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Policy Summary

Background

This report examines the costs and benefits of a small number of policy instruments that
can reduce the health effects of particulate emissions from vehicles.It focuses on the
most problematic locations and sources of pollution: fine particulates (PM 10)! from diesel
vehicles in Auckland.

A larger number of policy options were examined qualitatively (emission standards,
emission charges, low emission zones, road pricing, emissions testing, fuel switching
and increases in fuel and road user charge$, but the detailed analysis was limited to
Low Emission Zones (LEZs), regional emissions testing and road pricing.

Approach

Estimates of Costs
The estimated costs of policies include:

I The costs to government of developing and introducing the policy, including
legislation;

1 The technical requirements, eg the costs for enforcing an LEZ or of vehicle
testing, including up -front and on -going costs;

1 The costs of the responses by vehicle owners, including the purchase of new
vehicles, fitting of retrofit technologies or vehicle repairs.

Estimates of Benefits

(@) Health Outcomes
The following effects were included in the analysis :

1 Premature mortality or years of life lost
o For adults, all ethnicities; and
o For babies, all ethnicities.

1 Morbidity or ill health
0 Respiratory hospital admissions;
0 Cardiac hospital admissions; and
0 Restricted activity days.

(b)  Exposure-Response Relationships
The number of avoided cases for each health outcomewas calculated from changes in

PM1io concentrations using the exposure-response relationships as used in theupdated

1 The majority of epidemiological studies to date link adverse health effects with PM10, and it is
regarded as the best available summary indicator of air pollution exposure in New Zealand.
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Health and Air Pollution in New Zealandtudy (HAPINZ update ¢ see TablePSL),
combined with data on current rates of mortality at different ages. Because we did not
have basdine data for Auckland on hospital admissions, we estimated the impacts on
cardiac and respiratory hospital admissions plus restricted activity days using the ratios
between these cases and mortality impacts as estimated in the HAPINZ update study
for the Auckland urban airshed (Table PS2.

Table PS1 Exposure Response Functions used in this study

Exposure Response Functions

Health Outcome (Relative risks per 10 pug/m 2 PM o)
1 Premature mortality, all adults, all ethnicities 1.07
2 Premature mortality, babies, all ethnicities 1.05

Source:Kuschel G et al(2012) Updated Health and Air Pollution in New Zealand Study. Volume 1:
Summary Report

Table PS2Ratios of cases used to estimate morbidity impacts of cases

Impact Ratio

Premature mortality (adults) 1
Cardiac admissions (all) 0.222
Respirat ory admissions (all) 0.456
Restricted activity days (RADs) 1,705

In addition to impacts on premature mortality (measured using Value of Statistical Life
or VoSL), we include an analysis of the effectsmeasured as life years gained(measured
using value of life years or VoLY). We use a relatively simple approach that has been
used in overseas studies that multiplies the age-specific mortality gain by the expected
life expectancy for each age and sexThe values used in analysis are those shown in
Table PS3.

Table PS3 Values used in analysis

Factor Value

Mortality VoLY $25,000
Value of Statistical Life ~ (VoSL) * $3,9 48,300

Morbidity Cardiac admission $6,810
Respiratory Admission $4,864
Restricted activity day $66

1These are not additive to the VoLY-based values

Results and Conclusions

In Table P4 we show the overall results using our base assumptions (including VoLY -
based benefit valuation) and the same assumptions as used in the updated HAPINZ
study. This includes:

1 Mortality benefits measured using VoSL,;
1 No lagged benefits.



Using the HAPINZ assumptions t here are positive net benefits from two Auckland
urban airshed LEZ options, plus testing and road pricing, whereas using the base case
assumptions (including VoLY), all options have net costs.

Table PS5 Net Present Value of Policy Optionst Base Case andHAPINZ Assumptions (PV - $million)

CBD & Port Auckland

Policy Scenario Base Case HAPINZ Base Case HAPINZ

(VoLY) (VoSL) (VoLY) (VoSL )
LEZ
1 Euro Il HCV -$18 -$18 -$63 -$20
2 Euro Il HCV -$26 -$26 -$99 -$6
3 Euro IV HCV -$39 -$36 -$157 $33
4 Euro 2/1l LCV&HCV -$27 -$26 -$79 $18
5Euro 3/llIL  CV&HCV -$42 -$41 -$132 -$22
6 Euro 2/ 11 All diesel -$44 -$43 -$117 -$18
7 Euro 3/1II All diesel -$72 -$70 -$187 -$9
Emissions  Testing -$42 $91
Road Pricing -$9 $1

Note: Auckland LEZ and emissions testing is for the Auckland urban airshed ; road pricing is for
central Auckland

The Importance of Assumptions on Benefit Valuation

The analysis suggests that the policy options examined offer positive net benefits only
when the benefits are measured using VoSL. The choice of benefit valuation
methodology is hugely important.

HAPINZ used VoSL and we have included results that are con sistent with HAPINZ, but
we suggest that there are reasons for changing these assumptions, particularly for policy
studies addressing the impacts of changesin concentrations rather than the impacts of
absolute levels. We have included two significant modi fications to the HAPINZ
approach that are consistent with approaches being adopted internationally. These are:

9 theinclusion of a cessation lag (lagged benefit values), in recognition that the
major effects are on chronic mortality and that repairs to he alth will not happen
instantaneously with reductions in concentrations , but rather will emerge over
time after living in lower concentrations for several years ; and

1 the use of changes in life years, valued using VoLY as the primary measure of
mortality e ffect.2 This is more consistent with the nature of the effect.

2 A VolLY can be calculated from the VoSL and this results in relativ ely high benefit values, but we
have more confidence in values from studies that have derived VoLYs directly through survey
techniques. There is a need for more work on these values in a New Zealand context.
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Policy Choices

The analysis suggests that the net benefits (or costs) of the policy options examined to
limit emissions in Auckland are highly uncertain. The results depend critically on some
key assumptions, particularly the benefit valuation assumptions as discussed above.

LEZs

The costs of LEZs depend on whether the requirements can be met using retrofit
technologies or if vehicle owners face the higher costs of vehicle replacement.

There is the potential for positive net benefits for two Auckland urban airshed LEZs,
however these options could have very significant net costs if VoLY -based benefit
valuation is used. Restricting an LEZ to the CBD & port only has lower risks of high
cogs. We would not recommend any LEZ is adopted, but if one is experimented with,
then minimising costs through focusing on a smaller area and older vehicles (Euro Il
standard) would be preferable.

Emissions Testing

The costsof emissions testing depend on the costs of the test itself and the number of
vehicles that would need to be replaced rather than repaired (because of emission
requirements). The benefits are based on vehicles being maintained in a way that would
reduce emissions to levels achieved at manufacture, avoiding the deterioration that
occurs in the absence of regular servicing and maintenance.

Emissions testing has positive net benefit using a VoSL-based benefit valuation
approach. But, even if all other assumptions were favourable there are net costs under
VoLY -based benefit valuation assumptions.

Road Charging

Road charging to address congestion hasvery small positive net benefits when VoSL is
used and other favourable assumptions are adopted, such as no benefit lag but it has
net costs usng VoLY .

Overall Conclusions
No policy option provides certainty of positive net benefits.

Across the suite of policy options examined the analysis provides insufficient
confidence in any of them for positive policy recommendations to be made.



Summar y

Background

This report examines the costs and benefits ofa small number of policy instruments that
can reduce thehealth effects of particulate emissions from vehicles.

Because these health effects are proportional both to ambient concentrations and the size
and vulnerability 2 of the exposed population, the greatest effects of policy are obtained
by focussing on areas with higher population densities and higher concentrations of
pollutants. Consistent with this, the focus of policy analysis in this study is on the most
problematic sources, defined with respect to:

1 Location ¢ the main concern is with Auckland; 4
1 Pollutants ¢ fine particulates;> and
1 Vehicle type ¥ diesel vehicles$

Approach and Key Assumptions

Initial Review of Options

The policy options that were examined qualitatively were emission standards, emission
charges, low emission zones, road pricing, emissions testing, fuel switching and
increases infuel and road user charges. To limit the number for more detailed analysis,
the focus was restricted to those with most potential for being specified geographically
so that they can be introduced in Auckland alone. The main policies with this potential
are Low Emission Zones (LEZs), regional emissions testing and road pricing.

The review of international experience with these policies suggests that:

1 + $ 9 éffectivenessin limiting air pollution varies with the stringency of the
requirements set and the costsare influenced significantly by whether ineligible
vehicles can comply using retrofit technologies or if they need to be replaced

1 Regional emissions testing with regional emission standards can provide
incentives for vehicle maintenance which can arrest the deterioration of engine
performance and the increase in emissions with vehicle agethat otherwise
occurs. The costsinclude those of the test itself and the responses, which will be
a mix of vehicle repair and replacement.

3 Lower socioeconomic and susceptible groups with pre-existing lung or heart disease, as well as
elderly people and children, are particularly vulnerable

4 This geographic limitation was defined in the scope for this study provided by MoT and reflecting the
results of the HAPINZ update (Kuschel et al 20 12a)

5 See discussion on page ii Pollutants of Interest)

6 This vehicle limitation was defined in the scope for this study provided by MoT and reflecting the
results of the HAPINZ update (Kuschel et al 2012a)
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1 Road pricing can have a similar effect to an LEZ if charges vary with emissions.
Generalised road pricing, eg charges for access to the Auckland central areacan
reduce emission through reducing vehicle kilometres travelled ( VKT) and is
likely to target older more polluting vehicles because users would be expected to
be more responsive to price.

Other policies that can be used but have less potential for geographicalspecification
include emission standards (currently applying to vehicle entry to the fleet) , emission
charges (on vehicle licencing/purchase), encouragementof alternative fuels and
increases in fuel charges or RUCs. We have not considered these further in this study.

Base Year

The base year for the analysis is 2016, the earliesime any policy might be introduced.
We use VKT and emission projections for this year. The exposed population is based on
the 2013 census data for individual area units; we do not scale up the population to 2016
as the major health effectsare on those who have had long-term exposure so there will
be limited impact on those who have moved to Auckland since 2013.

Spatial Boundaries

We used different spatial boundaries for the individual policy measures (Table S1) For
the LEZ options, these are to testif there are economies of scale, given some fixed costs.
Emissions testing is applied to the region as a whole as a natural boundary for such a
policy, although the effects are estimated for the urban airshed. The oad pricing
analysis is based on existing proposals for a congestion schemen central Auckland .

Table S1 Geographical area used in policy analysis
Policy Option Geographical area

Five census area units (CAUs): Auckland Central East, Auckland Central

LEZ i CBD and port West, Harbourside, Newton and Grafton West

Auckland urban airshed i the main urban areas of  Auckland excluding

LEZT Auckland the rural and coastal towns
Emissions testing Auckland urban airshed

Central Auckland: includes the CBD & port area plus a further 32 census

Road pricing area units that make up the congestion scheme area

Annex 3 has amore detailed description and full list of census area units (CAUS).

Pollutants of Interest

The analysis is based on fine particulates (PMo) emissions because the majority of
epidemiological studies to date link adverse health effects with PM 10, and it is regarded
asthe best available summary indicator of air pollution exposure in New Zealand .
While research shows that many of the main health effects attributable to particulates
are more likely to be associated with the finer fraction of PM 10, such as PMs, the lack of
monitoring data in New Zealand and relevant exposure-response functions makes it



difficult to quantify the impacts of smaller fractions robustly. The assessment is
therefore based on PMo as used in the HAPINZ Update 20127

Other pollutan ts that have health effectsinclude nitrogen dioxide (NO 2), carbon
monoxide (CO) and benzene. However, other analysts have noted that there are
insufficient national NO 2 data currently to assess exposure in New Zealand, that there is
a risk of double -counting the impacts of CO with the mortality effects of PM 10and that
benzene is at low levels and has low risks8 Not assessing changes in NQ exposure does
not necessarily meanthat the health effects are underestimatedin this study , because
some of the effects of changes in NQ emissions will already be included in the
exposure-response relationships for PMao.

Fleet and Emissions Estimates

We usethe latest version of the Vehicle Emissions Prediction Model (VEPM 5.1) to
predict changes in concentrations. VEPM has beerdeveloped by the NZ Transport
Agency and Auckland Council to predict emissions from vehicles in the New Zealand
fleet under typical road, traffic and operating conditions .2 We run the Auckland -specific
fleet profiles generated from the Auckland Regional Transport Model ART3%to derive
emission factors for the 2016 base year and for each of the specific policy scenariog.o
achieve this, vehicle kilometres travelled ( VKT) data generated from the ART3 model
were extracted for each CAU to be assessedThe HAPiINZ health effects model'! was
then used to derive annual average PMo concentrations for each CAU in ug/ms. The
results generated for each scenarioare compared with the 2016 base caseiodel for the
relevant geographical area (Table Slabove).

The CAU -basedassessment method is based on overall population exposure and
aggregate effects.This approach may under -estimate the potential benefits of the
emissions reduction scenarioswhere there is a higher population density and higher
pollution levels near to roads.

Estimates of Costs
The estimated costs of policies include:

1 The costs to government of developing and introducing the policy , including
legislation;

1 The technical requirements, egthe costs for enforcing an LEZ or of vehicle
testing, including up -front and on -going costs,

7Kuschel G et al (2012) Updated Health and Air Pollution in New Zealand Study. Volume 1: Summary
Report

8 Kuschel et al(op cit)

9 http://air.nzta.govt.nz/vehicle -emissions-prediction -model

10 Auckland Regional Council (2009) Auckland Regional Transport Model Version 3. Auckland
Regional Council, July 2009.

11 Available at www.hapinz.org.nz/
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9 The costs of the responses by vehicle owners, including the purchase of new
vehicles, fitting of retrofit technologies or vehicle repairs.

Estimates of Benefits

(c)  Health Outcomes
The following effects were included in the analysis :

1 Premature mortality or years of life lost
o For adults, all ethnicities; and
o For babies, all ethnicities.

1 Morbidity or ill health
0 Respiratory hospital admissions;
0 Cardiac hospital admissions; and
0 Restricted activity days.

(d) Exposure-Response Relationships
The number of avoided cases for each health outcomewas calculated from changes in

PM1o concentrations using the exposure-response relationships as used in the HAPINZ
update (seeTable &), combined with data on current rates of mortality at different ages.
Because we did not have baseline data for Auckland on hospital admissions, we
estimated the impacts on cardiac and respiratory hospital admissions plus restricted
activity days using the ratios between these cases and mortality impacts as estimated in
the HAPiNZ update study for the Auckland urban airshed (Table S3)

Table S Exposure Response Functions used in this study

Exposure Response Functions

Health Outcome (Relative risk s per10 pg/m ° PMyp)
1 Premature mortality, all adults, all ethnicities 1.07
2 Premature mortality, babies, all ethnicities 1.05

Source:Kuschel G et al(2012) Updated Health and Air Pollution in New Zealand Study. Volume 1:
Summary Report

Table S3 Ratios of cases usetb estimate morbidity impacts of cases

Impact Ratio

Premature mortality (adults) 1
Cardiac admissions (all) 0.222
Respirat ory admissions (all) 0.456
Restricted activity days (RADs) 1,705

In the literature, different formulae and starting points have been used to relate the
exposure-response functions (eg those in Tables S2 and S3) to changes in concentrations.
For example, the HAPINZ update applies the response functions to the estimated

mortality rates with zero pollution, whereas other studies apply these functions to
mortality rates based on existing pollution levels. As explained in more detail in Section
4.2.2, we have used an approach that is a compromise between these two broad
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approaches, rather than seeking to identify what might be the theoretically correct
approach.

In addition to impacts on premature mortality, we include an analysis of the effects
measured aslife years gained. We use a relatively simple approach that has been used
in overseas sudies that multiplies the age -specific mortality gain by the expected life
expectancy for each ageand sex

(e)  Approach to Valuing Mortality Effects

We review the literature on mortality impacts of particulates, noting the wide number of
studies and government reports that either recommend the use of changes in life years
(and valuation using value of life years or VoLY), rather than premature mortality
(measured using Value of Statistical Life or VoSL), or that recommend presentation of
results using both metrics. The approach reflects the way in which mortality impacts are
characterised:

1 the VoLY approach assumes that the mortality impact is an extengon to life
expectancy. Life is extended at the end of life, possibly many years in the future;

1 the VoSL approach assumes that the mortality effect can be characterised as a
reduction in the risk of death for people of all ages.

Consistent with internat ional practice, particularly in the UK and studies for the
European Commission, our preference is to use VoLY but to include results using VoSL.
The monetary values used for individual cases in this analysis are shown in Table 4.
The VoLY value is taken from international literature that has assessed willingness to
pay (WTP) for life extension; the value chosen ($25,000)is at the high end of the range of
results from WTP studies. In sensitivity analysis we test a low VoLY ($5,000), a high
value ($199,000}hat is derived from the VoSL and a value of $44,000 that is a maximum
value on the assumption that VoLY must be constrained by income. These values are
highly uncertain and there is a clear need for research in New Zealand to address this
uncertainty thr ough deriving willingness -to-pay based values.

Table $4 Values used in analysis

Factor Value

Mortality VoLY $25,000
Value of Statistical Life ~ (VoSL) * $3,9 48,300

Morbidity Cardiac admission $6,810
Respiratory Admission $4,864
Restricted activity — day $66

1These are not additive to the VoLY -based values

4) Benefit Lags

In the base case we assume that the benefits of reducedmissionsdo not arise
immediately. Because of the importance oflong-term exposure to total mortality effects,
the full benefits will only be realised after a long period of exposure to reduced
concentrations. We use a standard approach used in international policy studies based
on assumptions developed by the US EPA, it assumes that following a reduction in
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emissions 30% d the predicted reductions in health effects occur in the first year, 50%is
spread equally (12.5% per year) acrosg/ears 2 through 5 and the remaining 20%spread
equally over years 6 through 20. In sensitivity analysis we assume no lag and 30year
lag in which the mortality reductions are spread equally over 30 years, with 3.3% of the
estimated benefit in each year.

Overall Cost Benefit Comparison

Timing of Analysis and Discount Rate

The major effects of analysis are as a result of vehicles being replaceavith newer
vehicles. Thisis bringing forward in time what would happen anyway as vehicles are
replaced (normal fleet turnover) . It meansthat there are time constraints to any policy
benefits. We use five yearturnover s in our base case, whichaccording to NZ industry
sources,is the usual timescale over which heavy commercial vehicles are replaced.

To compare the costs and benefits over time we discount future values using a standard
8% discount rate as recommended by Treasury for policy analysis. Weuse 5% in
sensitivity analysis.

Where lagged benefits are used, we analyse these separately, eg we discount the
proportion of benefits in each future year to derive ratios that are used as multipliers

with the benefit values: 0.80 (EPA approach) and 0.41(30-year lag) using an 8% discount
rate.

Low Emission Zones

The first policy options examined are Low Emission Zones (LEZs). They define
geographical areas from which vehicles are excluded if they do not meet specified
emission ratesor standards. We examine two possible areas:

 The Auckland urban air-shed; and
1 The CBD and Portwhere there are high levels of emissions

Seven separate options are examined relating to the vehicles excludedTable ).

Table S5 LEZ Scenarios

Euro Standard HCV only HCV & LCV All diesels
Euro 2/11 1 4 6
Euro 31 2 5 7
Euro IV 3

9 Scenario 13 apply to heavy commercial vehicles (HCVs) only and exclude,
respectively, vehicles that do not meet Euro Il, Il and IV standards for
particulate emissions.

9 Scenarios 4 and 5 apply to light commercial vehicles (LCVs) also and include
Euro Il and Il standards



1 Scenarios 6 and 7 apply to all diesel vehicles including light passenger vehicles
(LPVS).
The standards can be met through changing vehicles or through retrofitting
technologies such asDiesel Oxidation Catalysts (DOCSs), where they are expected to
lead to sufficient emission reductions.

Table S6summarises the estimated costs and benefits for a CBD & Port LEZas the
present value (PV) discounted over five years using an 8% discount rateand lagged
benefits. The operator costs included costs for vehicle replacement or for retrofits, the
choice depending on whether retrofits would achieve the required standards. Even
using the VoSL-based benefit valuation, none of the options have positive net benefits.

Table S5 Summary of Cost, Benefits and Net Benefitst CBD & Port LEZ (Present Valuet $million)

LEZ option : 1 2 3 4 5 6 7
Vehicle types HCV HCV HCV LCV/HCV LCV/HCV Alldiesel  All diesel
Euro standard Il 1] v 2/ 3/ 2/ 3/
Costs

Equipment $6.0 $6.0 $6.0 $6.0 $6.0 $6.0 $6.0
Government $0.5 $0.5 $0.5 $0.5 $0.5 $0.5 $0.5
Operator (retrofit) $12.0 $19.7 $32.8 $20.2 $35.5 $37.4 $65.3
Total costs $18.5 $26.2 $39.3 $26.6 $42.0 $43.9 $71.8
Benefits

VoLY $0.1 $0.1 $0.4 $0.1 $0.1 $0.1 $0.3
VoSL $0.4 $0.5 $2.6 $0.5 $0.7 $0.5 $1.6
Net Benefits

VoLY -$18.4 -$26.1 -$38.8 -$26.6 -$41.9 -$43.8 -$71.5
VoSL -$18.1 -$25.7 -$36.6 -$26.1 -$41.3 -$43.4 -$70.2

The Auckland urban airshed LEZ results are shown in Table S7. The benefits are closer

in magnitude to the costs, but costs exceed the benefits in all scenarios unless a VoSL

based approach to benefit valuation is used where there are positive net benefits for two

options: 3 and 4 (highlighted in Table S7).

Table S Summary of Cost, Benefits and Net Benefitst Auckland urban airshed LEZ (PV t $million)

LEZ option: 1 2 3 4 5 6 7
Vehicle types HCV HCV HCV LCV/IHCV LCV/HCV All diesel All diesel
Euro standard Il 1] \% 2/ 3/ 211 3/
Costs

Equipment $9.0 $9.0 $9.0 $9.0 $9.0 $9.0 $9.0
Government $0.5 $0.5 $0.5 $0.5 $0.5 $0.5 $0.5
Operator (retrofit) $57.5 $94.6 $157.3 $74.7 $127.7 $112.2 $186.6
Total costs $67.0 $104.1 $166.8 $84.2 $137.2 $121.7 $196.1
Benefits

VoLY $4.3 $4.6 $9.4 $4.8 $5.4 $4.9 $8.8
VoSL $37.7 $97.9 $199.1 $101.8 $115.3 $103.5 $186.3
Net Benefits

VoLY -$62.7 -$99.5 -$157.4 -$79.4 -$131.7 -$116.9 -$187.3
VoSL -$29.3 -$6.2 $32.4 $17.6 -$21.9 -$18.2 -$9.8
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Emissions Testing

Emissions testing has been examined on the assumption that alldiesel vehicles in
Auckland would have an emissions test as part of their Warrant of Fitness (WoF) or
Certificate of Fitness (CoF)inspection. We have modelled the emission results for the
Auckland urban airshed.

VEPMS5.1 includes a default factor that accounts for degradation of vehicles (except Euro
6/VI1) over time. T his degradation factor accounts for the assumption that exhaust
emissions will increase with increasing vehicle age and mileage. With the introduction

of regional in-service standards, through vehicle testing inspections, the high emitters
would be identified and be required to undertake maintenance or repair to restore
vehicle emissions to the required standard for that v ehicle. For analysis of the with-
testing option we remove the degradation factor.

Table S8 summarises the net benefits of an emission testing regime. The results are
shown for the present value (PV) of costs and benefits over a five year project
discounted at 8%. Testing is found to have positive net benefits only if using VoSL for
benefit valuation .

Table S8 Cost, Benefits and Net Benefits of Emissions Testing (P¥ $ million)

Element Value
Costs Testing $22.6
Servicing $12.1
Repair $2.0
Replacement vehicles $17.1
Government $2.0
Total costs $55.8
Benefits VoLY $13.5
VoSL $146.2
Net Benefits VolLY -$42.3
VoSL $90.3
Road Pricing

The road pricing option examines the air quality benefits of introducing road pricing for
congestion purposes. The assumptions are derived from the 2008 Mol Auckland Road
Pricing Study2 Road pricing would apply to a central Auckland area including the CBD
& Port and a wider area beyond. Road pricing is estimated to result in an approximate
10% reduction in traffic , an approximate 5% increase in public transportation service
requirements and to result in an average reduction in PM1o concentration of 0.20ug/m3
across the central Auckland area

The costs and benefits of road pricing are presented in Table 8. This includes only the
equipment (technical) and government costs of road pricing . It is assumed that, because
road pricing is correcting a congestion externality,2the other cost elements (the
response to pricing itself), will have lower costs than paying the congestion charge itself,

12 Ministry of Transport (2008 ) Auckland Road Pricing Study 2008 Report no: WL000621
13\We assume that the congestion charge is based on the estimated cost of congestion.
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and will result in benefits that are equal in value to the congestion charge (the avoided
costs of congestion).The costsand benefits are present values over five years.

Table 9 Cost, Benefits and Net Benefits of RoadPricing + present value ($ million)

Element Value
Costs Equipment $10.00
Government $0.50
Total costs $10.50
Benefits VoLY $1.1
VoSL $8.9
Net Benefits VoLY -$9.4
VoSL -$1.6

Road pricing does not yield positive net benefits under either VoLY or VoSL-based
benefit valuation.

Summary Results

In Table SLOwe show the results using our base assumptions (including VoLY -based
benefit valuation) and the same assumptions as used in the updated HAPINZ study.
This includes:

1 Mortality benefits measured using VoSL;
1 No lagged benefits.

TheseHAPINZ values provide abasis for comparison of results with previous studies.
There are positive net benefits from two Auckland urban airshed LEZ options, plus
testing and road pricing , whereas using VoLY all options have net costs

Table S10 Net Present Value of Policy Options ¢+ Base Case and HAPINZ Assumptions (PV - $million)

CBD & Port Auckland

Policy Scenario Base Case HAPINZ Base Case HAPINZ

(VoLY) (VoSL) (VoLY) (VoSL)
LEZ
1 Euro Il HCV -$18 -$18 -$63 -$20
2 Euro Il HCV -$26 -$26 -$99 -$6
3 Euro IV HCV -$39 -$36 -$157 $33
4 Euro 2/11 LCV&HCV -$27 -$26 -$79 $18
5Euro 3/lllL  CV&HCV -$42 -$41 -$132 -$22
6 Euro 2/11 All diesel -$44 -$43 -$117 -$18
7 Euro 3/ 111 All diesel -$72 -$70 -$187 -$9
Emissions  Testing -$42 $91
Road Pricing -$9 $1

Note: Auckland LEZ and emissions testing is for the Auckland urban airshed ; road pricing is for
central Auckland
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Sensitivity Analysis

Sensitivity analysis is undertaken on a number of key assumptions and the overall
results are shown asthe maximum percentage differences(in absolute terms)4 from the
base case assumptions in Table S11.

Table S11 Maximum Impact of Assumptions on Net Benefits (% difference from base case with VoLY)

Road
Assumptions LEZ Testing Pricing
Benefit valuation Low VoLY ($5,000) 4% 18% 7%
High VoLY ($199,000) 41% 217% 62%
VoSL 122% 313% 83%
Confidence intervals Sensitivity (high) ! 3% 14% 5%
Sensitivity (low) 2 3% 18% 7%
Discount rate 5% 27% 8% 3%
Lagged benefits No lag 2% 8% 3%
30-yr lag 3% 16% 6%
Region -wide benefits Region -wide benefits from CBD LEZ 6%
Costs Low costs 51% 67% 53%
High costs 51% 67% 53%

1 Premature mortality risk rate = 1.10/1.08 per 10ug/nd for adults/babies; 21.03/1.02 per 10ug/n¥

The base case assumptions are:
1 Mortality benefits measured using VoLY;
1 EPA assumptions for lagged benefits;
T 8% discount rate;
1 Costs and benefits calculated over five years.

The most significant assumptions are for the approach to benefit valuation, and
especially if a VoSL-based approach is used rather than using VoLY. Other significant
assumptions are those relating to the discount rate employed and the level of costs.We
vary costs to take account of factors that include the ratio between vehicles and VKT, the
costs of testing and the cats of the road pricing system.

Conclusions

The Importance of Assumptions on Benefit Valuation

The analysis suggests that the policy options examined offer positive net benefits only
when the benefits are measured using VoSL. The choice of benefit valuation
methodology is hugely important.

HAPINZ used VoSL and we have included results that are consistent with HAPINZ, but
we suggest that there are reasons for changing these assumptions, particularly for policy
studies addressing the impacts of changesin concentrations rather than the impacts of
absolute levels. We have included two significant modifications to the HAPINZ

approach that are consistent with approaches being adopted internationally. These are:

14 \We ignore whether the change is positive or negative but concentrate only on how large the effect is
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1 theinclusion of a cessation lag (lagged benefit values), in recognition that the
major effects are on chronic mortality and that repairs to health will not happen
instantaneously with reductions in concentrations; and

1 the use of changes in life years, \alued using VoLY as the primary measure of
mortality effect. This is more consistent with the nature of the effect.

The other significant difference relates to the monetary values used. The VoSL we have
adopted uses the same source as used in HAPINZ. A VdA_Y can be calculated from the
VoSL and this results in relatively high benefit values , but we have more confidence in
values from studies that have derived VoLYs directly through survey techniques. There
is a need for more work on these values in a New Zedand context.

Policy Choices

The analysis suggests that the net benefits (or costs) of the policy options examined to
limit emissions in Auckland are highly uncertain. The results depend critically on some
key assumptions, particularly the benefit valuatio n assumptions as discussed above.

1 If VoSL-based benefit valuation is used, the analysis suggests that emissions
testing has positive net benefits, as do certainAuckland urban airshed -wide
LEZs, particularly a Euro IV -based LEZ targeted at HCVs and a less stringent
(Euro 2/11) version that targets LCVs and HCVs and could be met using retrofit
technologies. The common element is the HCV focus.

1 In contrast, using the preferred VoLY -based analysis, all options have net costs.
A LEZ focussed on HCVs and imposing a Euro |l requirement is the best LEZ
option (lowest net costs) for the CBD & Port and Auckland urban airshed |,
although we note that it is the worst option for the Auckland urban airshed if
using VoSL-based analysis. The next best LEZ options are Option 2 (Euro llI
HCV) and Option 4 (Euro 2/1l LCV & HCV). This suggests that those focussed
on the oldest and most-polluting vehicles (HCVs) are best, largely because of the
lower costs.

LEZs

The costs of LEZs depend on whether the requirements can be met using retrofit
technologies or if vehicle owners face the higher costs of vehicle replacement.

There is a risk in concluding that an Auckland urban airshed LEZ would be better than
a CBD LEZ on the basis of the potential for positive net benefits. The benefits are highly
uncertain and, if they are closer to the VoLY-based values then the Auckland urban
airshed LEZ would result in much higher net costs than a CBD & port LEZ , eg LEZ
option 3for the Auckland urban airshed ranges in value from positive $32 million
(VoSL) to negative $157 million (VoLY), but for the CBD & port has net costs of less than
$40 million.



We would not recommend any LEZ is adopted, but if one is experimented with , then
minimising costs through focusing on a smaller area and older vehicles (Euro Il
standard) would be preferable.

Emissions Testing

The emissions testing analysis has not examined the emissions testing options in any
detail. The costs depend on the coss of the testitself (which would cover equipment

and labour costs) and the number of vehicles that would need to be replaced rather than
repaired (because of emission requirements) The benefits are based on vehicles being
maintained in a way that would reduce emissions to levels achieved at manufacture,
avoiding the deterioration that occurs in the absence of regular servicing and
maintenance.

Emissions testing is ideal where the test costs are low and it provides incentives for
vehicle maintenance, which if undertaken, avoids the need for vehicle replacement
and/or costly repairs. However, the risk of facing these high costs provides the incentive
for maintenance.

Emissions testing has positive net benefit using a VoSl-based benefit valuation
approach. But, even if all other assumptions were favourable there are net costs under
VoLY -based benefit valuation assumptions

Road Charging

The analysis suggests that road charging to address congestion only has positive net
benefits when VoSL is used and other favourable assumptions are adopted, such as no
benefit lag. However, we do not consider all costs and benefits of this option® and there
may be net benefits from congestion reduction that would tip this from negative to
positive.

Overall Conclusions
No policy option provides certainty of positive net benefits.

Across the suite of policy options examined the analysis provides insufficient
confidence in any of them for positive policy recommendations to be made.

15We assume that the level of charge is set at a level that corrects for external costs of congestion (the
costs imposed on other drives), so that any response to this charge would be economically efficient
(benefits would exceed the costs). However, the benefits still need to exceed the costs of implementing
this price instrument, including the technical and government costs.
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Glossary

ANPR Automatic Number Plate Recognition

ART model Auckland Regional Transport model

CAAA Clean Air Act Amendments (US)

CAFE Clean Air for Europe - a long-term strategy to tackle air pollution and
protect against its effects on human health and the environment

CAU Census Area Unit

CBA Cost Benefit Analysis

CBD Central Business District

CDPF Catalysed Diesel Particulate Filter

CITA International Motor Vehicle Inspection Committee

CO Carbon Monoxide

CO2 Carbon Dioxide

CoF Certificate of Fitness

COMEAP Committee on the Medical Effects of Air Pollution - an expert

committee to advise the UK government on all matters concerning the
health effects of air pollutants

COPD Chronic Obstructive Pulmonary Disease

Defra Department for Environment, Food & Rural A ffairs (UK)

DOC Diesel Oxidation Catalyst

DPF Diesel Patrticle Filter

EF Emission Factor

EPA Environmental Protection Agency (US)

FTL/AUL Fuel Technology Limited & Auckland Uniservices Limited

GNS Science  Trading name of the Institute of Geological and Nuclear Sciences ltd
HALY Health -adjusted life year (equivalent to a QALY)

HAPINZ Health and Air Pollution in New Zealand

HCV Heavy Commercial Vehicle

HES Health Effects Subcommittee of the Advisory Council on Clean Air

Compliance Analysis, an advisory council to the US EPA on public
health, economy, and environment.

HGV Heavy Goods Vehicle (UK equivalent to HCV)
LCV Light Commercial Vehicle

LEZ Low Emission Zone

LGV Light Goods Vehicle (UK equivalent to LCV)
LPV Light Passenger Vehicle

MES Milan Ecopass Scheme

MfE Ministry for the Environment

MoT Ministry of Transport
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NESAQ National Environmental Standard for Air Quality

NO:2 Nitrogen dioxide

NOx Nitrogen oxides including NO and NO 2

NPV Net Present Value = the sum of discounted benefits minus the sum of
discounted costs

NZIER New Zealand Institute for Economic Research

NZTA New Zealand Transport Agency

OBD On-Board Diagnostics

OMB Office of Management & Budget

PHARMAC Pharmaceutical Management Agency

PM Particulate Matter

PMzs Particulate Matter less than 2.5um in diameter

PM1io Particulate matter less than 10 um in diameter

PMT Payment ¢ an Excel function that calculates an equal annual payment

(an annuity ) over a given time period for which the discounted sum
will equal a present value

PTI Periodic Technical Inspection

PV Present Value = discounted sum of future costs or benefits

QALY Quality -adjusted life year (a life year in perfect health)

RAD Restricted Activity Day

RPC Reduced Pollution Certificate +can be obtained in the UK if a vehicle

has been madified (retrofit technology to reduce emissions)
RR Relative Risk

RUC Road User Charget a per kilometre charge paid by users of diesel
vehicles

SAB Science Advisory Board (US)

SCR Selective Catalytic Reduction

TEDDIE TEst(D)DIEsel

TfL Transport for London

Hg microgram, one millionth of a gram

ULEZ Ultra Low Emission Zone

UNEP United Nations Environment Programme

VEPM Vehicle Emissions Prediction Model

VKT Vehicle Kilometres Travelled

VoLY Value of a Life Year

VoSL (or VSL) Value of a Statistical Life

VSLY Value per statistical life year

WHO World Health Organisation

WoF Warrant of Fitness

WTP Willingness to pay
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1 Introdu ction

1.1 Background

The Ministry of Transport (MoT) is establishing a programme of work t hat co-ordinate s
DOPUPEUDYI UwUOwWPOxUOYI wUI T wgUEOPUa wWOIi w-1 pwo9l EOE
improve ment of air quality outcomes and there is a research interest in identifying

potentially cost-effective policies to reduce emissionsfrom vehicles in the fleet.

Because these health effects are proportional both to ambient concentrations and the size
and vulnerability 16 of the exposed population, the greatest effects of policy are obtained
by focussing on areas with higher population densities and higher concentrations of
pollutants. Consistent with this, the focus of policy analysis in this study is on the most
problematic sources, defined with respect to:

1 Location ¢ the main concern is with Auckland; 7
1 Pollutants ¢ fine particulates;!8 and
1 Vehicle type ¥ diesel vehicles?®

The project aims toidentify a number of options that have been successful in reducing
air pollution from vehicles in designated urban areaselsewhere,and then assessing
their likely costs and benefits in a New Zealand context, specifically in Auckland.

1.2 The Sources and Incidence of Air Pollution Probl ems

Air pollution is problematic because of its impacts on human health and the

environment. There have been a number of studies that have assessed the overall
impacts of in New Zealand, p articularly the Health and Ai r Pollution in New Zealand
(HAPi NZ) study , initially undertaken in 20072° but recently updated to take account of
new data and understanding of health effects.?! The results of the HAPiNZ studies have
been used asinputs to a national cost benefit analysis of air quality standards.?2In New
Zealand, as elsewhere, economic analyses have suggested that the adverse impacts are
dominated by the health effects, particularly the impacts on premature deaths.

16| ower socioeconomic and susceptible groups with pre -existing lung or heart disease, as well as
elderly people and children, are particularly vulnerable

17 This geographic limitation was defined in the scope for this study provided by MoT and reflecting
the results of the HAPINZ upda te (Kuschel et al 2012a)

18 See discussion on page ii Pollutants of Interest)

19 This vehicle limitation was defined in the scope for this study provided by MoT and reflecting the
results of the HAPINZ update (Kuschel et al 2012a)

2 Fisher G, Kjellstrom T, Kingham S, Hales S & Shrestha R (2007). Health and Air Pollution in New
Zealand: Main Report, A Research Project Funded by: Health Research Council of New Zealand,
Ministry for the Environment and Ministry of Transport.

21 Kuschel G, Metcalfe J, Wilton E, Quria J, Hales S, Rolfe K and Woodward A (2012) Updated Health
and Air Pollution in New Zealand Study Volume 1: Summary Report. Prepared for Health Research
Council of New Zealand, Ministry of Transport, Ministry for the Environment and New Zealand
Transport Agency.

2NZIER (2009) The value of air quality standards. Review and update of cost benefit analysis of
National Environmental Standards on air quality Report to Ministry for the Environment
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1.2.1 Key Pollutants

Air pollution i s the result of a complex mixture of contaminants and particles, but the
majority of epidemiological studies to date link PM 10 with adverse health effects, and it
is regarded asthe best available summary indicator of air pollution exposure in New
Zealand. While research shows that many of the main health effects attributable to
particulates are more likely to be associated with the finer fraction of PM 10, such as PMes
the lack of monitoring data and relevant exposure -response functions makes it difficult
to robustly quantify the impacts of smaller fractions such as PM z2scurrently in New
Zealand. The assessment is therefore based on PMas used in the HAPINZ Update
20127

Additional pollutants of concern include nitrogen dioxide (NO 2), carbon monoxide (CO)
and benzene. However, Kuschel et alnoted that there were insufficient NO 2 data to
assess exposure in New Zealand, that there is a risk of doublecounting the impacts of
CO with the mortality effects of PM 10 and that benzene is at low levels and has bw
risks.

For PM1othe most recent NZ analysis assumes linear(in percentage terms), no threshold
exposure-response functions in which health effects are detectable at any concentration
above zero and that the increase in the effect is proportional to theincrease in
concentration.

Estimates of exposure have been based on measurements of concentrations coupled
with predictive models using vehicle kilometres travelled (VKT) per census area unit
(CAU) and emission factors for individual vehicles.

The exposure modelling approach used in this study is explained in Section 4.2and
Annex 3.

1.2.2 Emissions Sources

The 2012update to the HAPiNZ study estimatesthat, of the total social costs
attributable to air pollution (estimated to total $4.28 billion per year) , 56% is attributable
to domestic fires and 22% to motor vehicles, with the remainder split between open
burning (12%) and industry (10%).2* There areregional and local differences. In
Auckland emissions are dominated by motor vehicles, particularly in the CBD. For the
Auckland region, 43% of the anthropogenic effects (measured as social cost) are
attributable to motor vehicles and 38% to domestic fires; in former Auckland city , 49% is
attributable to motor vehicles.

Within Auckland (and other locations) , and reflecting the importance of transport
sources,air pollution problems are particularly concentrated in certain transport
corridors. 25

2 Kuschel G et al (2012) Updated Health and Air Pollution in New Zealand Study. Volume 1:
Summary Report

24 Kuschel et al(op cit)

2 Auckland Regional Council (2010) State of the Auckland Region report 2009. Chapter 4.1 Air
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1.3 Policies to Limit Emission Effects

The RFP for this research notes that the objective of the work is to identify costeffective
policies to reduce vehicle emissions (especially fine particulates and oxides of nitrogen
(NOx)) in the Auckland Region. The research is to focus on emissions from diesel
vehicles, but considers air pollution from non -tail pipe sources (eg tyres, brakes, etc)
where this is relevant and included in the emissions modelling .26 Policy options to be
considered should include:

1 emissions testing;

1 low emissions zones;

1 low emission fuels; and

9 retrofits of emissions reduction technologies.

Table 1 sets out three separate objectives forclassifying the available policy options.
Each option can result in a reduction in the impacts of emissions by reducing the
emission produced per vehicle, by shifting the vehicles away from people or by
reducing VKT and thus emission rates.

Table 1 Classification of Policy Options

Objective All vehicles Specific locations

Improve emission rates per 1 Emission standards 1 Low emission zones

vehicle 9 Emission charges 1 Entry charges (emission -
1 Information/testing related)

1 Fuel switching measures
Shift vehicles and emissions 1 Low emission zones

1 Entry charges (emission -
related)

Reduce VKT 1 Fuel charges/ road user charge
(RUC) increases

9 Emission charges
Policy to improve the emission rates per vehicle include:

1 emission standards, as currently applied in New Zealand. These require vehicles
first entering the market to meet minimum recognised international emission
standards;

I emissions charges provide incentives for lower emission vehicles by increasing
the costs of purchasing or using higher emissions vehicles;

9 information systems or requirements to pass in-service testing can be used to
provide information to vehicle owners relating to their emissions that might
provide incentives to improve them, or can be combined wi th emission
standards or rules for vehicles in use (rather than just first entry). Testing might
also be used alongside charge systems;

26 Particulate emissions from brake and tyre wear are included in the Vehicle Emissions Prediction
Model (VEPM) used in this study and are thus built into the results.
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9 fuel switching measures could be used to encourage shifts towards less
emissions-intensive fuels.

Emission rates per vehicle can also be encouraged in specific locations by policies such
as:

1 Low Emission Zones (LEZs) that restrict entry to some locations based on the
vehicle type and/or emission rates or standards the vehicle was manufactured
to. For example, LEZs have been used to restrict entry of heavy goods vehicles
(HGVs) from urban centres in many parts of Europe . They have also applied to
ports, such as the ports of Los Angeles?”

1 entry charges can function in a similar way to LEZs by char ging for entry based
on the emission profile of the vehicle.

Measures have the potential to shift vehicles away from people, eg away from high
density areas or where particularly vulnerable people live, eg schools, hospitals etc.
Measures include LEZs and emission charges that also incentivise a shift towards lower
emission vehicles.

Reductions in VKT occur where there is an increased cost for each additional VKT. This
applies particularly to measures that would affect fuel prices or per kilometre road user
charges (RUCSs). Ths could include increased fuel taxes or carbon charges.

We use this spectrum of charges as a way to organise the discussion of options.

1.4  Policy Options

The objective is to identify potentially cost -effective policies that might be used to tackle
air pollution in specific areas and for specific vehicles. The main criterion used to isolate
policies for further analysis is their potential for being specified geographically. The

main such policies employed elsewhere are low emission zones (LEZs) regional
emissions testing of vehicles to a specific local standard, eg as part ofn-service
inspection,?8 and road pricing.

Thus the suggested options for more detailed analysis and modelling are the following:
1 Low Emission Zones, including

o all of Auckland;
o asmaller part, eg CBD and port or transport corridors (major roads);

21 The ports of Los Angeles and Long Beach have established a progressive ban on polluting trucks.
From October 1 2008 all pre1989 truckswere banned from entering the Port; from January 1, 2010,
19891993 trucks were banned and 19942003 trucks that had not been retrofitted; from January 1 2012,
all trucks that did not meet the 2007 Federal Clean Truck Emissions Standards were banned fromthe
ports. www.portoflosangeles.org/ctp/idx_ctp.asp

28 \Warrant of Fitness (WoF) or Certificate of Fitness (CoF)
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1 Road pricing for the central Auckland congestion zone;
1 Vehicle testing with regional in -service standards.

The reasoning behind this is set out in Section 3 below, paticularly Section 3.8

1.5  Structure of Report
The report is structured as follows:

1 Section 2 provides background on the vehicle fleet in Auckland and recent
trends in emissions. It provides additional material to set the scene for the
analysis;

9 Section 3 discusses theavailable policy options and outlines and related
international experience. It recommends a limited set for detailed analysis;

1 Sections 4 and 5 set at methodological issues and data used in the analysis of
costs and benefits. Further detail is provided on the benefit analysis
methodologies in Annex 4;

9 Sections 6 to 8 provide the analysis of the individual policies: low emission
zones (LEZs, emissionstesting and road pricing, including the results under the
base case assumptiony

1 Section 9 summarises the analysis across all options and conducts sensitivity
analysis relating to key assumptions. It provides conclusions relating to analysis
and policy.

1 Four Annexes are provided that include:
0 additional detail relating to LEZs used internationally (Annex 1);
o the impacts of different assumptions on vehicle costs (Annex 2);
o the methodologies used in assessing emission impacts (Annex 3); and
0 benefit valuation techniques (Annex 4).



2 Auckland Context

In this Section we provide background material that sets the scene for the analysis. It
includes information on emission and concentrations of pollutants in Auckland, the
importance of vehicles relative to other sources, the factors influencing vehicle
emissions and how they vary over time and space within Auckland.

It provides background for the focus on Auckland, on particulate emissions and the
geographical scope of policy interventions.

2.1 Ambient air conce ntrations of key contaminants in Auckland

2.1.1 Auckland Council continuous monitoring network

Auckland Council own s an extensive continuous air quality monitoring network in the
Auckland region. The pollutants that are key indicators of transport -related emissions
are particulate matter (PM10and PMzs) and nitrogen dioxide (NO 2). The relevant
ambient air quality guidelines and standards for assessment of air quality in New
Zealand are summarised in Table 2

Table 2 Air quality guidelines and standards

Contaminant 1-hour average 24 -hour average Annual average
PMyo N/A 50 pg/m 3Neel 20 pg/m 3
PM,s N/A 25 pg/m 3Noe2 10 pg/m 3Nee2
NO, 200 pg/m 3hNowel 100 pg/m @ 40 pg/m 3Nee2

Note 1: Also the National Environmental Standard for Air Quality (NESAQ), with an allowance for 1
exceedance in a 12month period for PM 10 and 9 exceedances in a 1:2nonth period for NO 2

Note 2: Values are from the proposed Auckland Unitary Plan Auckland Ambient Air Quality
Standards (AAAQS)

Historically carbon monoxide (CO) has been used as an indicator of traffic emissions.
However, due to improvements to vehicle emissions systems, motor vehicle discharges
of CO are low, and difficult to differentiate from other combustion sources. Therefore,
CO is no longer considered useful as an indicator pollutant.

The Auckland Council monitoring sites are representative of different environments

and of likely source conUUDEUUDOOUS ww3T 1 Ul wEUT wUPOw?x1 EO?2 wOOC
indicative of worst case air concentrations in Auckland, but not necessarily

representative of urban air that people would be exposed to over long periods of time:

q Khyber Pass Road in Newmarket, which is representative of conditions at a busy
intersection.

1 Queen Street in the CBD, which is located within a street canyon, prone to slow
moving traffic and a main bus route.
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considered to be broadly representative of air quality at traffic -affected sites?® These
sites are:

il Gavin Street in Penrose which is located 106m northeast of the Southern
Motorway and will also have influences from industrial and residentia | sources
(PM1o, PM25, NO2).

1 Westlake Girls College in Takapuna (PMio, PM2.5, NO2), which is located 60m east
of the Northern Motorway and 30m south of Wairau Rd. This site will also have
influences from industrial and residential sources.

i Bell Reservein Pakuranga (PM1o), which is located 7.5m from Pakuranga
Highway and will also have influences from residential sources.

The air quality monitoring data presented in the following subsections are based on
data provided by the Auckland Council.

Long term (annual) average concentrations

Annual average PM1oand PMzs concentrations have decreased around the Auckland
region since the mid-1990s but appear now to bestabilising. here have been no
exceedances of either the PMo (20 pg/ms3) or PM25 (10 pg/m3) guidelines since 2010with
the exception of the beta gauge monitor at peak monitoring site Khyber Pass Road®.
Between 2003 and 2013, of the more than 15 sites monitored for PM, only Khyber Pass
Road (2006 to 2009, 2013), Queen Street (2007) and Penros(g) exceeded the annual
PMao guideline.

There are fewer monitoring sites for PM2s (only 6 sites have more than 5 years
monitoring data in the 2003 to 2013 period). The sites at Khyber Pass Road and Queen
Street exceeded the WHO annual average PMs guideline in 2004 and 2004 to 2008,
respectively. The data suggest that PMeslevels have stabilised, with recent (2011 to
2013) annual average concentrations at the urban monitoring sites between 6.5 and 7.8

pg/ms.

There are 8 air quality monitoring si tes with more than 5 years of data for nitrogen
dioxide over the period 2003 to 2013. The annual average NQ concentrations show
similar trends to PM 10and PM2s of generally decreasing concentrations since the mid
1990s, as shown inFigure 1. This is particularly the case at the peak roadside

monitoring sites at Khyber Pass Road and Queen Street, which are the only two sites
that have exceeded the WHO annual NO2 guid eline of 40 pg/m? between 2003 and 2013.

29 Use of Background Air Quality Data in Resource Consent Applications. Emission Impossible Ltd.
Prepared for Auckland Council. July 2014

30|n 2013, the beta gauge monitor at Khyber Pass recorded 21 ug/m (annual average) PMio and the co-
located Partisol recorded 16 pg/m3(annual average).
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Figure 1 Auckland Council annual average NO 2 concentrations
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Source: Auckland Council

Short term (hourly or daily) averages

There are a number of locations in Auckland that have exceededthe 24-hour average
guidelines for PM 10 and PM2zs between 2003 and 2013. These sites include a mix of
urban and rural areas around Auckland, which are not principally affected by traffic.

The number of days exceeding the 24hour average PMio and PMzs air quality

guidelines at each of the peak and roadside sitesare shown in Figure 2 and Figure 3
respectively. The PMes data are shown from 2006 as only Khyber Pass and Queen Street
were operating prior to this.

Figure 2 Days exceeding the PM1024-hr air quality standard
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Figure 3 Days exceeding the PMes air quality guideline
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Only the two peak monitoring sites of Khyber Pass Road and Queen Street have
exceeded 24hour NO 2 air quality guideline of 100 pg/m 2in the 2003 to 2013 period.

The 1-hr National Environmental Standard for Air Quality (NESAQ) for NO2is 200

pa/m 3, with an allowance for 9 exceedances in a twelve month period. Thenumber of

hours exceeding the standard at each of the peak and roadsidesites is shown in Figure

56 WwW3 EOPOT wbOUOWEEEOUOUWUOT T w?x1 UOPieHWEnE®T wi RET 1 EE
NESAQ since between 2010 and 2013

Figure 4 Days exceeding the NOz 24-hour air quality guideline
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Figure 5 Hours exceeding the NO2 1-hour air quality standard
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2.1.2 Passive monitoring network

The New Zealand Transport Agency (NZTA) maintain san extensive passive NG
monitoring network across the Auckland region. Monthly passive samples are taken at
positions representative of state highways, local roads and a number of background
sites (low traffic areas). Passive monitoring allows for a larger number of sites in
comparison to continuous monitoring due to the relatively low cost. However, passive
monitoring is less accurate and has a lower resolution (eg it does not show diurnal
variations). Monitoring between 2007 and 2013 shows annual average concentrations
throughout Auckland lie in the range between 10 and 46.5ug/m?.

Due to the long sampling length (1 -month), assessment against longterm NO 2
guidelines, such as the WHO annual 40 pug/ms, is most appropriate. Passive monitoring
between 2007 and 2013 indicated dur sites that exceeded the WHO annual NO2
guideline:

George BoltDr & Kirkbrid e Rd Intersection (Mangere);
Canada Street Interchange (Newton);

New North Rd & Mt Albert R d Intersection (Mt Albert); and
Great North Rd & Rata St Intersection (New Lynn).

= =4 A A

The above four sites are all located near major road intersections (or interchanges in the
case of Canada St) with roads of four lanes or greater in each direction.

2.2 Relative contribution of motor vehicle emissions to air pollution

2.2.1 Auckland emissions inventor y

The most recentAuckland Air Emissions Inventoryas prepared for the 2006base yea#p.
The 2006annual estimates of the total anthropogenic emissions across the entire
Auckland region are approximately:

1 3,170 t/yr PMio (38% transport; 47% domestic; 15% industry)

1 3,000 t/yr PM2s (39% transport ; 50% domestic; 11% industry)

1 20,800 t/yr NOx (7% transport; 16% industry ; 4% biogenic)

On a regional basis, motor vehicle emissions (within the transport sector) are the second
largest source of anthropogenic particulate emissions and the largest source of NOx
emissions.

2.2.2 Source apportionment of particulate matter

A source apportionment study was carried out by GNS Sciencein 2007 over 5 sites in
the Auckland region to identify the primary sources of coarse (PM 10) and fine (PMz.s)
particulate matter in ambient air samples. 3 The monitoring sites investigated were

381 Xie, S., Sridhar, S and Metcalfe, J (2014Auckland air emissions inventory 2006. Auckland Council
technical report, TR2014/015

82 Davy, P., Trompetter, B., Markwitz, A. (2007). Source apportionment of airborne particles in the
Auckland region. Prepared by GNS Science Consultancy for Auckland Regional Council. Report
2007/314
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Kingsland (PM 10 & PM25s), Takapuna (PMio), Queen Street (PMo & PM2s), Khyber Pass
Road (PMiwo & PM25) and Penrose (PM.s).33

The purpose of the study was to determine the relative contribution of different sources
of particulate matter at the different locations. Common sources of particulate matter
that were considered in the study were vehicle emissions, biomass burning, marine
aerosols, secondary silphates and soils.

The study showed that there was a large seasonal variation in source contributions at all
sites, reflecting an increase in biomass burning over winter months and an increase in
marine aerosols and crustal matter over summer months. Motor vehicle contribution
showed some minor seasonal variation with higher contributions in the winter months.
This is likely to reflect seasonal differences in dispersion characteristics, rather than
emissions. The results are summarised inTable 3.

2.3 Factors influencing motor vehicle emiss  ions

2.3.1 Relative contributions of different vehicle/fuel types

The Auckland Council has recently published an updated motor vehicle emissions
inventory for 2011 for the Auckland region. 3¢ The inventory used data from the Vehicle
Emission Prediction Model version 5.1 (VEPM5.1) and traffic data from the Auckland
regional transport model version 3 (ART3) (except for the 2001 estimates use for trend
analysis, which were based on data provided by the Ministry of Transport).

The fleet profile was taken from VEPM5.1 but was adjusted for the Auckland region,
which has a higher proportion of total vehicle kilometres travelled (VKT) for lighta nd
heavy commercial vehicles compared to the national fleet average. The Auckland fleet
profile for the base years considered is shown in Table 4.

The key findings of the inventory (for the 2011 year) were:

| Although diesel vehicle technology has improved significantly, diesel vehicles
still contribute disproportionately to PM 10and NOx emissions. Diesel exhaust is
the primary contributor to both PM 10 (72%) and NOx (55%) vehicle emissions,
despite diesel vehicles making up only 26% of the VKT;

1 Diesel light commercial vehicles account for 28% of PMio vehicle emissions and
13% of NOx vehicle emissions (while only making up 12% of VKT);

q Diesel heavy commercial vehicles (including buses) account for 25% of PMao
vehicle emissions and 35% of NOx vehicle emissions (while only making up 6% of
VKT); and

1 Petrol cars are a significant source of NOx emissions (45%); however, their
contribution is disproportionately low when compared to the VKT (74%).

33\We understand that there has been an update to this study, not currently in the public domain
34 Sridhar, S., Metcalfe, J and Wickham, L (2014). Auckland motor vehicle emissions inventory.
Prepared by Emission Impossible Ltd for Auckland Council. Auckland Council technical report,
TR2014/029
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Table 3 Summary of source apportionment study findings

Monitoring site

Queen Street

Khyber Pass Road

Kingsland

Takapuna

Penrose

Overall average

Motor vehicle emissions were the
primary source of both PM 10 and
PM,s (38% and 41%,

respectively).

Motor vehicle emissions were the
primary source of both PM 3, and
PM,s (46% and 49%,

respectively ).

Biomass burning was the primary
source of both PM 1o and PM ;5.
Motor vehicles contributed 7%
and 26 to 35% to average PM
and PM , 5, respectively.

10

Biomass burning (32%) and
marine aerosols (36%) were the
main contributors to PM 1o with
motor vehicl es being a relatively
minor source (14%)

Biomass burning (36 %) and
motor vehicle emissions (28%)
were the most significant
contributors to PM
concentrations.

25

Table 4 Auckland vehicle fleet profile

Vehicle type

Car

Light commercial

Hybrid & Electric

Car

Light commercial

Bus

Heavy

Total petrol (% of VKT)
Total diesel (% of VKT)

Fuel 2001
Petrol 72.9%
Petrol 5.9%
Petrol 0.0%
Diesel 7.0%
Diesel 7.8%
Diesel 0.5%
Diesel 5.9%
79%
21%

Source: Sridhar,et al 2014

Trends identified in the emissions inventory were:

1

Peak days

On peak PM,s days, the contribution from
motor vehicle emissions was relatively
constant (6to 9 pug/m °). Peak PM ,5
concentrations (over 20 pg/m %) were
largely due to emissions from domestic
solid fuel fires

PM;, source c ontributions were found to be
similar to PM 5 sources, with combustion
sources and marine aerosol responsible for
peak PM ;o concentrations.

Biomass burning sources were found to
have a significant impact on particle
concentrations at the monitoring site
during cold calm days in winter

Biomass burning was the primary source
of peak PM 5 concentrations during the
winter.

Biomass burning (60 % to 70 %) was the
primary source of PM 19 during peak winter
days with substantial contributions from

motor vehicle emissions (15 to 20 %).

During summer, peak PM ;o concentrations
are most likely due to marine aerosol with
minor contributions from crustal matter.

Biomass burning, most like  ly due to
emissions from domestic solid fuel fires,
was found to be responsible for peak PM
concentrations.

% of total VKT

2006 2011
70.8% 70.3%
4.2% 3.6%
0.07% 0.3%
8.1% 7.6%
9.7% 11.5%
0.6% 0.6%
6.6% 6.1%
75% 74%
25% 26%

Although there was a 16% increase in VKT between 2001 and 2011, NOx
emissions are estimated to have decreased by 30% and PAd emissions by 23%
over this period; and

The relative contribution of petrol cars to NOx emissions is expected to reduce
over time due to improved emissions control . Consequently, diesel cars and

25
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diesel light commercial vehicles are increasing in importanc e with respect to total
NOx emissions from motor vehicles.

2.3.2 Trends in fleet composition

The relative contributions of different vehicle and fuel types, as described in Section
2.3.1 need to be considered in the context of the trends in the vehicle fleet composition.
The following paragraphs summarise the key trends in the New Zealand fleet
composition based on MoT Annual fleet statistics for 201335

As shown in Figure 6, the proportion of the fleet that is diesel-powered is increasing. For
light vehicles, the proportion grew from 11.7% in 2000 to 16.%6in 2013 most of which
are commercial vehicles. Light diesel vehicles continue to travel further on average each
year than light petrol vehicles . A high proportion of new vehicles entering the light
commercial fleet are diesel powered.

Figure 6 Diesel vehicles within the light fleet
m Used light diesel
15% 1 = NZ new light diesel

10% 4

Diesel percentage

5% 1

0% -

2000 2002 2004 2006 2008 2010 2012

Year

Source:MoT 2014

The average age of the light vehicle fleet including passenger vehicles and light
commercials (13 years) and the truck fleet (16 years) have been increasing in recent
years (refer Figure 7). The average age of the bus fleet (15 years) has dropped slightly in
recent years in response to increased new vehicle purchasingalthough it remains
relatively high. Emissions from older vehicles generally will be higher than newer
vehicles of equivalent fuel type and servicing.

35 Ministry of Transport Annual Fleet Statistics 2013 ¢ August 2014 release
http://www.transport.govt.nz/assets/Uploads/Research/Documents/New -Zealand-Vehicle-fleet-stats-

final -2013.pdf
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Figure 7 Fleet average age

17 7 W®Light fleet average age  ~--=-=====r=m=m=seeea- ittty
MTruck fleet average age
16 1 Bus fleet average age

Agein years

2000 2002 2004 2006 2008 2010 2012

Source:MoT 2014

There is a clear relationship between vehicle age and travel with older vehicles not
being driven as far each year. However, a substantial proportion of travel is still done
by light used imported vehicles manufactured during the 1990s. Light commercial
vehicles are generally driven further each year than passenger vehicles until they reach
an age of about 15 years, after which tke annual distances are similar.

Figure 8 Light passenger fleet travel in 2013

9,000 1
MUsed import light passenger
BNZ new light passenger
£
° 6,000 1
[
=
]
>
S
2
S 3,000
=
0 +—=—— —

Pre1980 1980- 1985- 1990- 1995- 2000- 2005- 2010-
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Period of manufacture

Source:MoT 2014

There is an increasing trend in VKT despite the vehicle fleet size having remained
relatively stable in recent years (2007 to 2012. In addition, the size of the fleet is
projected to grow in future 35 this growth is expected to include an increased uptake in
diesel and hybrid and electric vehicles, but reduction in the number of petrol vehicles.
This has implications for increased VKT and vehicle emissions, particularly from the
diesel proportion of the fleet.

2.3.3 Cold start journeys

When a vehicle is started and operated from cold (ambient temperature), the emissions
will be higher than when the engine and catalyst (if equipped) are operating under hot
(normal operating) temperature. These higher emissions are due to a range of factors
including fuel enrichment, higher friction, lower efficiency of combustion and lack of

36 Ministry of Transport (2008b) Vehicle Fleet Emission Model
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catalytic conversion (if applicable). The speed at which a vehicle engine cools after
parking is dependent on vari ables such as wind speed ambient temperature and engine
size.

Standard emission models like VEPM5.1 include adjustment factors to allow for a
percentage of the VKTs to be under cold start conditions. The percentage of cold start
emissions is calculatedfrom the average trip length, which can be changed by the model
user. A shorter average trip length will result in higher average emissions because the
proportion of the trip in cold start conditions is higher.

Heavy duty vehicles are mostly used for commercial purposes, which generally means
longer trip distances and maximum utilisation. Therefore , the fraction of trip length
affected by cold start operation is assumed to bezero.

2.4  Temporal and spatial characteristics of vehicle emissions

2.4.1 Introduction

In urban areas, the variable temporal and spatial nature of vehicle emissions and
complex dispersion patterns due to the influence of urban form, result in localised
pollution hotspots and strong horizontal and vertical pollutant concentration gradients.
Temporal variations occur with changes in vehicle patterns diurnally and seasonally,
while spatial variations include the linear nature of traffic corridors, the fleet emissions
profile on different routes, the presence of intersections and buildings, and dro p off in
pollutant concentrations with increasing distance from road emission sources.

2.4.2 Diurnal patterns

Temporal variations in vehicle emissions occur through diurnal and seasonal variations
in traffic flows. These variations can particularly be seen in monitored roadside
pollutant concentration data. Diurnal profiles for the Auckland Council roadside and
peak NO2 monitoring sites (as shown in Figure 9) show concentrations are lowest
overnight and peak concentrations typically mirror the two traffic flow peaks associated
with morning and evening rush hours.

2.4.3 Reduction in pollutant concentrations with distance

There is a strong horizontal gradient in pollutant ¢ oncentrations with increasing
distance from the road network due to dispersion of emissions.

An Auckland Study 37 which investigated the decline of NO 2 concentrations away from
roadsides of motorways, through the review of passive diffusion tubes survey re sults,
showed that, downwind of the prevailing wind, there is a general downward trend of
NO 2 concentrations with increasing distances from the roadside. On average,
concentrations are higher on the downwind side of the motorway and the contributions
from the motorway can remain elevated up to at least 300 m away from the roadside.

37 Auckland Regional Council ( 2007 Technical Publication No. 346 Nitrogen Dioxide in air in the
Auckland Region: Passive Sampling Results.
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A UK study ,*which reviewed the results of numerous monitoring campaigns for NO 2
concentrations at differing distances from roads, showed a linear reduction in the
influence of the road with the natural logarithm of distance from the kerb at distances
between 10cm from the kerb and 140m from the kerb. In other words, NO:2
concentrations were found to reduce rapidly with increasing distance from the road.

This relationship is expected to be similar for fine particles, which essentially behave
like gases. The study showed that beyond 50m from the road, concentrations start to
approach background levels and at 100m or more from the road, the difference between
the total concentration and the background concentration become close to zero. From
50m of the roadside the reductions in measured concentrations are extremely small. The
influence of vehicle emissions on pollutant concentrations therefore tends to be
localised.

Figure 9 Diurnal profile for Auckland peak and roadside NO: sites (based on 2013 data)

Concentration (pg/m?)
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Tim:
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Source: Auckland Council

2.4.4 Building effects

Street canyons are created where buildings occur on both sides of the road. The
buildings cause the formation of vortices and recirculation of air flow that can trap
pollutants and restrict dispersion. Street canyons tend to occur in narrow streets where
the height of buildings on both sides of the road is greater than the road width.
However, the presence of buildings along broader streets may also affect pollutant
concentrations. This becomes an increasing issue in urban areas where new
development incre ases the density and height of buildings along roadsides and results
in a restriction of the dispersion of pollutants.

Locations on the windward side of a canyon can experience greater dispersion and
ventilation leading to lower pollutant levels. However , pollutants can become trapped
on the leeward side of a canyon, particularly when wind directions are perpendicular to

38| axen, D. and Marner, B. (2008) NQ Concentrations and Distance from Roads. Air Quality
Consultants Ltd.
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the orientation of the street. Wind flows can vary, or even reverse, over short time
periods, highlighting the level of complexity of d ispersion in these circumstances.

Monitoring studies within street canyons commonly measure significantly different
concentrations at different locations and heights within the canyon, and on each side of
the canyon. Monitoring studies on both sides of street canyons also have shown that
background concentrations influence pollutant levels within street canyons as the air
mass at rooftop level moves into the canyon, leading to increased ventilation and

21 O0UT DOT wOUU? wOi wxOOOUUI EwEDPUSwWw2POPOEUOaOwWT ExU

win d flows to enter the canyon thus re-circulating pollutants away from the junctions,
but causing increased concentrations further away. However, t he opposite effect may
occur if the gap is at junction, where road traffic emissions are carried into the canyon,
resulting in higher concentrations.

UEOOEOEwW" OUOEDPOZUwWOUI 1 Ow20UI T DwOOOPUOUD

street canyon effects are likely to be a contributing factor to elevated pollutant
concentrations.

2.4.5 Freight and public transport corri  dors

Given the disproportionate contribution of PM and NO x emissions from diesel heavy
commercial vehicle exhausts, freight and public transport corridors tend to experience
higher corridor emissions compared with other roads with a lesser proportion of he avy
vehicles in the fleet profile. The effect of these higher emissions on pollutant
concentrations experienced by sensitive receptors will depend on a number of factors,
including overall traffic volumes along the corridors, building and meteorological

effects and proximity of sensitive receptors to the roadside.

UEOOEOEwW" OUOEDPOZUwWOUI 1 Ow20UI T DwOO6OPUOUD

prone to slow moving traffic and on a main bus route. Measured pollutant
concentrations at this location are one of the highest of the automatic monitoring
network (refer Section 2.1.7). However, this location is in an area of short-term exposure
and not necessarily represntative of urban air that people would be exposed to over
long periods of time.

2.4.6 Influence of signalised intersections

Intersections are recognised as localised emission hotspots due to the cycle of vehicles
decelerating, idling and accelerating. These efects can be seen in the continuous air
quality monitoring data at Khyber Pass Road and the NZTA passive sampling sites at
intersections (refer Section2.1.2. Internationally, measures to reduce the localised air
quality impact of signalised intersections include optimising light phasing to minimise
gueuing and replacement of signalised intersections with roundabouts or flyovers.

A report has recently been prepared for the Auckland Council that investigated the
effects of motor vehicle emissions on PMi, PM2sand NOx concentrations in the vicinity
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of signalised intersections.?® The intersection of Balmoral and Dominion Roads was
selected as an example of dypical busy arterial intersection . The effects of motor
vehicle emissions at this intersection, using actual traffic data, were investigated using
dispersion modelling. The modelling study found that concentrations of air pollutants
were predicted to be elevated in the vicinity of congested intersection s compared to
levels of pollutant s measured near freeflowing traffic. Peak pollutant levels were
predicted to occur within the first 20m from the intersection and the relative effect
decreases with distance. The predicted pollutant levels were still higher than under
free-flowing co nditions at a distance of over 100m from the intersection (however the
differences were less than 20% at this distance)

The University of Auckland undertook a study in 2009 4°which looked at spatial and
temporal variability in pollutant concentrations at a complex signalised intersection
(Symonds Street/Wellesley Street intersection in Auckland). This study showed how
pollutant concentrations vary considerably in time and space around a complex
intersection and that p ollutant concentrations are not always dependent on proximity to
the pollutant source. Local geometry and meteorology played an important role in
determining local concentrations . Concentrations were found to be highest in Symonds
Streetassociated with parallel flows, which was attributed to a combination of complex
flow patterns resulting from the presence of trees in the street canyon and local
advection influence local concentrations.

The standard motor vehicl e emission models, like VEPM5.1, rely on average speed data
and are not able to simulate the micro-scale emissions from signalised intersections.

2.5 Conclusions

In relation to identification of options to r educe the effects ofmotor vehicle particulate
emissions, the above analysis indicates that:

1 The main pollutants of interest related to motor vehicle emissions are
particulates and NO 2;;

1 With diesel vehicles, particularly heavy commercial vehicles, contributing
disproportionately to PM 10and NOx emissions, targeting this segmentof the
fleet for emission controls could have significant benefits, e.g. a low emission
zone (LEZ) or vehicle testing regime targeting heavy diesel vehicles;

1 The localised (spatial and temporal) nature of polluta nt concentrations from
vehicle emissions indicates that targeted action to address pollution hotspots
(particularly where there is relevant exposure) could have the greatest benefits,
eg using a small area or corridor LEZ; and

1 Urban form has a significant effect on pollutant concentration gradients and
therefore land use planning and urban design have a significant role in reducing

%9 Noonan, M. Childcare Assessment Guidance Dispersion Modelling. Prepared by Beca Ltd for
Auckland Council. 2014
40 Salmond et al(2009) 3 Dimensional spatio -temporal variability in air quality at a road intersection
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the effects of vehicle emissions in urban areas eg in preventing formation of
street canyons and avoiding relevant exposure atbusy roadside and
intersections.
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3 Review of Policy Options

In this section we discuss a number of policy options that have been used in other
countries to address air pollution. We examine how they operate and the extent to
which they are potential options for regional application in New Zealand. We consider
the following options in turn below.

Emission standards

Emission charges

Low emission zones

Road pricing measures
Emissions testing

Fuel switching

Fuel charges & RUC increases

E NE IE R TN |

3.1 Vehicle Exhaust Emission Standards

Requiring vehicles to meet exhaust emission standards aims to reduce the level of
emissions produced by vehicles entering the fleet. Vehicle emission standards have been
set in New Zealand to apply to vehicles imported (or first registered) new or used. *tIn
general, emission standards do not restrict use of vehicles once they have entered New
Zealand, apart from the requirement not to modify a vehicle such that it would not pass
the emissions test required on first import, and a visible smoke testhese requirements
are set out in Sections 3.2 and 4, respectivgl, of the Land Transport Rule: Vehicle
Exhaust Emissions 2007

The Rule requires that vehicles entering the New Zealand fleet meet a recognised
international standard, eg Japanese, European, Australian or US*? Emission standards
could be modified to apply the same standard to used imported vehicles to those
currently applying to new vehicles, ie Euro 5/Japan 09, which would limit imports to
post-2009 vehicles.

In this section we discuss international analyses of requiring emission standards. In later
sedions we examine the potential for requiring vehicles in use to meet emission
requirements for LEZs, which are effectively localised emission standards, and the
inclusion of vehicle testing in Warrant of Fitness checks.

3.1.1 NZImpacts

In contrast to LEZs and other geographically -specified policies, emission standards for
imported vehicles apply to all vehicles wherever they are driven. However, the effects

41 Exceptions are provided under some circumstances where the vehicle is more than 20 years old, is a
'special interest' vehicle or for immigrants bringing a passenger vehicle (or some other limited types) to
New Zealand.

42 http://vehicleinspection.nz ta.govt.nz/virms/entry -certification/i -and-c/exhaust/exhaustemissions#up
43 Japan 09 for petrol applies to gasoline direct injection engines and this is used only in a few models
by one manufacturer (Mitsubishi ), meaning emissions standards cannot be effectively tightened for
light petrol vehicles ex Japan(lain McGlinchy, MoT pers comm) .

> 20


http://vehicleinspection.nzta.govt.nz/virms/entry-certification/i-and-c/exhaust/exhaust-emissions#up

and potential benefits will be somewhat weighted towards the major urban centres
because:

1 thatis where the majority of fleet growth occurs ( Figure 10)** such that there will
be an expected largereffect of emission standards;

1 the higher rate of growth is also reflected in the average age of the fleet. This is
lowest in Auckland and Welling ton, and highest in the South Island regions
(Figure 11).

Figure 10 Growth in vehicle fleet since 2001 by region
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Source: Ministry of Transport The New Zealand 2013 Vehicle Fleet: Data SpreadsheetCovec analysis

Previous analyses of emission standard policies have suggested the potential
downsides. By effectively restricting vehicle importers to the purchase of later model
vehicles (that meet minimum recognised standards), average import prices will tend to
rise. The market response was expected to include the import of newer vehicles, and
potentially a shift towards retaining vehicles for longer, ie an agi ng fleet.*>* Because of
the potential for an aging fleet, it was suggested that programmes to tackle vehicles at
the other end of the market, eg scrappage programmes, might usefully complement
these standards#6

44 Note, this will include some effect of people moving to Auckland with their vehicles from elsewhere
in New Zealand

45 Covec (2006) Socieeconomic impacts of emissions standards on used imported vehicles. Report to
Ministry of Transport

46 Covec (2007) Update and Extension of Vehicle Emissions Modelling. Final Report to Ministry of
Transport.
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Figure 11 Average Age of Vehicle Fleet by Region (as of 2013)
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International studies have suggested that such programmes can be successfut! but the
cost-effectiveness at reducing emissions is limited because older (low value) vehicles
targeted by scrappage programmes are likely to be driven little. For example, a review

of trials with scrappage schemes in Auckland, Wellington and Christchurch concluded
that 0T 1 Ul ditniledisbaiarand environmental benefits from the early retiremievehicles
during the trial® O w UHe Bothpped vehicles would hheen scrapped soon regardless of the
trials? @nuaverageUT 1 wUIl x OE El Owe@ Grauvd 12 y@&r<Oddlave larger
engines and are driven further than older vehictesso fuel savings were unlikelyw E O E w
although ? t¥apped vehicles were likelyhave limited emissions controls (such as exhaust
catalytic converters) Z U | deriesaliy did not travel far’8 In addition, prior to the
introduction of exhaust emission standards there is little relationship between emissions
and vehicle age (apart from the introduction of control technologies/catalytic
convertors).*°

The evidence for the actual (rather than predicted) impacts of NZ emission standards
(introduced in January 2008) on the vehicle fleet is somewhat unclear. The average age
of the vehicle fleet has increased over time (Table 5), but this will reflect factors that
include the very large number of mid -1990s vehicles that were imported in the early
2000s Figure 12) and improved vehicle longevity, ie vehicles are built better and last
longer anyway. The average age of used light petrol vehicles entering the fleet has not
changed with the introduction of vehicle exhaust emission standards ( Figure 13),

47|HS Global Insight (2010) Assessment of the Effectiveness of Scrapping Scheme®f Vehicles.
Economic, Environmental, and Safety Impacts. Prepared for: European Commission DG Enterprise
and Industry Automotive Industry

48 Ministry of Transport (2009) A vehicle scrappage trial for Christchurch and Wellington: May 2009
49| McGlinchy, per sonal communication
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despite the expectation of a change to newer vehicles (as noted above); it may be thithe
emission standards have largely reinforced existing trends. However, there has been a
general decrease in the average of age of imports of used trucks and light diesel vehicles
since the introduction of standards in 2008For used light diesels the impact was delayed
until the tighter standard (from Japan 02/04 to Japan 05) commenced in January 2009.

Table 5 Average age of fleet in different vehicle categories

Light Heavy
Period Light Private Commercial Commercial Bus Other
2000 1157 11.97 13.87 15.50 17.63
2001 11.60 11.98 14.01 15.49 17.64
2002 11.60 11.93 13.99 15.37 17.17
2003 11.59 11.86 13.91 15.25 16.77
2004 11.63 11.75 13.79 15.08 16.62
2005 11.71 11.63 13.71 15.15 16.31
2006 11.84 11.61 13.79 1541 16.50
2007 12.02 11.55 13.88 15.46 16.53
2008 12.22 11.56 14.00 15.37 16.49
2009 12.59 11.85 14.38 14.96 16.62
2010 12.88 12.05 14.78 15.13 17.05
2011 13.15 12.16 15.04 15.16 17.20
2012 13.35 12.23 15.35 15.13 17.48
2013 13.53 12.21 15.67 15.27 17.77

Source: Ministry of Transport The New Zealand 2013 Vehicle Fleet: Data Spreadsheet

Figure 12 Period of manufacture of light fleet
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Figure 13 Average age of vehicle imports
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Vehicle emissions under actual operating conditions may be different from that
expected based on certificationstandards. Typically, vehicle emission models,
including VEPM, apply corrections based on extensive testing databases to account for
differences from the certification standard and for degradation in performance with
vehicle age.

3.1.2 International Studies

International studies that have considered the costs and benefits of emission standards
on fleet entry have tended to suggest significant net benefits as a result. UK®and
German?! studies suggest that emission standards are some of the most coseffective
measures aimed at reducing emissions.

In the UK cost benefit analysis, emission reductions were analysed that went beyond
Euro 4 for light duty vehicles (from 2010) and Euro V for heavy duty vehicles (from
2013). It was assumed that tighter standards were me using emission reduction
technologies that need to be fitted at manufacture .52

In this report we do not examine the effects of emission standards per se. This is both
because:

1 theinterestis in policies that can be introduced for specific geographic areas,
rather than nationwide, and measures such as LEZs are equivalent to locally-
specified emission standards; and

%0 Defra et al(2007) An Economic Analysis to inform the Air Quality Strategy. Updated Third Report of
the Interdepartmental Group on Costs and Benefits

51 Sadler Consultants (2010) Low Emission Zones in Europe. Report for the UK Department of
Transport

52 See Defra (op cit), pp103, 108, 113
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1 thereis little scope for tightening import standards beyond those that exist
currently as stringent emission standards are already required.

3.2 Emission Charges

Emission charges would provide incentives for purchasing lower emission vehicles
because of the higher operating costs of higheremitting vehicles. Emissions charges
could operate as differential acquisition fees or differential annua | registration fees.
Other forms of charges, eg road charges or fuel charges are discussed below.

Vehicle charges that vary with emissions have typically been introduced to address CO:
emissions. In theory charges could be used to incentivise purchases of vehicles with low
emissions of other pollutants. If targeted at particulates this would mean higher charges
for diesel vehicles than for petrol vehicles (seeTable 6).

Table 6 Relative emissions (per VKT) by vehicle type (2011)t including exhaust plus brake & tyre
emissions

CO, NOx PM10
Vehicle type (g/km) (g/km) (g9/km)
Petrol car 217.9 0.443 0.015
Diesel car 224.6 0.696 0.162
Petrol LGV 270.9 0.649 0.014
Diesel LGV 270.3 0.828 0.120
Diesel HGV 639.4 4.207 0.199

Source: Estimated from Table A-3 in Sridhar S, Metcalfe J and Wickham L (2014). Auckland motor
vehicle emissions inventory. Prepared by Emission Impossible Ltd for Auckland Council. Auckland
Council Technical report, TR2014/029

Emission charges would ideally be set at a level that reflected the costs of emissions
from each vehicle type. To be mosteconomically efficient, ie to provide incentives for
emission reduction at least cost,this would need to reflect the expected emission costs
over the lifetime of the vehicle (if on acquisition) or per year (if an annual licence fee).
However, because these costare likely to vary significantly by location (costs are low if
emissions are away from people), this approach will not be highly efficient. It is more
suitable for addressing CO2 emissions than local pollutants.

3.3 Low Emission Zones

3.3.1 Description

Low Emission 9 O O1 U wp+ $u@dd Aruoadd Whare tmest pollutingvehicles are

restricted from entering. This means that vehicles are banned, or in some cases charged, if they

enter the LEZ when their emissions are over a set#8y€hey might be characterised as

?BW UYPET wi OPUUPOOWUUEOGEEUEU? wUT EVUWExx QawlOwYIl T
during entry certification. There are around 225 LEZs in operation, or planned, in 13

European countries (Figure 14). Examples are provided in Annex 1.

53 http://urbanaccessregulations.eu/low -emission-zones-main
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Figure 14 LEZs in Europe (current and planned)

Austria 6
Belgium
Czech Republicf 1
Denmark
Germany
Hungary
Italy
Malta
Netherlands
Norway
Portugal
Sweden

UK

Source: http://urbanaccessregulations.eu/lez-quick -quide

The London LEZ is identified as a charge-based system rather than a restriction, as no
vehicles are restricted; they are simply made to pay (high) entrance fees that are
designed to discourage entry.

Appro aches to LEZs differ in the extent to which they either:
(1) make broad generalisations about which vehicles are most polluting, eg heavy
duty goods vehicles are restricted, or
(2) are more targeted, eg using vehiclespecific emission rates and/or whether they
have a catalytic converter (which is recorded with the vehicle data) .

Most of the LEZs in Europe affect heavy-goods vehicles (HGVs) only;> however, also
including light duty vehicles gives greater impact. 5> Apart from some Italian examples,
typically LEZs are in force 24 hours a day, 365 days a yeat®

Some examples are given inTable 7. The LEZs vary with: 57
1 approacht charge (Milan, London) vs restrictions (Sweden, Netherlands,
Germany); and
9 targett broad categories (Sweden) vs more targeted approaches (Germany)

f

54 Heavy duty vehicles (HDVSs) in the UK

% Sadler Consultants (2010) Low Emission Zones in Europe. Report for the UK Department for
Transport

56 http://urbanaccessregulations.eu/low -emission-zones-main

57 Defra (2009) Local Air Quality Management Practice Guidance 2. Practice guidance to Local
Authorities on Low Emissions Zones.
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Table 7 Examples of LEZs

Vehicle Type

Trucks only

Heavy duty vehicles

Vehicles with 4+
wheels

All vehicles

Local buses under
agreements

Vans

LEZ

Netherlands
Motorway A12, Austria
Austria regional

Mont Blanc Tunnel, FR/IT
Prague, CZ

Budapest, Hungary
London, UK

Denmark

Sweden

Germany

Lisbon, Portugal
Greece, Athens
Netherland s

Italy

Norwich, UK
Oxford, Brighton, UK
London, UK

Germany

Italy

Netherlands

Current Emissions
standard 2014

Euro IV
Euro 11/111
Euro | - 1l
Euro 1l

Euro 1l

Differential parking charges

Euro IV (PM)

Fit Filter if less than Euro
\Y

8yearsold/Euro Il

Euro 3/lIl -4/IV (PM) &
Euro 1 /I Petrol

Euro1 /I or Euro 2 /l
Euro 1/ | Euro 4 IV

Euro 1 -4/1-1V ; no 2 -
stroke motorcycles

Euro Il (NOx)
Euro V
Euro 3 (PM)

Euro 2 -4 (PM) & Euro 1
Petrol

Euro1l-4/no2 -stroke
motorcycles

Future Emissions
standard !

Euro 11l

Euro 4/IV (PM) &
Euro 1 /I Petrol

Planned: Euro 3 /Il all

Utrecht from 1/1/2015.

Euro 2 -4/11 -1V; no 2-
stroke motorcycles

Euro 3 -4 (PM) & Euro 1
Petrol

Euro 2 -4/no 2 -stroke
motorcycle

Utrecht from 1/1/2015.

1 These are the emission standards expected to be adopted in the future for these LEZs

Source:modified from http://urbanaccessregulations.eu/overview -of-lezs

3.3.2 Components

The individual components of LEZs include: 58
9 the vehicles to be affected;
1 the emissions standard to berequired;
1 whether sticker or database identification (camera enforcement), and whether

vehicle operators need to register;

1 enforcement methods and penalties;
1 the main exemptions;
1 thatthe LEZs are in permanent operation

All L EZs except those in Sweden, Norway and the Austrian motorway allow retrofitting
of diesel particulate filters (DPFs) to meet the PM standard. That means if a vehicle

does not meet the required standard (eg, because of the age of manufacture), the owner
can choose to retrofit a DPF°

58 Sadler Consultants (op cit)
59 Sadler Consultants (op cit)
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3.3.3 Evaluation

The magnitude of the air quality impact of the LEZ depends on the emissions standard
set® Most LEZs have two phases, phase 1 with a less stringent standard to enable star
up, phase 2 expecting to have more impact.

Quialitative

Defra reports on the expected effects of the LEZ in qualitative terms. It notes a number
of factors that are significant determinants of costs: 6!

9 the number of vehicles because in broad terms, the size of the UK fleet rises in
number from bus/coach,heavy commercial, light commercial , to passenger cars
so a schemethat includes only heavy vehicles will tend to cost less than one that
only includes passenger cars, all other things being equal;

1 the size of the area, eg because of the numberf entry points;

1 level of technology used ¢ schemes that use technologies such as tags, smart
cards or Automatic Number Plate Recognition (ANPR) cameras will have higher
setup costs than paper or sticker-based scheme$? These costs need to be
compared with the effectiveness of the different options.

Quantitative

A review of the experience with LEZs by Sadler Consultants notes the effects both in
terms of monitoring data and from emissions modelling. The monitoring data suggest
reductions in annual average PM1oand NO2 concentrations of zero to 12%; these were
generally greater than the modelled effects. However, there were a number of other
circumstances that would have affected results including differences in weather
conditions and changes in levels of other activiti es, eg building work.

Owl EOOOOPEWEOEOaUPU WOl wUT T wéa*zUw PUWOUEOPUAW2U
of LEZ options. %3 The initial London LEZ feasibility study, 64found that benefits are
highest in year 1 and fall over time because of the turnover of the fleet (vehicles
improving in emission levels over time). The effects were estimated by measuring
emission reductions and applying a relevant cost per tonne damage cost estimate.

The analysis suggested that the benefits would apply beyond London because of a
cleaner fleet operating. As 30% of all trucks and 50% of buses (coaches) in the UK enter
London an LEZ for London would result in cleaner vehicles being used more widely.

60 Sadler Consultants (2010) Low Emission Zones in Europe. Report for the UK Department for
Transport

61 Defra (2009) Local Air Quality Management Practice Guidance 2 Practice Guidance to Local
Authorities on Low Emissions Zones , p25.

62 Sticker-based schemes requirevehicles to have the appropriate sticker on their windscreen (eg the
red, yellow or green stickers of the German schemes). These are readily identified manually.

63 Defra et al(2007) An Economic Analysis to inform the Air Quality Strategy. Updated Third Re port of
the Interdepartmental Group on Costs and Benefits

64 Watkiss P et al(2003) London Low Emission Zone Feasibility Study. Phase II. Final Report to the
London Low Emissions Zone Steering Group. AEA Technology.
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The study also noted that pre-Euro and Euro | vehicles are noisier so the mesure would
have reductions in noise also.

The estimated costs included those for implementing and operating the scheme. Manual
and automatic schemes were considered. Thetotal costs dependparticularly on the
response of operators with non-compliant vehicles (pre-Euro, Euro | and Euro 2/1I
vehicles) t replacing vehicles, re-engining, fitting abatement equipment (particulate
filters for PM or SCR for NOXx) etc.

Overall the net benefits were estimated to be negative, ie costs exceed the benefits.

3.4 Road Pricing

Road pricing schemes can operate in an undifferentiated way, ie costs for entry
regardless of vehicle, or can be differentiated by vehicle type.

3.4.1 Un-Differentiated Prices

In the UK, a national road pricing scheme was evaluated using evidence from a sepaate
road pricing feasibility study. % The scenarios examined included charges that differed
with levels of congestion, road type, and area type (eg urban/rural) . The assessment
assumed charge levels equal to marginal social costs (based on estimates of daage)
within a maximum of 10 charge bands; it was capped at 80pence/km (NZ $1.60/km). Air
quality benefits represented a small proportion of the total benefits, with reductions in
congestion valued more highly in total. The measure was estimated to save 196000
374,000 life years from particulate matter reduction over 2010-14 and to reduce CQ
emissions by 1.5 million tonnes.

The analysis suggests that such a measure would not be a primary policy tool for
addressing air pollutants.

3.4.2 Differentiated Prices

Mil an

Milan combines an LEZ with a congestion charge, and as a result the effects include a
reduction in the number of vehicles entering the zone, in addition to a change in the
vehicle fleet. The focus of theMilan Ecopass Scheme(MES) was to improve air qu ality.

The MES was introduced in 2008 for entry to an 8 km?area in the city centre. The charge
varies based on a number of factors, primarily with the Euro emission standard of the
vehicles entering the area and the frequency of entry (seeTable 8). The MES operatesvia
an automatic-number -plate-recognition (ANPR) technology, previously tested in
London, and Stockholm.

65 Department for Transport (2004) Feasibiity study of road pricing in the UK ¢ Full Report
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Table 8 Milan Ecopass tariffs

Class Definition Dai ly char Yearlypass

| LPG, methane, electric, hybrids Free Free

Petrol: Euro 3,4 or higher  ; Diesel: Euro 4 without PF
Cars & freight: Euro 4 with PF

Il Petrol: Euro 1 & 2 a2 G50

1] Free Free

Petrol: Euro O ; Diesel cars: Euro1 -3; Diesel goods

v vehicles: Euro 3 ; Diesel buses: Euro 4 & 5

us 0125
Diesel cars: 0 ; Goods vehicles: Euro 0 -2; Diesel buses:
Euro 0 -3

Source: Rotaris L, Danielis R, Marcucci E and MassianiJ (2009) The urban road pricing scheme to curb
pollution in Milan: a preliminary assessment. Universita di Trieste, Dipartimento di Economia e
Scienze StatisticheWorking Paper n. 122

\ 410 G250

As a result of the scheme average annual PMio concentrations are esimated to have
fallen from 51-53pug/ms3in 2008-07 to 4044ug/m3in 2008-10. Overall the MES is
estimated to have had positive net economic benefits.5¢

Netherlands

The Netherlands Ministry of Housing, Spatial Planning and the Environment (VROM)

has consideredthe impact on particle emissions of varying a kilometre -based road
charge according to whether or not vehicles are fitted with a particle filter. 7 The scheme
was conceptualised as a penalty/discount system, with diesel cars lacking an exworks
particle fi lter subject to a penalty of 2.5 Euro cents on top of the standard kilometre tariff
and other vehicles being eligible for a discount. The level of this discount was designed
such that the kilometre charge remains costneutral for motorists. It was projecte d to
result in a reduction in PM 10 emissions of between 0.01 and 0.06 kt in 2020, or 1 to 7% of
the total particulate emissions of passenger cars, and a similar percentage reduction in
PM2.s emissions.

3.5 Emissions Testing

Emissions testing measures would introduce requirements for an emissions test as part
of the Warrant of Fitness (WoF) or Certificate of Fitness (CoF) for diesel vehicles with a
requirement for those vehicles that fail the test to take steps to come into compliance.
Typically an emissions saeening programme has the following elements:58

i performance limits , including their stringency and banding (different standards
for different vehicle classes/characteristics);

66 Danielis R, Rotaris L, Marcucci E and Massiani J An economic, environmental and transport
evaluation of the Ecopass scheme in Milan: three years later. Available at:
http://www?2.units.it/danielis/wp/Eco pass%20%203%20years%20later,%20finale.pdf

67 www.cedelft.eu/publicatie/the_impact_of particle -
filter_differentiation_of_the_kilometre_charge_on_pm10_emissions_/1003

68 Ministry of Transport (2004) New Zealand Vehicle Emissions Screening Programme. Discussion
Document.
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1 network requirements ¢ whether test facilities are centralised or de-centralised,
with the approach generally reflecting the complexity of test procedure ;

1 test type requirements ¢ visual checks, idle tests, dynamometer tests,On-Board
Diagnostics (OBD) etc;

1 vehicle coveraget which classes of vehicle are included;, and
T frequency of test requirements.

An alternative approach would use remote sensing of vehicles to identify potential
gross emitters and then only request those vehicles to present themselves for a full
emissions test This would be expected to have lower costs and benefits than the option
examined here.

3.5.1 Expected Effects

Previously it has been suggested that older vehicles have higher emission rates and that
emission testswould be expected to increase tle likelihood of repair or scrappage
requirement for older vehicles.® This effect is reduced if the emission test differs with
the age of the vehicle, ie if it is testing whether the vehicle is performing at the standard
to which it was manufactured. Howeve r, as with other vehicle engine problems, the
older the vehicle the more likely that there is some kind of failure that results in higher
emissions than at original manufacture. This is observed in percentage failure rates for
emissions testing.”®° Thus, older vehicles are more likely to fail tests and, all other things
equal, this leads in turn to reduced demand for older vehicles and increased demand for
newer vehicles.

If vehicle repairs can be used to make a vehicle compliant, the impacts of the policy will

be muted by the dynamic effect on the vehicle market: increased costs of repair for older

YI T PEOI UwbOUOEWET wi Bx1 EUl EwUOWET wEOGOx1 OUEUI Ewi O
reduced vehicle price such that the full cost of purchasing older vehicles may not

change.

3.5.2 TEDDIE

The TEDDIE (TEst(D)DIEsel) project was coordinated by the International Motor
Vehicle Inspection Committee (CITA) and jointly funded by its members and the
European Commission. It set out to investigate cost-effective equipment and proc edures

69 Covec (2005) Vehicle Fleet Emission Screening Programme Social and Economic Impact Assessment
Phase I. Final Report to MoT.

0 Thomas WD (2014) Which Vehicles have a Higher Probability of Failing a California Smog Check
Inspection Primarily CoOUDUUDPOT woi wE w# DET OO U (BhaduCaniphtdd SyStéma@ i1 T w51 1 DEOI 2
Thesis Presented to the faculty of the Department of Public Policy and Administration California State
University, Sacramento Submitted in partial satisfaction of the requirements f or the degree of master

of Public Policy and Administration; Wenzel T, Ross M and Sawyer R (1997) Analysis of Emissions
Deterioration of in -use Vehicles, using Arizona IM240 data. Presented at the Society of Automotive
Engineering Government/Industry Mee ting Washington, DC May 5 -7, 1997
www.abgjournal.com/380116/news/what -are-the-emissions-failure -rates-for-cars-of-various-ages.html;
www.cga.ct.gov/PRI/archives/1999veconsultant.htm
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for measuring emissions of nitric oxide (NO), nitrogen dioxide (NO 2) and particulate
matter (PM) during the periodic technical inspection (PTI) of diesel road vehicles in the
European Union (EU).™

Currently the PTI measures the opacity of diesel exhaust duringaso-EEOOI Ews I Ul T w
EEEI Ol UEUDOOz wlUI1 U BB 38 B i uBOEUDEDAJFWEUN] BT B uDEEWUs x OE U
vehicle. The TEDDIE programme has investigated alternative test procedures. The

research concluded that the combination of the free accéeration test and new

instruments measuring PM in mg/m 3 (instruments using the laser light scattering

xUDOEDx Ol WEOEwWOOI ws ) répfegemdaQibhle®piich ol tielugure BT O U O U
emission testing of cars, but that further evaluation is needed for heavy-duty vehicles.

The measurement of NOx emissions (or the NO2/NOx ratio) and the use of OBD during

PTI emission tests require further investigation in field tests.

A cost benefit analysis (CBA) has been undertaken of the measure but it is flawed. It

EUT Ul UOwi OU wbuRtiBgdhe @pain tbbtEiddeaomomically incorr@aspending

money on repairs leads to benefits for the repair industry. So repairing is, in the general economic
sense, only a shift of money from the consumer (car owrtbg tmr repair centre and

automotive industry272 This assumes that all payments to repairers are pure profit rather

than compensating repairers for the opportunity costs of allocating labour and other

resources to repair activities. Only the costs of thetest equipment were taken into

account.”

Some simple assumptions were made, eg that 10% of the inspected vehicles would have
exhaust defectsthat could be only detected by the new roadworthiness emission test

and that the detected defects would be completely repaired so that the emissions of
vehicles would return to their design levels.

The analysis suggested that the benefits in terms of emissions savings would be
I UPYEOI OUwUOOwz ! Y¥YI T PEOI wUI U0l EG w311 aweEOOXxEUI E

Ul x ED U wE OU U-poaréhiaedyuld thesn thatithe policy had a net cost.

3.6  Fuel Switching

Some fuel switching measures might be used to achieve reduction in particulate
emissions, eg biofuels encouragement. The New Zealand government introduced the
2007 Biofuels Bill which set a future mandatory biofuels sales target but this was later
repealed by amendments to the Energy (Fuels, Levies, and References) Act 989 at the
end of 2008. The requirements under the original Bill were similar in form to obligations

71 Boulter P et al(2011)TEDDIE A new roadworthiness emission test for diesel vehicles involving NO,
NO2and PM measurements. Final Report. European Commission, DG-MOVE Contract:
MOVE/MAR/2010/D3/59-1/S12.583229/TEDDIE

21bid, p83

73 They also argued that because vehicle owners had a legal requirement to make their vehicles
roadworthy the costs to do so, even if they only happened as aresult of the test procedure being
introduced, should not be counted. However, they counted the benefits of making vehicles
roadworthy.
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introduced in other countries, such as the UK Renewable Transport Fuel Obligation
(RTFO).

Kuschel notes studies for Auckland Regional Council that had found emission
reductions for PM and other pollutants from biodiesel blends in buses compared with
50ppm sulphur diesel. In field tests she found reductions in smoke density of 3-50%
(95% confidence level). Similarly, the US EPA suggests that there can be significant
reductions in particulate emissions with biodiesel. ”> Some international analyses have
suggested that although biofuels have slightly lower emission rates for particulates than
conventional fuels, they can have higher emission rates for NOx;’¢ they are primarily
aimed at reducing CO2 emissions.

Others have noted the benefits of using biodiesel in an emulsion, eg? E wt 8 k U wpEa WwOE U U KA
PEUI UwEOOUI OUwPOwWUT T wi OUOUDPI Pl Ew! | YWEDOEDI Ul Ouwli
emissions increases previously withessed with regular B20 biodiesel fuel use in diesel

1 O1 DOl U2 wECEwWUT EVUwW?1 OUOUD OO wU licklateniae&P)wUDT ODI DE
1 OPUUDOOUWOOWUT I wOUET UwOil wKl d WEUWEOOx FUT EwOOwUOT
Some consideration of biodiesel, including in regional fuel markets, may be worthwhile,

particularly in emulsion form. However, we have not considered it further in this study,

particularly given the uncertainty over the effects.

3.7 Fuel charges & RUC increases

Fuel charges and increases irroad user charges RUCs) might be used to tackle PM
emissions.

A study of the effectiveness of a road tax (based onvehicle miles travelled) in the US
found that a tax of $0.003 per passenger car mile (NZ0.2c/km¥ and $0.01 per light-duty
truck mile (NZ0.8c/km) (resulting in a mean annual tax burden of US$128 per

household in the first year) would reduce annual particul ate emissions by between 7%
and 11%, depending on the degree of heterogeneity in household driving behaviour.
Doubling the tax rates would result in reductions in PM 10 emissions of between 12% and
23%79

74 Kuschel G (2014) Investigations into Reducing Emissions from Heavy Duty Diesel Vehicles in
Auckland + a Summary Report. Auckland Council Technical Report 2014/018.

75 Miller AC (2008) Characterizing Emissions from the Combustion of Biofuels. US EPA/600/R-08/069
76 Covec (2006) Enabling Biofuels: Biofuel Economics. Report to Ministry of Transport. This built
particularly on emission factors in: Beer T, Grant T, Morgan G, Lapszewicz J, Anyon P, Edwards J
Nelson P, WatsonH and & Williams D (2001)Comparison of Transport Fuels Final Report
(EV45A/2/F3C) to the Australian Greenhouse Office on the Stage 2 study of Lifecycle Emissions
Analysis of Alternative Fuels for Heavy Vehicles

7 Grimes P, Hagstrand W, Psaila A, Seth J and Waldron J (2011) Emulsified Biodiesel Fuel Effects
on Regulated Emissions.DieselNet Technical Report (www.dieselnet.com/papers/1112grimes.pdf)
78 At $10/t CO2 a carbon price would have an impact on a vehicle with an average fuel efficiency of
10litres/100km of approximately 0.23c/km (0.27c/km for diesel) ¢ see Covec (2011)mpacts of the NZ
ETS: Actual vs Expected Effects Report to MfE.

Larsen J and Caplan AJ (2009) "Estimating the Effectiveness of a Vehicle Miles Traveled Tax in
Reducing Particulate Matter Emissions." Journal of Environmental Planning and Management, 52(3),
315344,
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These instruments have not been considered further in this study because of the focus
on geographically -specified interventions. Price instruments have been addressed in the
form of road pricing.

3.8  Summary
A summary of the review is given in Table 9. It suggests the following:

I The main policies with potential for being used in a geographically -confined
area are LEZs, road pricing and regional emissions testing.

0 LEZs' effectiveness varies with the stringency of the requirements set
and the costs appear to be related significantly to whether the
requirements can be met using retrofit technologies or if they force
vehicle replacement.

o Emissions testing with regional emission standards can provide
incentives for vehicle maintenance which can slow the deterioration of
engine performance and the increase in emissions with vehicle age. The
costs include those of the test itself and the responses, which will be a
mix of vehicle repair and replacement.

0 Road pricing can have a similar effect to an LEZ if specified such that
charges vary with emissions. Generalised road pricing can reduce
emissions through reducing overall VKT and is likely to target older
more polluting vehicles because users would be expected to be more
responsive to price.

9 Other policies that can be used but have lesser potential for geographicat
specification include emission standards, emission charges (on vehicle
licencing/purchase), encouragement of alternative fuels and increases in fuel
charges or RUCs.We have not considered these further in this study.

In this study we analyse the potential impacts of the three main policy options that can
be used in a geographically-limited areas.



Table 9 Summary of Policy Option Review

Policy
Option

Emission
standards

Emission
charges

Low emission

zones (LEZ)

Road pricing

Testing

Fuel switching

Fuel
charges/RUCs

Primary
Target

Emissions

Emissions

Emissions

VKT or
emissions

Emissions

Emissions

Fuel
consumption,
VKT

Geographically
limited

No

No

Yes

Yes

Yes

Possibly for sales
(but cannot
exclude vehicles
filled elsewhere)

Limited
potential

Potential effectiveness

Little scope for tighter international
based standards on new vehicles but
standards for used vehicles could be
increased.

Effectiveness would vary with
stringency and is proportional to
costs

Limited effectiveness. More suited to
CO;

Varies with standards set and is
proportional to costs

Generalised road pricing can shift
VKT and thus reduce emissions.
Road pricing that varies with
emission rates can be more targeted
and effective.

Depends on market response.

Failing vehicles may be outside of
main urban areas.

Evidence is mixed b ut new emulsion
fuels may be effective

Reduced VKT reduces all emissions
but may not be well targeted. High
emission areas may have high
demand for transport activity

Main cost factors

Higher costs if standards result in
significant change in vehicle

purc hases. May be limited through
allowing retrofits

Higher costs if it results in significant
change in vehicle purchases. May be
limited through allowing retrofits

Higher costs if it results in significant
change in vehicle purchases (rather
than shifting location of existing
vehicles). May be limited through
allowing retrofits

Pricing (ra ther than outright bans)
can limit costs for currently non -
compliant vehicles. Given the option,
this approach will always be lower
cost than a

Costs will be proportional to level of
standard set

Varies with percentage requirements
(eg biofuel obligation)

Elasticity of demand for transport.

Aistraigl

Risks

Increase in costs for new vehicles
may lead to extension of life of
existing vehicles, although little
evidence of this historically

Increase in costs for new vehicles
may lead to extension of life of
existing vehicles  as cost of change
increases

High costs from vehic  le
replacements.

CBAs suggest limited to negative net
benefits

Increase in repair costs can result in
higher costs for lower income
households

Potentially negative effects (eg
higher NOx)

Political and other risks over biofuel
sources

Main impacts are in areas with little
current air pollution impact
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4  Benefit Valuation

In this section we set out how we have measured the benefits of reductions in air
pollution associated with the individual policies. There is more detail in Annex 4. To be
consistent with previous studies we have started with the approach used in the 2012
HAPINZ study update 8°and we include results that are consistent with and can be
compared to the results from that analysis. However, we make some changes in our
base case to reflect:

91 the concern of this study with measuring the impacts of marginal changes in
concentrations in response to policy rather than the effects of theabsolute
values. This means we include lagged benefits because all the health effects will
not be felt immediately after concentrations are reduced becauseof the health
damage already experienced by people from living with elevated pollution
levels; and

1 the emerging international approach, particularly in the EU of presenting results
in the form of life years lost rather than premature deaths as apotentially more
accurate characterisation of the effect.

The arguments relating to these issues arediscussed in more detail in Annex 4 and we
summarise our approach in Section 4.2

4.1 Impact Priorities

4.1.1 Health Effects

The adverse effects of air pollution include:
human health effects;
9 reduced visibility and discolouration of air; and
1 nuisance and amenity effects, including dust, smoke, materials damage and
odour.

A number of economic studies in the late 1990s and early 2000s, particularly in Europe,
estimated the relative costs of the different effects, concluding that the most significant
impacts are on human health.8* More recently this has been confirmed in the European

" O 0 0 b U UatdiibpklbnuExternal Costs of Transport.82In New Zealand, the

Ministry of Transport examined the full range of external effects of transport in its land
transport pricing study in the mid -90s, suggesting that the damage costs of air pollution

80 Kuschel G et al(2012) Updated Health and Air Pollution in New Zealand Study. Volume 1: Summary
Report & Volume 2 Technical Report

81 See for example ExternE studies, egRabl A & Spadaro Jet al(2004) Externalities of Energy:
Extension of accounting framework and Policy Applications. Final Technical Report ENG1 -CT2002
00609; Hohmeyer O (1998) The social costs of energy consumption. Springer Verlag. Berlin.

82 Ricardo-AEA (2014) Update of the Handbook on External Costs of Transport. Report for the
European Commission: DG MOVE Ricardo-AEA/R/ ED57769
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were dominated by health effects, especially mortality caused by particulates.# Jakobet
al compared health costs of air pollution in Auckland to those of damage to agriculture
and forests; these other costs were only 0.002% of the total air pollution cost$* Other
studies internationally and in New Zealand, have not questioned this hierarchy of
effects but have concentrated on health effects.

This study follows this pattern and examines only the impacts of policy on health effects
of air pollution.

4.1.2 Pollutants

Epidemiological studies usually report the adverse associations between one or more
pollutants and health . Pollutants such as particulate matter (PM), NO 2 (nitrogen
dioxide) and carbon monoxide (CO) are often strongly correlated and occur as
components of a pollution mix. NO:zis increasingly being recognised as an important
pollutant in its own right, including through impacts on human health, and consistent
with WHO recommendations, 8 NZTA has recommended that NO 2 is used as an
indicator of pollution levels as a proxy for all motor vehicle pollutants .86 However , there
is a close correlationbetween NO:zand particle emission levels.8’

The extent of correlation between pollutants makes it difficult to accurately determine
the independent effects of individual pollutants. 8 WHO suggests that current available
evidence does not allow discernment of the pollutants or pollutant combinations that
are related to different adverse health outcomes (partly because of the vulnerability of
populations). 82 Health effects of air pollution can be correlated with particulate
concentrations, even if these relationships reflect the effects of particulates and other
pollutants .

One potential difficulty with particulates as a measure is that small particulates,
measured as PMuo, have a wide range of sources, including natural (eg sea spray)
sources. Very small particles (PMzs) or even ultra-fine particles (PMo.1) are more likely to
be the result of human activity. However, the lack of monitoring data and relevant
exposure-response functions makes it difficult to robustly quantify the impacts of
smaller fractions such as PMescurrently in New Zealand. In addition, until recently,
much of the epidemiological work used in impact analysis has identified relationships

83 Ministry of Transport (1996) Land Transport Pricing Study: Environmental Externalities. Discussion
Paper.

84 Jakob A, Craig JL and Fisher G (2006) Trasport Cost Analysis: a case study of the total costs of
private and public transport in Auckland. Environmental Science and Polié{1): 55-66

85 World Health Organization (2006) WHO Air quality guidelines for particulate matter, ozone,
nitrogen dioxide an d sulfur dioxide. Global update 2005 Summary of risk assessment.

86 NZ Transport Agency (2011). Ambient air quality (nitrogen dioxide) monitoring network report
20072009

87 World Health Organization (2013) Review of evidence on health aspects of air pollution ¢
REVIHAAP Project Technical Report. WHO Regional Office for Europe .

88 Department of Environment and Conservation (NSW) (2014) Air Pollution Economics Health Costs
of Air Pollution in the Greater Sydney Metropolitan Region

89 World Health Organization (op cit)
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between PMio and health, rather than with finer particulates. It is regarded asthe best
available summary indicator of air pollution exposure in New Zealand.

The assessment is therefore based on PM as used in the HAPINZ Update 2012.%°

4.2  Our Approach
We analyse benefits in this study using the following approach.

4.2.1 Emissions Estimates

We use VEPM 5.1 to run the Auckland-specific fleet profiles generated from the
Auckland Regional Transport Model ART3 to derive emission factors for the 2016 base
year and for each of the specific policy scenarios.To achieve this, VKT data generated
from the ART3 model (as individual road links) was extracted for eachcensus area unit
(CAU) to be assessed

VKT data for the 2016 model period (separated into vehiclestravelling slower or faster
than 80 km/h) were entered into the HAPiNZ exposure model for each CAU. Emission
factors for each scenario generatedusing VEPM 5.1 werealso entered into the HAPi NZ
exposure model. The HAPINZ model was then used to derive annual average PM 1o
concentrations for each CAU in pg/m3. The results generated for each scenarioare
compared with the 2016 base casenodel for the geographical extent relevant to each of
the policy options.

Key limitations of the approach have been identified as:

1 We use the HAPINZ update exposure model, which was prepared i h 2006 using
source apportionment data (either measured or calculated) including emission
sources from motor vehicles, domestic heating, outdoor burning, natural sources
and industrial contributions. This assessment adopts a base year of 2016 to
generate updated motor vehicle emission estimates. However it makes the
assumption for overall annual PM 10 concentrations at each CAU that outputs
from all other sources (excluding motor vehicles) have remained static since
2006. Keeping all other sources static does not matter for the measure of impacts
because our interest is in thechange in emissions and concentrations rather than
the absolute effect.

1 The main pollutants of interest from motor vehicle emissions are particulates
and nitrogen dioxide ( NO2), so these should be the focus of the potential
options. However, the HAPiNZ model is based only on PM 10 exposure, as there
are insufficient NO 2 data to assess exposure in New Zealand and the effects of
changes in NOz will al ready be included, to some extent at least, in exposure
response relationships relating to PM.

9 Kuschel G et al (2012) Updated Health and Air Pollution in New Zealand Study. Volume 1:
Summary Report
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1 A low emission zone for specific corridors (major roads) was considered as a
policy option for detailed assessment While this option would provide benefits
of targeting local pollution hotspots, the modelling approach required was
outside the scope of this assessmentThis is discussed further in Annex 3.

A full methodology for calculation of PM 10 concentration per CAU for the identified
policy scenarios is provided in Annex 3.

4.2.2 Exposure -Response Relationships

We use the exposureresponse relationships as used in the HAPINZ update, although
we do not analyse impacts on Méori or any other population sub -groups separately. The
reduced number of coefficients (from Table 75in Annex 4) are shown in Table 10; these
are used with annual average concentration changes We use he range of values (95%
confidence intervals) in sensitivity analysis.

Table 10 Exposure Response Functions used in this study

Exposure Response Functions

Health Outcome (Relative risks per 1 pug/m 2 PMyp)
1 Premature mortality, all adults, all ethnicities 1.007 (1.003 7 1.010)
2 Premature mortality, babies, all ethnicities 1.005 (1.002 7 1.008)

Values in brackets are 95% confidence intervals
Source:Adapted from Kuschel G et al(2012) Updated Health and Air Pollution in New Zealand Study.
Volume 1: Summary Report.

For morbidity effects we do not have data on Auckland hospital admissions. Rather we
assume the same ratio between premature mortality estimates and morbidity effects as
estimated for Auckland using the updated HAPINZ model (Table 11), eg we assume
1,705reduced activity days (RADs) per premature mortality .

Table 11 Impacts of PM1o from transport and ratio of cases in the Auckland Urban Airshed in 2006

Impact Cases Ratio

Premature mortality (adults) 1211 1
Premature mortality (babies) 0.6 na
Cardiac admissions (all) 26.9 0.222
Respirat ory admissions  (all) 55.2 0.456
Restricted activity days (RADs) 206,483 1,705

Note: na = not applicable; we use the response functionsin Table 10 for babies

Source:Base Case Outputs Table inKuschel et al(2012) Updated Health and Air Pollution in New
Zealand Study. Health Effects Model. Available at:
www.hapinz.org.nz/HAPINZ%20Update_Health%20Effects%20Model.xIsx

The number of premature deaths is calculated using a formula that is consistent with
that used in the HA PiNZ update study. °*

91 Kuschel G et al(2012) Updated Health and Air Pollution in New Zealand Study. Volume 1: Summary
Report
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HAPINZ starts by asserting that:
Casesoa = Casesase+ Casesp ()

Where: Casesota = the total number of cases observed in the population of interest
Casesr = the number of extra cases that arise due to exposure to air pollution
Casesase = the total number of cases in the population of interest in the absence
of air pollution

In HAPINZ it is assumed that the effects are linear and directly proportional to
exposure, and that:

Casesr = Casesasex (RRt 1) x E 2

Where: RR = the relative risk per unit of pollution (see Table 11)
E = the exposure for the population of interest in pg/m 3

This formula might imply that exposure -response functions (as inTable 11) are always
starting from a base with zero particulate concentrations and that percentage changes in
cases (mortality and morbidity) are from this theoretical base level. However, the
literature suggests that the exposure-response relationships are relative to current
concentrations (and mortality/morbidity rates). For example, Hales et al, %2in the study
used to derive the relationships used in the HAPINZ update, note that ?the odds of all
cause mortality in adult® umcreased by 7% per 10 pgiincreasen average Phb exposure
(emphasis added), consistent with their analysis of the mortality rates in locations with
different, but non -zero, concentrations. COMEAP (2010 ) uses the published
coefficients®E x x OB 1 E w U dearéasel annual@verage PM25.24 The decrease is, by
definition, from some non -zero concentration; current concentrations are used. The US

$/ zUwlRxlI U0wl OPEPUEUP®OOWUEOT UwlOT 1T wUEOI wWExxUOEE

This assumption matters because the percentage is either of a lowerifumber of cases
with no air pollution) or higher (cases with air pollution) number.

92Hales S, Blakely T, Woodward A. (2010). Air pollution and mortality in New Zealand: cohort study,
Journal of Epidemiology and Community Health. doi:10.1136/jech.2010.112490

population weighted -mean concentration istR w4 B (with a negative sign for reductions in
concentration), then the new relative risk is calculated as 1.06¥1°. But they suggest that, for
convenience, people may simply scale the coefficient on a linear basis (eg the percentage change in
mortality rates would E1 wil EOY 1 E wf cBddgaFandkthatihis is @ reasonable approximation in
many circumstances but the methods diverge increasingly when using larger coefficients (eg 12%) and
large concentration changes (eg elimination of anthropogenic pollution). We u se this simplifying
method.

9 Industrial Economics (2006) Expanded Expert Judgment Assessment of the ConcentrationResponse
Relationship Between PM2.5 Exposure and Mortality. prepared for: Office of Air Quality Planning and
Standards, US Environmental Protection Agency
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In this study we use an approach that is consistent with this health and policy literature,
while attempting to show consistency with HAPINZ.

Firstly, we note that equation (2) above also means that:
Casesota = Casesase X (1+ (RRt 1) x E) 3)

And that;

0 ®Oi Qi (4)

0O wl l 0 Yy o o)

Taking the calculation as starting from the current concentration and number of cases,
we might assume that:

e 0 i Qi (5)
Q
6 Oi Qi YY o w0
61 1 Ul 0 ws 2 thelidtalhumber of cases observed in the policy scenario, ie

following reduction in concentrations
$ = the change in exposure as a result of policy

This produces results consistent with HAPINZ if we assume that some theoretical policy
removes all particulate emissions. However, it produces a larger estimate of effects if a
small marginal change in concentrations is estimated because the percentage change is
relative to the current number of cases.

We use formula (5) to estimate the number of premature deaths in our policy scenarios
and the effects of policy as:

O0Wi Qi 60 i Qi 06 wi Qi (6)
Where: Casese = The change in the number of cases as a policy effect.

Reflecting the emerging international consensus on the use of life years lost as the
primary measure of effects, we estimate the reduction in life years lost (life years
gained) using the simple approach suggested by the UK Committee on the Medical
Effects of Air Pollution ( COMEAP).°¢ To do so, the estimate of effects on premature
mortality is undertaken for every year (or all 30 and above, plus under one years old).
The life years gained at each age are multiplied by the life expectancy at that age. We
undertake the analysis separatdy for males and females. The approach is illustrated in
Table 12 using data for males in the Auckland urban airshed and a 0.2ug/m 2 change in
PMzio concentration. The number of life years gained is summed across all years.

9% COMEAP (2010) The Mortality Effects of Long-Term Exposure to Particulate Air Pollution in the
United Kingdom. A report by the Committee on the Medical Effects of Air Pollutants
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Table 12 Estimation of Life years gained + males (Auckland urban airshed )+ 0.2ug/ms? change in
annual average PM1o concentration

Probability

2013 Life of death in Deaths Life years
Age Population expectancy age group Deaths saved gained
0 Years 9,276 79.40 0.0050 46.6 0.046 3.680
30-34 39,840 48.78 0.0008 30.1 0.043 2.079
35-39 39,114 43.98 0.0010 38.0 0.053 2.337
40-44 41,400 39.22 0.0015 62.4 0.087 3.416
45-49 40,419 34.56 0.0021 84.7 0.118 4.078
50-54 36,297 30.00 0.0033 121.0 0.169 5.057
55-59 30,042 25.58 0.0052 156.5 0.218 5.579
60-64 26,385 21.36 0.0077 205.2 0.286 6.110
65-69 19,350 17.34 0.0128 251.3 0.350 6.069
70-74 14,541 13.64 0.0211 313.6 0.436 5.949
75-79 9,759 10.44 0.0369 373.7 0.519 5.424
80-84 6,855 7.82 0.0621 454.7 0.631 4.936
85+ 4,446 3.50 0.1266 645.1 0.895 3.132
Total 30+ 308,448 2,736 3.8 54

To undertake this analysis:

1 Population data are taken from the latest (2013) census data for each area unit
included in the study area (the data in Table 12 are for males inthe Auckland
urban airshed);

9 +Dil wlRx] EUEOCEAWECwWI EET wET I wi Widdandub UwUE O Qui
Region Abridged Life Table, 2005t 07, the latest dates for which sub-National
data are available (these were modified to produce life expectatio ns for the mid -
point of the age category- see Annex 4, Section A4.5)

1 Probability of death in age group uses Auckland mortality data averaged over
20092011 It is the number of deaths in each age group divided by the
population in that ag e group (prior to those deaths)

1 Deaths within the individual study areas (CBD & Port, central area, Auckland
urban airshed + see Sections 8 and Annex 3) are estimated using the
population and the probability of death . ;

1 Deaths savedare estimated using formula 5 and 6 above; and

9 Life years gained is estimated as the deaths saved times the expected life
expectancy for each age group.

We present results using the impact on life years, but provide results as changes in
attributed (premature) deaths also.

97www.health.govt.nz/nz -health-statistics/health-statistics-and-data-sets/mortality -data-and-stats
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We note that the ratio of life years gained to deaths saved in Table 12 (14.3) is similar to
ratios found in international studies. As noted in Annex 4, COMEAP notes across a
number of different coefficients (change in mortality per unit change in PM
concentration) that the estimated life years lost (or gained) were 11.8¢ 12.2 times the
estimated number of attributable deaths amongst adults (30 years and above)®

4.2.3 Lagged Benefits

Lagged benefits have been used in policy studies in the US and Europe for a number of

years to reflect the fact that reductions in emissions and concentrations will not result in

EOOwUT T wil EOUT wel O 1 PUUwWE]T DOT woOE U B QEBHwE Il HROW
of living in elevated concentrations of pollutants, they will still be vulnerable to some

effects and repair to historical damage will take some time. We use theUS EPA lag

model as the primary assumption, with sensitivity analysis using: no lag and 30-year

lag. The assumptions are:

1 EPA: 30% of thereductions in health effects occur in the first year, 50% spread
equally (12.5% per year) acrossyears 2 through 5 and the remaining 20%spread
equally over years 6 through 20;

1 No lag: 100% ofthe mortality reductions occur immediately after emission
reduction;

1 30vyear lag: the mortality reductions are spread equally over 30 years, with 3.3%
of the benefit in each year.

These and alternative lag structures are illustrated in Figure 30in Annex 4 (page 118).

4.2.4 Valuation

We use the values inTable 13in the analysis. The Value of a Statistical Life (VoSL) is
taken from the most recent traffic accident values.® The Values of a Life Year (/oLY s)
include a high value ($199,000) hat is derived by converting the VoSL into a discounted
stream of annual life year values over the remaining lifetime of the subject. This is
simple to do but has less theoretical validity than those derived directly using surveys.
International studies have identified a range of values for willingness to pay for future
life extensions and the literature was reviewed in the context of the cost benefit analysis
willingness to pay (WTP) for life extensions of 1 to 6 months at the end of life. These are
discounted at 4% over 40 years, reflecting the assumptions used for the VoSkbased
calculation of VoLY (see above).These values may overestimate VoLY as they are
estimates for life extension in perfect health; with small changes in concentrations of air
pollutants life extensions may be in less than perfect health. We use a basealue of
$25,000which is close to the top of the range of values used in the UK based on WTP
studies, and a low value of $5,000.The detailed discussion is provided in Annex 4.

9% COMEAP (2010)¢ using data on p67

99 Ministry of Transport (2014) Social cost of road crashes and injuries 2014 update.

100 Defra et al (2007) An Economic Analysis to inform the Air Quality Strategy. Updated Third Repor t
of the Interdepartmental Group on Costs and Benefits
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Table 13 Values used in analysis

Factor

Mortality

Morbidity

VolLY

Value of Statistical Life
Cardiac admission
Respiratory Admission

Restricted activity day

Low

$5,000

(VosL) *

1These are not additive to the VoLY -based values

Morbidity values are taken from the updated HAPINZ, inflated using

Base Case High
$25,000

$3,9 48,300
$6,810
$4,864

$66

$199 ,000

the Producer

Price Index for Professional anéddministrative Services°* Given the relatively low impact
of morbidity values on the total, we do not conduct sensi tivity analysis on these values;

sensitivity analysis is conducted on a number of other variables.

The full range of factors and differences from the HAPINZ update are noted in Table 14.
Note we include results using HAPINZ assumptions also.

Table 14 Factors used inanalysis

Factor

Premature mortality

all ethnicities

i all adults,

Life years lost (adults)

Premature mortality

i babies

Life years lost (babies)

Cardiac admissions

Respiratory admissions

Restricted activity days

Cessation lag

Mortality valuation

This study

1.07 per 10 pg/m 3 PMy,

Premature mortality times life
expectancy
1.05 per 10 ug/m 2 PMy,

Premature mortality times life
expectancy

0.222 cases/adult premature
mortality

0.456 cases/adult premature
mortality

1,705 cases/adult premature
mortality

EPA assumptions; no
lag

VoLY & VoSL

-lag & 30 -yr

HAPINZ update

1.07 per 10 pg/m 3 PMyo

Not included
1.05 per 10 pg/m 2 PMy,

Not included

1.01 per 10 ug/im 2 PMy,

1.02 per 10 pg/m 2 PMy,

0.9 per person
per 10 pg/m 3 PMyo

No lag

VoSL only

101 Statistics NZ. Index = 993 in June 2010 and 1065 in December 2014 (7.3% increase)
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5 Cost Analysis

5.1 Approach
The costs of policies will include a number of elements. These include:

1 The costs to government of introducing the policy, including the costs of
legislation;

1 The technical requirements for introducing the policy, eg the costs for enforcing
an LEZ or of vehicle testing;

9 The costs of the responses by vehicle owners, including the purchase of new
vehicles.

In this section we summarise the main data that will be used in the analysis of a number
of policies. Specifically this includes the number of vehicles in Auckland, by type and
the costs of upgrading vehicles.

5.2  Fleet Numbers

Table 15 shows the number of vehicles that are in Auckland. These data are compiled on
the basis of WoF/CoF inspection location rather than the owner address, to avoid the
problem of vehicles being registered by a company Head Office rather than their

location of use. We use these to derive the number of vehicles that might be affected by
the policies.

Table 15 Vehicle numbers in the Auckland region

Die sel as
Vehicle type Total Diesel % of total
Light passenger vehicle 905,566 60,907 7%
Light commercial vehicle 87,462 57,193 65%
Heavy goods vehicle 26,377 25,831 98%
Bus 2,193 2,119 97%
Total 1,021,598 146,050 14%

Source: Ministry of Transport.

In addition to numbers of vehicles in Auckland, there are available data on VKT and
traffic counts. However, neither of these provide information on the number of vehicles
that are driving in specific locations. Traffic cou nts can be used to derive the number of
trips but cannot distinguish between many vehicles making single trips and one vehicle
making many trips. National average VKT per vehicle might be used also, although it is
highly unlikely to be representative of ve hicle behaviour in Auckland. Given this
uncertainty we make some simple assumptions based on the number of vehicles in
Table 15.

For analysis of the vehicles enteringthe CBD and port area and affected by an LEZ

established there, we assume the percentage of vehicles affected is as shown ifable 16.
For most vehicles only 25% areassumed to enter the CBD & port area as many people
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and businesses conduct their activities in other parts of Auckland. 192 Many bus routes go
into the centre of town or companies operate in a way that allows them to shift vehicles
around when required, so they are likely to be more affected by CBD regulaions.

Table 16 Proportion of vehicles affected by geographical policies ¢ central assumption (and range)

Vehicle type % entering CBD % in Auckland

Light passenger vehicle 25% (10 i 40%) 120% (100 i 150%)
Light commercial vehicle 25% (10 i 40%) 100% (90 1 125%)
Heavy goods vehicle 25% (10 i 40%) 120% (100 i 150%)
Bus 75% (50 T 90%) 100% (90 i 125%)

The number of vehicles affected by regulations targeting Auckland as a whole will be
more than 100% of vehicles that are based in Auckland as it will also affect visitors (light
passenger vehicles) and those conducting business in Auckland, including those
delivering to or collecting from the port.

5.3  Vehicle Ages

Vehicle age degermines which vehicles will be affected by regulations. Figure 15shows
the number of vehicles in these different categories by year of manufacture. There are
increasing numbers of new vehicles for light passenger and commercial vehicles,
suggesting that more are being purchased over time. For heavy vehicles therehas been a
growth in demand since a low in 2009 following the global recession, but over the

longer run numbers are relatively constant, suggesting that there is no significant

growth in demand in comparison with other vehicle types .

Figure 15 Number of Auckland vehicles by year of manufacture
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102 This simple approach was discussed with Auckland Council transport modellers as the most
appropriate for this study
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In Figure 16 we show the cumulative percentage of vehicles that are manufactured prior
to the tim e of introduction of successiveEuro standards. This is a relatively simple way
of classifying the vehicles and does not take account of whether they are manufactured
in Japan (and thus subject to different standards), in Europe or elsewhere. Nevertheless,
it provides a reasonable picture of the distribution.

Figure 16 Percentage of vehicles by year of manufacture and Euro Class(Diesels in Auckland)
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Using the ages of the fleet we estimate the proportion of the fleet in different age and
Euro categories(Table 17). We then calculate the weighted average age of the fleet in
each category. This provides the basis for estimating the number of vehicles that need to
be replaced to meet specific standards.

Table 17 Fleet Profiles

Light passenger Light commercial Heavy truck Bus
Percentage of fleet
Pre-Euro 11.6% 6.4% 19.1% 19.8%
Euro 1/1 25.1% 11.5% 22.1% 14.6%
Euro 2/11 5.8% 10.5% 10.0% 7.5%
Euro 3/11I 9.2% 25.2% 22.6% 21.3%
Euro 4/1V 21.0% 22.6% 15.1% 18.0%
Euro 5/V 27.2% 23.8% 11.1% 18.8%

5.4  Vehicle Replacement Costs

The costs of replacing vehicles are estimated from data collected onnew and used
vehicle prices from a number of dealer websites. The data used are list prices,
subsequently checked with a number of companies to ensure that they are producing
sensible results The idea is to provide broad guidance on prices, although there will be
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significant variation in individual categories. The resulting price assumptions are shown
in Table 18; we start with a new vehicle price, reduce this by 20% in the first y ear'®®and
then by a fixed percentage each year thereafter'®* We combine these with the number of
vehicles of each age to estimate a weighted average price per Euro category; for heavy
vehicles this combines all vehicle weights.

Table 18 Vehicle price assumptions (2015 dollar values)

Year 1/

Start Annual

price price
Vehicle (%K) reduction Vv \Y] 11 Il | pre
LPV $40 20/ 10% 28,800 18,896 11,158 6,589 4,803 2,836
LCV $50 20/ 7.5% 37,000 25,056 18,343 12,422 9,831 6,158
35-75t  $60 20/ 7.5% |
75 - 12t $80 20/ 5%
12 - 15t $110 20/ 5% weighted averages
15 - 20t $150 20/ 5% 100,922 76,317 61,135 46,425 39,397 26,932
20 - 25t $250 20/ 5%
25 - 30t $275 20/ 5%
>30t $300 20/ 5%
Bus $380 20/ 5% 274,360 235,229 172,915 140,841 114,715 80,110

5.5 Retrofit Technologies

A number of technologies are available that can be retrofitted to vehicles to reduce
emissions 1% Diesel Oxidation Catalysts (DOCs) are the most common retrofit
technology available for diesel emissions control; estimates suggest that possible
exhaust particulate matter emission reductions are in the order of 20-50%4106

For individual vehicle categories (vehicle type and Euro class) w e estimatewhether a
DOC might be a feasible optionfor reducing emissions to meet the required standard .
Table 19 shows the weighted average (based on vehicle numbers)emission factors
included in VEPM for the Aucklan d fleet and a speed of 40km/hr. It also shows the
reduction in emissions that would result from changing vehicle to one in a higher Euro
class, as might be required by policy. This change in emissions isthe required emission
reduction . We estimate whether the retrofit technology can achieve it.

It suggests that, assuming a 20-50% reduction in exhaust particulate matter emissions
through retrofitting a DOC:

91 Pre-Euro vehicles cannot be retrofitted to meet any standard;

103 This was recommended by a number of vehicle dealers spoken to for this study

104 These do not include the full prices for specialist vehicles, such as rubbish trucks or refrigerated
trucks. We assume that the additional costs for these are the same regartess of the age of the truck
itself.

105 Kuschel G (2014) Investigations into Reducing Emissions from Heavy Duty Diesel Vehicles in
Auckland + a Summary Report. Auckland Council Technical Report 2014/018

106 www.unep.org/tnt -unep/toolkit/Actions/Tooll1/Facts.html
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1 Eurol LCVs and HCVs (and possibly cars) can be retrofitted to meet Euro Il
standards;

Euro | HCVs can be retrofitted to meet Euro |11 standards;

Euro Il cars and HCVs can be retrofitted to meet Euro Il standards;

No Euro Il vehicles cannot be retrofitted to m eet higher standards; and
Euro IV HCVs can be retrofitted to meet Euro V standards.

= =4 -4 =

This is summarised in Table 20. For the different vehicle categories, whether retr ofit
technologies have the potential to achieve a level of emission reduction equivalent to
changing vehicle to a higher emission standard. This is used as the basis for estimating
the costs of policies that set standards on the basis of Euro classes, e@if entry into a
LEZ.

Table 19 VEPM Emission factors for diesel vehicles and the estimated emission reduction requirements
associated with a higher required emission standard

Euro Standard LPVs LCVs HCVs
(Weighted) average emission factors (g PM 10 /km)

Pre-Euro 0.404 0.641 0.795
I 0.142 0.237 0.268
I 0.093 0.244 0.244
I} 0.075 0.119 0.248
v 0.040 0.072 0.047
Y, 0.001 0.001 0.047
From To % change in PM 1 emissions  required

Pre | 65% 63% 66%
| 1] 35% -3% 9%
1] I} 20% 51% -2%
I} v 47% 40% 81%
\Y \ 98% 99% -1%
Pre 1] 7% 62% 69%
| I 48% 50% 7%
1] v 57% 71% 81%
n \Y 99% 99% 81%

Source: Emission factors from VEPM5.1

Table 20 Retrofit potentials

Cars LCVs HCVs
Pre-Euro No No No
| ? Yes Yes
Il Yes No Yes
1 No ? No
\ No No Yes

Costs for retrofit technologies were included in the cost benefit analysis of the UK Air
Quality Strategy; in 2005 prices these were approximately £200 for diesel cars (NZ$640
in current prices),!97 £300 for light commercial vehicles (NZ$960) and £4362,600 for

107\We convert to NZ$ values using a mid -2005 exchange rate £1:NZ$2.5778 (oanda.com) and inflate to
December 2014 prices ($1:$1.24)
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heavy vehicles (NZ$1,375$8,300), but these were for fitting at manufacture. Costs for
similar technologies would be expected to be higher in New Zealand because of the
high percentage that second hand imports, rather than new vehicles, are of vehicles first
entering the fleet, and the potentially higher costs of retrofitting technologies rather than
fitting at manufacture.

The US EPA estimates costs for emission control technologiess shown in Table 21 (for
2007). Costs of DOCs are estimated by UNEP to be US500- $2,000 eacH%

Table 21 Emission control technology prices

Technology 2007 US$ price Current NZ$ price

Diesel oxidation catalyst (DOC) US$425 - $2,000 $644 - $3,030
Catalysed diesel particulate filter (CDPF) US$3,000 - $10,000 $4,545 - $15,149
Selective catalytic reduction (SCR) US$12,000 - $20,000 $18,179 i $30,298

Source:US EPA Office of Transportation and Air Quality (2007) Diesel Retrofit Technology. An
Analysis of the Cost-Effectiveness of Reducing Particulate Matter and Nitrogen Oxides Emissions from
Heavy-Duty Nonroad Diesel Engines through Retrofits.

We inflate 2007 US$®o0 2015 US dollar values using a US producer price index for transportation
equipment (http://download.bls.gov/pub/time.series/pc/pc.data.22. TransportationEquipment ) and
convert to NZ$ values using an exchange rate of NZ$1:US$075

Taking these various estimates together, and including fitting costs and high costs in
New Zealand because of the smaller market size, we assume the costs shown imable
22,

Table 22 Cost assumptions for DOCs in New Zealand (2015 $ values)

Vehicle type Costs
Light passenger $1,000
Light commercial $1,500
Heavy vehicles and buses $3,000

108 \www.unep.org/tnt _-unep/toolkit/Actions/Tooll1/Facts.html
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6 Low Emission Zones

6.1 Approach

Low Emission Zones (LEZs) define geographical areas from which vehicles are excluded
if they do not meet specified emission rates. We examine two possible areas:

 The CBD and Port; and
 The Auckland urban airshed.

We considered acorridor LEZ , eg an LEZ for a specific road However, we have not
taken this further in analysis. This is partly because of the modelling constraints: we
have been limited to considering impacts at the CAU level. However, it is also because
of the considerable uncertainties surrounding the effects: becausePMio does not have a
threshold in effects, and because a corridor LEZ is expected only to shift traffic rather
than resulting in a change in vehicle type or retrofits, a corridor LEZ will only be
effective if the traffic is shifted to less populated areas. We are unable to model this.

The CBD and port is defined by the following census area units (CAUs): Auckland
Central East, Auckland Central West, Harbourside, Newton and Grafton West. It is
shown in Figure 17 alongside the Central area used for the road pricing option (see
below).

Figure 17 Spatial Extent of CBD & Port and Central area (Congestion scheme)

Source: Aerial source from Auckland Council GIS website

The Auckland urban airshed is shown in Figure 28 and Table 70.



The vehicles that would be restricted would be limited to diesels. We examine the
implications of setting the emission standards at different levels and for different
vehicles. These are shown inTable 23.

Table 23 LEZ Scenarios

Euro Standard HCV only HCV & LCV All diesels
Euro 1l 1 4 6
Euro 111 2 5 7
Euro IV 3

6.2 Costs

The elements of costs are:
1 The compliance, monitoring and enforcement system;
1 The costs for operators of changing vehiclesor retrofits ; and
1 The government administration costs.

6.2.1 Compliance, Monitoring and Enforcement
There are different ways to implement the LEZ in practice. This includes:

1 Automat ic Number Plate Recognition (ANPR) systems, such as used in London;
and
1 paper or sticker-based schemes, such as used in Berlin.

Automatic Number Plate Recognition
ANPR systems require:
1 adatabase of every vehicle that would identify whether they were eligible to
enter the LEZ;
i acamera system that identified the vehicles that entered the zone and extracted
a list of number plates;
1 acheck of those number plates against the database ofleible vehicles;
1 an enforcement system that targeted those that were in breach of the
requirements.

There are other examples of ANPR systems in New Zealand.

1 The Police use mobile ANPR systems attached to vehicles that can scan up to
3,000 plates per har. The ANPR system ?scans the number plates of passing
vehicles and feeds the information to a computer inside the vehicle. The system instantly
checks the details against information already held by Police about vehicles of interest,
and if found, it algs the officer for follow up'©®

09. 9w/ OOPET w/ Ul UU w11 TekhEdbyyhéps getidangétdlisulehjcle high risk drivers and
criminals off roag? @wwv.police.govt.nz/news/release/technology -helps-get-dangerous-vehicles-high -
risk -drivers -and-criminals -roads
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1 A permanent ANPR system is set up for the Northern Gateway Toll Road. It
checks the number plate against a database to identify the type of vehicle and
the toll it needs to pay. This is then used to check whether the toll has been paid
or if a toll payment notice needs to be sent110

An analysis of the costs of implementing an LEZ in London suggested that use of fixed
cameras would be very expensive; costs for London were estimated (in 2003) to be £8
million to set up and £ 6 per annum to operate (Table 24). Lower costs were possible
with mobile (vehicle -based) cameras or manual enforcement (identifying vehicles via
window stockers).

Table 24 Estimated costs of implementing London LEZ (2003 £ million )

Light vans
and heavy
Heavy vehicles only vehicles
. . Mobile and Mobile and
Manual Mobile ANPR Fixed ANPR fixed ANPR fixed ANPR
enforcement cameras cameras
cameras cameras
Start -up costs £2.8 £6.4 £7.6 £9.3 £10.4
Annual operating costs £3.9 £5.0 £5.8 £6.4 £7.0

Source: Watkiss P, JonesG and Kollamthodi S (2004)An Evaluation of the Air Quality Strategy
Additional Analysis: Local Road Transport Measures Final Report to Defra. AEA Technology

The system used by the police is most similar; it is a simple comparison of the number
x OEUIl wbDUT wEwWOPUU WO w?2Y1 T PEOI UwoOi wbOUI Ul UU2 8 w31
$35,000%$40,000 eachi!* On the police systems, thedata are transmitted to a database
held in the vehicles, but alternative approaches would send the image to a centralised
computer, either in raw form or automatically modified to protect privacy, while still
providing the number plate data.

There would be a need for two or more units on each road that enters the LEZ (one in
each direction), and more on roads with more than one lane.

We note a study for NZTA by AECOM of the potential costs of a system of point to
point speed cameras (number plates photographed twice on the same road at a fixed
distance apart) at three permanent sitest'2they estimated capital costs of $1.1 million
and recurring costs of $0.85 million per year. The recurring costs included
communications and data transfer costs, operation and maintenance costs, and
infringement processing costs. It is not clear from their analysis how many cameras
were required; the assumption was that the cameras were mounted on a gantry above
state highways.

110 http:/ /Iwwwe.tollroad.govt.nz/About/How

111 NZ Police (op cit)

12 ynch M, White M and Napier R (2011) Investigation into the use of point -to-point speed cameras.
NZ Transport Agency research report 465

> 53



Table 25 LEZ Implementation cost assumptions

Annual operating

LEZ Roads entering Capital costs costs
CBD & Port 20 $2 million $1 million
Auckland urban airshed 25 $3 million $1.5 million

6.2.2 Operator Response
There are three main options in terms of response:

1 Moving vehicles around within the fleet so that older vehicles are operated
outside of Auckland;

1 Vehicle replacement; and

1 Retrofit technologies.

There will also be the option that the costs of vehicle replacement are too high for some
operators such that the truck owner exits the industry. In this case it would be expected
that the net costs to the community will be less than the additional costs of the
replacement vehicle. This is because the business surplus from which the additional
costs would otherwi se have been funded will be small, and the surplus would have
been the main economic contribution of the business. This assumes that all costs,
including owner -operator salaries, reflect opportunity costs, ie they reflect the value of
the resources in someother activity.

The option of moving older, more polluting vehicles to another location will be an

option for larger operators only, and these tend to purchase new vehicles that will not
require relocation. The majority of imports of trucks are new, whic h is a change since
the introduction of the Land Transport Emission Rule in 2008 ( Figure 18). New imports
comprised 79% of new registrations in the year to September 2014, compared to 50% in
the year to May 2008 frior to the June 2008 spike).

Figure 18 Heavy vehicle imports to New Zealand (monthly registrations)
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The review of the London scheme suggested that large fleet operators replaced their
vehicles every 56 years, but smaller fleet operators did so less frequently. Those with
specialist bodies (cement trucks, rubbish trucks etc) have much longer replacement
cycles. There are similar rates of truck replacement in New Zealand,'3 suggesting that
larger operators will be purchasing new vehicles and by 2016 most will have vehicles
that are Euro V (there oldest vehicles will be manufactured in 2011).

The older vehicles that will be excluded from the LEZ are more likely to be owned by
owner -operators. These firms have few options apart from changing their business
model or purchasing new vehicles and using retrofit technologies (for Euro | or Il
vehicles). We examine these costs through the costs of newer vehicles and retrofits.

Changing Vehicles

We estimate costs br changing vehicles by taking the percentage of vehicles that enter
the zones from Table 16. We assume the percentages are theame across all age
categories, so we estimate numbers of vehicles affected using the fleet data (sed-igure
15). We then combine this with the average price of vehicles in the fleet (Table 18).

For the different scenarios we assume that vehicle owners replace their vehicles with the
lowest cost vehicle they can, eq if the entry standard is set at Euro Ill, owners of pre-
Euro, Euro | and Euro Il vehicles replace their vehicles with Euro 11l vehicles. The costs
are estimated as the difference in costs. This is a conservative assessment and does not
include any estimates for changes in prices in response to demand changesFor
example, Scenario 1 introduces a restriction on heavy commercial vehicles (HCVs) at the
Euro Il level. A CBD LEZ is assumed to affect 25% of HCVs in Auckland, this will

include 1,234 PreEuros and 1,430 Euro | vehicles, a total of 2,665 which we assme will
replaced by Euro Il vehicles (Table 26). We assume that the vehicles that need to be
replaced can be sold at their market price and the replacement vehicleswill cost the
market price (Table 18); thus there is a saving equal to the market price of the existing
fleet and a cost equal to the purchase price of the replacemenEuro Il vehicles. The total
cost is estimated at $34 million.

These costs are a onff cost but they are also just a cost brought forward. Vehicle

owners would need to replace their vehicles at some stage anyway. This both reduces

the costs and sets dimit on the benefits achieved also. For analysis we assume that the

costs are brought forward by five years consistent with the industry figures discussed

above. Thus the total costs are analysed as the net costs minus the discounted value of

thesenetcd UUwBOQwi PYT wal EVUUzZ wUDPOI d w2 OWEWEOUUwWOI w3t Kuw
of $23 million in the future (at an 8% discount rate), making a net cost of $11 million.

113Ken Shirley, Road Transport Forum, personal communication
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Table 26 Impacts of CBD LEZ under Scenario 1 (medium assumptions)

No. affected
Euro Class Vehicles Affected or required
Pre-Euro 4,937 25% 1,234
Euro | 5,721 25% 1,430
Euro Il 2,665
Total

Price
26,932
39,397
46,425

Cost
-$33,240,735
-$56,347,828
$123,700,060
$34,111,498

The results across all scenarios for a CBD & Port LEZare shown in Table 27 for medium
assumptions (Table 16) and for the Auckland LEZ in Table 28; results for low and high

assumptions are provided in Annex 2.

Table 27 Costs of CBD & Port LEZ ¢ Vehicle upgrade (medium assumptions) ($ million)

Scenario LPVs LCVs HCVs
% of vehicles entering LEZ: 25% 25% 25%
1 Euro Il HCV - - 11
2 Euro Il HCV - - 36
3 Euro IV HCV - - 88
4 Euro Il HCV&LCV - 3 11
5 Euro lll HCV&LCV - 17 36
6 Euro Il All diesel 4 3 11
7 Euro Il All  diesel 16 17 36

Table 28 Costs of Auckland urban airshed LEZ ¢ Vehicle upgrade ($ million)

Scenario LPVs LCVs HCVs
% of vehicles entering LEZ 120% 100% 120%
1 Euro Il HCV - - 52
2 Euro lll HCV - - 173
3 Euro IV HCV - - 420
4 Euro Il HCV&LCV - 13 52
5 Euro Il HCV&LCV - 67 173
6 Euro Il All diesel 21 13 52
7 Euro Il All diesel 75 67 173

Bus

75%

20

Bus

100%

11
27

Total

11
36
88
14
53
26
89

Total

52
173
420

65
240

96
342

These costs are all oneoff costs and need to be compared with the present value of

annualised benefits.

Retrofit Technologies

If retrofit technologies are available costs fall significantly. Assuming that all Euro | and
Il vehicles can be retrofitted, whereas other vehicles must be replaced,the costs are
estimated for the CBD & Port and Auckland LEZs in Table 29 and Table 30 respectively.
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Table 29 Costs of CBD & Port LEZ ¢ Retrofit Euro | & Il ($ million)

Scenario LPVs LCVs HCVs Bus Total
% of vehicles entering LEZ 25% 25% 25% 75%

1 Euro Il HCV - - 12 - 12
2 Euro lll HCV - - 20 - 20
3 Euro IV HCV - - 33 - 33
4 Euro Il HCV&LCV - 8 12 - 20
5 Euro Il HCV&LCV - 16 20 - 36
6 Euro Il All diesel 10 8 12 7 37
7 Euro Il All diesel 19 16 20 10 65

Table 30 Costs of Auckland LEZ ¢ Retrofit Euro | & Il ($ million)

Scenario LPVs LCVs HCVs Bus Total
% of vehicles entering LEZ 120% 100% 120% 100%

1 Euro Il HCV - - 57 - 57
2 Euro Il HCV - - 95 - 95
3 Euro IV HCV - - 157 - 157
4 Euro Il HCV&LCV - 17 57 - 75
5 Euro lll HCV&LCV - 33 95 - 128
6 Euro Il All diesel 29 17 57 9 112
7 Euro Il All diesel 45 33 95 14 187

6.2.3 Government Administration

The costs to government are expected to be small in comparison with the other cost
elements. Costs will include those associated with policy development and drafting
legislation, communication and consultation costs, plus technical support. We assume
$500,000 for all scenarios.

6.3 Benefits

The benefits associated with the LEZs was calculated by estimating the change in PMo
concentrations in each census area unit (CAU) included in the LEZ (see lists inTable 70
in Annex 3). We estimate the population-weighted change in concentrations for the
different areas (Table 31).

Table 31 Impacts of LEZs on reduction in PM1o concentrations (pg/m3)

Rest of Auckland

Scenario CBD & Port Auckland urban airshed

1 Euro Il HCV 0.099 0.072 0.073
2 Euro lll HCV 0.130 0.077 0.078
3 Euro IV HCV 0.673 0.153 0.166
4 Euro Il HCV&LCV 0.131 0.080 0.081
5 Euro Il HCV&LCV 0.185 0.090 0.092
6 Euro Il All diesel 0.137 0.081 0.082
7 Euro lIl All diesel 0.411 0.145 0.151



In Table 32we show the impacts on health effects under the different scenarios for the
CBD & Port LEZ, and in Table 33for an Auckland urban airshed LEZ. The CBD results
may underestimate the effect as the (lower emissions) vehicles that enter the CBD will
also be travelling in the rest of Auckland, thus reducing emissions there also.The extent
of this effect depends on whether vehicles that now enter the CBD have been replaced
by vehicles that now travel in the rest of Auckland. This makes these effects highly
uncertain. However, the health effects of an LEZ in the CBD & Port range from 2% to 5%
of those for the Au ckland urban airshed (based on life years gained), such that if the
CBD LEZ resulted in only a small percentage of the Auckland wide benefits, it could
easily exceed the current measured benefits for a CBD LEZ.

Table 32 Impacts of concentration changes on Health effects (CBD& Port LEZ) (reductions in cases)

1 Euro 2 Euro 3 Euro 4 Euro |l 5 Euro 1l 6 Euro Il 7 Euro lll

Scenario: Il HCV 1l HCV IV HCV HCV&LCV HCV&LCV All diesel All diesel
Attributed 0030 0038  0.200 0.039 0.055 0.041 0.122
deaths (adults)

Life years 0.631 0.822 4.268 0.831 1.174 0.867 2.607
gained (adults)

Attributed 0000 0001  0.003 0.001 0.001 0.001 0.002
deaths (babies)

Life years 0.020 0.026 0.135 0.026 0.037 0.027 0.082
gained (babies)

Cardiac 0.007 0.009 0.044 0.009 0.012 0.009 0.027
admissions (all)

Respirat ory 0.013 0.018 0.091 0.018 0.025 0.018 0.056
admissions (all)

Restricted 503 65.6 340.6 66.3 937 69.2 208.0

activity days

Table 33 Impacts of concentration changes on Health effects (Auckland urban airshed LEZ) (reductions
in cases)

1 Euro 2 Euro 3 Euro 4 Euro Il 5 Euro 1l 6 Euro Il 7 Euro 11l

Scenario: Il HCV Il HCV IV HCV HCV&LCV HCV&LCV All diesel All diesel
Attributed
deaths (adults) 2.9 3.1 6.2 3.2 3.6 3.2 5.8
Life years 37.9 40.5 83.4 421 47.8 428 775
gained (adults)
Attributed
deaths (babies) 0.0 0.0 0.1 0.0 0.0 0.0 0.1
Life years
gained (babies) 2.6 2.8 5.6 2.9 3.3 2.9 5.3
Cardiac 0.6 0.7 1.4 0.7 0.8 0.7 1.3
admissions (all)
Respirat ory 1.3 1.4 2.8 15 1.6 1.5 2.7
admissions (all)
Restricted

o 4,905 5,231 10,643 5,440 6,160 5,534 9,958
activity days

The monetary value of these benefits is given in Table 34. The benefits vary from $15,700
($97,300 using VoS for Scenario 1 to $D6,500 ($658,600 for Scenario 3.Note, as
discussed above these benefits do not include those asociated with the effects of the



CBD & port LEZ on vehicles in the rest of Auck land. We explore this in sensitivity
analysis.

Table 34 Benefit valuation -" ! # wd w/ OU U uperddhump3 z YY Y
1 Euro 2 Euro 3 Euro 4 Euro 1l 5 Euro 1l 6 Euro Il 7 Euro 1l
IHCV ~ IIHCV  IVHCV  HCV&LCV  HCV&LCV Al diesel Al diesel
Life years $12.6  $164  $85.1 $16.6 $23.4 $17.3 $52.0

gained (adults)

Life years

gained (babies) $0.4 $0.5 $2.7 $0.5 $0.7 $0.5 $1.6
Cardiac $0.0 $0.0 $0.2 $0.0 $0.1 $0.0 $0.1
admissions (all)

Respirat ory

admissions (all) $0.1 $0.1 $0.4 $0.1 $0.1 $0.1 $0.2
Restricted

activity days $2.7 $3.5 $18.1 $3.5 $5.0 $3.7 $11.0
Total (VoLY) $15.7 $20.5 $106.5 $20.7 $29.3 $21.6 $65.0
Total (VoSL) $97.3 $126.8 $658.6 $128.2 $181.1 $133.8 $402.2

These results are all in annual benefits; they will continue for so long as the policy
scenario is assumed to be different from the baseline (no intervention scenario). In the
discussion of costs above we suggested that the costs of new veicles consisted of
bringing forward the timing of investment rather than an absolute cost. We assumed
that the regulations resulted in costs being brought forward by five years; we assume
the same impact on benefits, ie that they last for five years. The dscounted future values
are included in the Net BenefitsSection below. Table 35 has the same results for the
Auckland urban airshed LEZ.

Table 35 Benefit valuation + Auckland urban airshed + $ 9 w oo Bez ahiyuly)

1 Euro 2 Euro 3 Euro 4 Euro |l 5 Euro Il 6 Euro Il 7 Euro 1l
Il HCV I HCV IV HCV HCV&LCV HCV&LCV All diesel All diesel
Life years
gained (adults) $757 $808 $1,664 $840 $953 $855 $1,546
Life years
gained (babies) $52 $55 $112 $57 $65 $58 $105
Cardiac
admissions (all) $3 $4 $8 $4 $4 $4 $7
Respirat ory
admissions (all) %5 $5 $11 $6 $6 $6 $10
Restricted $260 $278 $565 $289 $327 $294 $528
activity days
Total (VoLY) $1,077 $1,150 $2,359 $1,196 $1,356 $1,216 $2,197
Total (VoSL) $9,434  $24,511  $49,872 $25,491 $28,866 $25,932 $46,664

6.4  Net Benefits

Table 36 summarises theresults over five years with an 8% discount rate. Costs exceed
benefits for all options. Increasing the time of analysis to ten years increases costs more
than the benefits. Even using the VoSL-based benefit calculation, the benefits increase by
$2million in Scenario 3 but the costs by $21 million (under the retrofit option).



Table 36 Summary of Cost, Benefits and Net Benefitst CBD & Port LEZ ($ millio n)

LEZ option: 1 2 3 4 5 6 7
Vehicle types HCV HCV HCV LCV/HCV LCV/HCV Alldiesel  All diesel
Euro standard 11 11l v 211 3/ 211 3/
Costs

Equipment $6.0 $6.0 $6.0 $6.0 $6.0 $6.0 $6.0
Government $0.5 $0.5 $0.5 $0.5 $0.5 $0.5 $0.5
Operator  (retrofit) * $12.0 $19.7 $32.8 $20.2 $35.5 $37.4 $65.3
Total costs $18.5 $26.2 $39.3 $26.6 $42.0 $43.9 $71.8
Benefits

VoLY $0.1 $0.1 $0.4 $0.1 $0.1 $0.1 $0.3
VoSL $0.4 $0.5 $2.6 $0.5 $0.7 $0.5 $1.6
Net Benefits

VoLY -$18.4 -$26.1 -$38.8 -$26.6 -$41.9 -$43.8 -$71.5
VoSL -$18.1 -$25.7 -$36.6 -$26.1 -$41.3 -$43.4 -$70.2

Note: 1 Retrofit technologies are used where possible

The Auckland urban airshed LEZ results are shown in Table 37. The benefits are closer
in magnitude to the costs, but costs exceed the benefits in all scenarios unless VoSL
based benefit valuation is used (4 out of 7 scenarioshave positive net benefits).

Table 37 Summary of Cost, Benefits and Net Benefitst Auckland urban airshed LEZ ($ million)

LEZ option: 1 2 3 4 5 6 7
Vehicle types HCV HCV HCV LCV/HCV LCV/HCV Alldiesel  All diesel
Euro standard 1l 1] v 2/ 3/ 2/ 3/
Costs

Equipment $9.0 $9.0 $9.0 $9.0 $9.0 $9.0 $9.0
Government $0.5 $0.5 $0.5 $0.5 $0.5 $0.5 $0.5
Operator (retrofit) * $57.5 $94.6 $157.3 $74.7 $127.7 $112.2 $186.6
Total costs $67.0 $104.1 $166.8 $84.2 $137.2 $121.7 $196.1
Benefits

VoLY $4.3 $4.6 $9.4 $4.8 $5.4 $4.9 $8.8
VoSL $37.7 $97.9 $199.1 $101.8 $115.3 $103.5 $186.3
Net Benefits

VoLY -$62.7 -$99.5 -$157.4 -$79.4 -$131.7 -$116.9 -$187.3
VoSL -$29.3 -$6.2 $32.4 $17.6 -$21.9 -$18.2 -$9.8

Note: 1 Retrofit technologies are used where possible

There is a risk in concluding that an Auckland urban airshed LEZ would be better than
a CBD LEZ on the basis of the potential for positive net benefits. The benefits are highly
uncertain and, if they are closer to the VoLY -based values then the Auckland urban
airshed LEZ would result in much higher net costs.

Within the LEZ options, the ranking of options suggests that one focussed on HCVs and
imposing a Euro Il requirement is the best option (lowest net costs), although we note
that it is the worst option for the Auckland urban airshed and VoSL-based analysis. The
next best options are Option 2 (Euro 11l HCV) and Option 4 (Euro [l HCV & LCV). This



suggests that those focussed on the oldest and mospolluting vehicles are the best
options, largely because of the lower costs.
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7  Emissions Testing

7.1 Approach

The emissions testing option is assumed to apply to all vehicles in the Auckland region.
It has been examined on the assumption that all vehicles would be required to have an
emissions test as part of their Warrant of Fitness (WoF) or Certificate of Fitness (CoF).14

The impacts have been modelled on the basis of the population in the Auckland urban
airshed as used in the LEZ option above.

The various options for testing and test facilities were examined by Fuel Technology
Limited & Auckland Uniservices (FTL-AUL) in a trial of emissions testing from 2004. 115
More recently this has been examined by Gerda Kuschel for Auckland Council. 116

In this report we do not discuss the options in any detail. Rather we use the assumption
that snap acceleration testing is used; it is widely discussed in these previous
publications and we do not update this here. We assume that a testing requirement tied
to the WoF/CoF could result in improvements to vehicle performance through vehicles
having more regular servicing. This would result in less deterioration of performance
and emissions.

VEPMS5.1 includes a default factor that accounts for degradation of diesel vehicles
(except Euro VI) over time. This degradation factor therefore assumes that diesel
vehicle exhaust emissions will increase with increasing vehicle ageand mileage. With
the introduction of regional in -service standards, through vehicle testing inspections,
the high emitters would be identified and be required to undertake maintenance to
restore vehicle emissions to the required standard for that vehicle.

For the vehicle testing scenario, the 2016 base case for th@entified assessment areas
has beenrun through VEPM 5.1 with the degradation factors not included . This scenario
assumesdiesel vehicles would be maintained and brought back to their required
emission standard and that the change in VKT as a result ofvehicles being retired
becausethey cannot meet the regional standard is negligible.

7.2 Costs
The cost components include:

1 the costs of the test facilities; and
1 the costs for vehicles that will include:
1 More frequent servicing to avoid test failures;

L4Warrant of Fitness (WoF) applies to cars and all vehicles less than 3,500 kg in weight.

115 Campbell A, Gething J, Raine R, Elder S and Jones K (2006) Vehicle Emissions Pilot Projegt Diesel
Vehicles Project 1503257: CEL. Fuel Technology Limited & AucklandUniservices Limited. Prepared
for Ministry of Transport.

116 Kuschel G (2014) Investigations into Reducing Emissions from Heavy Duty Diesel Vehicles in
Auckland + a Summary Report. Auckland Council Technical Report 2014/018
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1 Repairs for vehicles that fail;
1 Replacement of vehicles that fail.

We examine these in turn below.

7.2.1 Test Facilities

Campbell et alestimated the capital and operating costs of a testing system and
converted this into a cost per test of 0-$56 ($2-$66 in 2014 values), with a weighted
average of $33 ($39 in 2014 dollars)t’

7.2.2 Vehicle Costs

Servicing Costs

Servicing costs might increase for older vehicles that would be at risk of failure. The
extent to which this would affect vehicles depends on current service frequency and
perceptions of the effectiveness of servicing. Service costs for diesel vehicles are
estimated to be in the region of $210- $260%8 Costs would be expected to be higher for
heavy vehicles.

There will be some additional costs involved for the time taken to deliver and p ick-up
the vehicle plus any associated repairs. However, service costs will be offset by lower
costs because mechanical problems will be detected and fixed before they arise, and the
vehicle will be running more efficiently with lower expected fuel costs.

Repair Costs

Repair costs were examined byFTL-AUL in the 2006 trial of emissions testing 119 It
estimated costs for diesel vehicles that ranged from $150- $1,200 for light vehicles and
$150- $2,000 for heavy vehicles, which we assume to be exclusive of GT2°and $522 as
an average ($600 including GST) For this analysis we exclude GST as it is not a cost to
the nation; it is just a transfer from the vehicle owner, via the tester, to the Government.
We use the average figure and inflate this to $615 (rounded up) in December 2014 prices
and a range rounded to $275- $2350Q

Vehicle Replacement Costs

Some vehicles that fail to meet standards will need to be replaced. We take a mid-point
(Euro IV vehicle) as the type of vehicle that is purchased.As with the an alysis for LEZs
we assume that the cost of vehicles brings forward a replacement vehicle rather than
being an absolute cost. We use five years and an 8% discount rate.

17We use the produce price indexpOU U x U U wE E U P U X wtbr@dhicld & parks Badiduei3 1 1 w? O

retailing? WD OET RWPEUWOOUWEEOEUOEDTI EwPOw!l YYt Bw3iT 1 wbOEI RwUI UUOI
in nominal terms.

118 Based on online advertised prices (excl GST) for commercial dieselvehicles from AA, Pit Stop and

Mobile Vehicle Tuning & Servicing Ltd

119 Campbell et al(op cit)

120 This is stated on p57 of the report where GST is not mentioned. GSTinclusive prices are noted on

[emphasis added]. We assume that $2,000 as a high cost estimate is GST exclusive as G8itlusive

costs can be over this amount.
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Total Costs

We assume the following costs for analysis (Table 38). This includes the costs for testing,
which will apply to all vehicle types. Although pre -Euro vehicles have no standard
against which to test, if they are not included there would be an i ncentive towards
obtaining pre -Euro vehicles. Servicing costs apply to a certain percentage of vehicles; the
number represents the percentage of the fleet in the individual categories (Pre-Euro

LPVs etc) that are not currently serviced regularly but would be following the

introduction of the testing requirement. Repair costs apply to a percentage of these
additionally serviced vehicles; another percentage of those additional vehicles serviced
are replaced.

Table 38 Servicing cost asaimptions

Cost element LPVs LCVs HCVs Buses
Testing cost $40 $40 $60 $60
Servicing cost $250 $250 $400 $400
Servicing (% increase)

Pre-Euro 20% 15% 10% 10%
Euro | 20% 15% 10% 10%
Euro Il 15% 10% 5% 5%
Euro 11l 10% 5% 2.5% 2.5%
Euro IV 5% 2.5% 1% 1%
Euro V 2.5%

Repair cost $300 $500 $1,000 $1,000
Repair percentage of serviced 10% 10% 10% 10%
Vehicle replacement (% of serviced) 5% 5% 2.5% 2.5%

Table 39 Total annual costs of testing regime

LPVs LCVs HCVs Buses Total
Testing $2,153,600 $2,142,040 $1,253,640 $102,000 $5,651,280
Servicing
Pre-Euro $353,350 $136,575 $197,480 $16,760 $704,165
Euro | $764,050 $247,463 $228,840 $12,400 $1,252,753
Euro Il $132,938 $150,100 $51,480 $3,160 $337,678
Euro Il $140,650 $180,263 $58,370 $4,520 $383,803
Euro IV $160,013 $80,738 $15,576 $1,528 $257,854
Euro V $103,669 $0 $0 $0 $103,669
Total $1,654,669 $795,138 $551,746 $38,368 $3,039,920
Repair $198,560 $159,028 $137,937 $9,592 $505,116
Replacement cost  ($/vehicle) $6,036 $8,003 $24,377 $75,136
Replacement cost $1,997,383 $1,272,742 $840,615 $180,177 $4,290,917
Benefit
Total cost $6,004,212 $4,368,947 $2,783,938 $330,137 $13,487,233

In sensitivity analysis (see Section9.7), we vary the assumptions made about the
percentage of vehicles that need to be replaced (final line inTable 38): 0% in the low case
and double the values in Table 38in the high case. We also vary the costs of testing by
50% in either direction.



7.3 Benefits

The calculated benefits for the emissions testing option are greater than those for an
LEZ. It is estimated to result in an overall average change in PMio concentration of
0.24pg/m?3 acrossthe Auckland urban airshed .

Table 40 Health imp acts of Emissions testing

Health impact Number

Attributed deaths (adults) 9.0
Life years gained (adults) 119.8
Attributed deaths (babies) 0.1
Life years gained (babies) 8.0
Cardiac admissions (all) 2.0
Respirat ory admissions (all) 4.1
Restricted activity days 15,276

The benefits are calculatedin Table 41. The central estimate is a benefit of $.8million,
within a range of $1.6 million to $ 30 million (or $ 37 million using a VoSL -based
approach).

Table 41 Benefits of vehicle testing ($'000 per annum)

Impact Value

Life years gained (adults) $2,390
Life years gained (babies) $161
Cardiac admissions (all) $11
Respiratory admissions (all) $16
Restricted activity days $810
Total ( VoLY) $3,387
Total ( VoSL) $36,611

7.4  Net Benefits

Table 42 summarises the net benefits of an emission testing regime.The results are
shown for the present value (PV) of costs and benefitsover a five year project
discounted at 8%. Testingis found to have positive net benefits only under the high
benefit assumptions using VoLY .

Table 42 Cost, Benefits and Net Benefits ofEmissions Testingt present value ($ million)

Element Value
Costs Testing $22.6
Servicing $12.1
Repair $2.0
Replacement vehicles $17.1
Government $2.0
Total costs $55.8
Benefits VoLY $13.5
VoSL $146.2
Net Benefits VoLY -$42.3
VoSL $90.3
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In analysis of this and other policy measures we project the impacts forward over five
years, however we have not updated the exposed population numbers. To do so risks
over-estimating the benefits as it assumes that new residents had historical exposure
equivalent to the existing population. In addition, costs woul d need to change in
addition to benefits, but in a way that is less easily modelled. It is also clear that these
small changes to the assumptions are likely to have little material impact on the results.

In addition to the uncertainty over benefit assessment, reflecting the potential for
preventing deterioration in addition to the uncertainty over valuation approach, the key
factors that determine costs include the costs of testing and the number of vehicles that
will need to be replaced because they failto meet tests.

Under our base assumptions the costs are significantly higher than the benefits.
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8 Road Pricing

8.1 Approach

The road pricing scenario was derived from the 2008 MoT Auckland Road Pricing Study
(Report no: WL000621). It applies to a central Auckland area including the CBD & Port
(Figure 17 and Table 70in Annex 3) and is estimated to result in an approximate 10%
reduction in traffic and approximate 5% increase in public transportation service
requirements. VKT data for each CAU was reduced by 10% to account for the
approximate 10% reduction in traffic prior to input in to the HAPiNZ model. The fleet
profile entered into VEPM 5.1 w as adjusted to reflect a 5% increase in buses.

8.2 Costs

The scheme can be described as correcting a current externality by placing a charge on
congestion. If the level of charge is correct the resilting impact is correcting regional
outcomes to a level that is more optimal than current. As such, change in activity levels
in the region would be welfare improving.

However, this ignores the costs of implementing the scheme, including the camera and
computer system requirements. For simplicity we base our cost estimates on the costs
for an LEZ. We assume a slightly higher total cost for the Auckland scheme: $10 million,
versus $9 million for the LEZ ( Table 37).

In sensitivity analysis we simply vary these costs by 50% in either direction.

8.3 Benefits

The calculated benefits for the emissions testing option are estimated to result in an
overall average change in PMw concentration of 0.20ug/m?3 across the central Auckland
area (Figure 17). The resulting health effects are shown in Table 43.

Table 43 Annual health impacts of Road Pricing

Health impact Number

Attributed deaths (adults) 0.681
Life years gained (adults) 9.903
Attributed deaths (babies) 0.006
Life years gained (babies) 0.507
Cardiac admissions (all) 0.151
Respirat ory admissions (all) 0.311
Restricted activity days 1,162

The benefits are calculated inTable 44. The central estimate(using VoLY) is anet benefit
of $0.3million , or $2.2 mill ion using a VoSL-based approach



Table 44 Benefits of road pricing ($'000 per annum)

Impact Value

Life years gained (adults) $198
Life years gained (babies) $10
Cardiac admissions (all) $1
Respiratory admissions (all) $1
Restricted activity days $62
Total (VolLY) $271
Total (VoSL) $2,230

8.4  Net Benefits

The estimated net benefits of road pricing are given in Table 45. Costs include
equipment costs; the response to pricing itself is assumed to bewelfare-improving and
not a cost. The costs are present valugover five years. Under the assumptions used,
none of the benefit valuation options yields positive net benefits for road pricing .

Table 45 Cost, Benefits and Net Benefits of Roal Pricing  present value ($ million)

Element Value
Costs Equipment $10.00
Government $0.50
Total costs $10.50
Benefits VoLY $1.1
VoSL $8.9
Net Benefits VoLY -$9.4
VoSL -$1.6

This approach to analysis may over-estimate costs as there may be net benefits from
road pricing that would offset these costs also, eg if the benefits from reduced
congestion and reduced (and currently under -priced) CO2 emissions'?! were greater
than the costs from displaced and reduced activity. We proxy this in sensitivity analysis
through the low cost option (50% of costs).

121 This under-pricing reflects the current approach of charging 1 emission unit per 2 tonne s of COz-
equivalent.
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9 Summary, Sensitivity Analysis , Conclusions

9.1 Base Results d HAPINZ Assumptions

The results for the HAPINZ assumptions are shown in Table 46in physical terms and in
Table 47in monetary terms.

Table 46 Impacts of Policy Options on Premature Deaths

CBD & Port Auckland

Adults Babies Adults Babies
LEZ
1 Euro Il HCV 0.03 0.00 2.88 0.03
2 Euro Il HCV 0.04 0.00 3.07 0.03
3 Euro IV HCV 0.20 0.00 6.24 0.07
4 Euro 2/1I LCV&HCV 0.04 0.00 3.19 0.04
5Euro 3/lIL  CV&HCV 0.05 0.00 3.61 0.04
6 Euro 2/ Il All diesel 0.04 0.00 3.25 0.04
7 Euro 3/11I All diesel 0.12 0.00 5.84 0.07
Testing 8.96 0.10
Road Pricing 0.68 0.01

Note: Auckland LEZ and emissions testing is for the Auckland urban airshed ; road pricing is for
central Auckland

The assumptions used for monetary valuation include :

Mortality benefits measured using VoSL,;

No cessation lag;

8% discount rate;

1 Costs and benefits calculated over five years

E R

Table 47 Net Present Value of Policy Options - HAPINZ Assumptions

CBD & Port Auckland
Costs Benefits Net benefits Costs Benefits Net benefits

LEZ

1 Euro Il HCV $18 $0 -$18 $67 $47 -$20
2 Euro Il HCV $26 $1 -$26 $104 $98 -$6
3 Euro IV HCV $39 $3 -$36 $167 $200 $33
4 Euro 2/1I LCV&HCV $27 $1 -$26 $84 $102 $18
5Euro 3/lIL CV&HCV  $42 $1 -$41 $137 $116 -$22
6 Euro 2/ 11 All diesel $44 $1 -$43 $122 $104 -$18
7 Euro 3/ 111 All diesel $72 $2 -$70 $196 $187 -$9
Testing $56 $147 $91
Road Pricing $10 $11 $1

Note: Auckland LEZ and emissions testing is for the Auckland urban airshed ; road pricing is for
central Auckland

These values provide the basis for comparison of results with previous studies of the
impacts of air pollution . However, the approach assumes instantaneous rather than



lagged benefits, which are preferred for a marginal analysis such as this. It also uses a
VoSL-based benefit valuation approach. Our preferred approach is VoLY -based.

Below we present the results using our preferred assumptions. In all results tables we
highlight the positive net benefit results.

9.2 Mortality Characterisation

The overall results are shown in Table 48using VoLY and VoSL-basedassumptions.
Unlike the HAPINZ analysis, our base case analysis includes a cessation lag based on
the EPA formula that distributes the benefits over 20 years: 30% in year 1, 50% spread
evenly (12.5% per year) over years 2 to 5 with the 20% spread evenly over years 6 to 20.
The VoLY analysis assumes a value of $25,000.

Table 48 Summary Results - PV of Net Benefits ($ million)

CBD & Port Auckland

Policy Scenario VoLY VoSL VoLY VoSL
LEZ

1 Euro Il HCV -$18 -$18 -$63 -$29
2 Euro Il HCV -$26 -$26 -$99 -$6

3 Euro IV HCV -$39 -$37 -$157 $32

4 Euro 2/11 LCV&HCV -$27 -$26 -$79 $18

5Euro 3/lllIL  CV&HCV -$42 -$41 -$132 -$22
6 Euro 2/11 All diesel -$44 -$43 -$117 -$18
7 Euro 3/ 11l All diesel -$72 -$70 -$187 -$10
Emissions  Testing -$42 $90

Road Pricing -$9 -$2

Note: Auckland LEZ and emissions testing is for the Auckland urban airshed ; road pricing is for
central Auckland

It shows the impacts of different assumptions for benefit valuation, that are based on the
way in which mortality impacts are characterised (see Table 80 on page 127):

1 the VoLY approach assumes that the mortality impact is an extension to life
expectancy; life is extended at the end of life, possibly many years in the future;

1 the VoSL approach assumes that the mortality effect can be characterised as a
reduction in the risk of death for people of all ages and the uncertainty of effect
is such that it is the same for all ages.

Our preference is for the VoLY approach. Under these assumptions, none of the policy
options examined results in positive net benefits. Under the VoSL approach, emissions
testing and road pricing have positive net benefits.

In Table 49 we show the effects of varying the VoLY, given the uncertainty over this
value. The analysis is undertaken for the wider Auckland areas, ie the Auckland urban
airshed for the LEZ and testing options and the central region for road te sting. The
medium ($25,000) and low ($5,000) VoLYs are based on literature that has assessed the
willingness to pay (WTP) for life extension. The high VoLY is really an alternative
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specification of the VoSL as it is an annualised estimate of the VoSL. The$44,000 VoLY
assumes that VoLY is income constrained; this represents some maximum value.The
high (VoSL-based) VoLY ($199,000) produces results that are closer to those based on
VoSL and it includes a positive net benefit result for emissions testing.

Table 49 Summary Results - PV of Net Benefits ($ million) ¢ alternative VoLY values

Policy Scenario VoLY ($5k) VoLY ($25k) VoLY ($44k) VoLY ($199Kk)
LEZ

1 Euro Il HCV -$65 -$63 -$64 -$40
2 Euro Il HCV -$102 -$99 -$101 -$68
3 Euro IV HCV -$163 -$157 -$160 -$94
4 Euro 2/1l LCV&HCV -$82 -$79 -$81 -$47
5Euro 3/lL CV&HCV -$135 -$132 -$133 -$95
6 Euro 2/ 11 All diesel -$120 -$117 -$118 -$84
7 Euro 3/ 11l All diesel -$192 -$187 -$190 -$128
Emissions  Testing -$50 -$42 -$46 $49
Road Pricing -$10 -$9 -$10 -$4

Note: Auckland LEZ and emissions testing is for the Auckland urban airshed ; road pricing is for
central Auckland

9.3 95 % Confidence Intervals

Using the range of relative risk values based on 95% confidence intervals (se€lable 10
on page 39), we estimate the impacts on the net benefits inTable 50 (low) and Table 51
(high). Under the low sensitivity assumptions there is a significant downward shift in
net benefits, with only Auckland -wide testing using VoSL -based benefit valuation
resulting in positive n et benefits. Using high sensitivity (10%/8%), all but one LEZ
options have positive net benefits under the VoSL-based benefit valuation approach,
although not under the other assumptions.

Table 50 Summary Results - PV of Net Benefits ($ million) + Relative risks for mortality of 1.03 (adults)
and 1.02 (babies)

CBD & Port Auckland

Policy Scenario VoLY VoSL VoLY VoSL
LEZ

1 Euro Il HCV -$18 -$18 -$66 -$59
2 Euro Il HCV -$26 -$26 -$103 -$62
3 Euro IV HCV -$39 -$39 -$165 -$82
4 Euro 2/11 LCV&HCV -$27 -$27 -$83 -$41
5Euro 3/lllL  CV&HCV -$42 -$42 -$136 -$88
6 Euro 2/11 All diesel -$44 -$44 -$121 -$78
7 Euro 3/ 11l All diesel -$72 -$71 -$194 -$117
Emissions  Testing -$53 $6
Road Pricing -$10 -$9

Note: Auckland LEZ and emissions testing is for the Auckland urban airshed ; road pricing is for
central Auckland



Table 51 Summary Results - PV of Net Benefits ($ million) + Relative risks for mortality of 1.10 (adults)
and 1.08(babies)

CBD & Port Auckland

Policy Scenario VolLY VoSL VoLY VoSL
LEZ

1 Euro Il HCV -$18 -$18 -$64 -$40
2 Euro Il HCV -$26 -$26 -$101 $35

3 Euro IV HCV -$39 -$37 -$160 $116
4 Euro 2/1l LCV&HCV -$27 -$26 -$81 $60

5Euro 3/lllIL  CV&HCV -$42 -$41 -$133 $27

6 Euro 2/ 11 All diesel -$44 -$44 -$118 $25

7 Euro 3/ 111 All diesel -$72 -$71 -$190 $68

Emissions  Testing -$46 $151
Road Pricing -$10 -$4

Note: Auckland LEZ and emissions testing is for the Auckland urban airshed ; road pricing is for
central Auckland

9.4 Discount Rate

The results are undertaken with a discount rate of 8%, which is the Treasury suggested
rate for policy analysis. If we use a lower rate of 5% that has been used for some recent
policy analyses in the energy and transport sectors, the results are as shown inTable 52
The discount rate applies to the overall timing of results and to the impacts of the
cessation lag assumptions.

At the lowe r discount rate all but one LEZ option for the Auckland urban airshed have
positive net benefits if using a VoSL-based analysis.

Table 52 Summary Results - PV of Net Benefits ($ million) + 5% Discount Rate

CBD & Port Auckland

Policy Scenario VoLY VoSL VoLY VoSL
LEZ

1 Euro Il HCV -$16 -$16 -$51 -$12
2 Euro Il HCV -$22 -$22 -$78 $22

3 Euro IV HCV -$31 -$28 -$115 $90

4 Euro 2/11 LCV&HCV -$24 -$24 -$65 $40

5Euro 3/llL  CV&HCV -$38 -$37 -$106 $13

6 Euro 2/11 All diesel -$40 -$39 -$96 $10

7 Euro 3/ 11l All diesel -$64 -$63 -$150 $42

Emissions  Testing -$39 $104
Road Pricing -$10 -$1

Note: Auckland LEZ and emissions testing is for the Auckland urban airshed ; road pricing is for
central Auckland



9.5 Lagged Benefits

The analysis has assumed a cessation lag in which the benefits do not arise immediately.
This reflects the finding that most health effects are chronic as a result of living for a

long time in elevated concentrations and the damage is not repaired immediat ely on
reduction in pollution. The issue of cessation lag is discussed inAnnex 4 from page 115

We use the EPA lag model as the primary assumption, with sensitivity analysis using:
no lag and 30-year lag. The assumptions are:

1 EPA: 30% of the mortality reductions occur in the first year, 50% occur equally
in years 2 through 5 and the remaining 20% occur equally over years 6 through
20;

1 No lag: 100% of the mortality reductions occur immediately after emission
reduction;

1 30year lag: the mortality reductions are spread equally over 30 years, with 3.3%
of the benefit in each year.

The no cessation lag results are given inTable 53 and the 30-yr cessation lag results in
Table 54. It has the greatest impact on the highest benefit valuation methods, ie using
VoSL. The 30@yr lag option shifts all the LEZ results to being negative, but there is little
other significant effect.

The no cessation lag results using VoSL are equivalent to the HAPINZ assumptions
(Table 47).

Table 53 Summary Results - PV of Net Benefits ($ million) + No cessation lag

CBD & Port Auckland

Policy Scenario VoLY VoSL VoLY VoSL
LEZ

1 Euro Il HCV -$18 -$18 -$62 -$20
2 Euro Il HCV -$26 -$26 -$98 -$6
3 Euro IV HCV -$39 -$36 -$155 $33

4 Euro 2/11 LCV&HCV -$27 -$26 -$78 $18

5Euro 3/lllIL CV&HCV -$42 -$41 -$130 -$22
6 Euro 2/11 All diesel -$44 -$43 -$116 -$18
7 Euro 3/ 11l All diesel -$71 -$70 -$185 -$9
Emissions  Testing -$39 $91

Road Pricing -$9 $1

Note: Auckland LEZ and emissions testing is for the Auckland urban airshed ; road pricing is for
central Auckland



Table 54 Summary Results - PV of Net Benefits ($ million) ¢+ 30-yr cessation lag

CBD & Port Auckland

Policy Scenario VoLY VoSL VoLY VoSL
LEZ

1 Euro Il HCV -$18 -$18 -$65 -$48
2 Euro Il HCV -$26 -$26 -$102 -$7

3 Euro IV HCV -$39 -$38 -$162 $31

4 Euro 2/1l LCV&HCV -$27 -$26 -$82 $17

5Euro 3/lllIL CV&HCV -$42 -$42 -$134 -$23
6 Euro 2/11 All diesel -$44 -$44 -$119 -$19
7 Euro 3/11l All diesel -$72 -$71 -$192 -$11
Emissions  Testing -$49 $89

Road Pricing -$10 -$6

Note: Auckland LEZ and emissions testing is for the Auckland urban airshed ; road pricing is for
central Auckland

9.6 Region-Wide Benefits

The introduction of an LEZ for the CBD and port is likely to result in additional effects
acrossthe wider region because vehicles that travel in the CBD will also travel

elsewhere in Auckland. We examine these effects by including a percentage of the wider
Auckland effect as applying to the CBD & port LEZ; this would include both benefits

and some costs (those for vehicle ugrading and/or retrofits).

Using an assumption that 25% of the benefits obtained across the rest of theAuckland
urban airshed would also be obtained, and with no increase in costs, we show the
results in Table 55. The Euro IV LEZ (Option 3) has positive net benefits, but only using
the VoSL-based values.

Table 55NPV ($ million) for CBD & Port LEZ including 25% of airshed benefits

LEZ VOLY VoSL
1 Euro Il HCV -$18 -$13
2 Euro Il HCV -$26 -$2
3 Euro IV HCV -$38 $12
4 Euro 2/11 LCV&HCV -$26 -$1
5Euro 3/lllL  CV&HCV -$41 -$13
6 Euro 2/11 All diesel -$43 -$18
7 Euro 3/ 111 All diesel -$71 -$25

9.7 Cost Sensitivity

For LEZ, we vary the percentage of vehicles entering the CBD and Auckland. The
modelling of emissions includes information on VKT but does not identify how many
vehicles are responsible for those VKT. This we assess using assumptions, as set out in
Table 16 on page 46. In Annex 2 we set out the implications for costs of the different
assumptions and scenarios.

For the emissions testing option we:



9 vary the costs of the test itself: 50% less in the low cost scenario and 50% more in
the high scenario; and

1 we vary the assumptions made about the percentage of vehicles that need to be
replaced: 0% in the low case and double the values inTable 38in the high case.

For road pricing we simply vary the costs by 50% downwards (low costs) or upwards
(high costs).

We summarise the results to compare with Table 48in Table 56 (low costs) and Table 57
(high costs).

Table 56 Summary Results - PV of Net Benefits ($ million) ¢ Low Cost Assumptions

CBD & Port Auckland

Policy Scenario VoLY VoSL VoLY VoSL
LEZ

1 Euro Il HCV -$11 -$11 -$53 -$20
2 Euro Il HCV -$14 -$14 -$84 $10

3 Euro IV HCV -$19 -$17 -$131 $59

4 Euro 2/11 LCV&HCV -$14 -$14 -$68 $29

5Euro 3/llL  CV&HCV -$21 -$20 -$113 -$3

6 Euro 2/11 All diesel -$23 -$23 -$100 -$1

7 Euro 3/ 11l All diesel -$35 -$34 -$159 $18

Emissions  Testing -$14 $119
Road Pricing -$4 $3

Note: Auckland LEZ and emissions testing is for the Auckland urban airshed ; road pricing is for
central Auckland

Table 57 Summary Results - PV of Net Benefits ($ million) + High Cost Assumptions

CBD & Port Auckland

Policy Scenario VoLY VoSL VoLY VoSL
LEZ

1 Euro Il HCV -$26 -$25 -$77 -$44
2 Euro Il HCV -$38 -$38 -$123 -$30
3 Euro IV HCV -$58 -$56 -$197 -$7

4 Euro 2/11 LCV&HCV -$39 -$38 -$98 -$1

5Euro 3/lllL  CV&HCV -$63 -$63 -$164 -$54
6 Euro 2/ Il All diesel -$64 -$63 -$145 -$46
7 Euro 3/ 111 All diesel -$107 -$105 -$234 -$56
Emissions  Testing -$71 $62

Road Pricing -$14 -$7

Note: Auckland LEZ and emissions testing is for the Auckland urban airshed ; road pricing is for
central Auckland

Under the low cost assumptions four of the Auckland urban airshed LEZ options have
positive net benefits, but only if the VoSL -based benefit valuation approach is used.
Under the high cost assumptions all options have net costs.The road pricing option has
positive net benefits under the low cost option.



9.8

Significant Assumptions

Table 58 summarises the assumptions and themaximum impacts on net benefits as a
percentage change from the base valuesThe most significant assumptions are for the
approach to benefit valuation. Other significant assumptions are those relating to the
discount rate employed and the level of costs.

Table 58 Maximum Impact of Assumptions on Net Benefits

Assumptions

Benefit valuation Low VoLY
High VoLY
VoSL

Confidence intervals

Discount rate 5% discount
Lagged benefits No lag
30-yr lag
Region -wide benefits Region -wide benefits from CBD LEZ
Costs Low costs
High costs

Sensitivity (high)
Sensitivity (low)

LEZ
4%
41%
122%
3%
3%
27%
2%
3%
6%
51%
51%

Testing

18%
217%
313%
14%
18%

8%

8%

16%

67%
67%

Road

Pricing

7%
62%
83%

5%

7%

3%

3%

6%

53%
53%

There are differences in the overall effects on the testing and road pricing options versus
those for testing and road pricing. The discount rate, in particular has a more significant
impact on the LEZ option .

Table 59 shows the results if we use all the most favourable assumptions. This includes:

High sensitivity, ie 10% and 8% reduction in mortality for adults and babies

VoSL

$8
$26
$66
$27
$27
$20

Auckland
VoLY

-$40
-$62
-$88
-$52
-$87
-$79

1
respectively per 10pg/m3 change in PMug;
1 Low (5%) discount rate;
1 No benefit lag;
1 Inclusion of region -wide benefits of the CBD LEZ;
1 Low costs.
Table 59 Summary Results - PV of Net Benefits ($ million) ¢ High Benefit/Low Costs
CBD & Port
Policy Scenario VoLY
LEZ
1 Euro Il HCV -$8
2 Euro Il HCV -$11
3 Euro IV HCV -$11
4 Euro 2/11 LCV&HCV -$11
5Euro 3/l L CV&HCV -$16
6 Euro 2/ 11 All diesel -$19
7 Euro 3/ 111 All diesel -$27

Emissions  Testing

Road Pricing

$43

-$120
-$3
-$4

VoSL

$25
$81
$202
$97
$82
$73
$152
$198
$12

Note: Auckland LEZ and emissions testing is for the Auckland urban airshed ; road pricing is for
central Auckland
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The sensitivity of the overall result to the benefit valuation approach remains. All
intervention options have positive net benefits if the VoSL app roach is used and some
do using the High (VoSL -based) VoLYs. But the medium VoLY does not result in any
options with positive net benefits.

In Table 60 we minimise b enefits and maximise costs.

Table 60 Summary Results - PV of Net Benefits ($ million) + Low Benefit/High Costs

CBD & Port Auckland

Policy Scenario VoLY VoSL VoLY VoSL
LEZ

1 Euro Il HCV -$26 -$26 -$80 -$73
2 Euro Il HCV -$38 -$38 -$127 -$86
3 Euro IV HCV -$59 -$58 -$204 -$121
4 Euro 2/11 LCV&HCV -$39 -$39 -$102 -$59
5Euro 3/llL  CV&HCV -$63 -$63 -$168 -$120
6 Euro 2/ 11 All diesel -$64 -$63 -$149 -$106
7 Euro 3/ 11l All diesel -$107 -$106 -$241 -$163
Emissions  Testing -$81 -$22
Road Pricing -$15 -$14

Note: Auckland LEZ and emissions testing is for the Auckland urban airshed ; road pricing is for
central Auckland

This includes:
1 Low sensitivity, ie 3% and 2
8% reduction in mortality for adults and babies respectively per 10ug/m3 change
in PM1o;
8% discount rate;
30-year benefit lag;
No region-wide benefits of the CBD LEZ;
High costs.

=

= =4 -4 -

All options have net costs.

9.9 Conclusions

9.9.1 The Importance of Assumptions on Benefit Valuation

The analysis suggests that the policy options examined offer positive net benefits only
when the benefits are measured using VoSL. The choice of benefit valuation
methodology is hugely important.

HAPINZ used VoSL and we have included results that are con sistent with HAPINZ, but
we suggest that there are reasons for changing these assumptions, particularly for policy
studies addressing the impacts of changesin concentrations rather than the impacts of
absolute levels. We have included two significant modifications to the HAPINZ

approach that are consistent with approaches being adopted internationally. These are:



1 theinclusion of a cessation lag (lagged benefit values), in recognition that the
major effects are on chronic mortality and that repairs to health will not happen
instantaneously with reductions in concentrations; and

1 the use of changes in life years, valued using VoLY as the primary measure of
mortality effect. This is more consistent with the nat ure of the effect.

The other significant difference relates to the monetary values used. The VoSL we have
adopted uses the same source as used in HAPINZ. A VoLY can be calculated from the
VoSL and this results in relatively high benefit values, but we hav e more confidence in
values from studies that have derived VoLYs directly through survey techniques. There
is a need for more work on these values in a New Zealand context.

9.9.2 Policy Choices

The analysis suggests that the net benefits (or costs) of the policyoptions examined to
limit emissions in Auckland are highly uncertain. The results depend critically on some
key assumptions, particularly the benefit valuation assumptions as discussed above.

1 If VoSL-based benefit valuation is used, the analysis suggestshat emissions
testing has positive net benefits, as do certain Auckland urban airshed-wide
LEZs, particularly a Euro IV -based LEZ targeted at HCVs and a less stringent
(Euro 2/11) version that targets LCVs and HCVs and could be met using retrofit
technologies.

91 In contrast, using the preferred VoLY -based analysis, all options have net costs.
An LEZ focussed on HCVs and imposing a Euro Il requirement is the best LEZ
option (lowest net costs), although we note that it is the worst option for the
Auckland u rban airshed and VoSL-based analysis. The next best LEZ options
are Option 2 (Euro Il HCV) and Option 4 (Euro 2/l LCV & HCV). This suggests
that those focussed on the oldest and mostpolluting vehicles are best, largely
because of the lower costs.

LEZs

There is a risk in concluding that an Auckland urban airshed LEZ would be better than

a CBD LEZ on the basis of the potential for positive net benefits. The benefits are highly
uncertain, and if they are closer to the VoLY-based values then the Auckland urban
airshed LEZ would result in much higher net costs than a CBD & port LEZ, eg LEZ
option 3 ranges in value from positive $32 million (VoSL) to negative $157 million
(VoLY) for the Auckland urban airshed, but for the CBD & port has net costs of less than
$40 million (Table 48).

We would not recommend any LEZ is adopted, but if one is experimented with, then
minimising costs through focusing on a smaller area and older vehicles (Euro I
standard) would be preferable.



Emissions Testing

The emissions testing analysis has not examined the emissions testing options in any
detail. The costs depend on the costs of the test itself and the number of vehicles that
would need to be replaced rather than repaired. The benefits are based on vehicles being
maintained in a way that would reduce emissions to levels achieved at manufacture,
avoiding the deterioration that occurs in the absence of regular servicing and
maintenance.

Emissions testing is ideal where the test costs are low and it provides incentives for
vehicle maintenance in a way that avoids the need for vehicle replacement and/or costly
repairs. However, the risk of facing these high costs provides the incentive for
maintenance.

We found no assumptions that would yield positive net benefits for emissions testing,
unless adopting the high VoSL-based benefit valuation approach. Even if all other
assumptions were favourable (Table 59) there are net costs under VoL Y-based benefit
valuation assumptions.

Road Charging

The analysis suggests that road charging to address congestion only has positive net
benefits when VoSL is adopted and other favourable assumptions, such as no benefit
lag. However, we do not consider all costs and benefits of this option and there may be
net benefits from congestion reduction that would tip this from negative to positive.

9.9.3 Overall Conclusions
No policy option provides certainty of positive net benefits.

Across the suite of policy options examined the analysis provides insufficient
confidence in any of them for positive policy recommendations to be made.
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Annex 1. Examples of LEZs

Al.1 London

Al.1.1 Description

The London LEZ is one of the largest established. Established in 2008, it covers an area
of 1,580 kn¥, or most of greater London (Figure 19).1221t restricts the entry of the most
polluting diesel vehicles, including heavy -goods vehicles, buses, larger vans, and
minibuses but does not apply to cars or motorcycles.

Figure 19 Area covered by London Low Emission Zone (shaded area)

Source: Transport for London (www.tfl.gov.uk/modes/driving/low _-emission-zone)

The London LEZ has been introduced in phases as shown inTable 61. The first phases
were all focussed on achieving specified standards relating to PM emissions.

Table 61 Phases of the London LEZ and PM requirements

Phase 1 Phase 2 Phase 3/4
Vehicle Feb 2008 Jul 2008 Jan 2012 *!
HGVs (over 12 tonnes) Euro 3 Euro 4
HGVs (3.5 1 12 tonnes), buses and coaches Euro 3 Euro 4
Larger vans and m inibuses (1.205 -3.5 tonnes) Euro 3
Motor caravans and ambulances (2.5 i 3.5 tonnes) Euro 3

1 Phase 3 extends the scheme to larger vans & minibuses plus caravans & ambulances; Phase 4
introduces tighter Euro 4 standards for the vehicles already in the scheme
Source: Greater London Authority Request for Mayoral Decision MD666
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