an event Y, which in this case
is an individual emitting CO, above a predetermined cap. The probability of a person being
above this cap is P(Y) in the model and the resulting outcome is equal to 1. The dependent
variable is the log of the odds ratio of the event Y occurring or the logit of Y. That is

A~

Logit(Y) = ln< > = fo + Bi- X; (2)

1-Y

where [, is the model constant and f5; are the parameter estimates for the set of socio-
economic independent variables (X;,i = 1,...,n). ¥ is the predicted probability of the event
which takes binary values of 1 (continue analysis) or 0 (stop the analysis). Thus when an
independent variable X;increases by one unit, all other factors remain constant,
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1%
(—A> = EXPPo ExpBiXit1) = gpxpPogxpPoExPFiXi EX PP

1-7
_ (Y EXPFi (3)
S \1-7

The factor EXPPi is the odd ratio (OR) ranging from zero to infinity. It indicates the
relative amount by which the odds of the outcome increases or decreases when the value of
the independent variable X; increases by one unit.

A Wald test is used to test the significance of each parameter () in the model,

b

7 =
SE

(3)

The Z-value is then squared, creating a Wald statistic with a chi-squared (x?) distribution.
Table presents the set of independent variables estimated in the logistic model. In this case
four models are estimated, two each for the national dataset and Dublin dataset. Two models
are based on a cap calculated from average annual emissions and two based on average
annual emissions less 20%. Table 2 defines each of the variables examined in the logit
models.
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TABLE 2: Details of variables examined

Variable

Definition

Distance

Distance: 0-5 km

= 1 if Distance: 0-5 km

Distance: 6-10 km

= 1 if Distance: 6-10 km

Distance: 11-15 km

= 1if Distance: 11-15 km

Distance: 16-20 km

= 1if Distance: 16-20 km

Distance: 21-30 km

= 1if Distance: 21-30 km

Distance: 31 -40 km

= 1if Distance: 31 -40 km

Distance: 41 + km

(Reference category = Distance: 41 + km)

Age

Age: 15-24 =1if Age: 15-24

Age: 25-34 =1if Age: 25-34

Age: 35-44 =1if Age: 35-44

Age: 45-54 =1if Age: 45-54

Age: 55-64 =1if Age: 55-64

Age: 65-74 =1if Age: 65-74

Age: 75+ ( Reference category = Age: 75+)
Gender

Gender: Male

= 1if Gender: male

Gender: Female

( Reference category = Gender: Female)

Socio-economic group

Socio-economic group:

Employers and managers

= 1 if Socio-economic group: Employers and
managers

Socio-economic group:

Higher professional

=1 if Socio-economic group: Higher professional

Socio-economic group:

Lower professional

=1 if Socio-economic group: Lower professional

Socio-economic group:

Non-manual

= 1 if Socio-economic group: Non-manual

Socio-economic group: Manual skilled =1 if Socio-economic group: Manual skilled
Socio-economic group: Semi skilled =1 if Socio-economic group: Semi skilled
Socio-economic group: Unskilled = 1 if Socio-economic group: Unskilled
Socio-economic group: Self employed = 1 if Socio-economic group: Self employed
Socio-economic group: Farmers =1 if Socio-economic group: Farmers

Socio-economic group:

Agricultural workers

=1 if Socio-economic group: Agricultural workers

Socio-economic group:

Other

( Reference category = Socio-economic group:
Other)

Number of cars/vans

Number of Cars/vans:

1

=1 if number of cars/vans: 1

Number of Cars/vans:

2

=1 if number of cars/vans: 2

Number of Cars/vans:

3

=1 if number of cars/vans: 3

Number of Cars/vans

: 4 or more

=1 if number of cars/vans: 4 or more

Number of Cars/vans

: None

( Reference category = Number of Cars/vans: None)

Household Composition

Single

=1 if Single

Lone Parent with Children =1 if Lone Parent with Children

Lone Parent no Children under 19 =1 if Lone Parent no Children under 19

Couple with Children =1 if Couple with Children
Couple no Children under 19 =1 if Couple no Children under 19
Couple no Children =1 if Couple no Children
( Reference category = Household Composition:
Other Households Other Households)
RESULTS AND ANALYSIS

This section of the paper presents the results of the various analyses carried out. Table 3
presents the annual emissions calculated for trips in Dublin city. As expected driving a car
accounts for the bulk of emissions due to 50% of trips being taken by car. Table 4 presents a

7
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breakdown of commute travel for the national dataset and the Dublin sample. In the
percentage difference column (D) indicates Dublin having a higher percentage of total modal
share while (N) indicates the national figure being higher. Driving accounts for 58.1% of trips
nationally, 9% use public transport. Driving accounts for 49% of trips in Dublin, public
transport accounts for 21.8% of trips, much higher than the national average due to the
availability of public transport option in Dublin city. Another interesting result is that
nationally more people work from home (3.1%) than in Dublin (1.5%)

TABLE 3: Emissions Calculations for Dublin

CO2 Emissions (Kg CO;
Means of Travel Daily km travelled Annual Km travelled km)
Walk 186,470 40,091,050 -
Cycle 167,254 35,959,610 179,798
Bus 1,196,986 257,351,990 4,117,632
Rail 1,551,486 333,569,490 3,669,264
Motorcycle 143,192 30,786,280 3,694,354
Car-Driver 5,841,858 1,255,999,470 150,719,936
Car-Passenger 346,614 74,522,010 6,334,371
Lorry/Van 280,236 60,250,740 11,086,136

TABLE 4: Modal split of commuters

Dublin National

Mode N % Mode N % % Difference
Walk 70,080 13.2 Walk 197,622 10.9 2.3(D)
Cycle 20,602 3.9 Cycle 35,310 1.9 2(D)
Public transport 116,350 | 21.8 Public transport 164,066 9.0 12.8(D)
Motorcycle 39,534 1.2 Motorcycle 12,678 0.7 0.5(D)
Driving 260,754 | 49 Driving 1,052,795 58.1 9.1(N)
Driving — Passenger 19,977 3.8 Driving — Passenger 102,483 5.7 1.9(N)
Lorry or van 19,239 3.6 Lorry or van 138,208 7.6 4(N)
Other means 1,028 0.2 Other means 6,228 0.3 0.1(N)
Work from home 8,218 1.5 Work from home 56,897 3.1 1.6(N)
NA 9,364 1.8 NA 45,634 2.5 0.7(N)
Total 532,219 | 100.0 | Total 1,811,921 100.0

Descriptive statistics

Table 5 presents descriptive statistics associated with the variables of interest across the four
models. The numbers of individuals above and below the cap is tabulated and each sub-
group’s percentage share of the total number of commuters is also tabulated. The majority of
commuters who travel less than 10km regardless of the mode of transport used would be
under a cap based on average emissions and a cap lowered by 20%. These individuals
account for over 50% of trips in the dataset representing a sizable proportion of individuals
who would not be affected by the introduction of a cap. The age profile of the largest group
above the cap is 25-34 year olds. However, the vast majority of this age group were found to
be under the cap at both levels nationally and in Dublin.

The gender variable shows more males falling above the cap than females across all
four models; this was shown to be highest in the Dublin results. The socio-economic group
variables which relate to the professions of the individuals examined. The results show little
difference in the breakdown of individuals above and below the cap. Employers & managers
are consistently the largest group above the cap, particularly in Dublin. Non-manual workers
are shown to be the largest group of individuals consistently under the cap.

The number of cars/vans variable shows that the largest group above the cap are
commuters who own two vehicles. The largest groups below the cap are commuters owning
one vehicle, as one would expect. Household composition is an important variable in
determining the socio-economic characteristics of individuals. An individual’s travel

8
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behaviour will inevitably be constrained by the number of dependent children present and
this is evident in the results. The largest group above the cap in all four models are couples
with dependent children. The means of travel to work variable shows that the vast majority of
commuters drive to work. However, the majority of driver fall below the cap. This indicates
that many journeys are over short distances. The majority of individuals who choose public
transport fall below the cap across the four models indicating a switch to public transport
from driving a car or van would negate the welfare effects created by a cap.
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Logit model results

This section of the paper examines the characteristics of people who fall above the average
emission cap and the average lowered by 20% on both the national and Dublin datasets.
Presented in Table 6 are the results of the four models estimated. R* values are adequately
high across all four models, with slightly lower values for the Dublin models which may be
due to the smaller dataset used.

The socio-economic group variables are the first set of variables examined. A
national cap based on average emissions finds that only higher and lower professionals in
addition to non-manual workers are likely to be below a cap. The majority of individuals
would be above the cap. When the cap is lowered the results show that manual skilled and
semi-skilled workers are likely to fall below the cap. The results for the Dublin models
follow the same trends as the national model with the exception of unskilled workers being
shown to be below the cap for both of the caps estimated. The gender variable shows that
males are more likely to be above the cap across all four models. However the coefficients
are lower for Dublin compared to the national average.

The household composition variables are all highly significant across the four models
with positive coefficients suggesting the majority of families would be above a cap. The only
exception to this finding is in Dublin, where couples with no dependent children are not
likely to be above a cap. The age variable demonstrates a clear generational difference. As
would be expected the 15-24 age group has a negative coefficient across all four groups
suggesting this group would be below any potential cap. All other age groups are likely to be
above a cap with the exception of the 25-34 age group in model 3. This group has a slightly
negative coefficient, however concluding this group would be below a potential cap is not
conclusive due to the insignificant p-value of .915. The distance travelled variable is also
highly significant across 3 of the 4 groups. Commuters who travel less than 3km per trip are
highly unlikely to be above any potential cap across all four models. These coefficients
become less negative as commuters distance travelled increases suggesting the chance of
being above a cap increases with distance travelled. The results for model 4 in this case are
inconclusive due to the insignificance of the majority of variables.

As expected, people owning cars or vans are likely to be above any potential cap
across all four models. The positive coefficients associated with each variable increase as the
number of cars per household increases, increasing the likelihood of being above a cap. The
results presented in Table 4 demonstrate the importance of owning a car and driving long
distances to work as the main socio-economic characteristics associated with commuters who
fell above the cap across all four models. The results presented in this paper demonstrate that
those individuals in the higher socio-economic groupings and in the higher age groups were
shown to be most likely to negatively impacted by the cap. Under a cap and share scheme it
is this section of society that would have to compensate for their higher emissions.
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TABLE 6: Regression analysis results

Model 1 - Model 2 - Model 3 - Model 4 -
National Cap National Cap Dublin Cap Dublin Cap
Average Average Average Average
Emissions lowered 20% | Emissions lowered 20%
Sig Sig Sig Sig
Intercept -430 .000 -556 | .000 -.196 182 .035 811
Socio-economic group sig sig sig sig
Employers and managers 149 .000 212 .000 .027 361 122 .000
Higher professional -.606 .000 -404 | .000 -.284 .000 -.163 .000
Lower professional -270 .000 -.089 .000 -132 .000 -.030 311
Non-manual -402 .000 -250 | .000 -.304 .000 -256 .000
Manual skilled .888 .000 -916 | .000 .667 .000 .660 .000
Semi-skilled .024 314 -143 | .000 .086 .010 .052 109
Unskilled 453 .000 427 .000 -.145 .000 -232 .000
Own account workers 1.756 .000 1.661 | .000 1.120 .000 1.105 .000
Farmers 526 .000 488 .000 704 .000 743 .000
Agricultural workers 342 .000 409 .000 377 .021 .198 224
All others gainfully occupied and | Ref Ref Ref Ref Ref Ref Ref Ref
unknown
Gender
Male 821 .000 676 .000 396 .000 354 .000
Female Ref Ref Ref Ref Ref Ref Ref Ref
Household Composition
Single 1.03 .000 1.10 .000 1.040 .000 1.086 .000
Lone Parent with Children 744 .000 .789 .000 .735 .000 .763 .000
Lone Parent no Children under | .371 .000 .389 .000 .238 .000 232 .000
19
Couple with Children 493 .000 496 .000 326 .000 371 .000
Couple no Children under 19 136 .000 .086 .000 -.152 .000 -127 .000
Couple no Children 496 .000 513 .000 414 .000 477 .000
Other Households Ref Ref Ref Ref Ref Ref Ref Ref
Age
15-24 -431 .000 -606 | .000 -.794 .000 -.754 .000
25-34 .303 .010 .190 .074 -0.14 915 .014 911
35-44 410 .001 .335 .002 .198 128 .268 .037
45-54 .339 .004 243 .022 161 217 244 .058
55-64 .284 .016 .198 .064 201 124 315 .015
65-74 210 .089 122 277 .205 138 .386 .005
75+ Ref Ref Ref Ref Ref Ref Ref Ref
Distance (KM)
0-3 -7.95 .000 -7.56 | .000 -7.210 | .000 -7.439 .001
6-10 -6.58 .000 -6.56 | .000 -4.017 .000 -3.581 .028
11-15 -6.55 .000 -4.28 | .000 -2.270 .000 -2.018 133
16-20 -3.56 .000 -1.75 | .000 -1.255 .000 -1.173 .309
21-30 -1.33 .000 -681 | .000 -.509 .000 -.739 478
31-40 -2.46 .000 0.13 .642 -177 .021 -409 .664
41+ Ref Ref Ref Ref Ref Ref Ref Ref
Number of Cars
1 2.70 .000 2.83 .000 2.465 .000 2.280 .000
2 2.28 .000 243 .000 2.326 .000 2.166 .000
3 3.16 .000 3.41 .000 3.261 .000 3.138 .000
4 or more 3.42 .000 3.67 .000 3.504 .000 3.392 .000
None Ref Ref Ref Ref Ref Ref Ref Ref
- 2 log-likelihood at convergence | 581007.216 625595.82 265512.762 267300.31
N 1,438,990 1,438,990 422,389 422,349
Nagelkerke R2 .780 794 .657 .683
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CONCLUSIONS

The past 15 years has seen Irish policymakers struggle to keep pace with economic growth in
terms of providing the transport infrastructure necessary in the Greater Dublin Area. This is
illustrated in the over reliance on the car as the primary form of transport in the region and at
a national level. This is illustrated in the modal split of which 49% drive to work in Dublin
and 58% drive nationally. The introduction of a cap and share scheme is one of a number of
proposals currently being considering by policymakers to reduce GHG emissions. The results
of this research illustrated the socio-economic effects of the introduction of a scheme on a
subset of the population, commuters

Results of the research showed that the percentage of commuters above the cap at a
national level (22%) was significantly lower than those above the in Dublin (31%) a 9%
differential. When the level of the cap was reduced by 20%, this differential narrowed to 4%,
with 36% of commuters being above the cap in Dublin and 32% nationally. This is a
surprising result due to the availability of a greater number of public transport options in
Dublin city.

The results of the binary logistic regression exhibit the important socio-economic
factors relating to individuals above the prospective cap. Four models were estimated both
nationally and for Dublin based on two cap levels based on average annual emissions and
20% below annual emissions. A national cap based on average emissions found that only
higher and lower professionals in addition to non-manual workers are likely to be below a
cap. The model also found that males are more likely to be above the cap across all four
models. The household composition variable was found to be highly significant; households
with dependent children were likely to be above a cap across all four models. The only
exception to this was households which had no dependent children present. The age variable
showed that the younger the commuter, the more likely they are to be under a cap.

Distance travelled variable is highly significant. Commuters who travelled less than
3km per trip were highly unlikely to be above the cap in 3 out of 4 models. The chances of
being above the cap increased as distance travelled increased. The car or van variable was
also highly significant across all four models. The model found that the more cars or vans a
commuter owns the higher the odds were of them being above the cap. These results
demonstrate the importance of car ownership and composition in determining whether a
commuter is above or below a cap. While this cap is set quite crudely in comparison to how a
potential cap should be, it is nevertheless a useful indicator of the effects of a cap and share
scheme on the population. Future research will need to determine the potential equity effects
of the transfer of wealth created by a cap and share scheme and the merits of introducing a
Dublin only cap as opposed to a national cap based on the above findings.
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