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Glossary of terms 

AUD Australian dollar 

CNG Compressed natural gas 

CPI Consumer price index 

ETS Emissions Trading Scheme 

EUR European euro 

FED Fuel excise duty 

GCON Government final consumption 

GDP Gross domestic product 

GDPZ Gross domestic product (real) 

GFC Global financial crisis 

GNE Gross national expenditure 

GNEZ Gross national expenditure (real) 

HHCON Household final consumption (real) 

I90 90 day bank bill rate 

IMORT Mortgage interest rate 

INVZ Investment  (GNE less GCON and HHCON) 

IWEDGE Interest rate margin between private and business lending 

JC Johansen co-integration procedure 

LPG Liquefied petroleum gas 

LR Long run 

LTFS Long Term Fiscal Statement 

MED Ministry of Economic Development 

MR1 Motor vehicle re-licensing 

MR2 Motor vehicle new registrations 

MR13 Motor vehicle change of owner 

MVR Motor vehicle registration 

NLTF National Land Transport Fund 

NZD New Zealand dollar 

NZIER New Zealand Institute of Economic Research 

NZTA New Zealand Transport Agency 

PED Petrol excise duty 

POP1564 Working age population (15-64 years) 

POP65 Retirement age population (65+ years) 

RUC Road user charges 
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SCV Stock of commercial vehicles (SMV less SPV) 

SMV Stock of motor vehicles in NZ (fleet) 

SPV Stock of passenger vehicles in NZ (fleet) 

SR Short run 

TWI Trade weighted index 

YEN Japanese yen 

The P prefix refers to the price of a specific variable; such as PMR1 for the price of MR1 

transactions, or PLRUC for the price of light RUC.    
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 Executive Summary 
The New Zealand Ministry of Transport (the Ministry) contracted Deloitte Access Economics to 

undertake a review and redesign of the Ministry’s existing National Land Transport Fund 

(NLTF) revenue forecasting model (the model). 

This report details Deloitte Access Economics’ findings in reviewing the previous model, and 

sets out recommended equations and forecasts under a redesigned model.  Other deliverables 

are an Excel based version of the model and a user guide to assist in understanding and 

updating the Excel based model. 

Key revenue items 

The key revenue items being forecast are fuel excise duty (FED), road user charges (RUC), and 

motor vehicle registration and licensing fees (MVR).  A feature of this review was to split RUC 

revenue into two categories: ‘light’ and ‘heavy’.  Light vehicles (1-6 tonnes) consist mostly of 

private cars, small buses and small commercial trucks, while heavy vehicles (7 tonnes and over) 

consist mostly of commercial truck rigs and larger buses. 

Revenue data were obtained from the Ministry, along with data for a range of transport 

related variables.  Some data was manipulated by Deloitte Access Economics in order to 

incorporate it into the forecast equations.  As RUC revenue is collected over a very large 

number of classifications, a key element of the process was to derive an average price over 

time for light and heavy RUC. 

Forecasts for key economic variables over the next five years were obtained from New Zealand 

Treasury, while forecasts over the longer term (for twenty years) were derived from New 

Zealand’s Long Term Fiscal Statement (LTFS). 

Historic performance of the previous forecast model 

Deloitte Access Economics examined the historic performance of the forecast model from 

2006 to 2010, involving seven different sets of model updates over that time.  The period of 

time that revenue forecasts were examined over was one of great economic turbulence.  The 

Global Financial Crisis (GFC) delivered an unexpected and prolonged recession in New Zealand.  

International oil prices (as a key influence over transport related revenues) fluctuated wildly 

from over US$150 per barrel in 2008 down to US$40 per barrel as the GFC hit, and back up to 

over US$80 per barrel. 

Given the extreme economic volatility seen, in examining the forecast model’s performance 

we sought to distinguish sources of error between data errors (errors in forecasts for the 

explanatory variables, i.e. getting the economic forecasts wrong) and model errors (errors in 

the revenue forecasts using perfect data on economic inputs). 

The analysis showed that model forecast errors were relatively low for RUC (when RUC was 

examined as one item, rather than split into light and heavy components).  Model errors were 

highest in FED and new motor vehicle registrations (MR2) revenue, notably overestimating the 

latter.  Economic errors were also relatively high for these items. 
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Forecast equations 

In developing new forecast equations for the revenue items, relationships between the specific 

revenue items and a range of broader economic variables were tested.  These economic 

variables included GDP growth, consumer spending growth, population growth, imports, 

exchange rates, interest rates, broad price variables, and the price for the specific revenue 

items being considered.  Favour was given to economic variables which are readily forecast by 

New Zealand Treasury. 

Long run relationships between the revenue series and the economic variables were 

considered first.  The residuals (or unexplained component) of these long run equations were 

then preserved for use in an error correcting formulation within a dynamic model (correcting 

for that part of revenue growth which the underlying model could still not explain). 

The preferred equations for each revenue item are presented in detail in chapter 4. 

Forecasts for explanatory variables 

The economic forecasts underlying the revenue forecasts and projections in this report were 

prepared prior to the Christchurch earthquake, and may thus overstate revenue outcomes in 

the wake of this event. 

GDP growth rates are central to many of the modelling equations used in this study.  Real GDP 

growth is expected to average 2.7% in the first five years as New Zealand recovers from the 

GFC.  The longer term trend, as reflected in Treasury’s Long Term Fiscal Statement, is for the 

rate of GDP growth to gradually fade over time, reflecting the expected growth path in New 

Zealand’s labour force over time (driven by population ageing).  By 2030 the rate of real GDP 

growth is expected to be around 1.9%, and the rate of nominal GDP growth around 3.9%. 

Broad price growth is expected to moderate from its current high pace to reach a longer term 

2.0% growth per annum.  Oil price growth is based on Treasury’s forecasts and the Ministry of 

Economic Development’s outlook to 2030.  Combining these gives annualised growth (in US 

dollar terms per barrel of oil) of almost 5.5% per annum in the initial forecast period, before 

slowing to only 1% annually over the remainder of the projection period.  That flows through 

to the pump price for fuel, along with an ETS price adjustment from 2015. 

Based on Treasury forecasts, the New Zealand dollar (NZD) is projected to depreciate quite 

significantly over the Treasury forecast horizon; that is, one NZD will buy less units of foreign 

currency.   

Forecasts for revenue 

Revenue forecasts over the next five years are shown in Table i.  These forecasts are presented 

in nominal terms and include the impact of assumed price increases for RUC and FED revenue 

(no price increases are assumed for MVR revenue). 

Overall Deloitte Access Economics expects net revenue to grow by an average of 5.5% per 

annum over the next five years.  That is marginally above the expected rate of nominal GDP 

growth of 5.4% over the next five years, based on forecasts prepared before the Christchurch 

earthquake. 
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Table i: NLTF revenue forecasts, April 2011 

$m 2010-11 2011-12 2012-13 2013-14 2014-15 

Road user charges         

Light RUC (net)  $322.2   $348.8   $381.5   $404.8   $425.3  

Heavy RUC (net)  $686.9   $745.7   $808.8   $864.9   $921.9  

RUC Refunds  $43.5   $43.1   $46.9   $50.1   $53.1  

Gross RUC  $1,052.6   $1,137.6   $1,237.2   $1,319.7   $1,400.3  

less Admin Fees  $15.1   $17.3   $18.9   $20.1   $21.3  

less RUC Refunds  $43.5   $43.1   $46.9   $50.1   $53.1  

Net RUC  $993.9   $1,077.1   $1,171.5   $1,249.6   $1,325.9  

Motor registrations and licensing  

Relicencing  $185.2   $185.2   $188.3   $191.6   $195.7  

New Registrations  $23.0   $22.6   $22.8   $22.8   $22.6  

Change of Ownership  $6.6   $6.7   $7.0   $7.1   $7.2  

Gross MVR  $214.8   $214.6   $218.1   $221.5   $225.5  

less MVR Admin Fees  $38.7   $39.4   $40.1   $40.8   $41.6  

less MVR Refunds  $0.5   $0.5   $0.5   $0.6   $0.6  

Net MVR  $175.5   $174.7   $177.5   $180.2   $183.4  

Fuel excise duty 

Petrol  $1,531.7   $1,578.1   $1,616.7   $1,679.3   $1,730.4  

LPG   $28.0   $32.1   $34.2   $36.6   $39.5  

CNG  $0.1   $0.1   $0.1   $0.1   $0.1  

Gross FED  $1,559.8   $1,610.3   $1,651.0   $1,715.9   $1,770.0  

less FED Refunds  $35.0   $37.6   $38.6   $40.2   $41.3  

Net FED  $1,524.7   $1,572.7   $1,612.4   $1,675.8   $1,728.6  

 

Total net revenue  $2,694.2   $2,824.5   $2,961.3   $3,105.6   $3,237.8  

Source: Deloitte Access Economics estimates 

Key elements of the forecasts are: 

• The strongest growth in revenue is expected to come from net RUC, with average 

growth of 8.0% per annum expected.  In particular, it is light RUC which leads this 

growth, driven by solid growth in the economy and more moderate price increases 

when compared with recent history.  Revenue growth from heavy RUC will be nearly as 

rapid, and both far outpace expected growth in nominal GDP.  This outperformance of 

nominal GDP growth is consistent with recent history for RUC revenue after taking into 

account price effects.  Average light RUC revenue growth was more than double the rate 

of nominal GDP growth over the past five years – that degree of outperformance is not 

expected to continue, but light RUC revenue is still seen as notably exceeding nominal 

growth in the economy. 

• Net MVR revenue is projected to grow modestly over the short term forecast horizon, 

by just 0.6% per annum over the next five years, off the back of initial declines.  Revenue 
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contributions are dominated by MR1, which is set to benefit from a recovering 

economy.  Forecast lower growth in the vehicle stock is in part responsible for the low 

revenue growth expectations.  Also responsible is the fact that no price increases are 

assumed for MVR fees over time, so revenue increases are driven by changes in the 

stock of vehicles. 

• Net FED revenue is expected to grow by an average of 4.4% per annum, driven by strong 

growth in PED and LPG revenues, which are in turn driven by the stronger economic 

outlook.  PED revenues are forecast to grow at an average annual rate of 4.4% over the 

forecast period, while LPG revenues are set to grow at a strong 5.4%.  CNG revenues are 

set to decline at a rate of 0.7% annually, consistent with recent history. 

In comparison, a recent update of the previous modelling framework produced forecasts for 

key revenue items as shown in Table ii, while differences in the revenue forecasts are shown in 

Table iii. 

Table ii: NLTF revenue forecasts, previous framework 

$m 2010-11 2011-12 2012-13 2013-14 2014-15 

Net RUC $963.0 $1,010.5 $1,071.1 $1,133.3 $1,193.0 

Net MVR $176.3 $180.0 $185.3 $191.2 $197.4 

Net FED $1,492.3 $1,607.5 $1,651.9 $1,713.0 $1,767.9 

     

Total net revenue $2,631.6 $2,798.0 $2,908.3 $3,037.5 $3,158.3 

 

Table iii: NLTF revenue forecasts, difference between current forecasts and previous 

framework 

$m 2010-11 2011-12 2012-13 2013-14 2014-15 

Net RUC  $30.9   $66.6   $100.4   $116.3   $132.8  

Net MVR -$0.7  -$5.3  -$7.9  -$11.0  -$14.1  

Net FED  $32.4  -$34.8  -$39.5  -$37.3  -$39.3  

            

Total net revenue $62.6  $26.6  $53.1   $68.0   $79.5  

On average the revenue forecasts presented here are a little higher than those developed 

under the previous framework, representing a net gain in forecast RUC revenue and forecast 

loss in MVR and FED revenues.  It is difficult to ‘unpack’ the forecast results under the previous 

framework, but likely key reasons for the lower revenue growth in these estimates are 

discussed below. 

• RUC revenue  

Because the previous model did not separate RUC into ‘light’ and ‘heavy’ it is difficult to 

directly compare the two sets of estimates.  The modelling specifications discussed in 

chapter 4, and the resulting forecasts discussed in chapter 5, make it clear that ‘light’ 

and ‘heavy’ RUC have some common long run drivers.  In the long view, light RUC is 
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driven by economic activity and the working age population, which are common drivers 

with heavy RUC.  However, the commercial vehicle fleet and price of diesel also 

influence heavy RUC in the long term. 

Our modelling indicates a strong positive contribution to light RUC (and detraction from 

heavy RUC) from the working age population, and the absence of demographic drivers 

may explain some of this difference. 

• MVR revenue 

In aggregate terms, the two versions of the MVR models have produced fairly similar 

results, though the new model would produce slightly lower revenue growth on the 

same inputs.  Importantly, for MR1 and MR13, the updated models include an error 

correction component which corrects for differences in the dynamic estimation versus 

the estimated long term trend.  If the dynamic estimation is less than that implied by the 

long run trend, the error correction component pushes the dynamic estimation up, and 

vice versa.  We believe this framework offers a more robust approach to estimation.   

• FED revenue 

The previous model’s forecast for fuel excise revenue are higher than those produced by 

the new model.  Part of the reason for the difference is the inclusion of the petrol pump 

price in the FED suite of models, with a negative elasticity to revenue detracting from 

long run growth.  Working in combination with this is a full ETS impact on the petrol 

price, making petrol relatively more expensive over time in the new modelling 

framework. 

Scenario analysis 

The revised forecast model also has a capability to test sensitivities and undertake policy 

simulations.  Key areas for scenario analysis include: 

• Key macro inputs.  Testing different profiles for key economic variables. 

• Elasticity of key inputs.  In addition to the level of key input variables, it is important to 

consider how sensitive the model’s estimates are to a change in the elasticities of input 

variables (i.e. the estimated model coefficients).  Importantly, the own price elasticities 

of revenue for each model are positive and close to 1 in each model (meaning that most, 

but not all, of any price increase would flow through to revenue). 

• International fuel prices.  To what extent are revenue items sensitive to changes in 

international fuel prices, all else being equal?  

• Rate of tax/levy being considered.  This measures the extent to which revenue is 

affected by changes in the specific rate of tax or levy being considered. 

• Size and composition of New Zealand’s motor vehicle fleet.  This examines the effect 

on revenue of specific changes in the size and the composition of New Zealand’s motor 

vehicle fleet (beyond changes embodied within the baseline forecasts). 

Most of these can be examined directly within the revised model, while more detailed scenario 

analysis (such as vehicle fleet composition) may need to be calibrated externally.  However, 

given proper consideration, impacts on revenue can be modelled for almost all possible 

changes in vehicle use, ownership and technology. 
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Changes since December 2010 

An initial draft report was sent to the Ministry on 23 December 2010.  Due to concerns over 

the definitions of some of the data used, the provision of additional data series and updates to 

the available data (an additional six months of revenue data was provided for the updated 

revenue forecasts), the Ministry subsequently asked for the Light RUC, Heavy RUC, Petrol, LPG 

and MR1 models to be re-estimated.  The difference between the December 2010 forecast 

report and the final forecast models is outlined in Table iv. 

Table iv: Changes to forecasts since the December 2010 report 

 $m 2010-11 2011-12 2012-13 2013-14 2014-15 

December 2010 

model update 

Net RUC $960.9 $986.4 $1,068.6 $1,092.1 $1,143.5 

Net MVR $189.4 $189.0 $192.9 $186.9 $185.2 

Net FED $1,490.3 $1,497.5 $1,532.1 $1,575.9 $1,612.9 

Total $2,640.5 $2,673.0 $2,793.6 $2,854.9 $2,941.6 

       

Changes to model 

equations (and 

new data series) 

Net RUC -$4.3 $75.5 $76.8 $129.4 $149.1 

Net MVR -$13.1 -$15.6 -$15.7 -$6.6 -$1.8 

Net FED $41.9 $103.7 $80.6 $90.4 $102.0 

Total $24.5 $163.5 $141.8 $213.1 $249.3 

       

Historic and 

forecast data 

update 

Net RUC $26.6 -$10.0 -$1.7 -$1.1 $2.7 

Net MVR -$0.6 $1.6 $0.2 -$0.1 -$0.2 

Net FED -$8.4 -$31.8 -$5.0 $1.9 $4.2 

Total $17.6 -$40.2 -$6.6 $0.7 $6.6 

       

Coefficient 

re-estimation to 

Dec-10 

Net RUC $10.7 $25.2 $27.8 $29.2 $30.6 

Net MVR -$0.1 -$0.3 $0.0 $0.1 $0.1 

Net FED $1.0 $3.3 $4.7 $7.6 $9.5 

Total $11.5 $28.2 $32.5 $36.8 $40.2 

       

April 2011 model 

update 

Net RUC $993.9 $1,077.1 $1,171.4 $1,249.6 $1,325.9 

Net MVR $175.5 $174.7 $177.5 $180.2 $183.4 

Net FED $1,524.7 $1,572.7 $1,612.4 $1,675.8 $1,728.6 

Total $2,694.1 $2,824.5 $2,961.3 $3,105.6 $3,237.8 

Source: Deloitte Access Economics estimates 

Changes to the forecasts can be usefully broken down into the components driving the change.   

The first block above “Changes to model equations” shows the impact on revenue of changes 

to the underlying equations:  

• as a consequence of the inclusion of extra variables such as pump prices for petrol 

and diesel; or 

• changes in the forecast base, where all models now forecast underlying volumes 

before converting this to revenue impacts; or 

• broader changes in the functional forms, including alternate long-run 

specifications and different underlying lag structures. 
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Within fuel excises, the introduction of true “consumer” prices with the petrol pump price 

data saw a significant change to the long-run PED equation without changing the underlying 

economic concepts.  The introduction of a cross-price term for LPG allowed the construction of 

a sensible long-run specification for LPG excise, which had not previously been possible. 

Within RUC, the change to a volume base for Light RUC estimation resulted in a more 

traditionally macroeconomic long run specification.  Within heavy RUC, the inclusion of the 

diesel price changed the long-run relationship and suggested much faster long run growth. 

The second block in the table “Historic and forecast data update” captures the impact of two 

additional quarters of history (to December 2010 in most cases) and revised economic 

forecasts from the Treasury.   

Overall, this suggested a weaker real economy, and detracted from the revenue outlook by 

more than $25m over the five year forecasts.  However, stronger revenue outcomes than the 

model had suggested provided a higher revenue base and largely offset the economic outlook. 

Finally, the coefficients in all the equations were re-estimated to ensure the final model 

provided to the Ministry was as up to date as possible.  In this case, updating the coefficients 

provided an overall boost to revenue forecasts. 

In theoretic terms, updates to the coefficients should (across the course of time) have zero 

average impact on the forecasts, unless the update captures an underlying change in the 

economic relationships. 

Deloitte Access Economics 

6 April 2011 
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1 Introduction 
The New Zealand Ministry of Transport (the Ministry) contracted Deloitte Access Economics to 

undertake a review and redesign of the Ministry’s existing National Land Transport Fund 

(NLTF) revenue forecasting model (the model). 

The Ministry uses the model to forecast income flows into the NLTF within the Crown’s 

financial accounts.  This fund is comprised of the net income streams from fuel excise duty 

(FED), road user charges (RUC), and motor vehicle registration and licensing fees (MVR). 

The purpose of the review was to: 

• Improve the robustness of the model, reducing where possible both bias and forecast 

error; and 

• Improve the model’s capacity as a policy analysis tool, allowing a range of policy and 

scenario changes to be tested, including changes in global fuel prices, changes in the 

price of FED, RUC or MVR based on policy decisions, or changes to the Emissions Trading 

Scheme (ETS). 

This report details Deloitte Access Economics’ findings in reviewing the previous model, and 

sets out recommended equations and forecasts under a redesigned model.  Other deliverables 

to be provided to the Ministry are an Excel based version of the model, and a user guide to 

assist in understanding and updating the Excel based model. 

The remainder of this report is structured as follows: 

• Chapter 2 defines the revenue components of the NLTF which are being forecast, along 

with key explanatory variables. 

• Chapter 3 reviews the historic performance of the forecast model since 2006, and seeks 

to distinguish sources of error between model errors and data errors. 

• Chapter 4 sets out Deloitte Access Economics’ recommendations of forecast equations 

following the model review and based on econometric analysis. 

• Chapter 4 provides the forecasts used for key explanatory variables, as well as forecasts 

for the various revenue components within the NLTF. 

• Chapter 6 sets out projections for revenues under a range of alternate scenarios, 

considering both different paths for explanatory variables and a range of policy 

simulation options. 

• Chapter 7 provides some conclusions to the study. 
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2 Data description 
This chapter describes the key data items which are being modelled, and also used in assessing 

the performance of previous models.  Data for this project have been obtained from the 

Ministry through a number of sources. 

Unless otherwise noted, the data series provided by the Ministry have been seasonally 

adjusted to remove the effects of seasonal variations on the input data for modelling 

purposes.  Typical seasonal patterns are then reinstated in deriving forecasts, so that final 

forecasts show revenues in original (seasonal) terms. 

The chapter is split into two sections: section 2.1 describes the dependent variables which are 

being forecast (revenue earned through RUC, petrol excise duty and motor vehicle registration 

charges), while section 2.2 describes the independent (or explanatory) variables that are used 

in the modelling to obtain projections of the dependent variables (with these independent 

variables including the RUC price, PED price, vehicle stock and a range of broad economic 

indicators).  It should be noted that some of the key explanatory variables, specifically those 

relating the volume of certain transactions, are themselves forecast in an intermediate stage 

of modelling, with the forecast values then feeding in to the final model parameterisation. 

Note that this chapter only describes the key data variables being examined.  A description of 

the proposed approach to forecast these variables is provided in chapter 4.  A complete list of 

dependent and independent variables that have been considered in the modelling is provided 

as Appendix A. 

2.1 Dependent variables (forecast variables) 

RUC revenue 

This series represents the revenue (net of refunds and administrative costs) earned from Road 

User Charges (RUC).  RUCs are levied on vehicles which: 

• Exceed 3,500 kg (gross laden weight); or 

• Use diesel or other fuels not taxed at source. 

To pay the charges, one purchases a RUC licence based on the vehicle type and weight.  A 

distance licence (purchased in 1,000 km units) allows the holder to drive the vehicle for that 

distance.  If carrying heavier than normal loads for a short distance, a supplementary licence 

can be purchased (in 50 km units). 

For the purposes of modelling, RUC revenue has been split into two categories: ‘light’ and 

‘heavy’.  Light vehicles (1-6 tonnes) consist mostly of private cars, small buses and small 

commercial trucks, while heavy vehicles (7 tonnes and over) consist mostly of commercial 

truck rigs and larger buses.  It should be noted that while this split is used in practice by the 

Ministry, it is not strictly consistent with legislation.  For most purposes, light vehicles are 

considered to be up to 3.5 tonnes.  However, 6 tonnes is sued as the cut-off point for defining 

a goods service vehicle. 
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The 6 tonne split between ‘light’ and ‘heavy’ provides a logical split in expected behaviour.  

Vehicles in the ‘light’ category (private cars, buses and light commercial) would be expected to 

display different behavioural patterns and respond to different drivers than vehicles in the 

‘heavy’ category (trucks).  For example, an increase in consumer spending relative to business 

investment may correspond with an increase in light vehicles relative to heavy. 

Data showing the split between light and heavy RUC revenue (net of refunds and 

administrative charges) are available since March quarter 2000.  Detailed RUC price data are 

available as far back as 1991, and annual data stretch as far back as 1979.  Deloitte Access 

Economics limited consideration of the data to the period over which detailed quarterly data 

was available. 

RUC admin revenue 

In addition to revenue earned from total RUCs, the Ministry collects data showing revenue 

earned from RUC administration charges. This series dates back to September 2000.  Note that 

admin revenue has not been split into ‘light’ and ‘heavy’ components; such a split would be 

inconsequential since admin revenue constitutes only about 1% of total RUC revenue.   

Administration charges are levied on each RUC transaction, but the associated fee may vary by 

transaction channel or value. 

RUC refunds  

Refunds of money paid to obtain a RUC licence may be granted where: 

• A vehicle’s hub odometer is changed (or lost); 

• Some of the licence’s distance allowance is travelled off public roads; 

• A vehicle is permanently destroyed, exported or its registration is cancelled; or 

• Time or distance allowed by the RUC licence is unused. 

The Ministry has provided data showing expenditure on RUC refunds since the September 

quarter of 2000.  As with administration revenue, RUC refunds have not been split into light 

and heavy components.  RUC refunds are forecast in aggregate as the small size and high 

volatility would only be exaggerated by considering the two separately.  RUC refunds account 

for around 4% of RUC revenue. 

Fuel Excise Duty revenue (Petrol, LPG, CNG) 

Fuel Excise Duties (FED) are applied on petrol, LPG and CNG.  The duty is applied at the point at 

which the fuel enters New Zealand (i.e. the shipping terminal or refinery) and is passed 

through to consumers at the fuel pump.  In the March quarter 2010, petrol was estimated to 

account for almost 98% of all FED revenue, and in previous modelling for the Ministry has been 

termed Petrol Excise Duty (PED).  The share of petrol excise to total FED revenue has increased 

over the past decade from 95% to 98%, with the share of LPG declining (note that LPG revenue 

has still increased, just at a slower rate than petrol revenue).  By contrast, revenue from CNG 

excise has fallen steadily over the past decade, from almost $200,000 in the March quarter 

2000 to just $25,000 in the March quarter 2010. 
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The excise duty collected on petrol comprises a true excise component, while additional price 

components for levies associated with the Accident Compensation Corporation, fuel 

monitoring, and local authorities are collected by other arms of government.  Until July 2008 a 

portion of the true excise was allocated to the NLTF and the balance entered the crown 

coffers.   

The PED revenue series provided by the MoT represented the revenue received by the NLTF, 

including that associated with the additional levies.  For modelling purposes Deloitte Access 

Economics has constructed a “full” revenue series which includes the crown component of 

revenues. 

Current excise rates are provided in Table 2.1. 

Table 2.1: Duties and levies on petrol, LPG and CNG (NZ c/L) excl GST 

Fuel Duty 

Accident 

Compensation 

Corporation 

Petroleum or 

engine fuel 

monitoring 

levy 

Local 

authority 

levy 

Total 

Petrol 48.524 9.9 0.05 0.66 59.13 

LPG 10.4 0 0 0 10.4 

CNG 10.5 0 0 0 10.5 

Source: Ministry of Economic Development 2008 

Notes: (1) rates are correct as of 1 October 2010; (2) from late 2010 an ETS levy of 2.9 c/L is expected to be added 

to the petrol levy, increasing to 5.8c/L in 2013 

The Ministry has provided FED revenue series dating back to March quarter 1994 for petrol, 

September quarter 1994 for LPG, and September quarter 1997 for CNG.   

FED refunds 

Refunds of excise duties paid are available for: 

• Fuel used in an exempt vehicle (a vehicle that is not required to be registered and is 

used for commercial purposes); 

• Fuel used in a RUC licensed vehicle; 

• Fuel used in a commercial or rescue vessel; and 

• For commercial purposes other than as fuel in any motor vehicle, vessel or aircraft. 

For this analysis, FED refunds have been modelled on an aggregate basis.  Although customers 

can claim refunds on each type of fuel (petrol, LPG and CNG), it is unlikely additional benefits 

from separately modelling refunds given for each type of fuel will be realised, given the 

dominance of petrol excise in total FED revenue. 

Motor vehicle re-licensing (MR1) revenue 

This series represents the revenue earned from re-licensing of currently registered vehicles.  

Vehicle re-licensing is an annual fee paid which allows people to drive on public roads.  In the 

March quarter of 2010 re-licensing accounted for 86% of total MVR revenue (which consists of 

MR1, MR2 and MR13). 
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The Ministry has provided MR1 revenue data dating back to March quarter 1997.  Also 

provided is data showing the number of MR1 transactions per quarter, dating back to June 

quarter 1992, which allows an average re-licensing fee to be estimated. 

Motor vehicle new registrations (MR2) revenue 

This series represents the revenue earned from one-off registering of vehicles.  Registering 

occurs whenever a person obtains a car (whether the car is new or used) and is the process by 

which a person becomes legally responsible for a vehicle and registration plates are issued.  It 

is generally a one off process although re-registration is sometimes required if a vehicle is 

heavily modified or if registration is cancelled for some reason.  Note, however, that 

registration generally includes a period of licensing, so a person registering a vehicle for the 

first time does not have to pay a registration fee as well as a licensing fee.  In the March 

quarter 2010 vehicle registrations accounted for 11% of total MVR revenue. 

The Ministry has provided data showing MR2 revenue from March quarter 1997.  Data 

showing the number of registrations and average registration fees have also been provided 

since March quarter 2000.  Although registration data have been separated into new and used 

vehicles, the registration fee is the same for both types of vehicle.  Consequently new and used 

vehicles registrations have not been modelled separately. 

Motor vehicle change of owner (MR13) revenue 

This series represents revenue earned from collecting change of ownership fees, which are 

payable by the buyer whenever a vehicle changes hands.  In the March quarter 2010, MR13 

revenue accounted for 3% of total MVR revenue; this share has been constant over the past 

decade.  The Ministry has provided data showing the number of MR13 transactions, the 

change of ownership fee (the MR13 price), and MR13 revenue since 1997. 

Motor vehicle administration revenue 

The Ministry has provided data showing revenue collected from MVR admin fees since 

September quarter 2000.  Note that the data provided are not split into the different MVR 

components.  This is because a flat administrative fee of $6.50 is applied to every MVR 

transaction irrespective of type or value. 

Motor vehicle refunds 

MVR data has been provided dating back to March 1997.  Refunds are available for unused 

portions of an MR1 licence after a registration is cancelled.  However very few refunds are 

actually handed out; refunds paid in the March quarter of 2010 totalled only $113,900, or 0.2% 

of total MVR revenue. 
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2.2 Independent (explanatory) variables 

Key explanatory variables 

• Volume variables (MVR, RUC) 

In order to estimate revenue flowing from motor vehicle registrations and road user 

charges it becomes necessary to also estimate the number of relevant transactions.  The 

following MVR volumes are estimated, and flow through to the final equations as 

independent variables: 

• MR1 transactions (the number of vehicle re-licensing transactions); 

• MR2 transactions (the number of first time vehicle registrations); and 

• MR13 transaction (the number of ‘change of ownership’ transactions taking 

place). 

In addition, the following RUC volumes are estimated: 

• RUC net kilometres (1 - 6T); and 

• RUC net kilometres (over 6T). 

• Net kilometres are not equivalent to net tonne kilometres.  Net 

kilometres record only the distance driven, and do not factor in tonnage.  

However, in the absence of any significant change in fleet composition, changes in 

net kilometres should be reflective of changes in net tonne kilometres.  

• RUC rate/price 

Because there are a very large number of different road user charges, depending on the 

particular vehicle and its anticipated usage, we need to derive an index which 

represents an ‘average’ RUC over time.  The RUC rate, in this context, is an index which 

reflects changes through time in average road user charges.  The RUC rate divided by 

the GDP deflator gives a relative ‘RUC price’ which indicates changes to RUC relative to 

inflation.  If the RUC price is increasing it means RUC rates are increasing at a faster rate 

than inflation, and vice versa.  The RUC price is a key determinant of the RUC volume.  

Estimates of the RUC rate are available from March quarter 1994. 

• Fuel excise rates/prices 

For modelling purposes, the PED rate is an amalgam of several individual rates, including 

excise duties on motor spirits, flowing both to the Crown and the NLTF; an Accident 

Compensation Corporation (ACC) levy; petroleum or engine fuel monitoring levy; local 

authority petroleum tax; and (for forecast purposes) an emissions trading component 

(or carbon charge).  Similar to RUC, the ratio of the PED rate to the GDP deflator gives a 

relative ‘PED price’.  Estimates of the PED rate are available from March quarter 1992.  

The same can be said of LPG and CNG prices, although note that the LPG and CNG excise 

duties are significantly less than the PED (see Table 2.1) 

• Stock of vehicles 

These series represent the total stock of licensed motor vehicles in the economy.  Two 

series are provided: the total stock of licensed motor vehicles, dating back to June 

quarter 1992; and the stock of licensed motor cars, dating back to March 2000.  Since 

March, private cars have consistently accounted for about 68% of all licensed vehicles.   

���� In the forecast and projection periods, these two stocks are grown in line with 

annual movements in the relevant vehicle stock in the Vehicle Fleet Emissions 
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Model.  Those stocks are the stock of passenger vehicles plus motorcycles, and 

the total vehicle fleet. 

Some further transport related variables have been constructed for the analysis as derivatives 

of those broad variables listed above. 

Other explanatory variables 

In addition to the key explanatory variables listed above, a number of other economic and 

industry specific variables have been considered in the modelling, including: 

• CPI (petrol, other fuels, general); 

• GDP deflator; 

• Unemployment rate; 

• Labour cost index; 

• Import price index; 

• GDP, expenditure measure (real, nominal and the deflator); 

• Real GNE; 

• Real Consumption (household and government); 

• Real Total Imports (excluding ‘lumpy’ items); 

• Real Merchandise imports from key countries (Australia, USA, UK, Japan, Korea, China, 

EU); 

• Exchange rate against key currencies (AUD, Yen, GBP, USD, Euro, TWI); and 

• Interest rates (90 day rate, floating first mortgage rate). 

A summary of variables used in the modelling is provided in Appendix A. 
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3 Review of historic model 

performance 
No forecasting model can be 100% accurate, partly as underlying relationships (representing 

people’s aggregate behaviour) change over time, and partly as the forecasts also rely on 

assumptions regarding the future values of a range of exogenous variables (GDP, consumption, 

etc.).  However, the accuracy of a model can be reviewed by periodically going back to it, 

removing the original assumptions for the future path of exogenous variables, and replacing 

them with what actually occurred.  Essentially, this procedure answers the question, how 

accurately are these models able to project future outcomes? 

This chapter presents the results of this analysis on previous versions of the Ministry’s NLTF 

revenue forecasting model.  Section 3.1 defines three types of errors, some avoidable and 

some not.  Section 3.2 presents average errors for each of the key revenue forecasting models. 

3.1 Types of error 

In reviewing a forecast model’s performance we define three types of error: 

1. Total model error: the percentage difference between the original model’s forecasts 

and outcomes of the projected variables; 

2. Pure model error: the percentage difference between the model’s forecasts using 

perfect economic inputs and outcomes of the projected variables; and 

3. Economic error: the residual of the total model error and the pure model error.  It seeks 

to determine how much of the total model error would have been removed had perfect 

economic inputs been used. 

To better understand the three types of error, consider the following example.  Suppose that 

in March 2008, a model was constructed to forecast RUC revenue out to the end of 2010.  

Suppose also that the model uses two explanatory variables: GDP and the RUC rate.  Given 

these inputs, the model forecast RUC revenue in December 2010 to be $11 million.  Two years 

on, at the end of 2010, the true value of RUC revenue in the quarter turned out to be $10 

million.  Thus the model is said to have a total model error of 10%. 

Some of this error could not have been avoided; in 2008, GDP and the RUC rate in 2010 were 

unknown, so forecast values were used.  Suppose that, at the end of 2010, the actual values of 

GDP and the RUC rate are entered into the model, and the model produces a revenue estimate 

of $10.4 million.  With perfect economic inputs, the model produced an error of 4%; that can 

be thought of as the pure model error, the error caused by the model itself being imperfect. 

The gap between the total model error and the pure model error can be thought of as the 

economic, or unavoidable, error.  The economic error in this example is 6%.  In other words, 

6% of the total model error of 10% cannot be reduced by improving model performance as it 

arises purely from incorrect inputs, which are determined exogenously.  If the model was 

perfect, then the total model error would equal the economic error (6%).  The only way this 
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6% can be reduced is by improved forecasting of model inputs, something outside the 

Ministry’s control. 

3.2 Specific model errors 

This section presents the estimated total error, pure model error, and economic error for each 

of the existing NLTF models.  The methodology used to determine these errors is identical to 

that described in the above example.  That is, the total model error was obtained by 

comparing the model’s original forecasts with known outcomes; the pure model error was 

obtained by comparing the model’s forecasts using perfect economic inputs with known 

outcomes; and finally, the economic error was calculated by subtracting the pure model error 

from the total model error. 

The error checking procedure described above has been conducted on models developed for 

the Ministry by NZIER from seven distinct time periods: 

• December quarter 2006; 

• March quarter 2007; 

• September quarter 2007; 

• June quarter 2009; 

• December quarter 2009; 

• March quarter 2010; and 

• September quarter 2010. 

Presentation of errors 

Because this error checking procedure tests the models’ forecasting performance using actual 

data, more recent models have fewer forecast periods that are able to be tested.  For each 

model, errors were calculated for as many forecast periods as actual data would allow.  For 

each forecast period, a simple average was then taken of all the calculated errors.   

On the charts that follow, the red dotted line depicts total model error; the purple line the 

pure model error; and the green line depicts the economic error, which is derived by 

subtracting the pure model error from the total error.  At a cursory glance, it is perhaps best to 

focus on the purple line, since this represents the error caused purely by model 

parameterisation (and therefore the error that can be ‘easily’ reduced). 

The charts display the average model error, in absolute value terms, on the left vertical axis.  

The horizontal axis depicts the number of periods into the future that are being forecast (at 

the time the forecasts were undertaken).  A zero on the horizontal axis represents the latest 

period for which actual data were available.  A one on the horizontal axis thus represents the 

average error for all models looking one period into the future, and so on.  It is important to 

note that the errors presented here are in absolute value form and consequently the total 

error need not be the sum of the pure model error and economic model error.  In fact, in some 

cases the different errors offset each other, such that the ‘total’ error line is below the other 

error lines. 

The right vertical axis indicates the sample size; the number of models for which each forecast 

period was able to be tested.  The October 2006 model was able to be tested to a maximum of 
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14 forecast periods (14 quarters forward from October 2006 takes us to the March quarter 

2010); hence the ‘sample size’ for 14 forecast periods is 1.  The January 2007 model was able 

to be tested to a maximum of 13 forecast periods (13 quarters from January 2007 takes us to 

the March quarter 2010); hence the ‘sample size’ for 13 forecast periods is 2, since both the 

October 2006 model and the January 2007 model can be tested for 13 forecast periods.  It is 

worth briefly noting that the names of the models reflect when they were received by the 

Ministry, not when they were actually constructed.  For the July 2010 model, the latest actual 

data were for March 2010, not June 2010 as might be supposed from the name. 

The effect of the Global Financial Crisis (GFC) on model errors 

It is worth pointing out that three of the assessed models were designed prior to the collapse 

of Lehman Brothers in September 2008, which is generally understood to mark the beginning 

of the GFC.  Since not even the most complex financial models of the time were able to 

accurately forecast the events that followed, it is easy to see why the economic error in some 

of the assessed models is quite high.  Although it is impossible to know what the future holds, 

in the absence of another economic crisis, it could reasonably be expected that economic 

errors of future models will not be so high. 
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Gross RUC 

For the Gross RUC model, both economic error and pure model error have contributed to total 

model error in roughly equal proportions (Chart 3.1).  Looking two years into the forecast 

period (8 quarters), the Gross RUC models have, on average, produced a total model error of 

between 5 and 7%.  Over the same forecast period, the average pure model error (the error 

that arose even with perfect economic inputs) has hovered between 3 and 6%. 

Looking beyond 8 quarters, the total model error has generally been offset by the other two 

errors, ranging from roughly 1 to 3%.  The pure model error, despite performing fairly well 

forecasting between 9 and 11 quarters into the future, begins to steadily increase when 

forecasting beyond 11 quarters (although note that the sample size is also lower).  All in all, 

there were relatively low pure model errors, though they were variable over time. 

Chart 3.1: Gross RUC error 
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Net RUC 

In past models RUC refunds were projected simply as an annual rolling average of the previous 

4 quarters and therefore the errors in the net RUC model are consistent with those in the gross 

RUC model (Chart 3.2).  Hence, the overall conclusion is much the same; model errors were 

relatively low but the variability in the pure model error looking forward reduces the 

confidence that policy makers can have in its projections. 

Chart 3.2: Net RUC error 

0

1

2

3

4

5

6

7

8

0%

1%

2%

3%

4%

5%

6%

7%

8%

9%

10%

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14

sa
m

p
le

 s
iz

e
 (

n
u

m
b

e
r 

o
f 

m
o

d
e

ls
)

a
v

e
ra

g
e

 e
rr

o
r 

(a
b

so
lu

te
 v

a
lu

e
)

number of forecast periods

Sample Size

Total model error

Pure Model Error - Perfect Economic Inputs

Economic Error (Total error less error after correct model inputs)

 

Source: Deloitte Access Economics calculations 



Review and redesign of the NLTF forecasting model 

Deloitte Access Economics Commercial-in-confidence 
 

RUC refunds 

Prior to the September quarter 2010 version of the model, RUC refunds were projected as an 

assumed average of the last four quarters.  This approach compounds errors in a series with a 

steady upward trend; the projection asymptotically approaches a value lower than the last 

observation.  Barring excessive volatility, maintaining the last observed value would provide at 

least a marginal improvement in forecast performance.  As a result the pure model error is not 

the important line here, since there is really no ‘model’ to assess. 

It is therefore not hard to see why the economic error increases fairly steadily further into the 

forecast period.  For the previous approach to provide reliable forecasts it would require that 

RUC refunds maintained their historic average level going forward, which in turn would require 

that RUC revenue maintained its historic average level going forward.  However, these 

revenues are related to growth in the size of the nominal economy – hence, model errors tend 

to get larger the further you go into the future. 

The latest model (July 2010) forecast RUC refunds as a constant share of revenue.  This 

approach is likely to produce fewer errors as it allows RUC refunds to grow in line with 

revenue. 

Chart 3.3: RUC refund error 
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MR1 

Chart 3.4 shows that the models projecting MR1 revenue over a period of just one year have 

produced pure model errors ranging from 6-11%.  Beyond a year, the pure model errors have, 

on average, been slightly lower and less volatile.  Projecting two years in the future the 

economic error has generally been fairly low, but for projections beyond two years the 

economic error has steadily increased. 

Although for longer term forecasts the model appears to perform reasonably well, with a pure 

model error of between 2 and 4%, the high errors when forecasting only a year into the future 

suggest that some re-parameterisation of the model may be desirable. 

The higher economic errors over longer time periods relate to those forecasts which were 

undertaken prior to the GFC. 

Chart 3.4: MR1 error 
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MR2 

Projecting up to a year into the future, past MR2 models have produced a total (and pure) 

model error of between 5 and 10% (Chart 3.5).  Projecting beyond a year the total model error 

has, on average, steadily increased, such that forecasting 10 quarters into the future, the 

models were on average 80% off the actual values.  For this revenue item, model estimates 

were well above what eventuated. 

It is important to note that the majority of the total error was caused by the economic error, 

which in this model was driven by GDP and the NZD:Yen exchange rate, both of which 

fluctuated wildly during the GFC. 

Perhaps more concerning is the fact that on average, the models have produced pure model 

errors in excess of 20% when forecasting between 6 and 10 quarters into the future.  Beyond 

10 quarters the pure error has been somewhat lower, but still consistently in excess of 10%.  

Clearly the existing MR2 model has not provided reliable results, and therefore requires some 

re-estimation. 

Chart 3.5: MR2 error 
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Source: Deloitte Access Economics calculations 
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MR13 

Predicting up to two years into the future, MR13 models have produced an average error 

(both total and pure) of between 4 and 7%.  Beyond two years, the projections have suffered 

from a higher error, of roughly 10% (on average) for total error and roughly 8% (on average) 

for pure model error.  In this model the total error is composed almost entirely of pure model 

error; that is, most of the error could in fact have been avoided had the model’s 

parameterisation been different.  The economic error is low for this model because one of its 

key inputs is the stock of vehicles, which does not suffer from year on year volatility and hence 

is fairly easy to predict into the future. 

Chart 3.6: MR13 error 
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PED revenue 

The model to predict revenue from petrol excise is perhaps the most troublesome of all NLTF 

models.  Chart 3.7 shows that the PED models assessed in this analysis have generally 

produced a total error in excess of 20% for all forecasting timeframes, whether they were 

predicting one year into the future or three.  The economic error in this instance is caused 

mainly by the volatility in oil prices and the consequent difficulties in predicting them.  Much of 

this is driven by the significant movement in the price of oil prior to and during the GFC. 

The high economic error in the PED model is thus forgivable. However, difficulties arise in the 

historical data series used in previous models.  Prior to the September quarter of 2008, some 

monies received from petrol excise were hypothecated to the Crown, whereas after that 

quarter all monies flowed directly to the NZTA.  The previous models considered only revenue 

flowing to the NZTA, not the total excise paid by consumers.  Over the time periods considered 

(from June 1992), the input data used by the previous models underestimated the total excise 

paid by up to 70%.  However, much of this reported model error stems either from not 

knowing about the future change in hypothecation, or from underestimation of its impact on 

NLTF revenues. 

Intuitively, it is the total amount of petrol excise paid by consumers, irrespective of which 

government department the corresponding revenue flows to, that responds to 

macroeconomic drivers.  For the updated PED model (see section 4.3.1), the input data have 

been adjusted to ensure that for all historical data, the model is reading in the total amount of 

excise paid by consumers, not just the proportion received by the NZTA.  These revenue 

estimates are then adjusted (back) in history to reflect the NZTA share of revenue without 

adversely effecting the coefficients in the model. 

Chart 3.7: PED error 
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LPG revenue 

The NLTF model in the past has projected LPG revenue based only on revenue trends and the 

value of LPG revenue four quarters previously.  Chart 3.8 shows that this simplistic approach 

has resulted in significant model errors.  It is further clear that almost all of this error could 

have been avoided; economic error in this case is based solely on historical LPG revenue, 

which by definition has no error, and a revenue trend, which if anything is likely to have a fairly 

small error. 

Forecasting between one and five quarters ahead, the historical models have on average 

produced an error of roughly 12%.  The models performed relatively well forecasting six to 

eight quarters ahead, producing an error of 5 to 6%.  Forecasting further than eight periods 

ahead, however, resulted in a steadily increasing error, peaking at just over 30%. 

Chart 3.8: LPG error 
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FED refunds 

FED refunds (refunds of the excise duties on LPG and petrol) have historically been predicted 

based on trends in past refunds; consequently the economic error will only be caused by errors 

in the estimated ‘trend’ variable.  Hence, the accuracy of this model is necessarily driven by 

the accuracy of the LPG and PED models.  Given the significant errors developed in both of 

those models, historical refunds have proven to not be a good indicator of future refunds.  This 

has caused a total error of roughly 20% when forecasting up to eight quarters in the future, 

and steadily increasing beyond that (Chart 3.9). 

Chart 3.9: FED refunds error 
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Source: Deloitte Access Economics calculations 

Table 3.1 provides a summary of the forecast model errors examined.  It shows that the most 

significant model errors have come from forecasting the level of FED.   The bulk of this error 

essentially relates to the changed treatment of how the revenue has been hypothecated over 

time. 

There have also been large model errors in relation to forecasting MR2 revenue 

(overestimating the amount of revenue which would be received here).  Model errors for 

other MVR and RUC revenue have generally been smaller, suggesting a more acceptable 

forecast performance for these items. 
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Table 3.1: Forecast model errors 

Total model error (%) Pure model error (%) Economic error (%) 

Forecast periods… 

past 1  2-3  4-8  9-14 past 1  2-3  4-8  9-14 past 1  2-3  4-8  9-14 

RUC 

Gross  4 4 6 6 3 3 5 5 4 3 3 3 4 4 3 

Net  4 5 7 6 2 3 5 5 5 4 3 3 4 4 3 

Refunds 7 15 9 17 30 7 0 2 4 7 0 15 9 14 23 

MVR 

MR1 8 6 8 8 10 8 8 6 8 5 3 4 6 3 9 

MR2 2 9 9 33 78 2 9 6 15 16 0 1 8 19 62 

MR13 4 4 6 6 10 4 4 6 6 8 0 0 0 0 2 

FED 

Petrol 14 25 22 24 43 17 15 22 21 26 10 17 21 12 35 

LPG 7 11 14 12 29 7 11 14 10 25 0 0 0 3 5 

Refunds 9 25 18 20 50 11 27 18 20 50 3 2 0 0 0 

Source: Deloitte Access Economics calculations;  

Note: as the forecast periods look further into the future, the number of models from which errors can be 

calculated falls (the sample size falls).  These estimates should be interpreted with this in mind. 
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4 Forecast equations 
This chapter sets out Deloitte Access Economics’ recommendations of forecast equations 

following the model review and based on econometric analysis. 

4.1 Modelling approach 

All variables to be modelled are considered in two stages.  Firstly, does some long run 

relationship exist between the dependent variable and a selection of independent variables?  

This relationship must exist first in economic theory, and then be borne out econometrically.  

Where the relationship involves multiple possible explanators, multiple permutations were 

considered. 

Testing was performed via the Johansen Co-integration (JC) test, followed by modelling of the 

long run relationship.  Where components of the relationship were not significant in direct 

modelling, the JC test was repeated in the absence of that variable to determine if any long run 

co-integrating relationship remains in its absence.  Insignificant variables are retained if their 

removal voids the co integrating relationship. 

A note on the selection of variables 

When considering the possible co-integrating (long run) relationships we note 

that multiple permutations were considered.  This is not to be mistaken for fishing 

for spurious relationships, but rather reflects the specific nature of the modelled 

variables and the range of general (macroeconomic) and more specific (transport) 

data available. 

Each of the variables we are modelling relates directly to final consumption 

activity, business activity, or both.  Thus in modelling we may consider a 

relationship to GDP, possibly expect a closer relationship to household 

consumption behaviour (for PED), and a closer one still to car purchase patterns.  

More laterally, employment prospects affect consumption behaviour, but may 

specifically affect car purchase or driving behaviours differently from general 

consumption. 

Thus, for one revenue series, we consider variables with different degrees of 

“removal” from what we are trying to model.  In part, the more “macro scale” 

variables (i.e. GDP rather than car purchase patterns) are further removed from 

the dependent variable, but might also be expected to have a better forecast 

framework around them and therefore higher expectations of forecast accuracy. 

The residuals of these equations are then preserved for use in an error correcting formulation 

of the dynamic model. 
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In a few cases, our a priori assumption was that no strong co-integrating relationship would 

exist to drive long run forecasts.  Nonetheless, for consistency in the modelling approach, each 

model commenced at this stage. 

Dynamic models are then formulated, again based on economic theory, but with a deliberately 

wide cast net.  To avoid problems of strong colinearity, contemporaneous variables included in 

the error correction are omitted from the initial dynamic model, as are long lag structures on 

other variables. 

These dynamic models are formulated to include the error correction term and the dynamic 

independent variables as a first stage general model.  A general to specific model approach is 

then used in sequentially reducing the equation form, removing redundant variables (those 

that are statistically not significant). 

Favour is given to the retention of the EC (error correction component), as it is to the retention 

of economic variables forecast by Treasury (if they are absent in the long run component).   

Once a fully reduced equation is obtained, a reverse process is undertaken to look for omitted 

variable bias, with testing including all those variables already eliminated (as order matters in 

general to specific modelling) as well as more extensive lag structures on independent 

variables. 

This reduces the path dependency of the final model, which is otherwise a weakness of the 

general to specific modelling approach. 

If the EC is eliminated in the equation reduction, preference is then given to the inclusion of 

macroeconomic variables as this provides an alternative guiding hand to the forecasts.  Thus 

some marginally significant variables may be retained to assist in forecast performance. 

A note on model notation 

“l” refers to the log of the stated variable, and “d” to the first difference. 

Thus a variable preceded by “dl” had been logged, then first differenced. 

4.2  RUC revenue 

4.2.1 Light RUC  

Light RUC represents vehicles between 1 and 6 tonnes which are required to pay road user 

charges.  Most vehicles in this category are privately owned, diesel fuelled cars.  The light RUC 

category has a mixture of private and business uses; taxis, for example, would fit in this 

category, and so too do private cars. 

Variables considered for the JC (Johansen co-integration test) included:  

• National expenditure (GNEZ) – light RUC is composed of passenger and light commercial 

vehicles, and national expenditure represents onshore economic activity at the broadest 

economic scale. 
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• Household consumption (HHCON) – similar to GNE, however with a focus on private 

usage of vehicles.  

• Business investment (INVZ) – proxied by subtracting government and household 

expenditure from GNE, the level of investment in the economy should drive business 

related light RUC purchases.  When combined with HHOCN, it could indicate the 

different sectoral uses of light diesel vehicles. 

• Working age population (POP1564) – as both the workers and consumers underlying 

light commercial and passenger usage of diesel vehicles, this group should represent a 

base level of demand.   

• The stock of vehicles (SPV, SCV) – reflecting the mix of vehicles subject to light RUC 

being composed of both diesel passenger vehicles and light commercial vehicles.  There 

is imperfect alignment between petrol and passenger vehicles, and between diesel and 

commercial vehicles, but as long as the misalignment is relatively stable they are 

suitable proxies. 

• Vehicles per capita (VPERC) – an aggregate measure capturing some of the factors 

discussed in the two dots above, and some of the interactions between them.  

Passenger vehicles per capita (aged 15+) may show more dramatic shifts as usage 

patterns change between demographic groups than is seen in the demographic 

composition alone. 

• The Price of Diesel (LPDSLPMPZ) – the pump price of diesel should react negatively to 

light RUC, since such vehicles can (relatively) easily be converted to petrol should the 

diesel price become prohibitive.  However, the mix of higher taxes per Litre on petrol 

and differing fuel efficiencies mean the overall sign is unclear, since short run 

fluctuations should be mirrored in both prices. 

Of the combinations of the above considered prior to selection of the final model, the 

following were selected for further testing: 

• POP1564, SPV, PDSLPMPZ 

• GNEZ, POP1564 

• VPERC, HHCON, INVZ 

The final version of the co integrating relationship included GNE and the working age 

population. 

Table 4.1: Long run specification for Light RUC Kilometres   

 Variable name Coefficient SE Probability 

lLRUCRN     

 C 5.005101 5.538951 0.3719 

 lGNEZ 0.761224 0.276146 0.0089 

 lPOP1564 1.062737 1.021592 0.3048 

Adjusted R² 0.673354    

Log likelihood 47.14803    

*Time period 2000 q1 – 2010 q1 

The relative stability of the light RUC volumes allows for a surprisingly high model fit, but more 

importantly, Chart 4.1 shows it picks up all the major shifts in trend usage. 
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The dynamic equation is shown below, along with its associated statistics. 

Table 4.2: Dynamic specification for Light RUC Kilometres 

 Variable name Coefficient SE Probability 

dlLRUCRN     

 C -0.00907 0.00795 0.2651 

 EC_LRUCB -0.77182 0.11097 0.0000 

 dlGNEZ 1.13522 0.35603 0.0038 

 dIWEDGE(-1) 0.12873 0.03694 0.0018 

 dlPLRUCZ(1) 0.70240 0.08904 0.0000 

 dlPLRUCZ -0.58470 0.13193 0.0002 

 dlPLRUCZ(-1) -0.28132 0.09776 0.0081 

 dlPLRUCZ(-3) -0.51496 0.09222 0.0000 

 dlPLRUCZ(-4) 0.32292 0.10433 0.0048 

 dlVPERC(-1) 1.81719 0.84585 0.0416 

 dlVPERC(-4) 2.50415 1.00276 0.0195 

Adjusted R² 0.937143    

Log likelihood 83.28113    

*Time period: 2001 q2 – 2010 q1 

The strong effect of the error component ensures that the explanatory power of this dynamic 

model is tied to long run relationships between light RUC kilometres, national expenditure and 

the working age population.   

The estimated growth rates of national expenditure and vehicles per capita were found to 

react more than proportionally with growth in RUC kilometres, after controlling for long term 

influences.   

The inclusion of a lead on the own price term is an artefact of both fit and administration.  The 

announcement of price increases six weeks in advance of them taking effect allows users to 

pre-purchase kilometres at the lower rate.  Users bring forward their consumption only in 

purchase timing, rather than in usage.  Overall, the response to the own price of RUC is a 

negative sign, as should be expected. 
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Chart 4.1 presents the actual values compared with the fitted values for the historical periods 

considered in the long run light RUC model.  The bottom part of the chart shows the residual, 

the deviation of the fitted value from the actual value.  This generates the error correction (EC) 

component, which is used in the dynamic specification to ensure the fitted values remain in 

line with the long run trend.  Chart 4.2 compares the actual values over the past ten years with 

the values obtained from the estimated model.  The model performs strongly, and in the past 

ten years the residual has been less than 2% in all bar two quarters. 

Additional variable sconsidered in the short run specification included: 

• The interest rate wedge (IWEDGE) – defined as the difference between the bank (90 

day) lending rate and the mortgage lending rate.  While the 90 day rate should be 

reflective of activity in the domestic economy, the mortgage rate reflects the cost of 

borrowing internationally (including exchange rates, credit ratings and risk).  The wedge 

then measures the cost of borrowing relative to the performance of the economy, the 

consumers’ burden. 

• The real ‘price’ of light RUC (PLRUCZ) – the key price component of light RUC; it is a 

volume weighted index, representing an average rate of all RUC types between 1 and 6 

tonnes, with a constant volume base to ensure that changes in the index are caused 

solely by changes in individual RUC rates and not by changes in kilometres.  Road user 

charges are not assumed to be the predominant cost associated with driving. 

At the request of the Ministry, the variable VPERC was substituted out for its components in 

the long run specification.  In none of the cases tested did the change clearly outperform the 

use of the VPERC form, and in most cases was clearly outperformed.  No additional 

information was contained in the three composite inputs considered separately within the 

model.  For detailed comments refer to the Eviews code. 

Chart 4.1: The long run model (logged-levels) 

and the (error correction) residual, Light RUC 
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Chart 4.2: In-sample performance of the 

forecast model for Light RUC volumes 
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4.2.2 Heavy RUC  

Variables considered for the JC included:  

• Real GDP (GDPZ) – since heavy RUC is heavily composed of trucking and freight activity, 

which in turn are dependent on supply side factors (production) GDP as opposed to GNE 

(which only measures expenditure) is likely to be the dominant macro driver of heavy 

RUC.  

• Business investment (INVZ) – similar to GDP, except the business focus of heavy RUC 

may mean that investment reacts more strongly than broader economic activity. 

• Stock of commercial vehicles (SCV) – defined as the stock of motor vehicles less 

passenger vehicles, as most commercial vehicles are not passenger vehicles.  In 

particular, vehicles subject to heavy RUC are almost exclusively commercial in nature. 

• Working age population (POP1564) – other things equal, growth in the working age 

population means more people producing goods and hence more demand for freight. 

• Price of heavy RUC (PHRUCZ) – the dominant price driver for heavy RUC.  It is a volume 

weighted index, representing an average rate of all RUC types over 6 tonnes, with a 

constant volume base to ensure that changes in the index are caused solely by changes 

in individual RUC rates and not by changes in kilometres 

• Pump price of diesel (PDSLPMPZ) – another key price factor relevant for heavy RUC 

volumes.  However we would not expect a strong relationship, since the volume of 

freight is driven more by the demand for freight (the need to transport goods) rather 

than cost factors.  A high degree of price pass-through from freight providers to users of 

freight services, shifting the price impact from providers to users, for whom the cost of 

transport may be only a small part of overall costs.  Thus, the expected elasticity of price 

on demand is not clear, and may reflect outside factors in decision making. 

In deciding on the final specification of the model, the following combinations of the above 

variables were considered in dynamic modelling stage: 

• GDPZ, POP1564, SCV 

• INVZ, POP1564, SCV 

• GDPZ, POP1564, SCV, PDSLPMPZ 

Specifications using the price of heavy RUC in the long run were tested, and the inclusion of 

the own price provided no additional benefit. 

Table 4.3: Long run specification for Heavy RUC volumes (net Km) - vehicle stock 

 Variable name Coefficient SE Probability 

lHRUCVN     

 C 18.3981 5.76858 0.0030 

 lGDPZ 1.75105 0.248152 0.0000 

 lPOP1564 -1.10472 1.93241 0.5711 

 lSCV -0.55182 0.82195 0.5063 

 lPDSLPMPZ 0.05166 0.03459 0.1439 

Adjusted R² 0.874522    

Log likelihood 87.64672    

*Time period: 2000 q1 – 2010 q1 
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The coefficients on some of the explanatory variables may at first glance seem 

counter-intuitive.  Specifically, we would expect GDP, population and the stock of commercial 

vehicles each to react positively with heavy RUC kilometres.  The direction of the coefficients, 

and the Durbin Watson statistic exceeding 2, is indicative of co-linearity between the 

explanators; the three variables influence each other as well as heavy RUC.   

The absence of significant price movements throughout much of the estimation period has 

resulted in a very smooth series, allowing for a surprisingly high fit for the long run 

specification. 

The price of diesel is found to positively relate to heavy RUC.  This likely reflects a lack of 

substitutability between different modes of freight, or simply that price pass through to the 

users of the freight service is sufficiently high to not affect the service providers’ decisions in 

the long run. 

The dynamic equation is shown below, along with its associated statistics. 

Table 4.4: Dynamic specification for Heavy RUC volumes (net Km) 

 Variable name Coefficient SE Probability 

dlHRUC     

 C -0.00355 0.00458 0.4436 

 EC_HRUC -1.10191 0.13279 0.0000 

 dlGDPZ 1.47428 0.49277 0.0051 

 dlPHRUCZ(1) 0.69506 0.16255 0.0001 

 dlPHRUCZ(-2) -0.38483 0.18308 0.0428 

Adjusted R² 0.701452    

Log likelihood 97.18902    

*Time period: 2000 q2 – 2010 q1 

First, the strength of the EC term likely reflects the significant volatility that has been observed 

in heavy RUC kilometres over the last few years as the global economic downturn affected the 

volume of production and freight in the economy.  In other words, there have been a lot of 

exogenous factors in recent times that have shifted the dynamic specification of heavy RUC 

away from its long term trend.  That the coefficient on the EC is slightly higher (in absolute 

value terms) than 1 indicates that it will attempt to over-correct when the dynamic path 

deviates from the long term trend.  

The final model is heavily reliant on the strength of the error correction component, but is 

consistent with economic theory of the demand for heavy vehicles.  GDP growth exhibits a 

strong positive relationship with heavy RUC, as more GDP means more production and hence 

more demand for freight.   

The lead on the RUC price reflects the same administrative impact observed in light RUC, 

whereby users bring forward their purchase of RUC licences without needing to bring forward 

the actual usage of those kilometres.  The absence of a net negative sign on the RUC price 

suggests that price pass through of the RUC licence occurs, and is likely not observed by the 

end consumer separately from other cost pass-throughs. 



Review and redesign of the NLTF forecasting model 

Deloitte Access Economics Commercial-in-confidence 
 

Chart 4.3: The long run model (logged-levels) 

and the (error correction) residual, Light RUC 
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Chart 4.4: In-sample performance of the 

forecast model for Light RUC volumes 

-.08

-.06

-.04

-.02

.00

.02

.04

-.15

-.10

-.05

.00

.05

.10

00 01 02 03 04 05 06 07 08 09

Residual Actual Fitted

Additional variables considered in the short run specification included: 

• The bank lending rate (i90) – used as a more reflective rate of the cost of borrowing to 

business than the mortgage rate.  In fleet purchase decisions, as well as other large 

investments, the cost of finance plays an important role. 

• The pump price of petrol (PPETZ) – the most relevant cross price, considered principally 

for completeness.  The closeness of movements between petrol and diesel prices means 

each variable likely estimates the impact of both its own price and partial cross price 

impact. 

• The unemployment rate (UNRTE) – a proxy for current and future expectations about 

the state of the economy.  On aggregate, businesses may have a better picture of the 

economy going forward, and overall hiring expectations. 

4.2.3 RUC Admin 

RUC Admin is charged on each RUC transaction processed through the NZTA.  While the 

number of administration charges levied should correlate well (presumably 1-to-1) with the 

total volume of transactions in the revenue streams, the value of those transactions does not.  

Different administration fees may be charged according to the revenue channel and the total 

value of the transaction.   

Modelling approaches considered both RUC volumes and revenues, and examined the impact 

separately of light and heavy RUC.  Forecasts of RUC administration as a share of total RUC 

revenue were also examined.  However, no suitable model formulation was found.  Deloitte 

Access Economics therefore recommend the use of a stylised projection methodology, where 

RUC administration revenue is estimated as a constant share of total RUC revenue.  A column 

is included in the model which allows the Ministry to make manual adjustment to the forecast 

should that be deemed necessary. 
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4.2.4 RUC Refunds 

RUC refunds have previously been forecast as either a moving average of earlier outcomes 

(which cycles towards a stationary forecast), or more recently as a proportion of total nominal 

RUC revenue.   

Because there are no distinct long run economic relationships between RUC refunds and any 

economic independent variables considered for this project, estimation of an error correction 

component model has been bypassed. Reflecting the direct administrative relationship of RUC 

refunds to RUC activity, attempts to model RUC refunds using economic explanators produced 

unjustifiably volatile forecasts. 

For the Ministry’s reference, a brief description of the modelling approach is presented here. 

The general dynamic model formulation included RUC revenues for light and heavy vehicles, 

RUC volumes for light and heavy vehicles, as well as GDP and its separate components: 

household consumption and private investment.  The economic variables dropped out early, 

reflecting the direct administrative relationship to RUC activity. 

RUC volumes have been preferred to RUC revenues as the explanatory factor.  This is because 

RUC revenue variables seem to draw the majority of its significance from the large RUC refund 

outlier found in 2009Q4. Rather than have this drive the significance of variables in the model, 

a dummy variable (DUM_RUCREF) was created to negate its impact on the model.  

However, even with all this taken into account, the forecasts for RUC Refunds remained 

unjustifiably volatile.  Modelling refunds as a proportion of total revenues (or volume) 

performed no better. 

As such, Deloitte Access Economics recommend the use of a stylised projection methodology.  

In this case the relatively narrow range in which the refunds proportion of revenue (typically) 

lies suggested projecting refunds as a constant proportion of RUC revenues.  Consistent with 

other stylised forecasts, this average is based on the last five years of outcomes, and held 

constant in the forecast and projection periods.  A column is also included in the model which 

allows the Ministry to make manual adjustment to the forecast should that be deemed 

necessary. 

4.3 Fuel Excise Duty revenue 

4.3.1 PED revenue 

PED revenue is forecast using an implied volume series derived from the revenue collections 

and the rate per litre at which the excise is charged.   

The Ministry sourced data from Customs that should have matched the underlying base 

volumes for Petrol, and thus been suitable for modelling.  However, attempts to match this 

against the volumes implied by the revenue data showed significant discrepancies.   

At the time of modelling, Customs had not provided a suitable explanation for the discrepancy, 

and so implied volumes were used as the model base.  This choice was based foremost on the 
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need to have a consistent base on which to forecast revenue, the principal objective of this 

modelling. 

In considering the co-integrating relationships that may exist with PED (and thus petrol usage) 

volumes, the following variables were considered: 

• Real GDP (GDPZ) – petrol usage within an economy should reflect the overall level of 

activity in the economy.  

• Real GNE (GNEZ) – more specifically, petrol usage may be expected to reflect levels of 

activity domestically, effectively assuming away export activity as a significant user of 

petroleum.  

• Real household consumption (HHCON) – in most economies usage of petrol (as distinct 

from other automotive fuels) is dominated by smaller vehicles such as those used by 

households.  To the extent that petrol usage is tied to household activity, different 

behavioural responses may be reflected by household consumption.  

• The stock of passenger vehicles (SPV) – though not perfectly aligned, the passenger 

vehicle market has traditionally been dominated by petrol driven vehicles.  The vehicle 

stock then reflects the pool of potential petrol users, though usage levels may still vary 

relative to the stock.  

• Demographics (POP1564, POP65) – both working age and post-working age populations 

were considered.  Again, these represent the pool of potential petrol consumers, and 

the two groups may have different overall usage patterns, making the relative size of the 

two pools a potentially important factor.  

• Vehicles per capita (VPERC) – an aggregate measure capturing some of the factors 

discussed in the two dots above, and some of the interactions between them.  

Passenger vehicles per capita (aged 15+) may show more dramatic shifts as usage 

patterns change between demographic groups than is seen in the demographic 

composition alone.  

• The (real) petrol pump price (PPETZ) – the most visible single cost associated with 

driving a petrol car, after the initial purchase has been made.  While the stock may only 

respond slowly to changes in relative vehicle prices, users can respond rapidly by 

adjusting usage in response to immediate cost fluctuations.  

• The (real) diesel pump price (PDSLZ) – the principal cross price term.  Responses to 

diesel prices are expected to principally reflect the long term purchasing decisions 

regarding vehicles.  With the emergence in recent years of an increasing diesel driven 

passenger vehicle market, the importance of the cross price may be greater in the 

future.  

• The interest rate wedge (IWEDGE) – defined as the difference between the bank (90 

day) lending rate and the mortgage lending rate.  While the 90 day rate should be 

reflective of activity in the domestic economy, the mortgage rate reflects the cost of 

borrowing internationally (including exchange rates, credit ratings and risk).  The wedge 

then measures the cost of borrowing relative to the performance of the economy, the 

consumers’ burden. 

After considering alternate sets chosen from the above on theoretical grounds, the following 

combinations were assessed as worthy of further consideration: 

���� Model A: GNEZ, PPETZ, PDSLZ 

���� Model B: GDPZ, PPETZ, PDSLZ 
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���� Model C: GDPZ, HHCON, PPETZ 

���� Model D: GDPZ, POP1564, POP64, PPETZ 

That is, they satisfied the Johansen Co-integration test to determine the presence of a long run 

relationship.  Each set was then modelled as an equation and the stationarity of the residual 

examined, as was the ability to sensibly interpret the coefficients.   

At this point, it was noted that the LR coefficients on Petrol and Diesel prices in models A and B 

had counterintuitive signs on the coefficients.  This is likely due to the high correlation in 

movements between petrol and diesel prices, suggesting that the inclusion of the cross price 

adds little to no information not already contained in the own price variable.   

In determining the long-run relationships the models were initially tested over the longest data 

range possible for each variable set.  However, the models showed a consistent “kink” which 

on closer examination was revealed to relate to the petrol/diesel prices. 

Building the spreadsheet mechanism for translating world oil prices into impacts on the New 

Zealand pump price revealed a significant break in the conversion rate.  This rate captures both 

the physical rate of conversion, along with costs incurred between the trading market and the 

consumer, which include: 

• freight costs; 

• insurance; 

• wharfage; 

• taxes and levies; 

• freight adjustment; and 

• importers and refiners margins. 

Chart 4.5: Conversion rates - Crude oil to Petrol and Diesel 
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While the cause of this break is not clear from this analysis, re-examining the co integrating 

relationships from the period commencing September quarter 1999 improved the overall 

strength of the relationships considered.   

Each one of these models was then used to generate an error correction (EC) component for 

use in a general model.  Two candidates were initially selected based on the overall 

performance of the General form model, though after completing the general to specific 

modelling process were found to be unsuitable for the Ministry’s needs.   

Model A had counterintuitive coefficients on the petrol price, and the final version of model D 

had no own or cross price elasticities.  Model C was then selected from the remaining two 

models, having expected coefficients on the price term and a good initial fit.   

In considering the relative performance of general form models Deloitte Access Economics 

considered the adjusted R², the Akaike Information Criterion and the Schwarz Information 

Criterion.  Elimination of variables was in order of worst fit, as determined by the t-statistic (or 

adjusted t-statistic).  Some judgement was applied in reducing the variable set, and any 

variations from the above are noted in the model code in Eviews. 

The final error correction model is estimated by a two-stage least squares method.  The first 

equation is shown below, along with its associated statistics. 

Table 4.5: Long run specification for PED volumes 

 Variable name Coefficient SE Probability 

lPEDV     

 C 12.56865 2.782867 0.0001 

 lGDPZ 0.07217 1.250062 0.9542 

 lPPETZ -0.16468 0.123885 0.1913 

 lHHCON 0.33374 1.085525 0.7601 

Adjusted R² 0.072182    

Log likelihood 56.09192    

*Time period: 1999 q3 – 2010 q2 

While the overall model fit appears poor, the strength of the LR relationship is strong.  The low 

R²adj simply reflects the relatively high volatility of petrol volumes compared to the relatively 

stable economic indicators, but this is not problematic as the LR relationship is not required to 

explain short term movements, but overall trends.   

The dynamic equation is shown below, along with its associated statistics. 
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Table 4.6: Dynamic specification for PED volumes 

 Variable name Coefficient SE Probability 

lPEDV     

 C -0.00288 0.01177 0.8086 

 EC_PEDV -0.93528 0.13938 0.0000 

 dlINVZ 0.30623 0.13133 0.0271 

 dlGDPZ(-1) -4.33134 1.13623 0.0007 

 dlGDPZ(-2) 4.44253 1.15281 0.0006 

 dlINVZ(-3) -0.65914 0.18345 0.0012 

 dlVPERC 4.09516 1.56341 0.0141 

 dIWEDGE(-4) -0.14443 0.05623 0.0158 

Adjusted R² 0.843226    

Log likelihood 63.07656    

*Time period: 2001 q2 – 2010 q1 

The strong coefficient on the EC term (close to -1) indicates that the model will close any 

discrepancies in the long-term equation quickly.  The overall economic contribution of GDP is 

captured principally through the long run specification, and thus the dynamic coefficients are 

principally related to timing.  The net negative on investment (INVZ) shows the closer ties to 

household consumption exhibited in petrol consumption, which is also shown by the presence 

of household consumption in the long run specification.   

Vehicles per capita (more strictly, per thousand as calculated) reflect a combination of factors, 

including planning for future consumption, demographic factors and broader preference 

changes.  Importantly, it picked up the marked change in purchase behaviour flowing from the 

GFC.  The interest rate wedge picks up the costs of finance, another car purchase determinant, 

suggesting higher interest rates defer or end purchase planning.   

Chart 4.6: The long run model (logged-levels) 

and the (error correction) residual, PED 
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Chart 4.7: In-sample performance of the 

forecast model for PED volumes 
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Additional variables considered in the short run specification but not selected in the final 

model included: 

• Investment activity (INVZ) – a more general measure than that found in the National 

Accounts, defined here as GNEZ-HHCON-GCON; or domestic activity less final 

consumption.  This measures activity in the economy directed towards increasing future 

productive output.  Wherever an equation relates GDPZ or GNEZ, coefficients on INVZ 

(or alternately HHCON) reflect the weight of the forecast variable in that sector of the 

economy relative to the whole.  Here, we would expect a (net) negative coefficient. 

LPG excise revenue 

Similar to the approach taken for PED volumes, underlying LPG volumes were derived from the 

revenue data and excise rate.   

However, over the estimation period the rate of excise has remained unchanged at 10.4 c/L, so 

the new model base is effectively only a scalar multiple of the revenue data.   

In considering the co-integrating relationships that may exist with LPG volumes, the following 

variables were considered: 

• Real GDP (GDPZ) – fuel usage within an economy should reflect the overall level of 

activity in the economy.   

• Demographics (POP1564) – the working age population reflects the potential demand 

for private driving. Additionally, their consumption spending reflects the additional 

usage of light commercial vehicles, as heavier vehicles generally cannot run efficiently 

on LPG. 

• The (real) petrol pump price (PPETZ) – the most visible single cost associated with 

driving a petrol car, after the initial purchase has been made, and the price of the 

relevant substitute fuel for LPG.  While the stock may only respond slowly to changes in 

relative vehicle prices, users can respond rapidly by adjusting usage in response to 

immediate cost fluctuations.  Petrol vehicles in the existing fleet may be converted with 

relative ease to run on LPG fuel. 

After assessing alternate specifications chosen from the variables above, based on the 

theoretical considerations discussed above, the following models were selected for further 

testing:  

���� Model A: GDPZ, POP1564 

���� Model B: GDPZ, POP1564, PPETZ 

Other specifications did not satisfy the Johansen Co-integration test.  Each set was then 

modelled as an equation and the stationarity of the residual examined, as was the ability to 

sensibly interpret the coefficients.   

Each one of these models was then used to generate an EC component for use in general to 

specific model testing.  At the general stage, both models were examined and found to be of 

near identical suitability based on the general model specification, and signs on coefficients 

were sensible.   
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In assessing models a suite of assessment statistics were used, with most focus being on the 

adjusted R², and the Akaike and Schwarz Information Criterion.  In moving from general to 

specific model forms variables were dropped in order of worst fit as initially signalled by the 

t-statistic, and any deviations from this path are noted in the Eviews code. 

Upon final assessment, model B was found to provide the best available final model, as 

assessed by the same suite of critical statistics.  The final error correction model is estimated 

by a two-stage least squares method.  The first equation is shown below, along with its 

associated statistics. 

Table 4.7: Long run specification for LPG volumes 

 Variable name Coefficient SE Probability 

lLPGV     

 C 18.22479 4.860690 0.0005 

 lGDPZ 2.44122 0.293312 0.0000 

 lPOP1564 -3.30588 0.933547 0.0010 

 lPPETZ 0.11969 0.109538 0.2808 

Adjusted R² 0.864415    

Log likelihood 64.88944    

*Time period: 1991 q1 – 2010 q2 

The overall strong fit of the long run model is reflective of the (relatively) low quarterly 

volatility observed in LPG usage volumes.   

The dynamic equation is shown below, along with its associated statistics. 

Table 4.8: Dynamic specification for LPG volumes 

 Variable name Coefficient SE Probability 

dlLPGV     

 C 0.02271 0.014821 0.1353 

 EC_LPGV -1.00630 0.181663 0.0000 

 dlGDPZ 3.34959 1.455997 0.0281 

 dlHHCON -3.69406 0.996718 0.0008 

 dlHHCON(-1) 1.62191 0.805321 0.0525 

 dlHHCON(-2) -1.24396 0.693651 0.0824 

 dlHHCON(-3) -2.46530 0.838216 0.0060 

 dlVPERC 4.56021 1.133363 0.0003 

Adjusted R² 0.664404    

Log likelihood 70.65587    

The strong coefficient on the EC term (close to -1) indicates that the model will close any 

discrepancies in the long-term equation quickly.  The positive coefficient on lGDP tells us that 

LPG usage generally grows with economic activity, and unsurprisingly with the price of the 

principal alternative fuel, Petrol (that is, the model has a positive cross price for substitutes).  

Meanwhile, the negative coefficient on (working age) population simply controls for the 
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strength of growth implied by GDP, as the two grow in proportion over sufficiently long time 

spans. 

As with all the EC models discussed here, the dynamics of the model represent only the 

behaviours that can “knock” behaviour off its long term path.   

Where household consumption behaviour deviates from broader GDP growth, it temporarily 

detracts from fuel consumption behaviours.  Presumably reflective of increased spending 

being biased towards more short term consumables. 

However, when the two are growing in harmony, the net impact is negative, and the 

theoretical relationship with movements in vehicles per capita probably explains most of this.  

When prospects for the economy are good in the long term, they are good for long term 

consumption planning, such as the purchase of motor vehicles. 

Chart 4.8: The long run model (logged-levels) 

and the (error correction) residual, LPG 
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Chart 4.9: In-sample performance of the 

forecast model for LPG volumes 
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Additional variables considered in the short run specification but not selected in the final 

model included: 

• Investment activity (INVZ) – LPG’s usage as a fuel is naturally linked to lighter tonnage 

vehicles, and thus was always unlikely to relate well. 

• The 90 day interest rate (I90) – highly correlated with economic activity, current rates 

should be reflective of official expectations for future economic activity.  This variable 

should relate closely to the official overnight cash rate.  Thus this variable will likely only 

prove significant when expectations of future conditions are significantly more 

important than current conditions.  

• The interest rate wedge (IWEDGE) – a purely financial indicator, reflective of the global 

cost of borrowing over and above the 90 day rate.  Thus, this variable measures the cost 

of borrowing relative to the future performance of the economy. 

• The stock of passenger vehicles (SPV) – the principal point of use for LPG fuel.  However, 

this variable is highly correlated with the VPERC measure, and its inclusion is likely only 

in circumstances where vehicle stocks and the population exhibit a change in their 

expected relationship. 
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Many of these variables were not expected to provide explanatory power, but were included 

for completeness in the model.   

4.3.2 CNG excise revenue 

Attempts to develop a trend specification for CNG revenue used the same theoretical 

framework as for LPG excise, with the addition of a trend series from March 2002, when the 

decline in CNG usage stabilised somewhat.   

Further testing of a possible dynamic specification for CNG excise revenue growth (or decline) 

was based on the same suite of variables.  Neither specification produced a forecast model of 

sufficient quality. 

Instead, Deloitte Access Economics propose a forecast method of maintaining the forecasts at 

the average level observed over the previous four quarters.  Key considerations are: 

• the small and declining size of CNG in the excise revenue pool makes an approximation 

sufficient for most purposes; 

• recent behaviour suggests that CNG consumption will asymptotically approach zero, 

declining by less each year than it did in the previous period.  This likely reflects the 

ageing of the remaining CNG driven fleet, with most substitution to other fuels having 

already occurred; and 

• a simple growth rate model is likely to over estimate the annual decline in CNG usage, 

based on the observed decaying approach to zero revenue. 

4.3.3 FED refunds 

Fuel excise duty refunds have previously been forecast as proportions of each revenue 

component, before being summed together for an aggregate refunds forecast. 

Because there are no clear long run links to the macro-economy, estimation of an error 

correction component for this revenue head has been bypassed.  Instead, Deloitte Access 

Economics considered a dynamic specification for revenue estimation, both in level, and as a 

proportion of other excise revenues.  As with other excise revenue heads, only revenue data 

was available. 

The dynamic formulations considered refunds only in relation to the three excise (gross) 

revenue streams, as no theoretic links to the economy exist outside those already used in 

modelling the three gross revenue streams. 

However, no model formulation produced a strong fit that did not also exaggerate the 

volatility present in FED refunds.  As such, Deloitte Access Economics propose to maintain the 

“proportion of revenue” approach. 

Closer examination showed that, despite the high proportion of LPG and CNG excise revenue 

that is refunded, calculating the separate proportions of revenue refunded produced little to 

no appreciable gain in the quality of fit.  Indeed, outside of the seasonality of the series, which 

is controlled for in the new model, they provided no assistance. 
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Further, the declining importance of LPG and especially CNG in the excise revenue pool, 

forecasting based on the aggregate pool of revenue provides both a sensible and defensible 

forecast.  As with similar projections, the forecast proportion is determined by the average 

refund share of gross revenue over the past five years. 

4.4 Registrations revenue 

4.4.1 MR1 

Volumes underlying the MR1 revenue stream represent the number of transactions 

undertaken between end users and the New Zealand Government in continuing the 

registration of a currently registered vehicle. 

The initial modelling approach has always been to use the greatest range of data available 

given the variables used in the model.  However, administrative changes to relicensing have 

impacted directly on volumes of transactions and revenues differently. 

In examining alternative specifications for MR1 transaction volumes (MR1V), the following 

chart revealed two significant structural changes. 

Chart 4.10: structural behaviour of log(MR1V) 
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For now, we ignore the choice of long run inputs and focus on the revealed behaviours of MR1, 

which appear consistently across all the specifications considered.  The first of note is the clear 

change in trend behaviour in 1997, the timing of which matches the introduction of 3 month 

licences.   
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The second is the persistent period of over, then under estimation through 1997 to the early 

2000’s.  The cause of this “flux” is less clear, but may reflect a change in behaviour related to 

administrative issues.   

The third is the flattening of this trend in the late 2000s.  This appears to reflect a maturing of 

the term structure of licensing, though some of this may also relate to the state of the New 

Zealand economy at that time.   

While shorter term licences require smaller payments, they exhibit a mark-up over the 

equivalent cost of a longer licence.  The effective cost of a three month licence is greater than 

that of a six month licence, which is greater than the cost of a 12 month licence for the same 

period.  The degree of mark-up varies across vehicle categories, but the two tier mark-up 

persists across the license system.   

In considering the co integrating relationships that may exist with transaction volumes, the 

following variables were considered: 

• Real GDP (GDPZ) – petrol usage within an economy should reflect the overall level of 

activity in the economy.  Additionally, in changing financial times different users will 

adapt by shifting towards smaller individual payments (towards 3 month licences) or 

lower total costs (towards 12 month licences). 

• The stock of motor vehicles (SMV) – using the NZTA/TRC licensed cars data which are 

available quarterly as the base.  Each licensed vehicle must be registered at least once in 

each 12 month period or be de-registered on or before the end of its existing license 

period. 

• Disaggregated vehicle stocks (SPV, SCV) – the NZTA/TRC stock of cars is used as a proxy 

for the stock of passenger vehicles.  The stock of commercial vehicles (SCV) is derived as 

the difference between the number of licensed vehicles and licensed passenger vehicles.   

���� While these series are imperfect matches theoretically, as long as the mismatch is 

a relatively stable proportion (or stable trend proportion) of the overall stock, the 

proxy series is a sufficient estimator. 

• Disaggregated economic inputs (HHCON, GCON, INVZ) – the three components of 

domestic final demand, all in real terms (despite the absence of Z notation on the 

consumption components).  The separate inclusion of the three components is to 

capture the differing vehicle use across the three sectors, relative to their level of 

activity. 

After assessing alternate specifications chosen from the variables above, and shortening the 

sample period to begin in 2000 based on the factors discussed earlier, the following models 

were selected for further testing:  

���� Model A: GDPZ , SPV, SCV 

���� Model B: SMV, HHCON-1, GCON-1, INVZ-1 

These two results are more consistent than the may first appear.  Model A uses aggregate 

activity and breaks down the vehicles classes, while model B uses aggregate vehicles but 

breaks down the economy according to how sectors of the economy may use them. 
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At this stage, two long run relationships show similar overall performance against our 

indicators, but the model based on relationship A outperforms that of model B in its final form 

on all indicators.  Additionally, recent errors appear to be smaller and less skewed. 

The final error correction model is estimated by a two-stage least squares method.  The first 

equation is shown below, along with its associated statistics: 

Table 4.9: Long run specification for MR1 transaction volumes 

 Variable name Coefficient SE Probability 

lMR1V     

  C -10.2624 1.846146 0.0000 

 lSPV 1.04863 0.375029 0.0084 

 lSCV 0.62370 0.152732 0.0003 

 lGDPZ 0.04235 0.262931 0.8730 

Adjusted R² 0.982347    

Log likelihood 102.6412    

*Time period: 2000 q4 – 2010 q1 

The overall strong fit of the long run model is reflective of the low quarterly volatility observed 

in relicensing, as behaviour is driven by a stock that responds slowly to changes.   

The dynamic equation is shown below, along with its associated statistics: 

Table 4.10: Dynamic specification for MR1 transaction volumes 

 Variable name Coefficient SE Probability 

dlMR1V     

 C -0.00004 0.002584 0.9871 

 EC_MR1V -0.32887 0.078736 0.0002 

 dlGDPZ(-1) 0.44625 0.192343 0.0276 

 dlMR2V(-3) 0.09911 0.037672 0.0135 

 dIWEDGE(-4) 0.02101 0.009784 0.0402 

 dlPMR1Z -0.37499 0.086067 0.0002 

 dlPMR1Z(-1) -0.05068 0.058385 0.3925 

 dlPMR1Z(-2) -0.13061 0.049954 0.0140 

 dlPMR1Z(-3) -0.10468 0.046391 0.0317 

Adjusted R² 0.750263    

Log likelihood 126.9942    

*Time period: 2001 q1 – 2010 q2 

The relatively mild coefficient on the EC term (closer to 0 than -1) indicates that deviations 

from the normal relationship close relatively slowly, unless further shocks to the system assist 

in closing the gap.  Closing 95% of the gap takes nearly two whole years. 

The presence of real GDP in the dynamics suggests it is often the “source” of breaks from trend 

with the slower adapting vehicle stocks.   
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Chart 4.11: The long run model (logged-

levels) and the (error correction) residual, 

MR1 transactions 
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Chart 4.12: In-sample performance of the 

forecast model for MR1 transactions 
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Additional variables considered in the short run specification included: 

• New vehicle registrations (MR2V) – MR2 represents new registrations while MR1 

represents re-registrations.  Therefore we would expect MR1 to be positively associated 

with a lagged form of MR2 licences.  In other words, a vehicle that is registered for the 

first time in the first quarter of 2010 will need to be re-registered at least once in the 

following twelve months. 

• The interest rate spread (IWEDGE) – defined as the difference between the 90 day rate 

and the mortgage rate, i.e. the cost differential between short and long term funding.  In 

principal, the 90 day rate is driven mainly by domestic activity and the mortgage rate is 

driven by international factors.  Thus the interest wedge gives an indication of the 

relative performance of New Zealand’s economy compared to its ability to finance its 

activity. 

• PMR1Z – the derived own price.  Although not the only associated cost. 

4.4.2 MR2 

In considering model specifications for MR2, co-integrating relationships were considered, but 

found to offer no additional explanatory power in the dynamic framework.  For reference 

purposes, variables considered in developing the co-integrating relationships included:  

• national expenditure;    

• investment, employment and exchange rates;  

• the relative prices of driving duties and charges;  

• imports from a number of New Zealand’s major trading partners;  

• general economic activity; and  

• employment and the cost of finance.   

As an alternative to a co-integrating relationship, two difference models were developed: a 

dynamic model for MR2 transactions; and a dynamic model for MR2 revenue, which uses the 

estimated growth in MR2 volumes from the first stage as an explanatory variable. 
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Variables considered in developing the difference model for transaction volumes include:  

• Household consumption – the level of household consumption is a major determinant of 

new registrations, since households are the predominant purchaser of motor vehicle 

registrations in New Zealand. 

• The retirement age population – the purchase decisions of working age and retirement 

age populations differ, reflecting their different income levels and life stage.  Including 

the retirement age population should control for differences in consumption behaviour 

observed in (HHCON). 

• The existing stock of motor vehicles – using data from NZTA/TRC.  The depletion of the 

existing stock of vehicles should be a driver vehicle replacement decision (new 

registrations).  This is driven both by the age of the vehicle stock, and by its absolute 

size. 

• Employment – would be expected to react in a lead fashion.  That is, growth in new 

registrations would react with employment expectations; if consumers are optimistic 

about their future employment situations they will be more inclined to purchase motor 

vehicles.  Similarly, business capital investment decisions for vehicles are, like 

employment expectations, tied to the overall performance of the economy. 

• The exchange rates of major trading partners – data taken from New Zealand Treasury.  

A significant component of the price of a new car imported from overseas is the relevant 

exchange rate.   

 

The final version of the difference model (to project growth in MR2 transactions) is as follows: 

 

Table 4.11: Dynamic specification for MR2 transaction volumes 

 Variable name Coefficient SE Probability 

dlMR2V     

 C -0.007864 0.010901 0.4733 

 dlHHCON 1.481980 0.638985 0.0236 

 dEXJP(-1) 0.007616 0.001659 0.0000 

 dlSMV(-4) 0.137943 0.859253 0.8730 

Adjusted R² 0.331795    

Log likelihood 111.8009    

*Time period: 1999 q3 - 2010 q2 

Perhaps unsurprisingly, consumption behaviour drives the registration of vehicles in New 

Zealand. 
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Chart 4.13: In-sample performance of the MR2 interim volume model 
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The final version of the difference model (to project growth in MR2 revenue) is as follows: 

 

Table 4.12: Dynamic specification for MR2 revenue 

 Variable name Coefficient SE Probability 

dlM2R     

 C -0.003386 0.001711 0.0538 

 dEXTWI(-4) -0.003522 0.000849 0.0001 

 dEXAU 0.234201 0.057561 0.0002 

 DUM_MR2R -0.029350 0.003964 0.0000 

 dlGNEZ 0.328495 0.113582 0.0058 

 dlMR2V 0.870979 0.041487 0.0000 

 dlMR2V(-1) 0.092236 0.027027 0.0014 

Adjusted R² 0.966952    

Log likelihood 168.7406    

*Time period: 1997 q2 – 2010 q2 

The model relates registration revenue to registration volumes, domestic economic activity, 

and the exchange rates of major trading partners.  A dummy variable was added to control for 
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a sharp one-off level shift in 2009, which otherwise dominated the forecast results, reducing 

the model’s effectiveness as a forecasting tool. 

Chart 4.14: The forecast model of MR2 revenue 
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An additional variable has been added to the forecast model to allow for enhanced policy 

testing - the price of MR2 transactions.  For modelling purposes, the derivation of the price 

and the absence of significant changes throughout the sample period mean the price cannot 

be suitably modelled.  Instead, Deloitte Access Economics have added the variable with a 

stylised elasticity of 0.9, representing some underlying volume loss as the price rises. 

4.4.3 MR13 

In developing the co-integrating relationship, the variables considered included: general 

economic activity, the stock of vehicles, and the working age and retirement age populations. 

 

 



Review and redesign of the NLTF forecasting model 

Deloitte Access Economics Commercial-in-confidence 
 

 

Table 4.13: Long run specification for MR13 transaction volumes 

 Variable name Coefficient SE Probability 

lMR13V     

 C 14.94825 1.560372 0.0000 

 lPOP1564 -1.684407 0.282012 0.0000 

 lGNEZ 1.013087 0.069497 0.0000 

Adjusted R² 0.931223    

Log likelihood 124.9326    

Durbin-Watson 1.007710    

*Time period: 1997 q1 – 2010 q2 

The residual of this equation is listed below as EC_MR13V. The final form of the long run 

model takes the form below: 

 

Chart 4.15: The long run model (logged-levels) and the (error correction) residual, MR13 
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In the short-run model, variables considered for the general equation included: national 

expenditure, household consumption and the cost of finance, in addition to the error 

correction component. 
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Table 4.14: Dynamic specification for MR13 transaction volumes 

 Variable name Coefficient SE Probability 

dlMR13V     

 C -0.002755 0.003401 0.4223 

 EC_MR13V -0.571131 0.108623 0.0000 

 dlGNEZ 0.842555 0.137591 0.0000 

 dlGNEZ(1) 0.559068 0.144057 0.0004 

 dlGNEZ(2) 0.440363 0.135936 0.0023 

 dlWEDGE(-1) 0.022368 0.009890 0.0288 

 dIWEDGE(-4) -0.042742 0.009623 0.0001 

 dlHHCON(-4) -0.701656 0.293971 0.0215 

Adjusted R² 0.665540    

Log likelihood 147.4589    

*Time period 1997 q2 – 2009 q4 

The final equation takes the form: 

 

Notably, the presence of leads in domestic economic activity suggest that purchasers of 

second hand vehicles (in the domestic market) attempt to account for expectations of future 

activity, at least on a personal or business scale. 

An additional variable has been added to the forecast model to allow for enhanced policy 

testing - the price of MR13 transactions.  For modelling purposes, the derivation of the price 

and the absence of significant changes throughout the sample period mean the price cannot 

be suitably modelled.  Instead, Deloitte Access Economics have added the variable with a 

stylised elasticity of -0.1, the price elasticity of demand. 
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Chart 4.16: The forecast model for MR13 transaction volumes 
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4.4.4 Motor vehicle admin revenue 

Transactions, regardless of type or value, are charged at a set rate of $6.50 per transaction.  

The forecast model will use the total transaction volumes associated with MR1, MR2 and 

MR13 and this price factor to forecast the revenue stream. 

In practice, the observed transaction volumes and administration revenue suggest a flat $6.50 

over states the average price of transactions by more than 20%.   

Therefore, Deloitte Access Economics have applied the growth in transaction volumes to 

revenue outcomes to derive a revenue stream consistent with a no price change policy. 

4.4.5 Motor vehicle refunds 

Motor vehicle license refunds will be payed by the Ministry (or the NZTA as a representative) if 

a vehicle’s registration is cancelled prior to the expiration of the current MR1 license. 

Consequently, the value of refunds should be explained by the number of registration 

cancellations and the average value of licenses upon the cancellation of a registration.  

Due to data restrictions, the volume of cancelled registrations is not available.  In place of 

cancellations, variables including MR1 and MR2 volume, MR1 and MR2 revenue and the total 

stock of motor vehicles have been used as proxies.  A ‘license-share’ variable was used to 

model the average length of license time remaining upon cancellation of registration, and the 

price premium paid on shorter registrations.  This variable measured the share of licenses 
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issued for a period less than or equal to 6 months.  Proxy prices for MR1, as the main licensing 

revenue stream, were also considered. 

Fortunately there seems to be no upward or downward trend in the value of refunds paid by 

the Ministry over the past decade.  Furthermore, this value has fluctuated from a mere 0.1% to 

0.45% of total revenue received from license MR1, registration MR2 and change of ownership 

MR13 revenue streams.  Consequently, because of the consistent long run behaviour of refund 

value, the small impact it has on the total revenue stream and the difficulties of modelling, it 

has been decided that the best forecasting method will be to project refunds as a constant 

proportion of revenue.  

4.4.6 Motor vehicle registration price projections 

By agreement, a default policy assumption of zero growth in like for like prices for all MVR 

revenue streams is used in the model. 

However, MR1 prices over recent years include a clear “like for unlike” component in the 

increasing trend towards shorter term licence renewals.  In part this reflects the increasing 

ease of these transactions, and consumer preferences. 

In projecting MR1 prices it is therefore important to consider the impact of the increasing 

purchase of these shorter term licences.  In particular, they lower prices relative to transaction 

volumes, but increase prices relative to the period of time covered by the licence, as all 

short-term licences are charged with a varying degree of mark-up. 

Finally, the relative newness, or newness of ease of these licence types means that behaviour 

is likely still responding to their introduction.  That is, the system is not mature, and had not 

reached a long run state of equilibrium.  Additionally, it is unclear what the share of licences of 

each frequency is likely to be. 

Given the relative stability of the implied price in history, and unclear picture of where the 

licence share (those less than 12 months) might settle, Deloitte Access Economics proposes a 

simple projection methodology. 

By default, the licence share is assumed to be the average share of the preceding four 

quarters.  This will bias the projections upwards, relative to the trend decline.  However, this is 

justified as the risk of projecting a much lower licence share than the true “mature state” is 

high if any trend projection is used. 

In a second phase, a parameter is set to determine the pass through of changes in the licence 

share to changes in actual MR1 prices.  Modelling suggests a value of between -0.05 and -0.10 

for this parameter, though care should be taken in placing too much value on these results, as 

the explanatory power of this model is weak.   

For this reason, the default parameter in the model is -0.05, a conservative but defensible 

estimate. 
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4.5 Rules for longer term projections 

The forecast equations are primarily aimed to produce revenue forecasts for a period of five 

years ahead, consistent with the forecast horizon used by New Zealand Treasury for key 

economic data.  Those projections for key variables from New Zealand Treasury incorporate 

views on the short term economic cycle. 

The model also provides for revenue projections beyond that five year period, up to 20 years 

ahead, where the projections beyond five years are based on longer term trends. 

Previous versions of the model included options for longer term trend factors with the default 

being the average growth rate from the past ten years and five years of forecasts.  With this 

version of the model, rather than applying an arbitrary historical average growth rate, we 

extend the path for explanatory variables for a full 20 years. 

The 20 year projections for explanatory variables are consistent with longer term projections 

generated by New Zealand Treasury.  Where possible they are taken from New Zealand 

Treasury’s Long term Fiscal Statement released in October 2009, or otherwise based on 

variables which are included within those long term projections.  The longer term projections 

are essentially supply driven projections, with the rate of expected population growth, and the 

age of the population determining expected growth in New Zealand’s labour force over time.  

A trend rate of growth is then used for labour productivity to determine trend growth in GDP 

over time.  Price variables are held at a trend rate of growth over time. 

Note that these longer term projections should be interpreted as projections based on trends 

rather than year-by-year forecasts.  The economic cycle will no doubt continue over this time 

frame (and contribute to cycle in growth rates for the revenue items being projected), but in a 

way which cannot be predicted so far ahead. 

Note that while we have provided longer term forecasts based on a trend path for key 

explanatory variables, alternate scenarios over the longer term can still be considered.  This 

would be done through examining different paths for those explanatory variables over time. 
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5 Forecast results 
This chapter provides the forecasts used for key explanatory variables, as well as forecasts for 

the various revenue components within the NLTF. 

5.1 Forecasts for economic variables 

Where available, short term forecasts for economic variables are based on the latest forecasts 

available from New Zealand Treasury, as provided to Deloitte Access Economics by the 

Ministry.  Beyond 2015, trend rates used in Treasury’s Long term Fiscal Statement (LTFS) (NZ 

Treasury 2009) are applied to generate long term projections.  In some cases differing growth 

rates between short term forecasts and LTFS projections made it necessary to smooth growth 

rates to enable a smooth transition between data sources. 

The forecasts presented herein are based on underlying economic forecasts from New Zealand 

Treasury prepared prior to the Christchurch earthquake.  As such, they likely overstate 

economic outcomes and would thus be expected to overstate reported revenues. 

Real and nominal GDP 

GDP growth rates are central to many of the modelling equations used in this study.  Chart 5.1 

shows that over the next couple years as New Zealand recovers from the GFC, the economy is 

expected to grow strongly.  Treasury expects real GDP to grow by almost 3% over the next year 

(from 2010-11 to 2011-12), and 4% from 2011-12 to 2012-13. 

Beyond 2012-13 however, GDP growth is expected to revert gradually toward its projected 

long term trend.  The longer term trend, as reflected in Treasury’s LTFS, is for the rate of GDP 

growth to gradually fade over time, reflecting the expected growth path in New Zealand’s 

labour force over time.  By 2030 the rate of real GDP growth is expected to be around 1.9%, 

and the rate of nominal GDP growth around 3.9%. 
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Chart 5.1: Projected annual growth in GDP 
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Source: NZ Treasury 

Domestic spending 

In addition to GDP, several of the modelling specifications considered use estimates of Gross 

National Expenditure (GNE).  GNE is a measure of the income earned from all domestic 

spending; for this analysis it is the sum of all expenditure on all goods and services purchased 

domestically1.  Whereas GDP is a measure of goods produced domestically, GNE measures 

spending on all goods within the home country, including goods produced overseas.  In a world 

of economic autarky, GNE would be approximately equal to GDP.  Chart 5.2 shows long term 

forecasts for GNE, household consumption and government consumption.   

Some of the modelling specifications also consider investment, which has been proxied by 

subtracting the sum of household and government consumption from GNE in the forecast 

horizon, and projections are grown in line with GDP.  Technically, this is an overestimation 

since GNE also includes imports.  However, because imports are not used in any models, 

because the growth rates between activity and investment should be consistent, and because 

the growth rates ultimately matter more in the model, for modelling purposes this proxy is 

considered reasonable.  

Both household and government consumption expenditure are major aggregates which are 

potential drivers of transport revenues.  Short term forecasts for household consumption 

growth are lower than for GDP growth, reflecting a period where household savings lifts in 

                                                           

1
 While GDP is defined as GDP = C+I+G+(X-M), GNE is defined as GNE = C+I+G+M.  The difference is, quite simply, 

what the home country’s net production versus what the home country spends money on. 
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order to reduce household debts.  Beyond 2015, household consumption is seen as growing in 

line with GDP.  For this analysis, GNE is also assumed to grow at the rate of GDP.  Although 

technically growth in GNE differs according to the growth of its individual components, a GDP 

growth assumption is likely to be fairly close to the actual growth rates (particularly in the 

longer term) and it simplifies the task of constructing and updating various model 

specifications. 

Government consumption expenditure is also more modest than GDP growth over the next 

few years, to help restore the New Zealand fiscal position after a period of much higher 

spending through the GFC.  Beyond 2015, using the LTFS profile, government expenses grow at 

a faster rate than GDP growth, partly because of the pressure on health and social security 

costs from an ageing population.  These pressures may be offset over time by higher taxes or 

spending cuts, though the LTFS does not show these (highlighting the impact on the budget if 

current trends continue). 

Chart 5.2: Projected growth in household and government consumption, real 
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Source: Deloitte Access Economics estimates based on NZ Treasury data 

Population growth 

Projected population growth is central to many of the modelling equations presented in the 

previous chapter.  Chart 5.3 shows the extent of New Zealand’s ageing demographic profile 

through time.  Over time, retirement age population is expected to grow at a rate more than 

treble that of working age population.  The decline in working age population shown here also 

defines the slowing in the projected rate of GDP growth shown earlier in Chart 5.1. 
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Chart 5.3: Projected population growth 
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Source: NZ Treasury 

Price growth 

General price inflation (CPI and GDP deflator) 

Table 5.1 provides near term estimates (to 2015) of growth in the CPI and GDP deflator, both 

commonly used measures of general price inflation.  The recent depreciation of the $NZ as 

well as the hike in GST are adding to broad price inflation in the short term.  By 2015 however 

those patterns are expected to reverse, with broad price pressures back in line with the 

Reserve Bank’s central target.  Looking forward to 2030, Treasury’s LTFS projects growth in CPI 

and GDP deflation to level off at 2% per annum. 

Table 5.1: Projected short term growth in CPI and GDP deflator 

Year CPI GDP deflator 

2010-11 4.0% 4.8% 

2011-12 3.5% 3.0% 

2012-13 2.5% 2.2% 

2013-14 2.6% 2.1% 

2014-15 2.4% 2.1% 

Source: NZ Treasury  
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Petrol and diesel prices 

The Ministry provided Deloitte Access Economics with projected prices for fuel (petrol and 

diesel) and oil out to 2030, sourced from the Ministry of Economic Development (MED).  Based 

on this, the updated model now includes a “Fuel prices” tab which shows how the oil price, in 

$US per barrel, ultimately flows through to the pump prices of diesel and petrol paid by 

consumers.  This allows the Ministry to investigate, among other things, the sensitivity of the 

pump price to fluctuations in the oil price; and ultimately oil prices effect on revenue. 

The impact of emissions trading  

New Zealand’s emissions trading scheme (ETS) will cause the end price of fuel to rise.  Under 

the ETS, fuel suppliers are required to hold emissions units (NZUs) for the emissions associated 

with the fuel they use (whether purchased from the refinery or imported).  This cost is likely to 

be passed through to consumers in the form of higher petrol prices.  Therefore, for each 

period beyond March 2011, an ETS adjustment has been calculated, which is a cents per litre 

addition to the retail pump price of petrol and diesel. 

To calculate the adjustment, the estimated carbon price in each period was multiplied by 

standard emissions factors for petrol and diesel, sourced from New Zealand’s climate change 

legislation (SR 2008/356).  Until 2013, various government controls are in place; participants in 

the ETS can buy NZUs for a fixed price of $25, and these account for 2 tonnes of carbon dioxide 

equivalent (t CO2-e).  This makes the effective carbon price $12.50/t CO2-e.  When the controls 

are removed in 2013, the MED assumes the carbon price will jump to $50/t CO2-e.  

Although for internal consistency reasons it is necessary to adhere to the MED’s assumptions, 

Deloitte Access Economics believes that the MED’s assumption regarding the behaviour of 

the carbon price following the removal of the price cap is overstated; we caution the 

Ministry that this makes our revenue forecasts higher than would otherwise be the case. 

Beyond 2013, it is assumed that the carbon price will grow each year at the rate of interest 

(which in this context is proxied by the 90 day bill rate).  This is common practice in climate 

change modelling (see Australian Treasury 2008).  The theory is derived from Hotelling’s rule, 

which states that the price of a non renewable resource should grow at a rate equivalent to 

the discount rate (Hotelling 1931).   
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Using the Hotelling rule to model the carbon price 

Hotelling (1931) considered the case of a non-renewable resource being extracted 

over time, subject to some eventual end point at which the resource runs out.  He 

showed that the efficient release path is attained when the price of the non-

renewable resource grows in line with the discount rate, which can be thought of 

as the return on ‘other’ assets. If the price of the resource grows quicker than the 

return on other assets, firms will enter the market, increasing the supply of the 

resource and lowering its price.  If the price of the resource grows slower than the 

return on other assets, firms will exit the market, reducing the supply of the 

resource and increasing it price. 

Because greenhouse gases accumulate over time, and because there is considered 

to be a ‘tipping point’ beyond which the damage to the ozone layer caused by CO2 

emissions cannot be reversed, the optimal release path of greenhouse gases into 

the atmosphere can be modelled in a similar way to the optimal extraction path of 

non-renewable resources.  The carbon price is analogous to the price of a non 

renewable resource; it is the variable that determines the rate at which CO2 will 

be released into the atmosphere.  Similarly, the ‘tipping point’ for CO2 emissions is 

analogous to the point at which the non-renewable resource ultimately runs out.  

An alternative way to think about it is this.  If the carbon price is growing at less 

than the return on other assets, participants will have little interest in selling 

permits; they would rather continue emitting (using up carbon permits) and invest 

their money in other assets.  This will reduce the supply of permits and push up 

the price.  If the carbon price is growing faster than the return on other assets, 

then firms can earn a better return by holding permits for sale.  Hence, firms will 

abate relatively more, freeing them up to sell permits.  Overall this will increase 

the supply of permits and lower the price.  In the long run, therefore, equilibrium 

in the carbon market is achieved when the carbon price grows in line with the 

return on other assets. 

By 2030, the ETS is expected to result in petrol and diesel pump prices of around 30 c/L 

higher than they would otherwise have been.  However, the ETS adjustment calculated for 

the current project is likely to be an overestimate for the following reasons: 

• The MED’s assumptions regarding the post 2013 carbon price cause a sudden, one-off 

jump in the petrol and diesel prices of about 10c/L in March 2013, which would not 

otherwise have occurred; 

• The relative infancy (and hence imperfection) of carbon markets both in New Zealand 

and overseas may cause the carbon price to grow at below the rate of other assets; and 

• The ETS adjustment assumes that fuel companies pass 100% of the cost increase on to 

consumers.  However, competition amongst fuel companies may encourage some 

companies to partially absorb the cost increase and pass through less than 100%. 

Forecast pump prices for petrol and diesel, inclusive and exclusive of ETS impacts, are provided 

in Chart 5.4.  Driven by a rising US dollar prices for oil and a rapid depreciation of the NZ dollar 

against the US dollar (discussed below) fuel prices are expected to increase rapidly over the 

next five years.  By 2030, the petrol price is projected to be NZ$3.10/L.  Without a carbon price 
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this amount is $NZ 2.79/L.  The diesel price in 2030 is projected to be $NZ 2.31/L, or $NZ 

1.96/L without a carbon price. 

Chart 5.4: Projected fuel prices  
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Source: Deloitte Access Economics estimates 

Fuel excise rates 

In order to estimate the likely future path of excise revenue we need first to estimate the likely 

future path of the relevant excise rates.  The rate of petrol excise (PED) is assumed to grow 

annually at the rate of CPI; there is assumed to be no exogenous change to policy surrounding 

these rates.  By 2030 the petrol excise rate is forecast to be 83.6 c/L.  In the December model 

update, an ETS adjustment was applied to the PED rate to allow for behavioural change in the 

model.  This is no longer necessary because the current model incorporates the pump price of 

petrol, allowing a direct adjustment to be made on that. 

Road User Charges 

In order to project RUC revenues and volumes going forward it is necessary to derive some 

estimate of the average RUC price through history.  To this end, a volume weighted average 

RUC price, using all vehicle types (1-43) and all weight categories (1-60 tonne), has been 

estimated for both light (1-6 tonne) and heavy (7-60 tonne) RUC vehicles.  The RUC rates were 

weighted using average 2000 RUC volumes as a base.  In other words, an average RUC price in 

each quarter was derived assuming that the volume of transactions is constant through time.  

The benefit of a volume weighted base is that changes in the average RUC price (which feed 

into the RUC models in index form) are solely due to changes in price.   
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Looking forward, the average RUC rates are assumed to grow in line with CPI.  By 2030 the 

average RUC rate for both light and heavy vehicles is projected to be 54% higher than today.  

In the December model update, an ETS adjustment was included to allow for behavioural 

change in response to a carbon price.  Because the current model includes the diesel pump 

price, such an adjustment is no longer necessary. 

Exchange rate profile 

The Ministry has provided Treasury forecasts for likely exchange rate movements to 2015.  The 

New Zealand dollar (NZD) is projected to depreciate to 2015; that is, one NZD will buy less 

units of foreign currency.  Treasury expects that by the March quarter of 2015, the NZD will 

have lost some 6% of its current purchasing power against the Australian dollar; about 20% 

against the Japanese Yen; 31% against the US dollar; while the trade weighted index, which 

measures a basket of foreign currencies, is expected to fallen some 22% from current levels as 

shown in (Chart 5.5).   

• The expected depreciation of the local currency against the USD over the next five 

years also contributes significantly to the outlook for fuel prices over the same period 

(see Chart 5.4), since oil prices are specified in USD. 

For modelling purposes, exchange rates beyond 2015 are assumed to be constant.   Although 

in reality exchange rates will of course not be constant, when projecting beyond five years, 

appreciations and depreciations could occur with equal likelihood, and are almost impossible 

to predict.  Therefore, the conservative approach is to hold them constant. 

Chart 5.5: Forecast short term exchange rate profile 
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Interest rates 

The Ministry has also provided Treasury’s short term forecasts for interest rate movements (to 

mid-2015).  In the short term, interest rates for both short and long term funding are expected 

to fall (NZ Treasury 2011).  By the end of 2011, Treasury expects economic activity to have 

recovered sufficiently so as to drive an increase in borrowing and hence the 90 day and the 

mortgage rate (Chart 5.6).   

Chart 5.6: Forecast short term interest rate movements 
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5.2 Forecasts for transport variables 

This section provides Deloitte Access Economics’ forecasts for transport variables out to 2030.  

With the exception of the vehicle stock all of the forecasts presented below are derived from 

the econometric models described in chapter 4. 

Stock of vehicles 

Forecasts for the vehicle stock (total vehicles, passenger vehicles and commercial vehicles) are 

based on long term trend rates used in the Ministry’s Vehicle Fleet Emissions Model (VFEM) of 

between 0.12% and 0.14% per annum.  The vehicle stock is an important input into the various 

MVR models.  Chart 5.7 shows the projections of vehicles to 2030.  By 2030, about 4.1 million 

vehicles are projected to be in New Zealand (compared to about 3.4 million today), consisting 

of 2.8 million passenger vehicles (compared to 2.3 million today) and 1.3 million commercial 

vehicles (compared to 1.1 million today). 
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Chart 5.7: Projected vehicle stock 
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Source: Deloitte Access Economics estimates 

Motor vehicle registrations (volume) 

What follows is a general discussion of our forecasts for motor vehicle registration volumes 

and revenues.  For detail on the economic and other explanatory variables that were used to 

derive the forecasts please refer to Section 4.  

Chart 5.8 presents the forecast transaction volumes, as well as the last few years of actual 

data.  Re-licensing was not significantly affected by the GFC, maintaining a steady growth path 

of between 1 to 3% per annum.  This is to be expected; people still need to drive in a recession 

and adjustments to behaviour based on employment status or prospects are slow.  New 

registrations and change of ownership transactions declined during the GFC, as uncertainty 

over the economic outlook discouraged investments in new cars. 

Being generally unresponsive to external economic shocks, re-licensing transactions (MR1) 

have grown fairly steadily in the past and this is projected to continue throughout the 

projection period.  Over the twenty years to 2030, the number of transactions is expected to 

grow at an average annual rate of 1.7%, slightly below the forecast growth rate of GDP.  By 

2030 the number of transactions is projected to be 38% higher than today.   

Change of ownership transactions (MR13) are similarly projected to grow steadily, at an 

average annual rate of 1.6% over the next twenty years. However, over Treasury’s forecast 

horizon, change of ownership transactions are expected to grow slightly faster than 

re-licensing transactions.  By 2030 the number of transactions is projected to be 40% higher 

than today.   
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New registration transactions (MR2) have been extrapolated out from projected revenue 

(discussed below) using implied forward price estimates.  By 2030 the number of transactions 

is projected to be 8% lower than today.   

Chart 5.8: Projected MVR transactions 
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5.3 Forecasts for revenue 

This section provides forecast for revenue flowing from motor vehicle registrations, fuel excise 

duties and road user charges levied on light (1-6 tonne) and heavy (7+ tonne) vehicles.  The 

forecasts described in this section are derived from a series of econometric models based on 

historic transport data provided by the Ministry. 

Motor vehicle registrations (revenue) 

For re-licensing (MR1) and change of ownership (MR13), revenue has been projected by 

extrapolating out from the projected transaction volumes using implied forward price 

estimates.  Hence, with unchanged (nominal) prices, revenue for these items grows in line with 

the estimated growth in their transaction volumes (discussed above). 

Revenue from new registrations (MR2) is projected to decline slightly throughout the 

projection period.  This follows a significant drop during the height of the economic downturn.  

Over the next five years, depreciation of the NZD:Yen exchange rate (meaning one NZD buys 

progressively less Japanese Yen) contributes negatively to the growth forecast for MR2 

revenue.  Beyond that, MR2 revenue is projected to remain relatively stagnant, albeit declining 

a little. 
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By 2030, revenue from re-licensing is projected to total $253 million per annum (compared to 

$185 million today); revenue from new registrations is projected to total about $21 million 

(compared to $23 million today); and revenue from change of ownership is projected to total 

$9 million (compared to $6.6 million today). 

Chart 5.9: Projected MVR revenues 
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Source: Deloitte Access Economics estimates 

MVR refunds/ admin fees 

Looking forward, MVR admin revenue has been projected by assuming a constant admin fee of 

$6.50 per transaction (and applying this to projected transactions).  In a similar manner, MVR 

refunds have been projected by applying a constant revenue share of 0.25% (being the 

average revenue share over the past five years).  Both these items are relatively small, and it is 

sensible to grow them directly in line with projected MVR transactions and revenue.  By 2030, 

admin revenue is projected to be about $53.3 million per annum, compared to $38.1 million 

today.  By 2030, it is projected that about $715,000 worth of MVR refunds will be paid, 

compared to just under $500,000 today. 
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Chart 5.10: Projected MVR admin fee revenue / refunds 
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Projected RUC revenue 

Over Treasury’s forecast horizon, as the New Zealand economy emerges from the GFC, 

revenue from both light (1-6 T) and heavy RUC is projected to grow strongly, at average annual 

rates of 8.1% and 7.9% respectively.  Beyond that, growth in revenue is projected to slow 

considerably based on slower GDP growth and, in particular, a slowdown in the working age 

population growth rate.  Looking beyond Treasury’s forecast horizon (between 2015-16 and 

2029-30) revenue from light RUC is projected to grow at an average annual rate of 4.0%, and 

heavy RUC revenue at an average annual rate of 4.8%.   

Over the longer term, growth in heavy RUC revenue is expected to be stronger than light RUC.  

Heavy RUC relates directly to the level of economic activity (measured by GNE in this instance) 

and historically has not displayed much seasonal volatility (heavy truck rigs operate all year 

round irrespective of season).  Beyond 2020, growth in light RUC revenue begins to slow, as an 

ageing demographic profile contributes negatively to year on year growth.   

By 2030, light RUC revenue is projected to total $766 million per annum, compared to $322 

million today.  Revenue from heavy RUC is expected to total about $1.8 billion in 2030 

compared to $670 million today. 
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Chart 5.11: Projected RUC revenue  
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Source: Deloitte Access Economics estimates 

RUC admin fees and refunds 

RUC administration and refunds have been projected by assuming that the average share of 

revenue over the past 20 quarters from March 2006 (1.6% for admin fees and 4% for refunds) 

remains constant throughout the projection period.  Although imperfect, this assumption is 

reasonable given that the share of revenue for both admin fees and refunds have not varied 

significantly in history.  By 2030 it is projected that RUC admin fees will total about $41.5 

million, compared to $14 million today, and refunds will total about $103 million, compared to 

$43.5 million today (Chart 5.12). 
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Chart 5.12: Projected RUC admin/refunds 
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Source: Deloitte Access Economics estimates 

Fuel excise revenue and refunds 

Projections for fuel excise and refunds are provided in Chart 5.13. 

PED and LPG revenue 

Petrol is projected to remain the dominant fuel in New Zealand, continually accounting for 

roughly 98% of gross fuel excise revenue.  By 2030 total petrol excise paid by consumers is 

projected to total $2.7 billion, compared to $1.5 billion today, and LPG excise is projected to 

total $73 million by 2030, compared to $28 million today. 

In a carbon constrained economy, one might expect a gradual switch away from petrol 

consumption in the longer term in favour of alternative fuels such as LPG.  Indeed, the price of 

petrol has a strong positive impact on the estimated long term trend for LPG revenue, such 

that in each year of the projection period excise collected from LPG grows more strongly than 

petrol.  However, the switch to LPG will be modest, with petrol’s share of fuel excise revenue 

declining by less than one percent over a 20 year period. 

Of course, it should be pointed out that a partial equilibrium analysis such as this necessarily 

assumes that current preferences surrounding fuel use, as well as the nation’s transport and 

fuel supply infrastructure, will remain the same.  The FED models collectively capture both 

income and substitution effects relating to changes in petrol and LPG prices, but do not 

explicitly capture non-price substitution decisions. 
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FED refunds and CNG 

Similar to RUC refunds, FED refunds have historically displayed a constant share of total FED 

revenue.  Hence, the average share over the past 20 quarters from March 2005 (2.4%) has 

been applied to projected FED revenue to obtain a projected revenue series.  By 2030, FED 

refunds are projected to total $64.5 million, compared to $35 million today. 

As discussed in section 4.3.2, attempts to build an econometric estimation for CNG revenue 

resulted in revenue declining to unreasonably low rates, as a result of the steady decline in 

recent history.  Therefore it was decided to keep revenue constant going forward.  This is likely 

to be a closer representation than the attempts at an econometric estimation (since they were 

necessarily driven by past declines).  Also, given its insignificance as a share of total revenue it 

was not considered worthwhile attempting to develop a reliable trend estimate. 

Chart 5.13: Projected FED revenue and refunds 
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5.4 Summary of short term revenue forecasts 

Provided in Table 5.2 is a summary of Deloitte Access Economics’ revenue forecasts for the 

short term forecast horizon (to 2014-15) as well as the latest year of actual outcomes 

(2009-10) for comparison purposes. 
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Table 5.2: Short term revenue forecasts 

$m 2010-11 2011-12 2012-13 2013-14 2014-15 

Road user charges         

 Light RUC (net)  $322.2   $348.8   $381.5   $404.8   $425.3  

Heavy RUC (net)  $686.9   $745.7   $808.8   $864.9   $921.9  

RUC Refunds  $43.5   $43.1   $46.9   $50.1   $53.1  

Gross RUC  $1,052.6   $1,137.6   $1,237.2   $1,319.7   $1,400.3  

less Admin Fees  $15.1   $17.3   $18.9   $20.1   $21.3  

less RUC Refunds  $43.5   $43.1   $46.9   $50.1   $53.1  

Net RUC  $993.9   $1,077.1   $1,171.5   $1,249.6   $1,325.9  

Motor registrations and licensing 

Relicencing  $185.2   $185.2   $188.3   $191.6   $195.7  

New Registrations  $23.0   $22.6   $22.8   $22.8   $22.6  

Change of Ownership  $6.6   $6.7   $7.0   $7.1   $7.2  

Gross MVR  $214.8   $214.6   $218.1   $221.5   $225.5  

less MVR Admin Fees  $38.7   $39.4   $40.1   $40.8   $41.6  

less MVR Refunds  $0.5   $0.5   $0.5   $0.6   $0.6  

Net MVR  $175.5   $174.7   $177.5   $180.2   $183.4  

Fuel excise duty 

Petrol  $1,531.7   $1,578.1   $1,616.7   $1,679.3   $1,730.4  

LPG   $28.0   $32.1   $34.2   $36.6   $39.5  

CNG  $0.1   $0.1   $0.1   $0.1   $0.1  

Gross FED  $1,559.8   $1,610.3   $1,651.0   $1,715.9   $1,770.0  

less FED Refunds  $35.0   $37.6   $38.6   $40.2   $41.3  

Net FED  $1,524.7   $1,572.7   $1,612.4   $1,675.8   $1,728.6  

 

Total net revenue  $2,694.2   $2,824.5   $2,961.3   $3,105.6   $3,237.8  

Source: Deloitte Access Economics estimates 
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6 Sensitivity and policy simulation 
As well as being a forecast model, the NLTF revenue model also has a role in testing 

sensitivities and policy simulation functions.  This chapter outlines the broad sensitivities and 

policy options which can be tested by the various equations within the model.  Broadly those 

areas are: 

• Key macro inputs.  Central to any forecasting model are the built in assumptions 

surrounding the growth paths of key input variables (GDP, exchange rates, etc.); the 

current model’s input assumptions are described in Section 4.  However, the long term 

growth forecasts for many variables are highly uncertain.  It is therefore important to 

consider the extent to which the revenue forecasts provided by this model are sensitive 

to changes in key macro variables.   

• Elasticity of key inputs.  In addition to the level of key input variables, it is important to 

consider how sensitive the model’s estimates are to a change in the elasticities of input 

variables (i.e. the estimated model coefficients).  For example, how different would 

revenue estimates be if the sensitivity to price changes was doubled (or halved)?   

• International fuel prices.  To what extent are revenue items sensitive to changes in 

international fuel prices, all else being equal?  Given the significant volatility of global oil 

(and fuel) prices it is essential to assess this sensitivity.  

• Rate of tax/levy being considered.  This measures the extent to which revenue is 

affected by changes in the specific rate of tax or levy being considered. 

• Size and composition of New Zealand’s motor vehicle fleet.  This examines the effect 

on revenue of specific changes in the size and the composition of New Zealand’s motor 

vehicle fleet (beyond changes embodied within the baseline forecasts).  The fleet 

composition may be affected by factors such as trends in consumer preferences, 

environmental policy, the relative cost of vehicles, and the relative cost of fuels.  It may 

include changes in average fuel efficiencies of vehicles over time, and changes in the 

fleet from petrol to light diesel vehicles. 

Note that the scenarios tested here are partial scenarios – testing particular variables in 

isolation.  The partial testing allows the user to understand the sensitivity of revenue to 

changes in key variables in isolation.  A combination of changes can also be tested, for example 

an increase in GDP combined with an increase in fuel excise.  However, shocks considered here 

will also affect other sectors of the economy.  For example, slower global output growth might 

produce slower growth in New Zealand’s GDP, and at the same time produce falls in energy 

prices.  Additionally, increased oil or fuel prices will impact on a range of different sectors that 

are heavy fuel users (for example transport). 

6.1 Enabling policy shocks within the NLTF model 

This section describes how shocks are presented within the NLTF model. 

Previous incarnations of the NLTF model provided users a limited capacity to shock key 

variables, such as the RUC rate and PED rate.  This reflects the fact that previous models were 

not designed with scenario testing in mind.   
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In previous models shocks were applied only on the spreadsheet of the variable being shocked. 

As a result it became difficult to identify not only how the policy shocks were feeding through 

to the models but also to identify which variables were being shocked and which were held 

constant.   

For the current model scenario shocks are fed into the model through a small number key 

worksheets; see User Inputs, Parameter Shocks and TS Shocks.  The user will enter the shock 

that he or she wishes to consider, and switch it on using the form controls to shock the 

relevant model estimates. 

The advantage of having the shocks feed into the model through separate tabs is that it clearly 

indicates which worksheets relate to base model forecasts and which worksheets relate to 

shocks.  This way, once a user has finished analysing a shock, he or she need only click one 

button (the “clear shocks” macro), and the model will return to its base forecasts.   

When analysing policy shocks it is important to keep in mind what exactly is being shown.  

Sometimes users will run a scenario out to, say, 2030, and then consider the difference 

between the scenario value at 2030 and the 2010 value.  However, for scenario analysis 

purposes it is generally more useful to compare the value at 2030 in the presence of the policy 

shock, with the value at 2030 in the absence of any shocks. 

6.2 Key scenario variables 

This section discusses sensitivities around the key input areas highlighted at the beginning of 

this chapter. 

In this framework, it is possible to shock multiple variables simultaneously, and to shock 

variables in different ways at different points in the projection period. 

Macro-economic inputs 

The current model will allow users to assess how much the forecasts will change if the 

underlying macroeconomic variables change. 

For example, a faster rate of GDP growth would be expected to produce a larger motor vehicle 

fleet for New Zealand, which in turn would be expected to increase revenue forecasts.  

Changes in the exchange rate will affect the price of oil and petrol (since these are largely 

imported), which in turn will affect the revenue earned through RUC and fuel excises.  

Alternatively, a higher rate of general inflation without a corresponding increase in RUC or 

excise rates would make the relative price for RUC or fuel lower.  If RUC rates are relatively 

cheaper than other commodities, then drivers might be inclined to purchase more RUC 

kilometres (perhaps on the expectation that RUC rates will sooner or later rise to keep in line 

with inflation). 

In practical terms, the table below shows the impact of an additional one percentage point 

growth in GDP in the December quarter of 2011.  The one percentage point growth in GDP is 

equally distributed between the components of GDP by adding one percentage point growth 

to government expenses, household consumption and GNE (investment is shocked indirectly). 

Note there are no flow-through impacts on the CPI, population or the vehicle fleet.   
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Table 6.1:  Revenue impact of 1% additional GDP growth, selected years 

 2011-12 2012-13 2013-14 2014-15 2015-16 2016-17 2020-21 2024-25 2029-30 

 Deviation from baseline, $m 

RUC Revenue $10.8 $15.8 $16.9 $18.0 $19.0 $19.9 $23.9 $24.9 $26.0 

Excise Revenue $6.8 $3.9 $7.4 $7.7 $8.0 $8.3 $9.3 $9.6 $9.9 

MVR Revenue $0.8 $1.1 $0.8 $0.7 $0.7 $0.7 $0.7 $0.7 $0.7 

Total $18.4 $20.9 $25.1 $26.4 $27.7 $28.9 $33.9 $35.2 $36.6 

Source: Deloitte Access Economics estimates 

An increase in the working age population can be added to the GDP shock to reflect the 

underlying driving force behind the GDP shock.  In this example, it has been done by adding 0.5 

percentage points to growth in the working age population in September 2011 and December 

2011.  Adding working age population to the GDP shock gives more subdued results as 

illustrated in Table 6.2.  

Table 6.2: Revenue impact of 1% additional GDP growth and working age population effect, 

selected years 

 2011-12 2012-13 2013-14 2014-15 2015-16 2016-17 2020-21 2024-25 2029-30 

 Deviation from baseline, $m 

RUC Revenue $5.2 $6.7 $8.7 $9.2 $9.7 $10.1 $12.4 $12.9 $13.5 

Excise Revenue -$2.6 $2.4 $5.7 $5.9 $6.1 $6.2 $7.2 $7.4 $7.6 

MVR Revenue $0.8 $1.0 $0.7 $0.7 $0.6 $0.6 $0.7 $0.7 $0.7 

Total $3.3 $10.1 $15.2 $15.7 $16.4 $17.0 $20.2 $21.0 $21.7 

Source: Deloitte Access Economics estimates 

Elasticity of key inputs 

Even in the absence of changes to macroeconomic variables, forecast results are heavily 

dependant on the estimated elasticity of each variable.  The elasticity is the coefficient of the 

variables, and it tells the user the estimated change in the forecast item in response to a one 

percent change in the input.  For example a coefficient of 0.5 means a 1% change in the input 

variable will cause a 0.5% change in the forecast item.  But what if that 0.5 was instead 0.8, or 

maybe 0.2? 

Changes in elasticity estimates are particularly important when assessing short run versus long 

run forecasts.  For example, consider the possible effects of a significant increase in petrol 

prices (due to, say, emissions trading pushing up the price of petrol or the government 

increasing excise rates to encourage more fuel efficient purchases).  Ultimately, one would 

expect a substitution from petrol to other fuels, such as diesel or LPG.  However such changes 

will not occur overnight; instead they are likely to occur over a period of, say, ten years, as 

consumers gradually replace their older cars with diesel or LPG powered cars.  We would thus 

expect the short run elasticity to be less than in the long run.  But the exact difference is highly 

uncertain (it is impossible to predict exactly when people will buy a more fuel efficient car).  It 

is therefore important to assess the sensitivity of key forecasts to changes in elasticity 

estimates. 

In addition to the model shock capacity mentioned above, users may also shock the 

coefficients in the models, thus increasing (or decreasing) the model’s responsiveness to 

changes in inputs.  Caution should however be exercised when determining shocks to 

coefficients to consider the impacts on related variables and the functional form of the model. 
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Changes to coefficients in the long run model specifications imply different trend relationships 

through time, such as a significant decline in vehicle usage (net light RUC Km) relative to the 

stock of vehicles, such as might be expected after the installation of light rail networks in 

capital cities. 

Changes in coefficients in the dynamic model specifications imply greater (or lesser) impacts 

on revenue growth from growth in the input variable.  Additionally, where a variable in a 

model has multiple lags, users should consider whether to proportionately shock all the lagged 

coefficients, or to target a single lag.  While the difference may be small in the long run, it can 

significantly increase the volatility of the quarterly forecast growth rates. 

Care should be taken in shocking multiple coefficients in a single run, and users need to be 

aware of the impact of shocking coefficients in models where one uses the output of the 

other.  It is advised that users shock each model independently and consider the results before 

running the combined shock. 

Deloitte Access Economics have undertaken a series of price shocks to determine the 

elasticities of the models, both in the short and long run. 

Table 6.3: Own and cross price elasticities 

Shocked 

Price 

Light RUC Heavy RUC Base PED rate MR1 

Shocked 

Revenue 

Head 

Light RUC Heavy RUC LPG PED MR1 

 Vol Rev Vol Rev Vol Rev Vol Rev Vol Rev 

SR η -0.01 0.94 0.01 0.96 0.05 0.05 -0.02 0.97 0.04 1.04 

LR η 0.00 1.00 0.00 1.00 0.06 0.06 -0.02 0.97 0.12 1.12 

Source: Deloitte Access Economics estimates 

For each revenue head, the own price elasticity of revenue is close to one, and the cross price 

impact of PED excise on LPG is positive, as would be expected of a substitute fuel.  Further, in 

most cases, the model moves quickly to a long run state in response to a price shock. 

Additionally, the elasticities with respect to the world price of oil are contained in the table 

below: 

Table 6.4: Oil price elasticities 

Shocked 

Price 

World oil price 

Shocked 

Revenue 

Head 

Heavy RUC LPG PED 

 Vol Rev Vol Rev Vol Rev 

SR η 0.04 0.04 0.12 0.12 -0.08 -0.09 

LR η 0.04 0.04 0.13 0.13 -0.09 -0.09 

Source: Deloitte Access Economics estimates 
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The apparent gap between the volume and revenue elasticities in the RUC models are in part a 

function of timing.  The presence in the model of a lead on prices means that volumes react 

(positively) a quarter before the price impact passes into revenues.  The elasticities for volume 

and revenue were calculated including the lead quarter, resulting in a quarter where the 

change in revenue is purely a product of the underlying volume response. 

International oil prices  

Almost all of the models estimated in this study are reliant to some degree on the fuel (or oil) 

price.  For the base case it is assumed that fuel prices initially grow in line with Treasury 

forecasts, as well as an adjustment for emissions trading.  Thereafter the oil price increases by 

steady increments to the MED reference scenario of US$115/bbl by 2030. 

Both of these items are highly uncertain.  The model allows users to shock the fuel (and oil) 

prices.  This section shows the impact of two alternate shocks to the world oil price to hit 

US$172/bbl by 2030. 

Under the first scenario the oil price is assumed to suffer a sudden once off shock in 

September 2015, and subsequently grows at its current estimated rate (of $0.27 per quarter) 

so as to hit $172 by June 2030.  This requires a level shock to the oil price of $57/bbl in 

September 2015, implemented using a level shock in the TS Shocks tab. 

Table 6.5: Revenue impact of sudden increase in fuel prices 

 2015-16 2016-17 2017-18 2018-19 2019-20 2020-21 2021-22 2024-25 2029-30 

 Deviation from baseline, $m 

RUC Revenue $13.0 $17.4 $18.0 $18.6 $19.3 $19.9 $20.6 $22.6 $26.4 

Excise Revenue -$53.0 -$65.4 -$66.2 -$67.1 -$67.9 -$68.8 -$69.6 -$72.3 -$76.4 

MVR Revenue $0.0 $0.0 $0.0 $0.0 $0.0 $0.0 $0.0 $0.0 $0.0 

Total -$39.9 -$48.0 -$48.2 -$48.5 -$48.7 -$48.9 -$49.1 -$49.7 -$50.0 

Source: Deloitte Access Economics estimates 

Under the alternate scenario, the price target is met by steady increases in the oil price across 

the whole of the projection period, achieving the same final price of US$172/bbl.  This is 

achieved by adjusting the blue parameter box in the Fuel Prices tab, raising it from a baseline 

increase of $0.27 per quarter to $1.22 per quarter. 

Table 6.6: Revenue impact of steady increase in fuel prices 

 2015-16 2016-17 2017-18 2018-19 2019-20 2020-21 2021-22 2024-25 2029-30 

 Deviation from baseline, $m 

RUC Revenue $0.5 $1.9 $3.4 $4.9 $6.4 $8.1 $9.7 $15.1 $25.5 

Excise Revenue -$2.2 -$7.4 -$12.5 -$17.6 -$22.7 -$27.7 -$32.8 -$51.6 -$79.6 

MVR Revenue $0.0 $0.0 $0.0 $0.0 $0.0 $0.0 $0.0 $0.0 $0.0 

Total -$1.7 -$5.5 -$9.1 -$12.7 -$16.2 -$19.7 -$23.1 -$33.0 -$48.4 

Source: Deloitte Access Economics estimates 

Under both scenarios total net revenue is about $50 million lower, relative to the baseline 

case, at 2029-30.  However, the first scenario causes a much more immediate disruption to the 

Ministry’s revenue; with revenue in 2015-16 $38.2 million lower under the first scenario.   

Under both scenarios, the biggest overall impact is on excise revenues, which is between $76.4 

and $79.6 million lower at 2029-30, relative to the baseline case.  This is composed of a 
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significant reduction in petrol excise which is partially offset by an increase in LPG, as 

consumers partially substitute toward the latter as an alternative fuel.  Net RUC revenue 

increases relative to the baseline case under both scenarios, owing to an increase in heavy RUC 

revenue.  This likely reflects the limited substitution possibilities available for heavy RUC 

licensees (mostly heavy truck rigs), and a strong degree of cost pass through from the license 

holders (freight companies) to the end consumers (users of freight services). 

Rate of taxes or levies 

For illustrative purposes two very simple price shocks are presented here: a 10% increase in 

the RUC (both light and heavy) and PED rates from December 2011.  

Reflecting the elasticity shown above, both light and heavy RUC (after allowing a couple years 

for the full impact to flow through) revenue increases by exactly 10% (because volumes do not 

change in the long run).  This is to be expected: heavy RUC is composed mainly of big truck 

rigs, which cannot readily change their driving patterns in response to a price increase; and for 

light RUC, the actual RUC charge likely represents such a small proportion of the driver’s 

overall cost that an increase in the rate does not significantly affect driving decisions. 

Table 6.7: Revenue impact of a 10% increase in RUC rates, selected years 

 2011-12 2012-13 2013-14 2014-15 2015-16 2016-17 2020-21 2024-25 2029-30 

 Deviation from baseline, $m 

RUC Revenue $83.2 $115.3 $125.0 $132.6 $140.2 $146.8 $175.1 $208.2 $258.0 

Excise Revenue $0.0 $0.0 $0.0 $0.0 $0.0 $0.0 $0.0 $0.0 $0.0 

MVR Revenue $0.0 $0.0 $0.0 $0.0 $0.0 $0.0 $0.0 $0.0 $0.0 

Total  $83.2 $115.3 $125.0 $132.6 $140.2 $146.8 $175.1 $208.2 $258.0 

Source: Deloitte Access Economics estimates 

Unlike RUC revenue, the impacts of a 10% increase in the petrol excise rate are not 

one-for-one.  This reflects a slight change in driving patterns in response to the price rise, LPG 

revenue rising as consumers partially substitute to the latter as an alternative fuel.  However, 

as noted earlier, the dominance of petrol in the New Zealand economy means the substitution 

effect displayed here is minor: by 2030, PED revenue is 9.6% higher than in the baseline case 

(slightly less than the 10% increase in the excise rate); and LPG excise revenue is 0.6% higher 

than the baseline case at 2030. 

Table 6.8: Revenue impact of a 10% increase in PED rate, selected years 

 2011-12 2012-13 2013-14 2014-15 2015-16 2016-17 2020-21 2024-25 2029-30 

 Deviation from baseline, $m 

RUC Revenue $0.0 $0.0 $0.0 $0.0 $0.0 $0.0 $0.0 $0.0 $0.0 

Excise Revenue $119.8 $152.5 $158.8 $164.0 $169.6 $174.9 $195.8 $219.7 $253.2 

MVR Revenue $0.0 $0.0 $0.0 $0.0 $0.0 $0.0 $0.0 $0.0 $0.0 

Total  $119.8 $152.5 $158.8 $164.0 $169.6 $174.9 $195.8 $219.7 $253.2 

Source: Deloitte Access Economics estimates 
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7 Conclusions 
The purpose of the current study was to assess the reliability of the Ministry’s existing National 

Land Transport Fund model and, if possible, provide an improved forecasting model, complete 

with the capacity to shock key variables. 

In assessing the reliability of past models, model projections were compared with actual data 

to derive three types of error: total model error, pure model error (with perfect inputs), and 

economic error (errors caused solely by incorrect inputs).  The performance of past models 

when put up against these tests varied.  While many of the errors were understandable given 

the impact of the GFC, it was found that model errors for some revenue items were 

considerable and could potentially be reduced by re-parameterisation of the model. 

Hence, this study has developed an updated model to project revenues from New Zealand’s 

land based transport industry out to 2030.  It is based on sophisticated econometric analysis, 

estimated within econometric software, but with forecast equations then transferred into an 

Excel model for the Ministry. 

The self-contained Excel model which accompanies this report has a number of features: 

• Full representation within an Excel model of the econometric specification for each 

revenue item (including both long run analysis and final dynamic forecasts where 

forecast equations contain two parts). 

• An ability to readily run a number of sensitivities and policy simulation scenarios and 

compare results for all revenue items with the baseline projections. 

• An ability to update the model over time when new revenue data becomes available, 

and as new economic or explanatory variable data also becomes available. 

This last feature allows the model to be updated by the Ministry in-house, though we would 

stress that the current forecast equations also have a shelf life before they should be reviewed 

(given that economic events and underlying economic relationships can change over time).  

Aside from regular data updating, we suggest a more detailed review of equations should 

occur every two to three years. 
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Appendix A: List of variables 
Table A.1 Variables used in models 

Variable name Description Comment/derivation 

Dependent Variables   

CNGRGR CNG excise revenue (gross)  

FEDREF Fuel excise refunds  

HRUCVN Heavy RUC transactions (>6T)  

LPGRGR LPG excise revenue (gross)  

LRUCRN Light RUC revenue (1-6T)  

MR13V Change ownership transactions  

MR1R Re-licensing revenue  

MR1V Re-licensing transactions  

MR2R New registrations revenue  

MR2V New registrations transactions  

MVRRADM Motor vehicle admin revenue  

MVRREF Motor vehicle refunds  

PEDRGR Petrol excise revenue (gross)  

RUCRADM RUC admin revenue  

RUCREF RUC refunds  

Independent Variables   

DUM_MR2R Dummy variable To control for level shift in 2009 

DUM_RMR1R Dummy variable To control for level shift in 2004 

EC_EXPEDR Error correction – PED revenue  

EC_HRUCVN2 Error correction – Heavy RUC 

vol 

 

EC_LRUCRN1 Error correction – Light RUC rev  

EC_MR13V Error correction – MR13 vol  

EC_MR1R Error correction – MR1 rev  

EC_MR1V Error correction – MR1 vol  

EXAU NZD: AUD exchange rate  

EXJP NZD: Yen exchange rate  

EXTWI Trade weighted index  

GCON Government consumption  

GDPZ Real GDP  

GNEZ Real GNE  

HHCON Household consumption  

i90 90 day bill rate  

IMORT Mortgage rate  

INVZ Business investment GNEZ-HHCON-GCON 
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IWEDGE Interest Wedge IMORT-i90 

PCPIPET* CPI petrol (index)  

PGDP* GDP deflator (index)  

PHRUC Heavy RUC rate With/without ETS adjustment 

PLRUC* Light RUC rate With/without ETS adjustment 

PMR1 MR1 price Rev/Vol (constant after 2010) 

PMR13 MR13 price Rev/Vol (constant after 2010) 

PMR2 MR2 price Rev/Vol (constant after 2010) 

POP1564 Working age population  

POP65 Retirement age population  

PPED PED rate (index) With/without ETS adjustment 

RPDHRUC Relative cost of driving (HRUC) (PHRUC/PGDP)*(PCPIPET/PGDP) 

RPDPET Relative cost of driving (PED) (PPED/PGDP)*(PCPIPET/PGDP) 

RPLRUC Relative price of light RUC  PLRUC/PGDP 

SCV Commercial vehicle stock SMV-SPV 

SMV* Motor vehicle stock  

SPV Passenger vehicle stock  

UNRTE Unemployment rate  

Note: Variables with an asterix (*) are not explicitly fed into model equations, but are instead used to construct 

other variables 
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Appendix B: Interpreting model 

coefficients in error correction 

models 

Interpretation of error correction models 

Many of the models selected in the NLTF revenue model review use error correction 

specifications, estimated using a two stage least squares (2SLS) process.   

In a 2SLS error correction process, the first model determines the errors to be fed into the 

second model.  The first model is estimated, and taken to be fixed, and its output (the error 

term) is fed into the second model as if it were a standard independent variable.  

Algebraically, the process looks like this: 

A long-run equation in log levels: 

     –equation 1 

Producing an error term εL, which is used as the EC term in the following period in the short 

run model: 

 - equation 2 

However, equation 1 can be rewritten as an equation in terms of EC: 

 

and substituted back into equation 2: 

 

Rearranging gives: 
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So, the growth rate in Yt is dependent on the historical levels of Yt, X1
t and X2

t, and the 

growth rates of X1
t, X

3
t and X4

t.  Expanding the difference logs (dl) into log levels and lagged 

log levels ( ) sees the equation expressed in terms of current and 

historical levels of all variables. 

A practical example 

Performing the same steps on the PED volume models: 

 

 

Substituting one into the other: 

 

¦ 

 

 

At the point we come to in Equation A, growth in PEDV is dependant growth in general 

economic activity and more specifically on investment.  But the important term is up the 

front in brackets, growth is determined by how far the current level of PEDV is from its 

structural relationship to GDP, household consumption and petrol prices. 



Report Header 

79 Deloitte Access Economics Commercial-in-confidence 

But manipulating further: 

 

¦ 

 

¦ 

 

Taking the lagged value of the dependent to the other side 

 

Seperating out lags from dl where both occur together 



Report Header 

80 Deloitte Access Economics Commercial-in-confidence 

 

¦ 

 

Equation B 

Now, Equation B tells us that after controlling for other influences on the level of PEDV, it’s 

past level only explains around 6.5%.  These other influences include past levels of GDP and 

consumption.   

Importantly, though the sum of the coefficients on GDP levels is close to zero (implying 

much of the activity is in timing), the trending nature of the independent variable (GDP) 

means that the net effect is larger than the pure sum of coefficients. 

The influences of INVZ and VPERC (which exist only in dl terms) can be interpreted the 

same way, adding to the level of activity over time as long as they themselves trend 

upwards.   

All of these variables have second round positive influences as they feed back into future 

levels through their interaction with . 

Interest rates thus become purely a timing influence on the level of activity, as they should 

be (and are shown to be in Eviews) trend stationary.   

In simpler terms 

The structure of an EC model has particular properties in interpreting coefficients.  The 

coefficients on variables in the long run component (those that feed into the EC term) equal 

the historical elasticity of the forecast variable (volumes in all cases herein), and thus are 

equivalent to the implied elasticities in the forecasts. 

However, the elasticities should be treated with caution.  They are effectively point 

estimates of elasticity.  Implicit in this is that the relativities with other long run 

components do not change significantly, as they are estimated jointly.  Should the 
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relationship of the forecast inputs differ significantly from their current state, the elasticity 

would be expected to change. 

The coefficients on short run variables in these models can cause the short run elasticity to 

differ from the long run, where a variable appears in both the long run and dynamic 

component.  However, by construction the dynamic impact of shocks dissipates, and thus 

the long run influence of any variable in the dynamic component is zero and so is its long 

run elasticity. 
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