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Foreword
Vehicle emission models are frequently used for assessing potential
environmental effects that arise from land transport projects. The Vehicle
Emissions Prediction Model (VEPM) has been developed 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.
The model provides estimates that are suitable for air quality assessments
and regional emissions inventories. An important feature of the model is the
ability to estimate changes to vehicle emissions in future years (out to
2040).
VEPM is an Excel spreadsheet which is publicly available upon request from
the VEPM helpdesk:
01 Energy and Fuels Research Unit,
Auckland University (2008) Development
of a vehicle emissions prediction model.

02 Energy and Fuels Research Unit,
Auckland University (2011) Vehicle
emissions prediction model (VEPM) version
5.0: development and user information report.

03 Energy and Fuels Research Unit,
Auckland University (2012) Vehicle
emissions prediction model (VEPM) version
5.1.

04 World Road Association, PIARC
Technical Committee on Road Tunnel
Operation (C5) (2004) Road tunnels:
vehicle emissions and air demand for
ventilation. www.piarc.org

05 Energy and Fuels Research Unit,
Auckland University (2010) Vehicle
emissions prediction model update: phase 1.

06 Energy and Fuels Research Unit,
Auckland University (2010) Vehicle
emissions prediction model update: Phase 2
progress report.

07 Energy and Fuels Research Unit,
Auckland University (2011) Vehicle
emissions prediction model update: COPERT
4 review.

08 Energy and Fuels Research Unit,
Auckland University (2011) Cold start
exhaust emissions performance: comparison
of vehicle build technologies.
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VEPM was originally developed for the Auckland Regional Council in 200801.
The model was developed to:
• predict emissions for vehicles in the New Zealand fleet under typical road,
traffic and operating conditions; and
• be suitable for air quality assessment projects on a regional and national
basis.
Since its release in 2008, VEPM has been successfully used in Auckland and
around New Zealand to estimate vehicle emissions in air quality
assessments of road projects. An important feature of vehicle emissions,
however, is that they change significantly over time. This is because vehicle
emissions, collectively, can be significant sources of air pollution and
governments around the world have acted to successively tighten emissions
regulations.
In recognition of the changing emissions profile for the New Zealand fleet,
and reflecting the widespread use of VEPM, in 2009 the Transport Agency
jointly funded an update with the Auckland Regional Council (now Auckland
Council). Accordingly, VEPM 5.0 was publicly released in 201202.
Later in 2012 another update was released as version 5.103. Key technical
changes to VEPM in each public release date are summarised below:
• 2008 VEPM 3.0 based on emissions measurements in the United
Kingdom National Atmospheric Emissions Inventory (UK NAEI) database
from the 1990s and early 2000s. To estimate emissions from the
Japanese vehicle fleet, a detailed comparison of Japanese and European
emission factors was undertaken.
• 2011 VEPM 5.0 based on updated emissions measurements from the UK
NAEI database (2009) and the European COPERT 4, version 8, 2011
database. VEPM 5.0 includes emissions from hybrid vehicles, the effects
of gradient, PM2.5 as output and updated (2010) fleet profile data for New
Zealand vehicles. Extensive work was undertaken to calibrate VEPM 5.0
against all available emissions data from New Zealand.
• 2012 VEPM 5.1 incorporates emission factors for light duty vehicles at
different road gradients from the World Road Association04.
Additional supporting technical information may be found in references 05, 06,
07
and 08.
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1 Introduction
1.1

Emissions models

In order to assess the air quality effects of road projects, or changes in vehicle
technology or fleet characteristics it is necessary to estimate the tailpipe emissions
from motor vehicles. This can be achieved through the use of emission factors.
Emissions factors are the amount of emissions of the various pollutants – carbon
monoxide (CO), hydrocarbons (HC), nitrogen oxides (NOX) and particulate matter
(PM) – produced per kilometre driven.
Vehicle emissions are primarily dependent on the vehicle type and fuel. Carbon
monoxide and hydrocarbon emissions from petrol vehicles are much higher
compared with diesel vehicles, while diesel vehicles tend to have much higher
emissions of particulate and nitrogen oxides. Vehicle emissions are also dependent
on the driving conditions. For example, emissions are different for any given vehicle
under acceleration or deceleration, at different speeds and engine loads.
Various vehicle emissions models have been developed internationally with different
levels of complexity for different uses. These can be classified by generic model type.
The most common model types are shown in table 1.1, together with their
applications:
TABLE 1.1

E
 missions models

TYPE

INPUT DATA REQUIRED TO
DEFINE VEHICLE OPERATION

CHARACTERISTIC

APPLICATION

Aggregate

Area or road type

Simplest level, no speed or vehicle
specific dependency

National inventories

Average
speed

Average trip speed

Speed and vehicle type/
technology specific

National and regional inventories

Traffic
situation

Road type, speed limits, level of
congestion

Driving pattern (speed,
acceleration etc) and vehicle
type/technology specific

Environmental impact
assessment, area-wide urban
traffic management (UTM)
assessment

Modal

Driving pattern, vehicle specific
data – power, speed, emissions

Micro-scale modelling, typically 1
second intervals, individual
vehicle specific

UTM assessment
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1.2 The vehicle emissions prediction model
(VEPM)
The vehicle emissions prediction model (VEPM) is an average speed model which
predicts emission factors for the New Zealand fleet under typical road, traffic and
operating conditions. VEPM provides tailpipe exhaust emission factors for CO, HC,
NOX CO2 and particulates, as well as particulates from brake and tyre wear. VEPM
does not currently estimate evaporative or crank case emissions.
VEPM was originally developed for the Auckland Regional Council in 2008 to
estimate tailpipe exhaust emission factors for the regional emissions inventory. The
model has also been widely used for assessments of air quality effects of transport
projects.
Average speed models are based on the fact that the average emissions factor for a
pollutant and vehicle type/technology varies as a function of the average speed
during a trip.
The emissions factors used for average speed models are based on the results of
thousands of empirical tests. These tests use drive cycles representing real life
driving conditions rather than the cycles used for regulatory compliance. The cycles
have a wide range of different operating conditions, ie acceleration rates, maximum
speeds, periods of idle etc, and hence a similarly wide range of average speeds. A
low average speed is typical of driving in congested traffic and vice versa.
In addition to the range of driving conditions, the data must also cover the range of
vehicle types and technologies. These include:
• vehicle type – passenger cars, light commercial and heavy commercial
• fuel type (diesel or petrol) and specification (eg sulphur content)
• engine capacityA
• engine technology – emissions standard to which the vehicle is built.
At time of preparation (pre-2008) there was insufficient emissions test data from
New Zealand domiciled vehicles to develop VEPM using New Zealand data. The New
Zealand fleet includes vehicles that have been manufactured to various emission
standards including Japanese, European and Australian. These different jurisdictions
have introduced different emission requirements at different times and have used
different emission measurement techniques. This inconsistency means that
international emission models are not directly applicable to the New Zealand fleet.
VEPM was therefore developed using New Zealand fleet data and emissions data
from a range of international models. Given the makeup of the New Zealand fleet,
and other emissions models in use around the world, emissions data from Japan,
USA, Australia and Europe were investigated for the development of VEPM.
The majority of New Zealand new passenger car and light commercial fleet is
manufactured to European emission standards.
For vehicles manufactured to European emission standards, the UK National
Atmospheric Emissions Inventory (NAEI) was selected as the most appropriate
source of emission factors for development of VEPM. The NAEI model was
supplemented with emissions data from other sources, including the available New
Zealand data, where practicable. It also incorporated features from other models, eg
emission factors for heavy duty vehicles and cold start emissions factors from the
European Computer Model to Calculate Emissions from Road Transport (COPERT).
This is a model that has been under development since the 1990s for the creation of
national emissions inventories for EU countries.

A Engine capacity is important for estimation of fuel consumption and CO2 emissions but is less important for
other emissions of other pollutants. Harmful emissions (PM, CO etc) are primarily dependent on the engine
technology and are not a direct function of fuel use.
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The UK database has been updated a number of times since the development of
VEPM in 2009.09 Emission factors in the UK database for NOx, PM and HC are now
based on the COPERT model.
Since 2009, updated emission factors have been published in COPERT for Euro 5,
Euro 6 (light duty)10 and Euro V, Euro VI (heavy duty)11 vehicles. Therefore, emission
factors in this VEPM 5.3 have been updated based on emission factors from the
COPERT model for these vehicle classes.
A substantial proportion of the passenger car and light commercial fleet is second
hand Japanese domestic vehicles, which are manufactured to Japanese vehicle
emission standards. Japanese vehicle emissions factors would have been ideal for
these vehicles. However at the time that VEPM was developed, available emissions
data was insufficient to be able to develop a comprehensive model based on
Japanese data. For these vehicles, detailed comparison was undertaken to assign the
closest equivalent European emission factor for each Japanese vehicle class and each
pollutant as described in the technical report01. This approach has also been used
internationallyB.

09 Department for Environment, Food &
Rural Affairs (2016) Emission Factors .Toolkit
v7.0 User Guide, UK
10 European Environment Agency (2016)
EMEP/EEA Air Pollutant Emission Inventory
Guidebook 2013
11 European Environment Agency (2016)
EMEP/EEA Air Pollutant Emission Inventory
Guidebook 2016

Changes in cars manufactured overseas will eventually be seen in the New Zealand
fleet. It is therefore important that VEPM contains the latest internationally available
information and that its relevance for New Zealand conditions is optimised.
VEPM was released as version 3.0 in 200801 with subsequent releases as version 5.0
and 5.1 in 2012 and 5.3 in 2017.
Details of this process are available in the supporting technical reports which are
available on the Transport Agency’s website at www.hip.nzta.govt.nz.

1.3

Version 5.3

In 2016, the Transport Agency commissioned an update of key assumptions and
emission factors in Vehicle Emission Prediction Model (VEPM), which was last
updated in 2012 (EFRU, 2012). These include:
• Updating the fleet.
• Incorporating nitrogen dioxide (NO2) in VEPM
• Updating emission standards that are assumed for vehicles entering the fleet.
• Updating country of origin assumptions.
• Updating emission factors for Euro 5, 6 and V.
• Adding Euro VI emission standards.
Details are provided in the Vehicle emission prediction model technical updates: technical
report.12

12 Emission Impossible Ltd (2017) Vehicle
Emission Prediction Model technical updates:
technical report (DRAFT)

B The developers of COPERT used a similar process to develop emission factors for Cyprus where the vehicle
fleet is also dominated by Japanese used imports.
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1.4

Purpose

VEPM has been developed by Auckland Council, and the Transport Agency to
quantify vehicle emissions and predict how these are likely to change over time. The
model can estimate the effect that new technology and improved fuel will have on
emissions from New Zealand’s vehicle fleet. This is done through the use of backcasting for previous years, estimates for current years and projections for future
years.
The model can be used in regional and national emissions inventories to determine
whether ‘business-as-usual’ policies and trends will be sufficient to ensure the
national environmental standards for air quality (AQNES) and other ambient air
quality guidelines will be met.
VEPM is also a critical tool used in assessments of environmental effects (AEEs) for
road projects. The model provides vehicle emission factors, which are used in
conjunction with traffic models and air dispersion models to predict air pollutant
concentrations downwind of the road. VEPM emission factors are used in the
Transport Agency Screening Tool (www.hip.nzta.govt.nz), which is a simple online
tool to assist with undertaking preliminary or screening assessments. VEPM is also
used in more detailed assessments. A schematic of the detailed assessment process
using VEPM is shown in figure 1.1.

FIGURE 1.1

V
 EPM and the assessment process

VEPM
METEOROLOGY

TRAFFIC MODEL
EMISSIONS

TOPOGRAPHY
BACKGROUND AIR QUALITY

DISPERSION MODELLING

PREDICTED AIR QUALITY

13 Transport Agency (2014) Guide to
assessing air quality impacts from state
highway projects v2.0 (Draft)
www.hip.nzta.govt.nz
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projects13 provides specific guidance for using VEPM to assess potential air quality
effects associated with state highway asset improvement projects.
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1.5

Limitations

As discussed in previous sections, VEPM is an average speed model which provides
fleet averaged emission factors. It is intended to represent:
• Typical driving behaviour
• typical congestion levels (at the user defined speed)
• typical road types
• vehicles from Europe and Japan
• fleet averaged emission characteristics for each vehicle category (for example, the
NOX emission factor for EURO I petrol cars is representative of NOX emissions
from the average EURO I petrol car, however there may be considerable variation
in NOX emissions from individual vehicles).
Emission factors from VEPM will not accurately represent:
• extreme driver behaviour
• emissions from a particular vehicle
• micro events, eg emissions over a short time period at a particular location.
VEPM is generally appropriate for assessments of air quality effects where average
emissions are required over 1 hour or 24 hour assessment periods for the ‘average
fleet’. VEPM can account for variation in the fleet composition (eg the proportion of
heavy duty vehicles) and local data should be used where possible.
Some specific limitations of the VEPM model are summarised below.
EVAPORATIVE AND CRANK CASE EMISSIONS
• VEPM 5.1 does not include evaporative or crank case emission factors.
BUS EMISSION FACTORS
• Bus emission factors are assumed to be the same as heavy commercial vehicle
emission factors in VEPM 5.3. Auckland Council has a bus emissions prediction
model which provides for more detailed analysis of emissions from buses and
covers emissions classes up to and including Euro V, J05, US07 and factors for
alternative fuels/hybrid buses. In late 2016, Greater Wellington Regional Council
established emission factors for a more comprehensive and up to date range of
bus technologies but these are yet to be incorporated into a specific bus emission
prediction model. Further information about modelling undertaken by these
councils is available from the VEPM helpdesk.
BRAKE AND TYRE WEAR EMISSION FACTORS
• Brake and tyre wear emission factors in VEPM 5.1 are based on European emission
factors. In New Zealand most roads are chipseal, so brake and tyre wear emission
factors could potentially be higher.
HEAVY COMMERCIAL VEHICLE EMISSION FACTORS
• Heavy commercial vehicles contribute disproportionately to emissions. The heavy
commercial vehicle emission factors in VEPM have not been calibrated or
compared with any New Zealand specific emission test data. This is a significant
gap in our current knowledge of vehicle emissions in New Zealand.

NZ Transport Agency

|

Vehicle emissions prediction model (VEPM 5.3) user guide

|

April 2018 / version 2.0

9

10

NZ Transport Agency

|

Vehicle emissions prediction model (VEPM 5.3) user guide

|

April 2018 / version 2.0

2 Using VEPM
This section provides step-by-step instructions on running VEPM and the various
options available to users.
Technical user support is available from the VEPM helpdesk
environment@nzta.govt.nz

2.1

Getting started

Open the spreadsheet and enable macros. The spreadsheet should open in sheet
named VEPM 5.1 as shown in figure 2.1.
FIGURE 2.1

S
 creen shot of VEPM worksheet for entering fleet/emissions data

The main worksheets the user will use or view are:
• VEPM: Enter fleet/emissions data (shown above in figure 2.1)
• fleet emission factors: calculated fleet weighted emissions factors (green coloured
tab)
• fleet profile: a detailed fleet profile (green coloured tab)
• summary: summary of results for up to 20 runs (green coloured tab)
• fuel types: For information only – summary of fuel properties (green coloured tab)
• bulk run: enables the user to perform many runs automatically (blue coloured tab)
• bulk input: enables the user to input data for performing many runs automatically
(dark blue coloured tab).
Some users may also wish to view the sheets which calculate emissions factors:
• EU and NZ front: emission factor calculation for the European and New Zealand
new fleets.
• Japan front: Emission factor calculation for the Japanese fleet.
All other worksheets are hidden to avoid confusion. The user may unhide worksheets
by right clicking on the worksheet name tab and then selecting unhide. All
worksheets are password protected to avoid accidental changes or deletion.

NZ Transport Agency
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2.2

Input data - VEPM worksheet

Data is input on the VEPM worksheet shown in figure 2.1. Data entry is required in
cells that are white, and is optional for cells shaded light grey. All other cells are
locked to prevent accidental changes or deletion. Some cells have informative
comments entered (as indicated by the red triangle at the top right of the cell) which
are displayed when the cursor is moved over that cell.
Details of input parameters on the VEPM worksheet are described as follows:
YEAR
The analysis year must be between 2001 and 2040. VEPM selects an emissions
profile for the New Zealand fleet using the year selected.
RUN NUMBER
Run number must be between 1 and 20. Summary results will be automatically
copied into the Summary worksheet for the selected run number. This will overwrite
any previous results for that run number. A run number is not strictly necessary, but
no results will be copied to the Summary worksheet if one is not entered.
FLEET PROFILE (OPTIONAL USER ENTRY)
Percentage of vehicle kilometres travelled (VKT) by each vehicle class can be based
on either user defined or default values. Wherever possible, site-specific data, or data
from nearby locations should be used to estimate the proportion of diesel vehicles,
particularly HCVs.
The default fleet profile is based on results from the Ministry of Transport Vehicle
fleet emissions model (VFEM). The VFEM output includes actual Land Transport
New ZealandC fleet data up to 2014, with projections out to 2040.
For the selected year, the model will use the MOT fleet profile for that particular year.
When user defined values are inputted, the %VKT must add to 100%. The model will
use default values for any vehicle class where a user defined value is not specified.
This means that for any vehicle class with no VKT, the user must specify 0% to
override default values.
. Users tip: As a starting point, it is worthwhile running VEPM for a number of years to
see how the fleet profile changes in the model. To do this, type in the year (eg 2001)
and the run number (eg 1) and then click on the run button. The model will run using
default values and jump to the output in the Summary worksheet. Go back to the
VEPM entry page (as shown in figure 2.1) and type in another year (eg 2010) and
another run number (eg 2) and then click on the run button again. Repeat for the
years 2020, 2030 and 2040 (runs 3, 4 and 5 respectively). The summary page
should look as shown in figure 2.2.
This simple exercise shows how the fleet profile is projected to change between 2001
(72.3% petrol cars) and 2040 (41.4% petrol cars) reflecting a large shift towards
hybrid cars (from 0% hybrid in 2001 to 24.0% hybrid in 2040).

12
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FIGURE 2.2

Output summary from default VEPM fleets for years 2001 through 2040

AVERAGE SPEED
The model allows the user to define different average speeds for light and heavy duty
vehicles. Average speeds must be between 10 and 110km/h (100km/h for heavy
vehicles).
OPTIONAL MODEL INPUTS
The optional model inputs are described in section 2.5.

2.3 Calculating emissions factors – VEPM
worksheet
VEPM calculates a default fleet profile based on the user defined input parameters
when the Run Model button on the VEPM worksheet is selected. The calculated fleet
profile is displayed on the Fleet profile worksheet.
Calculated fleet average (or weighted) emissions factors and emissions factors by
vehicle class are displayed in the Fleet emissions factors worksheet as shown in figure
2.3.

C Land Transport New Zealand merged with Transit New Zealand to form the NZ Transport Agency on 1 August 2008.
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FIGURE 2.3
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The Summary worksheet displays fleet weighted emissions factors for up to 20 runs.
These fleet weighted emissions factors are calculated based on the fraction of vehicle
kilometres travelled (%VKT) by each vehicle class, and the emissions factors for
each vehicle class (from EU & NZ front and Japan front worksheets).
REPEAT A PREVIOUS RUN
When the Repeat a previous run button is selected, the user is prompted to select a
previous run number. User inputs are copied from the Summary worksheet into the
VEPM worksheet. This avoids the need for re-entry if the run needs to be repeated.
BULK RUNS
Instructions for conducting bulk runs are given in section 2.4 below and the Bulk Runs
worksheet.

2.4

Input data – bulk run

The Bulk Runs worksheet provides the option for users to perform multiple runs at the
same time. The input format is tabular and allows users to repeat a run multiple
times with an incremental change in one (or more) parameters, such as running
through every speed from 10 to 110km/h (100km/h for heavy vehiclesd) for the same
year.
In the Bulk Run worksheet, click the Go To Input Sheet button to open the Bulk Input
worksheet to enter bulk run parameters (as detailed below for the Bulk Input
worksheet).
BULK INPUT
Similar to the VEPM worksheet, users are required to input the year, average speed
for cars, LCVs and HCVs, and the desired brake and tyre wear particulate size
fraction.
Year – analysis year must be between 2001 and 2040.
Average speeds must be between 10 and 110km/h (100km/h for heavy vehicles).
Brake & tyre wear particulate size fraction options are:
• TSP - total suspended particles
• PM10 – particulate matter less than 10µm in diameter
• PM2.5 – particulate matter less than 2.5µm in diameter
• PM1 – particulate matter less than 1µm in diameter
• PM0.1 – particulate matter less than 0.1µm in diameter.
Optional model inputs, as described in section 2.5, can also be specified in the Bulk
Input worksheet. Up to 1,000 multiple runs can be selected. Multiple runs should be
ordered to reduce processing time, so for example, if multiple runs for five years are
selected at five different speeds for each year, the speeds should be ordered by
increment for each year first, and then the year. This is further explained in the Bulk
Run worksheet with an example below in figure 2.4. The bulk run in figure 2.4 varies
the average speed between 10km/h and 110km/h for light vehicles and between
10km/h and 100km/h for heavy vehiclesd (for the years 2010, 2020 and 2040).

D Valid average speed range for heavy vehicles varies depending upon load and gradient.
NZ Transport Agency
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FIGURE 2.4

E
 xample bulk input worksheet, varying speed (10–110km/h)
and year (2001, 2020, 2040)

Once all inputs for the bulk run have been entered, return to the Bulk Run worksheet
to run the model.
BULK RUNS
Click the Start Bulk Run button to run the model once the inputs for the bulk runs have
been entered in the Bulk Input worksheet. If the user requires a breakdown of
emission factors by vehicle type, rather than total fleet emission factors, select the
Vehicle Type Breakdown checkbox beneath the Start Bulk Run button. Ensure this box
is checked before starting the model.
BULK OUTPUT
Results for the bulk runs selected by the user are displayed in the Bulk Output
worksheet. Emission factors for CO, CO2, VOC, NOx, PM2.5 exhaust and PM brake
and tyre are provided according to the bulk inputs. If the Vehicle Type Breakdown
checkbox had been selected by the user on the Bulk Input worksheet, then the
remaining columns in the Bulk Output worksheet will also be populated.
Figure 2.5 presents the Bulk Output worksheet for the example input data shown in
figure 2.4.

16
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FIGURE 2.5

E
 xample bulk output worksheet, varying speed (10–110km/h)
and year (2001, 2020, 2040)
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2.5

Optional model inputs

This section discusses optional model inputs for VEPM as shown in figure 2.1.
AVERAGE TRIP LENGTH
The model allows the user to define average trip lengths. Trip length is used to
calculate cold start emissions. So for example, a shorter average trip length will result
in higher average emissions because the proportion of the trip in cold start conditions
is higher. The default value in VEPM is 9.1km.
AMBIENT TEMPERATURE
Ambient temperature must be between -10 and 30°C. Ambient temperature affects
cold start emissions, with higher emissions at lower temperatures. The default is set
at 13.1°C to reflect an average winter temperature in Auckland. For specific times, or
other locations, this variable should be adjusted.
PETROL/DIESEL FUEL TYPE
The default fuel type correlates with the fuel that was, or is expected to be available
at the analysis year (year selected in VEPM worksheet). Fuel specifications are
summarised in the Fuel types worksheet.
CONSIDER COLD START?
When a vehicle is started from cold, emissions are substantially higher, until the
engine and catalyst warm up. Cold start emissions are estimated in the model for
each vehicle class except heavy commercial vehicles (HCVs). Cold start emissions
are affected by the user defined ambient temperature and average trip length. Cold
start emissions factors are not available for HCVs. It is likely that commercial vehicles
spend the majority of their life in use, hence cold start is not a significant factor in
their operation.
CONSIDER DEGRADATION?
The model includes some allowance for degradation of emissions over time. This
option allows the user to ignore degradation effects. If the user chooses to ignore
degradation effects, the results will reflect vehicles with 50,000km of accumulated
mileage for cars and light duty vehicles, and no accumulated mileage (ie new) for
heavy duty vehicles.

13 Ministry of Transport (2009) A
vehicle scrappage trial for
Christchurch and Wellington.
www.transport.govt.nz
14 Ministry of Transport (2008)
Trial vehicle scrappage report.
www.transport.govt.nz

PERCENTAGE OF CATALYTIC CONVERTERS NOT WORKING – OLD VEHICLE
Emissions from vehicles without catalytic converters are substantially higher than
from vehicles with a functioning catalytic converter. This option allows the user to
estimate the percentage of catalytic converters that are broken or have been
removed. The default value of 15% for old vehicles is based on studies undertaken by
the MOT13, 14. This variable is applied to petrol vehicles approximately 11 years and
older.
For diesel vehicles, there is currently no option in VEPM to estimate the percentage
of removed or broken emission control equipment.
PERCENTAGE OF CATALYTIC CONVERTERS NOT WORKING – NEW VEHICLE
This variable is applied to petrol vehicles less than 11 years old. The Ministry of
Transport studies indicated that very few vehicles younger than 11 years had catalytic
converters removed, hence the default value is set at 0. However, the sample size of
newer vehicles from which the data was obtained was very small.
GRADIENT
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Road gradients between -6% and +6% can be selected in 2% increments for both
light and heavy duty vehicles.
For light duty petrol vehicles, emissions factors for gradients other than 0% are only
available for CO and NOX. For light duty diesel vehicles, emission factors are only
available for CO, NOX and PM.
NB: This means that when the model is run for selected gradients for light duty
vehicles, the outputs for HC and CO2 will be for 0% gradient.
The impact of gradient on emissions is complex, affecting different pollutants by
differing amounts. This is discussed in greater detail in section 4.
LOAD
Loading factors for HCVs of 0, 50% and 100% can be selected. The default loading
is 50%.
NUMBER OF WHEELS
The amount of particulate matter from brake and tyre wear is calculated based on the
average number of wheels for each vehicle class. The number of wheels for the HCV
and bus classes can be adjusted if required.
BRAKE AND TYRE WEAR PM OUTPUT
The size fraction of PM from brake and tyre wear is selectable – total suspended
particles (TSP), PM10, PM2.5, PM1 and PM0.1 (see glossary for definitions).

NZ Transport Agency

|

Vehicle emissions prediction model (VEPM 5.3) user guide

|

April 2018 / version 2.0

19

3 Emission factor
calculations in VEPM
This section of the user guide provides a brief introduction to the calculations and
assumptions in VEPM and refers users to the relevant parts of the technical reports
(references 01, 02 and 03) and the VEPM spread sheet for further details.

3.1

Overall structure of VEPM

VEPM calculates total emission factors for each vehicle category. Vehicle categories
in VEPM include:
CARS
• Petrol cars (<1.4L, 1.4L to 2L, and >2L)
• Diesel cars (<2L and > 2L)
• Hybrid cars
• Plug in hybrid cars
• Electric cars
LIGHT COMMERCIAL VEHICLES
• Petrol light commercial vehicles (LCVs)
• Diesel LCVs
BUSES
• All buses are assumed to have equivalent
emissions to HCV’s in VEPM
HEAVY COMMERCIAL VEHICLES
• Diesel HCVs
• Broken down by gross vehicle weight
These categories are further broken down by country of origin and year of
manufacture. The vehicle categories included in VEPM are listed in full in Tables A.1,
A.2 and A.3 in appendix A.
The calculation of total emission factors for each vehicle category is described in
section 3.2. These total emission factors are combined with detailed fleet
composition data to calculate fleet weighted emission factors as described in section
3.3.
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3.2

Calculation of total emission factors

The calculation of total emission factors is shown schematically in figure 3.2. This
shows the key steps of the emission factor calculation, as well as the user defined
inputs that provide variables for each key step. Figure 3.2 also provides references to
the relevant sections of the technical reports where the methodology and
assumptions are described in detail.
Total emissions for each vehicle category are calculated in the EU and NZ front
worksheet (for European and New Zealand manufactured vehicles) and in the Japan
front worksheet (for Japanese vehicles).
Users can see all calculations in these worksheets. The total emission factors for
each vehicle category are calculated and displayed in columns CC to CI of the EU and
NZ front and the Japan front worksheets. For example, as shown in figure 3.1, VEPM
estimates a total NOX emission factor of 0.7g/km for Japanese vehicles
manufactured between 1986 and 1999 with engine capacity between 1.4 and 2L. This
is based on speed of 50km/hour and default input values, these are discussed in
section 2.5.
FIGURE 3.1

D
 ata from the ‘Japan front’ worksheet for the 2001 default fleet in
VEPM
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FIGURE 3.2

C
 alculation of total emissions factors by vehicle category in VEPM

Equivalences for Japanese
vehicles

Sections 3.4 and 3.5 of
reference 01.

Input
Average speed (10 to 110km/h)

Base emission factors
(hot running)

Section 3 of reference 01
and updates in section
1.3 of reference 02.

Optional inputs
Petrol fuel type and diesel fuel
type

Gradient

Fuel correction factor

Degradation correction
factor

Gradient correction factor

Section 5 of reference 01.

Section 6 of reference 01
and updates in section
1.3.3 of reference 02.
Section 1.3.2 of
reference 02 and 03.

Heavy vehicle load

Ambient temperature
Cold start emissions

Section 4 of reference 01.

Average trip length

Percentage of catalytic
converters not working

Catalytic converter
adjustments

Section 7 of reference 01.

Number of wheels

Brake and tyre wear
emissions factors

Section 8 of reference 01.

Calculated total emissions
factors for each vehicle
category (g/km)
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EQUATION 3.1

T
 otal emission factor

EQUATION

PARAMETER

DESCRIPTION

UNIT

E

Total emission factor

g/km

s

Degradation correction factor
for a given accumulated vehicle
mileage m

-

f

Fuel correction factor and is the
ratio of emissions for the test
fuel compared with a base or
reference fuel

-

G

Gradient correction factor

-

Ehot

Hot running emissions factor

-

Ecold

Cold emissions contribution to
E (function of trip duration and
ambient temperature)

g/km

E = s(m) x f x g x Ehot + Ecold

The equation is expanded to account for the proportion of vehicles with catalytic converters not
working, as described in section 7 of reference 01.
Brake and tyre wear particulate emission factors are calculated separately. These are based on
USEPA emission factors as described in section 8 of reference 01.
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3.3 Calculation of fleet weighted emission factors
in VEPM
The calculation of fleet weighted emission factors is shown schematically in figure
3.3.

FIGURE 3.3

Calculation of fleet weighted emission factors in VEPM

Input
Year

% of VKT by vehicle type

Default fleet data by year (%
VKT for each vehicle category)

Calculated fleet composition
data (% VKT for each vehicle
category for the selected year)

Calculated total emissions
factors for each vehicle category
(g/km)

Fleet weighted emission factor =
sum of (% VKT x total emission
factor) for each vehicle category

DEFAULT FLEET DATA
Default fleet data (percentage VKT for each vehicle category) is included in VEPM
for all years between 2001 and 2040. The default is based on data provided by
Ministry of Transport from the Vehicle Fleet Emissions Model (VFEM). VFEM
outputs include actual fleet composition data, projected fleet composition data and
estimated average annual VKT for each vehicle category.
The procedure for calculating default percentage VKT in VEPM based on the VFEM
outputs is described in section 1.3.5 of reference 02.
CALCULATED FLEET COMPOSITION DATA
The percentage VKT for each vehicle category is calculated within VEPM based on
the default fleet data for the year selected. If the user defines the % of VKT by
vehicle category, the default fleet data is adjusted proportionally.
The percentage of VKT for each vehicle category can be seen in the EU and NZ front
and the Japan front worksheets. For example, VEPM estimates that 30.62% of all
VKT for the default 2001 fleet is from Japanese vehicles manufactured between 1986
and 1999 with engine capacity between 1.4L and 2L (figure 3.4).
CALCULATION OF FLEET WEIGHTED EMISSION FACTORS
The fleet weighted average emission factor per kilometre is calculated as the sum of
the percentage of VKT for each vehicle category x total emission factor for each
vehicle category.
Vehicle categories are shown in tables A.1, A.2 and A.3 in appendix A.
The calculation of total emission factors for each vehicle category is described in
section 3.2.
Fleet weighted emission factors are displayed in the Fleet emission factors worksheet
as described in section 2.3.
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FIGURE 3.4

D
 ata from the Japan front worksheet for the
2001 default fleet in VEPM
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4 Emissions
information
4.1

Particulate matter

VEPM 5.1 includes emission factors for particulate matter from two sources:
• Exhaust
• Road/tyre wear.
In reality, almost all particulate matter (PM) from both petrol and diesel exhaust is
less than 1 micron, with the majority of PM from both fuels being in the 10–100
nanometre range. In VEPM 5.1, exhaust PM is denoted as PM2.5.
PM from road and tyre wear, however, are substantially larger with around 40% of
PM being total suspended particulate (10 – 300 nanometre)15.

15 EMEP/EEA (2009) Air pollution
emission inventory guidebook,
1.A.3.b.vi Road vehicle tyre and brake
wear.

In VEPM 5.1, the size fraction of PM from brake and tyre wear is selectable – total
suspended particles (TSP), PM10, PM2.5, PM1 and PM0.1. Brake and tyre wear emission
factors are split into these fractions according to the proportions given in table 4.1.

TABLE 4.1

S
 ize distribution of tyre and brake wear particles as proportions of
total suspended particulate (TSP)

PARTICLE SIZE CLASS

MASS FRACTION OF TSP
TYRE WEAR

BRAKE WEAR

TSP

1.000

1.000

PM10

0.600*

0.980

PM2.5

0.420*

0.390

PM1

0.060*

0.100

PM0.1

0.048*

0.080

*Denotes that 60% (by mass) of tyre wear particles are smaller than 10 micron, 42% are smaller than 2.5 micron, 6% are smaller
than 1 micron and 4.8% are smaller than 0.1 micron.

26

NZ Transport Agency

|

Vehicle emissions prediction model (VEPM 5.3) user guide

|

April 2018 / version 2.0

4.2

Gradient effects

As noted above, the impact of gradient on emissions is complex. It cannot be
assumed that if the region over which emissions are being assessed has a net zero
change in elevation, the increase in emissions due to uphill sections within the region
will be cancelled out by the effects of the corresponding downhill sections. This is
because, depending on the gradient, emissions going uphill are significantly greater
than the reduction in emissions going downhill.
For example, NOx is only produced when the combustion temperature exceeds a
threshold temperature, and is highly dependent on the fuel/air mixture strength.
Maximum NOX occurs with mixtures slightly leaner that the chemically correct
mixture, and falls rapidly with mixtures leaner or richer than this. Consequently the
increase in NOx as a result of the increased power demand on an uphill section will be
larger than the corresponding decrease on a similar downhill section.
This is illustrated in table 4.2 which shows the emissions rates predicted using VEPM
5.1 for CO, HC, NOx, PM and CO2 for fully laden 15 to 20 tonne trucks (combined
fleet) over a number of routes at 50km/h average speed. The first route is a constant
zero gradient, the others consist of positive (uphill) gradients of 2%, 4% and 6%,
followed by equal length corresponding negative (downhill) gradients. Table 4.2 also
includes arithmetic averages of the positive and negative gradients, i.e. an average of
zero gradient, and the difference between the arithmetic average and constant zero
gradient.
TABLE 4.2

E
 missions rates for fully laden trucks for a level road and different
gradients

GRADIENT

EMISSIONS RATES (G/KM)
CO

HO

NO2

PM

CO2

0%

1.46

0.46

5.00

0.22

679

+2%

2.00

0.47

8.80

0.29

1164

-2%

0.78

0.30

1.84

0.14

_262

Average 0% (+2%/-2%)

1.39

0.39

5.32

0.22

713

Difference wrt 0%

-5%

-15%

+6%

0

+5%

+4%

2.90

0.49

12.49

0.41

1735

-4%

0.42

0.19

0.73

0.10

111

Average 0% (+4%/-4%)

1.66

0.34

6.61

0.26

923

Difference wrt 0%

+14%

-26%

+32%

+18%

+36%

+6%

3.82

0.53

15.97

0.54

2312

-6%

0.26

0.14

0.36

0.08

56

Average 0% (+6%/-6%)

2.04

0.34

8.17

0.31

1184

Difference wrt 0%

+40%

-26%

+63%

+41%

+74%

The difference in NOx emissions between the level road and the positive gradients is
clearly greater than between the level road and negative gradients, with the
difference increasing with increasing gradient/engine load.
The overall result of these characteristics is that assuming a net zero gradient change
for a region that contains significant changes in gradient (ie more than 2%) could
significantly underestimate the emissions of CO, NOx, PM and CO2, and overestimate
HC, for heavy duty vehicles.
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4.3

Link lengths

When VEPM was originally developed, the recommendation was that the minimum
grid size (or single link length) should be 1km.
In order to investigate the accuracy of VEPM over these short distances a test
programme was undertaken02. Emissions from real drive cycles with a variety of
speed profiles were compared with VEPM emission factors using a suitably
instrumented vehicle driven repeatedly over a 1km length of mainly flat road in the
Auckland CBD containing nine intersections in one direction and eight in the other.
From the data obtained using on-board instrumentation, three speed ~ time profiles
were selected representing the lowest (7.5km/h), highest (32km/h) and one
intermediate (15.5km/h) average speed. All three profiles were then reproduced on
the University of Auckland’s transient chassis dynamometer. The fuel consumption/
CO2 and regulated emissions (CO, HC and NOX) were measured over these profiles
and compared with VEPM predictions based on the average speed for each profile.
Figure 4.1 shows measured CO2 emissions and predicted CO2 emissions over an
average speed range of 3km/h to 50km/h. Results are shown for the full 1km route
length and for a 100m length with an intersection in the middle. Two runs were also
done at steady speeds of 30km/h and 50km/h for reference.

CO2 g/km

FIGURE 4.1

C
 O2 emissions ~ average speed: predicted and measured

1200

1 km city routes
Single Intersection

1000

X Steady speed
VEPM

800

600

400

200

0

X

0

10

20

30

X

40

50

60

Average speed (km/h)

Taking into account that the test vehicle had a 3L engine, and VEPM uses aggregated
emissions factors for engine sizes over 2L, both the full 1km route and the intersection
figures show good agreement between measurements and predictions. On the basis
of this test02, albeit on only one vehicle, it would appear that VEPM can be used with
equal confidence for regional size studies down to short link length studies.
The results for the other emissions were not as good as for CO2. This is considered to
be a reflection of the variation in emissions that occurs between vehicles, as has been
reported by other researchers, rather than of the fundamental accuracy of VEPM.
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4.4

Speed variation

Other than under motorway or rural conditions, driving speeds are seldom constant.
While the emissions factors used in VEPM are based on a wide range of real life
driving conditions, comprising of accelerations, decelerations, cruise and idle, there
have been questions over the accuracy of an average speed model when there are
significant variations in speed around the average.
The test programme described in section 4.2 also provides useful data from which
some conclusions may be drawn as to the speed variation ~ average speed
relationship.
Figure 4.2 shows the speed ~ longitude/distance profile for the various runs along the
test route. As can be seen, the speeds varied widely over the route, with some runs
having speeds varying from 0km/h to 47km/h. However, as illustrated in figure 4.1,
the measured CO2 agreed well with the VEPM predictions over the whole average
speed range.

Speed (km/h)

FIGURE 4.2

Longitude profile for 1km Auckland CBD test route
(vertical coloured bars show intersections)

50

West 1

45

East 1
West 2

40

East 2
Anzac Ave
Fort St

35

Gore St
30

Commerce St

25

Albert St

Queen St
Car park
Hobson St

20

Nelson St

15
10
5
0
174.76098

174.76298

174.76498

174.76698

174.76898

174.77098

Longitude
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4.5

Idle emissions rates

Emissions rates for vehicles at idle are often required for the purposes of estimating
pollutant concentrations, particularly at intersections.
These rates would normally be obtained empirically and quoted in grams per minute
(g/min) or grams per hour (g/h). However, as this data is not available for the NZ
fleet VEPM can be used to predict idle emissions rates. The emissions factors used in
VEPM are taken from different drive cycles for a wide range of average speeds. Lower
average speeds consist of a greater proportion of the cycle being idle. Consequently,
by calculating the trend for emissions rates at low average speeds, an approximation
of emissions rates at idle can be obtained.
The following gives examples of how this can be done.
Tables 4.3 and 4.4 show the 2011 fleet average CO and NOx emissions factors and
emissions rates from 10 to 25km/h and figures 4.3 and 4.4 show plots of the
emission rates.

TABLE 4.3

C
 O emissions factors and rates at low speeds

SPEED (KM/H)

EMISSION FACTOR (G/KM)

EMISSION RATE (G/H)

25

6.11

153

20

7.01

140

15

8.46

127

10

11.32

113

TABLE 4.4

N
 Ox emissions factors and rates at low speeds

SPEED (KM/H)

EMISSION FACTOR (G/KM)

EMISSION RATE (G/H)

25

0.86

21.5

20

0.94

18.8

15

1.07

16.05

10

1.33

13.3

Extrapolating the lines back to the (zero speed) y-axis will give approximate values
for the idle rates, ie 85g/h for CO and 8g/h for NOx as shown by the dashed lines in
figures 4.3 and 4.4.
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CO emissions rate (g/h)

FIGURE 4.3

CO emissions rates at low speeds
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FIGURE 4.4

N
 Ox emissions rates at low speeds
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5 Validation of VEPM
The emissions factors used in VEPM are primarily from overseas databases. To give
confidence that VEPM is valid for New Zealand conditions, the correlation between
VEPM emission factors and those obtained from local testing on New Zealand
domiciled vehicles (where this data is available) has been investigated.

5.1 New Zealand vehicle emissions factors
database
Over the past 20 years the University of Auckland has undertaken emissions tests on
hundreds of vehicles and produced thousands of emissions factors. These factors
have been collated into a single database16.

16 Energy and Fuels Research Unit,
Auckland University (2012) New
Zealand vehicle emissions factors
database.

The database has limitations in that it is made up of predominantly vehicles older
than model year 2000, and also contains only a small number of diesel vehicles.
However, within these constraints, there are sufficient factors to be able to make valid
comparisons between the New Zealand test results and VEPM predictions.
Figures 4.1, 4.2 and 4.3 show comparisons between CO for ECE15.03D emission
specifications for petrol vehicles, HC for Euro 2 specification vehicles and NOX for
diesel Euro 3 vehicles. The database report includes comparisons for all other vehicle
categories.
Overall, comparison of the database results with VEPM emission factors for light
duty petrol vehicles shows that:
• in general the VEPM emission factors agree reasonably well with the database
results for CO and HC
• for NOX emissions, there is some discrepancy between the database results and
the VEPM emission factors. For some vehicle classes there is not good agreement
between the average emission factors from VEPM and the results in the database
for NOX and in some cases the emission-speed trends are different
• there is generally very good agreement between the database and the VEPM
results for fuel consumption.
While the sample size was small for the diesel vehicles, there was reasonable
correlation between VEPM predictions and the test results.

Emissions factor (g/km)

FIGURE 5.1

C
 omparison between database and VEPM CO results for
ECE 15.03, 1400-2000cc petrol
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100

120

Average speed (km/h)
D ECE is the Economic Commission for Europe vehicle emissions legislation (pre Euro). ECE15.03 applies to
passenger cars manufactured between approximately 1981 and 1985.
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Emissions factor (g/km)

FIGURE 5.2

Comparison between database and VEPM HC results for Euro 2,
1400-2000cc petrol
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FIGURE 5.3

C
 omparison between database and VEPM NOX for Euro 3,
>2000cc diesel LDVs
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5.2 Validation of trends predicted by VEPM by
comparison with measured trends in on-road vehicle
emissions
Research12 has been undertaken to compare the trends predicted in VEPM with
real-world emission trends observed in Auckland remote sensing campaigns. Remote
sensing samples the actual exhaust emissions of a large number of real-world
vehicles in an on-road situation. Remote sensing has limitations and cannot replace
dynamometer drive cycle testing. However, it does provide complimentary
information that can be used to check and validate findings derived from a smaller
number of drive cycle tests.
This project used remote sensing results from 2003, 2005, 2009 and 2011. The
trends in measured carbon monoxide, nitric oxide (NO), hydrocarbons and uvSmoke
(as an indicator of particulate matter) emissions were compared with the trends in
predicted carbon monoxide, nitrogen oxides (NOX), hydrocarbons and particulate
matter (PM10) emission factors.
The analysis found good agreement between fleet average trends predicted by VEPM
and measured trends in average vehicle emissions for the light duty fleet overall
between 2003 and 2011. However, when the results were broken down by vehicle
type, there were two key exceptions:
• The trend in measured NO emissions (increasing) is contrary to the trend in
predicted NOX emission factors (reducing) from diesel vehicles. This is consistent
with the findings of a recent review undertaken in the UKE.
• The measured reduction in uvSmoke emissions is less than the predicted
reduction in PM10 emissions factors, especially for diesel vehicles.
The results suggest that the actual rate of reduction in NOX and PM10 emissions from
diesel vehicles is likely to be less than the theoretical rate of reduction predicted by
VEPM.

6 Future updates
The VEPM stakeholder group provides governance on behalf of Auckland Council, the
Transport Agency and the Ministry of Transport with respect to the funding,
management, research and development, maintenance and ongoing support of the
New Zealand Vehicle Emission Prediction Model.
The stakeholder regularly monitors international developments in emissions
modelling. VEPM will be updated if any significant improvements or new data on
emissions factors become available.

17 UK Department of Environment,
Flood and Rural affairs (2011).
Trends in NOX and NO2 emissions and
ambient measurements in the UK.
www.accent-network.org
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Appendix A
Reference tables
TABLE A.1

H
 eavy duty vehicle categories in the VEPM model

FUEL TYPE

EMISSION LEGISLATIONS

Diesel

Europe Pre-Euro

ENGINE SIZE

3.5–7.5t
7.5–16t
16–32t
> 32t
Europe Euro I
3.5–7.5t
7.5–16t
16–32t
> 32t
Europe Euro II
3.5–7.5t
7.5–16t
16–32t
> 32t
Europe Euro III
3.5–7.5t
7.5–16t
16–32t
> 32t
Europe Euro IV
3.5–7.5t
7.5–16t
16–32t
> 32t
Europe Euro V
3.5–7.5t
7.5–16t
16–32t
> 32t
Japan Pre 1974
< 5t
5–12t
> 12t
Japan J74, J77, J79, J82, J83, J87 < 5t
5–12t
> 12t
Japan J88
< 5t
5–12t
> 12t
Japan J94, J97
< 5t
5–12t
> 12t
Japan J97
< 5t
5–12t
> 12t
Japan J03
< 5t
5 – 12t
> 12t
Japan J05
< 5t
5–12t
> 12t

NZ Transport Agency

APPROXIMATE YEAR
OF MANUFACTURE
< 1992

1992–1995

1996–2000

2001–2005

2006–2008

> 2008

1950–1973

1974–1987

1988–1993

1994–1997

1998–2002

1903–2004

> 2005
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TABLE A.2

FUEL TYPE

EMISSION LEGISLATIONS

ENGINE SIZE

APPROXIMATE YEAR
OF MANUFACTURE

Gasoline

Europe Pre-ECE

< 1.4L
1.4-2.0L
> 2.0L
< 1.4L
1.4-2.0L
> 2.0L
< 1.4L
1.4-2.0L
> 2.0L
< 1.4L
1.4-2.0L
> 2.0L
< 1.4L
1.4-2.0L
> 2.0L
< 1.4L
1.4-2.0L
> 2.0L

< 1971
< 1971
< 1971
1972-1977
1972-1977
1972-1977
1978-1980
1978 - 1980
1978 - 1980
1981 - 1985
1981 - 1985
1981 - 1985
1985 - 1992
1985 - 1992
1985 - 1992
1992 - 1996
1992 - 1996
1992 - 1996

< 1.4L
1.4-2.0L
> 2.0L
< 1.4L
1.4-2.0L
> 2.0L
< 1.4L
1.4-2.0L
> 2.0L
< 1.4L
1.4-2.0L
> 2.0L
< 1.4L
1.4 - 2.0L
> 2.0L
< 1.4L
1.4 - 2.0L
> 2.0L
< 1.4L
1.4-2.0L
> 2.0L
< 1.4L
1.4-2.0L
> 2.0L
< 1.4L
1.4-2.0L
> 2.0L
< 1.4L
1.4-2.0L
> 2.0L
< 1.4L
1.4-2.0L
> 2.0L
< 1.4L
1.4 - 2.0L
> 2.0L
< 1.4L
1.4-2.0L
> 2.0L
< 1.4L
1.4-2.0L
> 2.0L

1997 - 2000
1997 - 2000
1997 - 2000
2001 - 2004
2001 - 2004
2001 - 2004
> 2005
> 2005
> 2005
< 1987
< 1987
< 1987
1988 - 1992
1988 - 1992
1988 - 1992
1993 - 1997
1993 - 1997
1993 - 1997
1998 - 2002
1998 - 2002
1998 - 2002
> 2003
> 2003
> 2003
1950-1974
1950-1974
1950-1974
1975-1977
1975-1977
1975-1977
1978-1985
1978-1985
1978-1985
1986-1999
1986-1999
1986-1999
2000-2004
2000-2004
2000-2004
> 2005
> 2005
> 2005

Europe ECE 15.00/15.01

Europe ECE 15.02

Europe ECE 15.03

Europe ECE 15.04

Europe Euro I

Europe Euro II

Europe Euro III

Europe Euro IV

New Zealand

New Zealand

New Zealand

New Zealand

New Zealand

Japan Pre 1973, J73

Japan J75, J76

Japan J78

Japan J78, J88

Japan J00

Japan J05
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TABLE A.2 CONTINUED

FUEL TYPE

EMISSION LEGISLATIONS

ENGINE SIZE

APPROXIMATE YEAR
OF MANUFACTURE

Diesel

Europe Pre-Euro I

> 2.0L
< 2.0L
> 2.0L
< 2.0L
> 2.0L
< 2.0L
> 2.0L
< 2.0L
> 2.0L

< 2002
< 2002
1992 - 1996
1992 - 1996
1997 - 2000
1997 - 2000
2001 - 2004
2001 - 2004
> 2005

< 2.0L
> 2.0L
< 2.0L
> 2.0L
< 2.0L
> 2.0L
< 2.0L
> 2.0L
< 2.0L
> 2.0L
< 2.0L
> 2.0L
< 2.0L

> 2005
1950 - 1985
1950 - 1985
1986 - 1991
1986 - 1991
1992 - 1997
1992 - 1997
1998 - 2001
1998 - 2001
2002 - 2004
2002 - 2004
> 2005
> 2005
All years
All years
All years

Europe Euro I
Europe Euro II
Europe Euro III
Europe Euro IV
Japan Pre 1986
Japan J86
Japan J92, J94
Japan J98
Japan J02
Japan J05
Hybrid
Plug in hybrid
Electric

TABLE A.3

L ight duty commercial vehicle categories in the VEPM model

FUEL TYPE

EMISSION LEGISLATIONS

ENGINE SIZE

APPROXIMATE YEAR
OF MANUFACTURE

Gasoline

Europe Pre-Euro 1

< 3.5t

< 1993

Europe Euro I

< 3.5t

1993-1997

Europe Euro II
Europe Euro III
Europe Euro IV
Japan J73, J75, J79
Japan J79, J81
Japan J88
Japan J01
Japan J05
Europe Pre-Euro 1
Europe Euro I
Europe Euro II
Europe Euro III
Europe Euro IV
Japan Pre 1974, J74
Japan J77, J79
Japan J82, J83, J87
Japan J88
Japan J93
Japan J97, J03
Japan J05

< 3.5t
< 3.5t
< 3.5t
< 3.5t
< 3.5t
< 3.5t
< 3.5t
< 3.5t
< 3.5t
< 3.5t
< 3.5t
< 3.5t
< 3.5t
< 3.5t
< 3.5t
< 3.5t
< 3.5t
< 3.5t
< 3.5t
< 3.5t

1998-2001
2001-2006
> 2006
1950-1979
1980-1987
1988-2000
2001-2004
> 2005
< 1992
1992-1996
1997-2000
1997-2004
> 2005
1950-1976
1977-1981
1982-1987
1988-1992
1993-1996
1997-2004
> 2005

Diesel
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Glossary
AVERAGE SPEED

The average speed for a transient driving cycle

cc

Cubic centimetre

CO

Carbon monoxide

CO2

Carbon dioxide

COPERT

Computer programme to calculate emissions from road transport

ECE

Economic Commission for Europe vehicle emissions legislation (pre Euro)

EMEP/EEA

European Monitoring and Evaluation Programme/European Environmental
Agency

EPEFE

European Program on Emissions, Fuels and Engine Technologies

Euro

European vehicle emissions legislation

g/km

grams per kilometre

HC

Total hydrocarbons

HCV

Heavy commercial vehicle

kg

kilogram

km/h

kilometres per hour

L

Litre

LINK

In a road network, a portion of road between two intersections, junctions,
interchanges or nodes. Its basic characteristics are length, vehicle speeds, travel
times and number of lanes

MoT

Ministry of Transport

NAEI

National Atmospheric Emissions Inventory (United Kingdom)

NOx

Oxides of nitrogen, including nitric oxide, nitrogen dioxide and nitrous oxide

PM

Particulate matter

PM10

Particulate matter less than 10 µm in diameter

PM2.5

Fine particulate matter less than 2.5 µm in diameter

PM1.0

Fine particulate matter less than 1 µm in diameter

PM0.1

Fine particulate matter less than 0.1 µm in diameter

TSP

Total suspended particulates

VFEM

Vehicle Fleet Emissions Model

VKT

Vehicle kilometres travelled
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Further information
This document is available on the NZ Transport Agency’s website

www.nzta.govt.nz
Disclaimer

The NZ Transport Agency has endeavoured to ensure material in this document
is technically accurate and reflects legal requirements. However, the document
does not override governing legislation. The NZ Transport Agency does not
accept liability for any consequences arising from the use of this document. If the
user of this document is unsure whether the material is correct, they should refer
directly to the relevant legislation and contact the NZ Transport Agency.

Our contact details
Environment and Urban Design Manager

environment@nzta.govt.nz

17-347 April 2018

