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1. Introduction  

 

As environmental issues, transboundary air pollution and climate change are fuelled by a 

diverse set of emissions connected to a variety of sources. Combinations of sources and emission 

types are then compatible with a wide menu of abatement options, a menu which is evolving as 

financial incentives, research and needs combine. These options can be both technical and non-

technical in nature. Whilst there are a handful of ‘grey’ areas that dodge categorisation, generally 

technical measures will be things which directly reduce the emission factor associated with a 

given activity, whereas non-technical measures (NTMs) encompass all other types of policies 

and measures which contribute to reduced levels of emissions.  

 

The RAINS, and later GAINS, integrated assessment modelling framework (Amann et al., 2004; 

Kelly, 2006)1 has an established role in the fields of both European transboundary air pollution 

policy and climate policy. It offers a robust, accessible methodology for the evaluation of 

interactions and synergies between the two policy arenas, thereby enabling a broader integrated 

analytical perspective for decision makers. Operationally the model incorporates a growing 

menu of technical abatement options and can also reflect emission relevant actions such as fuel 

switching and efficiency improvements. In its calculations the model considers the cost of 

options, their effectiveness in respect of abatement, and the feasibility of a given measure’s 

introduction.  

 

However, in this context of transboundary air pollution and greenhouse gas emission 

reductions, an increasingly important component of global abatement strategies remains at least 

partially absent from the operational analytical framework. That is the explicit role of economic 

instruments and behavioural change focused policies and measures. Such measures are 

increasingly relevant components of national abatement strategies by virtue of their 

contribution to activity and abatement technology penetration changes. These impacts can be 
                                                             
1 These referenced reports focus on the precursor model – RAINS. However, the principal concept and framework 

described in these pieces is appropriate when providing context for this report. The IIASA website also provides 

numerous specific reports which look at the more recent GAINS model and its handling of specific pollutants e.g. 

Hoeglund-Isaksson and Mechler, 2005 and many others available at: 

 http://gains.iiasa.ac.at/index.php/publications/iiasa-reports  



 

captured at present, by estimating the change exogenously and feeding in the new activity or 

technology control share data. However, under such an approach, where we just account for the 

impact on activity or technology, we ignore the associated costs, perhaps some benefits, and also 

the effort involved in delivering these measures. We believe this approach has two potential 

shortcomings which may warrant further consideration. Firstly, NTMs offer considerable 

potential, but can introduce significant costs (including welfare impacts) depending on their 

design and stringency. Secondly, NTMs are an increasingly relevant component of abatement 

strategies, and a more formal understanding of their role and contribution would be of value in 

terms of negotiating new policy targets. It would offer a better perspective on the potential for 

abatement, as well as more direct acknowledgement of these actions and their relevance in the 

process.  

 

It is important to note however, that the exclusion described is not an oversight, but rather a 

constraint associated with available data and the incompatibility of many such measures with 

the established modelling frameworks. Specifically, some of the challenges include that many 

NTMs possess a number of variable characteristics such as regional or temporal variations in 

effect, design and feasibility, which fundamentally restrict a formal inclusion in the existing 

modelling systems. For example, it is not practical to adequately define a carbon tax in the 

existing modelling framework as the related variables are too numerous. Questions could 

include:  

 

• What price level for the tax?  

• What exemptions are offered to the tax? 

• How will the tax impact on welfare, how are revenues to be used? 

• What level of alternatives are available for those affected to change behaviour? 

 

These sample questions illustrate the problems of adopting such a menu of measures into a 

model such as GAINS. However, despite these challenges it is plausible to work around these 

constraints to more adequately account for such measures in the ‘modelling-policy interface’. 

Essentially connecting measures with the model in a more peripheral manner, whilst focusing 

on achieving clearer and more complete decision-support in the broader policy process. The 



 

‘modelling-policy interface’ here refers to the process by which scenarios are evaluated, targets 

are set, benefits are assessed and progress is measured. 

 

This report is structured as follows. Section 2 provides some further context for the piece, 

explaining key concepts and motivations. Section 3 explores the fundamental challenges with 

modelling NTMs in a framework such as that provided by the GAINS model. Section 4 suggests 

a means of working around these constraints and offers an approach for consideration in regard 

to how non-technical measures might be captured and recognised in the wider policy-modelling 

interface. Section 5 proffers an example of how a package of Irish NTMs for the transport sector 

have been analysed in a manner which is compatible with the ‘work-around’ in section 4. Finally 

section 6 concludes the piece with a synopsis of the report and some points which will hopefully 

deliver some structure for this discussion amongst stakeholders in the modelling community.  

 

2. Context 

 

Abatement strategies for achieving air quality emissions targets under the National Emissions 

Ceiling Directive 2001/80/EC have traditionally relied upon more technical approaches. IIASA’s 

RAINS model, which was used to inform the setting of these national emission ceilings, was 

designed to incorporate the components deemed most relevant to the analysis. A simplified 

description of the process being that the model combined data on activities and abatement 

technologies to deliver emission levels, and then utilised additional modules to estimate 

emission effects and calculate cost-effective pathways to a given effect target. In simplified form 

then, the model and its outputs could be employed to evaluate the emissions, costs and effects of 

a given scenario, the potential and cost-effectiveness of a given technical strategy, and finally 

inform the assessment of the overall cost of action relative to the benefits.  

 

Today transboundary air pollution remains a concern, however, climate change clearly 

dominates the international environmental headlines. The synergies and occasional tradeoffs 

between action on climate change and action on transboundary air pollution introduce an 

additional important dimension to environmental assessment and policy. In an analytical 

context these interactions and synergies are increasingly captured within the GAINS modelling 



 

framework. This work therefore provides valuable support to decision making in a complex 

political and scientific arena. 

 

In this arena the use of NTMs is especially pertinent in regard to efforts to reduce greenhouse 

gas emissions and the associated risk of climate change. It is increasingly evident that 

behavioural change in some form underpins a considerable share of the potential for GHG 

emission reductions. Given this potential, it is therefore unsurprising that behavioural measures 

are increasingly integrated into the policy portfolio of Member State governments as explicit 

components of the national strategies to tackle climate and air quality challenges.  

 

NTMs should arguably therefore be broadly placed within the same analytical context as 

technical measures such that the decision support provided to the policy process reasonably 

incorporates the potentials, benefits and costs of these important abatement actions. In the 

following three sub-sections, further specific context is provided in relation to the following: 

 

• Distinction between technical and non-technical measures 

• Structure of the GAINS modelling system 

• Summary of the main motivations for including NTMs in the policy-modelling interface 

 

Technical and Non-technical measures 

Definitions can be problematic. For our purposes the principal difference between a technical 

and non-technical measure may be explained by the distinction that technical measures will 

have a direct influence on emission factors whereas non-technical measures generally do not. 

Thus a catalytic converter may be considered a technical measure, whereas public transport 

concessions to encourage modal shift would be a non-technical measure.  

 

There are some ‘grey’ areas in this description. However, we do not feel a categorical definition 

is strictly necessary. If a measure exists, is relevant to a national  abatement strategy and is not 

easily incorporated to the existing modelling framework due to its nature, then perhaps the 

approach outlined later in this piece is an appropriate means of accounting for the role it will 

play. Ultimately the goal is to reflect more completely all manner of abatement options and 

outcomes.  



 

The GAINS model 

In this piece our focus for the ‘modelling’ component of the policy-modelling interface is the 

GAINS model2 (see http://tinyurl.com/GAINSmodel), which, as mentioned, plays a pivotal role 

in transboundary air pollution policy and offers increasing support to European climate policy3.  

 

The GAINS model is an integrated assessment model that, described simply, examines scenarios 

of activities, abatement options and costs to determine emissions, effects and paths to specific 

objectives. The abatement options within the precursor model RAINS were technical in nature 

and focused on the abatement of transboundary air pollutants. The GAINS model is an 

extension of RAINS, and looks beyond transboundary air pollution to include greenhouse gas 

emissions and associated synergies and costs. The GAINS model includes additional relevant 

‘abatement’ or emission reduction options such as efficiency changes or fuel switching. A 

particular strength of the model is the scope of its analysis and the broad international support 

for the system as a focal point for policy development.  

 

Why include non-technical measures in the modelling-policy process? 

The rationale for integrating NTMs into the modelling-policy process is twofold. Firstly, there is 

a growing need to determine the impact that NTMs will have on climate and air pollution policy 

in terms of cost, emission trends, welfare effects and environmental and health impacts. Whilst 

some of these impacts are (sometimes) captured in specific studies, such measures are not, as of 

yet, fully included in the policy and modelling interface between GAINS and decision makers. 

The more direct inclusion of NTMs within this modelling-policy framework would allow for a 

broader scope and more robust analysis of abatement and the net costs or benefits of a given 

course of action. This could be of value to the overall process and would further support an 

evidence led decision making process.  

 

                                                             
2 Whilst GAINS is the focus, the assessment of NTMs and associated framework for their inclusion in the modelling-

policy process would be expected to be of relevance to other comparable models. 
3 The RAINS and GAINS model architecture has been used inter alia to inform work on the Gothenburg Protocol, 

European National Emissions Ceiling Directive, Clean Air for Europe, Climate and Energy package and the EU GHG 

effort sharing agreements.  



 

Secondly, with the notable exception of options such as carbon capture and storage (CCS) the 

suite of technical measures (as described in the context of this report) currently available for 

combating carbon dioxide emissions and climate change is relatively limited. Indeed most of the 

GHG abatement options outside of agriculture are focused on efficiency and fuel switching. Thus 

in the context of GHG emission reductions, NTMs can be expected to hold a relatively important 

position in greenhouse gas emissions reductions strategies e.g. carbon taxation, modal shift 

incentives and so on. 

 

Ultimately, the absence of NTMs from the associated policy-modelling framework means that 

the process could be improved with regard to its reflection of the scope of abatement options 

available and their associated costs and benefits. Thus, whilst the influence of some NTMs may 

be captured indirectly in the energy scenarios that feed into the GAINS model4 – this only 

includes the outcome of the policy. It therefore omits the broader scope of connected costs or 

benefits, the potentials and limitations, and the effort or option. In summary, there are 

challenges but advantages, to bringing NTMs more clearly into the picture.  

 

3. NTM modelling challenges 
 

The challenges of modelling any complex system are numerous. Integrated assessment models 

such as GAINS structure and process information systematically to bring this challenge under 

control. With regard to abatement modelling, technical options are relatively stable and 

predictable for a deterministic modelling process. This makes them comparatively easy to model 

in different regions and at different times. Non-technical abatement however, offers 

considerable variation and may deliver quite varied results in different regions and at different 

times. We do not believe that NTMs can be formally included in a framework such as GAINS due 

to the nature of some of the challenges described below.  

 

In this section we identify four major challenges with respect to the structured assessment of a 

NTM as a precursor to section 4 where we consider a ‘work-around’ solution. The four noted 

challenges are: 
                                                             
4 This raises a parallel issue in regard to double counting effects of policies and measures. Careful attention is 

required to ensure that the change attributable to a non-technical measure are not doubled up by recounting an effect 

that is already incorporated into the inputted scenario data.  



 

 

• Welfare and other costs 

• Location relevance 

• Issues of design 

• Temporal variation  

 

Welfare and other costs  

The first identified challenge is related to adequately capturing the net cost or benefit of a NTM. 

In determining which policies and measures to implement governments and policy makers 

should always give due consideration to the effect that policy decisions will have on the welfare 

of society and those who are likely to be impacted by such policies either directly or indirectly. 

This issue does not generally arise with technical measures, as in the case of end-of-pipe 

technologies for example there is generally little or no direct influence over people’s behaviour 

or welfare. As a simple example, a catalytic converter does not affect our use of a vehicle in a way 

comparable with say a tax on fuel - yet both will reduce emissions. In this latter case, if the cost 

of travelling is raised through fuel taxes, this will reduce emissions through travel reduction. In 

this case there are potential impacts directly upon the mobility or income5 of individuals and the 

profit and competitiveness of business. Thus where we consider the potential of NTMs to reduce 

emissions through behavioural adjustment, we should also consider the potential for a broader 

set of costs or benefits including welfare, administrative costs for example. There are challenges 

here with regard to:  

 

• Estimation of net costs or benefits. Which may need to account for a wide range of 

considerations from value of time through to defined value from revenue recycling e.g. 

reduced labour taxes, rebates, infrastructure compensation and so on6.  

 

• Definition of consistent boundaries with respect to costs and benefits to be considered. 

 

However, the recommendation is simply that whilst the net benefit or cost of a NTM can be 

challenging to estimate, the boundaries and methods for cost benefit assessment in this context 

should be defined more clearly in regard to environmental policy and modelling work. This 

should support the evolution of more consistent and comparable NTM cost sets.  

                                                             
5 We acknowledge that a technical measure may add cost to the purchase price of a vehicle. However, such fixed costs 
are sunk and can be more readily captured in the modelling process. Such costs will not impact upon travel decisions 
and welfare in the same manner as a variable cost such as fuel price or a congestion charge.  
6 We note that inclusion of some of these parameters would be a departure from the technical cost assessment 
approach in the model at present.  



 

Issues of design 

The second identified challenge is related to the variability of design choices available with 

respect to NTMs. NTMs offer considerable scope in terms of their design and this makes their 

categorisation within a model such as GAINS unlikely. Essentially, whilst a NTM may be given 

the same title as another measure, say ‘carbon tax’, the detail of the design and implementation 

will have a dramatic impact on the outcome.  

 

To develop this example, if we consider a carbon tax of €1 per tonne, the effect of this NTM will 

be very different and likely exhibit a non-linear relationship to the effect of the same tax 

introduced at a higher price point such as €20 per tonne. Similarly, whilst you may have two 

carbon taxes both set at €5 per tonne, specific design variations such as exemptions, penalties 

and so forth could again lead to quite a variation in outcomes.  

 

Thus the issue here with modelling an NTM in a system such as GAINS, is both the potential 

variation in the range of emission reductions that are likely to be achieved from the 

implementation of the NTM in individual cases, and the hundreds and thousands of 

permutations and combinations of design which are available with most pricing or incentive 

based measures. By contrast, when a technical measure is introduced, policy makers know with 

a reasonable degree of confidence that a given deployment of the measure will deliver emission 

reductions within a reasonably tight range7. This consistency lends itself well to the GAINS 

framework.  

 

Temporal variation  

The third identified challenge is the “temporal” aspect of NTMs. That is, the longevity or 

otherwise of the level of emissions reduction that is associated with a specific measure. When a 

technical measure is introduced, policy makers can be reasonably confident from the outset of 

the emission reductions that will be achieved over the life span of the specific measure. Even 

allowing for some technical degradation, technical measures will generally provide a good 

degree of emissions reduction certainty over time.  

 

                                                             
7 Although for multiple agent sectors such as transport, there remains some uncertainty over the rate of penetration of 
the new technology which is determined by purchase rates and broader economic considerations. Nonetheless there is 
a consistency to the impact that can be more readily anticipated. 



 

By contrast, given that the success of NTMs are often subject to individuals changing their 

behaviour there exists an additional degree of uncertainty with regard to the emissions 

reductions that will be observed over time. At the outset it is plausible that people could react 

strongly to the introduction of a behavioural measure and as a result significant emission 

reductions may be observed at the outset. However, over time some of the population may 

revert to prior habits. This could occur where the people adapt or work-around a measure, or in 

the case of a tax, where the cost of the financial penalty is devalued through increased incomes 

or inflation. Similarly however, some measures may become more effective over time – say for 

example a fixed rebate on the purchase of electric vehicles. Over a longer period of time this 

measure will have a cumulative impact on fleet change that may accelerate over time as related 

infrastructure develops and the capital cost of the vehicles falls.  

 

The challenge here then is that ultimately NTM influence on emission levels may be less 

predictable over time than technical measures and this must be acknowledged in their 

evaluation. Thus requiring time series estimations of impacts, or temporal adjustment factors. 

 

Location relevance 

The final identified challenge, relates to the relevance of location to the impact of a given NTM. 

Similar to the issues of design, the modelling process should recognise that in certain instances 

the success (or even the applicability) of some NTMs will in part be determined by the 

characteristics of the location where the policy is due to be introduced. A simple example is to 

consider a situation where the policy objective is to bring about a modal shift from private car 

use to public transport. Assuming the use of a road pricing charge as the NTM in question, then 

even where the price level is the same in two different locations, the degree of success will be 

connected to features of the area where the measure is introduced. For example, is there a 

quality multi-choice public transport system already in place, and are the work travel patterns 

principally monocentric (i.e. city centre dominance) or perhaps more polycentric with numerous 

destinations and dispersed travel patterns? Furthermore, different populations, demographics, 

and socio-economic characteristics would also contribute to different outcomes between 

different regions.  

 

The NTM evaluation process would therefore need to be able to recognise the influence of 

“location” differences that exist across (and within) Member States.  

 



 

Conclusion on NTM modelling challenge 

As alluded to earlier, with these particular challenges, it is highly unlikely that NTMs could be 

brought formally into a modelling framework such as GAINS. Instead, in many cases, it would 

seem that different NTMs would themselves require distinct modelling and evaluation.  

 

Furthermore, even if all these measures were somehow defined and included in the emission 

estimation module, the GAINS optimisation process could not realistically identify and select 

NTMs for countries in the same manner as it does for technical measures.  

 

However, these problems with formally adopting NTMs into the modelling are not a terminal 

constraint, as the goal in this case is to consider how we can reasonably account for NTMs in the 

modelling and policy making process. This report suggests that member states would (and do) 

consider various non-technical policies and actions, and ultimately select the most promising 

ones. In other words, countries will both explore options and make choices independently.  

 

In terms of ‘parameterising’ NTMs for inclusion in the process then, thankfully, in most national 

cases any proposed NTM of significance should have some form of requisite assessment before it 

can be introduced8. Thus there will usually be a source of further evidence provided with any 

NTM ‘selected’ by a member state. Generally, the associated evaluation study should provide 

most of the necessary information for including the measure in the policy framework. That is 

estimates of behavioural change, energy demand changes, costs, benefits and so on. Whilst 

perhaps some studies may exclude some of the necessary information, it is plausible that 

evaluations could be adapted in scope where guidelines were available, and where the value of 

the additional work to policymaking internationally is apparent. Thus we should encourage and 

support national stakeholders to place a comparable emphasis on evaluations and 

implementation of NTMs as on technological assessments and investments.  

 

We therefore acknowledge one early recommendation from this report as being to provide 

guidelines for evaluations that can perhaps ensure that such evaluations provide a useful and 

consistent modelling data feed. As a support to sharing such evidence, the authors have 

developed the www.policymeasures.com website which offers a forum for debate and a database 

of evidence to share and draw upon in relation to NTM evaluation.  

                                                             
8 For example there are European wide requirements in regard to regulatory impact assessments.  



 

In the next section we discuss a straightforward methodology for fitting NTMs into the policy 

framework.  

 

4. Proposed methodological system 
 

This section suggests a means of working around the constraints identified in section 3 and 

offers an approach for consideration in regard to how non-technical measures might be 

captured and recognised in the wider policy-modelling interface. Section 5 will then present an 

example of how a given NTM evaluation could be used to enable this described ‘work-around’.  

 

There are two methodological components described in relation to this work-around for 

inclusion of NTMs into the ‘modelling-policy’ process. Firstly, it is necessary to evaluate NTMs 

in a manner that delivers the necessary information on how the NTM would change model 

outcomes – thus we must provide guidance for the structure of outputs from a given evaluation. 

Secondly the estimation boundaries and subsequent means by which the NTM net costs are 

accounted for within modelling-policy interface must be clearly defined to support consistency 

in evaluations and to avoid risks of double counting. These are discussed under separate 

headings below.  

 

Evaluation of NTMs for modelling 

In principle the ‘influence’ of a specific NTM within the GAINS model framework could be 

captured by distilling the outcomes of the evaluation into one or a combination of the following 

three factors:  

 

1. Demand factor – the degree to which a NTM reduces energy demand or activity levels 

outright, e.g. measures which reduce travel demand such as higher fuel taxes 

 

2. Switch factor – the degree to which a NTM causes a switch between a number of 

activities, e.g. a measure that leads to a reduction in private transport activity and a 

corresponding increase in public transport activity 

 



 

3. Control factor – the degree to which a NTM changes a control strategy’s share of a given 

activity, e.g. vehicle tax incentives may lead to a higher share of cars controlled by 

improved technologies. 

 

In each case the influence of the factors should be specified by fuel and sector, and in so far as 

possible, temporal changes should be captured in the specific factors (e.g. values for 2010, 2015, 

2020).  

 

The manner in which these ‘factors’ are estimated will vary by measure and there are many 

possible variations and challenges that could arise with a given NTM, or indeed with the 

combined effects of a package of NTMs. However, the purpose of these factors is to provide a 

focus and structure which will guide the analysis of a measure or measures into a format that 

can be connected to the GAINS model structure.  

 

Whilst we present a worked example in section 5 of a package of transport NTMs that are 

illustrative of the process, we again restate that there is no fixed methodology to arrive at these 

factors that can adequately serve all NTMs. Once again, the challenge is that individual NTMs 

will require different analytical solutions. However, as a support to this work, the 

www.policymeasures.com website offers a resource to assist with identifying relevant modelling 

tools, as well as promoting the understanding and sharing of evidence related to various policies 

and measures for the environment.  

 

The other component to consider when evaluating an NTM is the net benefit or net cost of the 

NTM option. This net value should firstly account for the direct administrative and technical9 

costs and benefits that can be attributed to the NTM option. Thereafter it may be important to 

estimate the net welfare impact through analysis of individual utility changes, government 

revenue raised, revenue recycling decisions and so on10. Environmental benefits and costs that 

are captured in the GAINS model framework would be excluded to avoid double counting. 

However, alternative modelled values for these benefits and costs could be used to broadly 

corroborate findings in the GAINS system.  

 
                                                             
9 With respect to technical costs it is important to ensure that these costs are not picked up by the GAINS model 

directly and double counted.  
10 This is a matter to be discussed in the context of the existing cost and benefit analysis frameworks used to support 

policy action and targets. 



 

Inclusion of NTMs to modelling-policy interface 

Building on the basic approach described in regard to evaluation of the NTMs, we now examine 

the broader steps required to incorporate the influence of NTMs and their net cost into the 

existing modelling-policy process. In order to describe these steps we define a simplified 

arrangement of a technical model (T) and a non-technical ‘module’ (NT). The T module is 

intended to represent a reduced form of the existing interactions within the GAINS model, 

whilst the NT module captures the components and interactions of NTMs into that same 

framework.  

 

Figure 1 Technical module (simplified GAINS) 

 

 

 



 

Figure 1 illustrates in a simplified format how the GAINS model operates and informs the policy 

process. We present this as a two stage process. In stage 1, for a given scenario the model will 

combine activity data (T1) and abatement technology information (T2) to generate emission 

values (T3). Associated with the technology controls (T2) are a set of costs for the given 

technologies (T5). The emissions (T3) are then utilised in a distinct process to estimate health 

and environmental impacts and their associated cost (T4).   

 

In stage 2, the outcomes of stage 1 are subjected to impact constraints or targets (T7) and the 

model optimises abatement options to achieve these targets at least cost (T6). This delivers the 

emission ceiling (T8).  

 

In Figure 2 then we show how a second run of the model could be used to include further NTMs 

not captured in the run of Figure 1. Here the influence of the NTM comes through the activity 

factor change of NT1, a control change factor from NT2, or a switch factor change which may 

influence both activity and control. Thus the original activity and control data of T1 and T2 are 

modified by NT1 and NT2. These changes combine then to generate a new set of emissions NT3. 

These emissions account for the influence of the NTM. Also, as the model picks up abatement 

technology change costs, any specific change in technology costs are now updated in NT5. It is 

important to note however, that the costs of NT5 would not include the full scope of potential 

additional costs, for example, administration costs for a NTM.  

 

In NT4 the new emission outcomes of the model run are used to generate new impact and effect 

estimates. The same impact constraints T7 are applied and the model is optimised to find least 

cost options in T6 that respect these constraints. The different values in NT3 and the changed 

technology from NT2 should deliver an alternative set of ceilings in NT6.  

 

Thus in these simple steps, the estimated influence of the chosen NTM has been captured in the 

process. Clearly, the NTM is not fully incorporated into the optimisation process, however, 

where an NTM has been chosen by a member state the course of action is arguably set.  

 

The next stage is to account for the net change in costs from NT7. This value can be used in two 

ways. Firstly, as part of the formal presentation of cost benefit (CB) ratios for the scenario, this 

net value may be added to the cost component of the cost-benefit calculations to illustrate the 

CB ratio for the NTM adjusted scenario. This allows the CB ratio – which is often used to justify 



 

a course of action – to reflect the broader costs of actions that may have been taken by a 

member state (e.g. implementation of a high fuel tax).  

 

Figure 2 Non-technical module processes 

 

 

Secondly, the cost and emission reduction potential of the measure could be contrasted with the 

cost and emission reduction potential of the technical measures alone and used to inform the 

discussion on ceilings, abatement potentials and compliance. In the next section we illustrate 



 

how the process might work using a worked example of a national assessment of a combined 

package of non-technical policy measures for the road transport sector.  

 

Figure 3 gives a basic overview of the described process then for NTM inclusion into the policy-

modelling interface.  

 

Figure 3: Staged process for NTM inclusion  

 
 

5. Worked evaluation 
 

This section presents a summary piece of independent national analysis and briefly illustrates 

how the information may be used to apply the methodology described in section 4. The analysis 

takes as its example the introduction of a package of three NTM policies in relation to the 

transport sector in Ireland. These are as follows: 

 

1. Vehicle registration tax change 

2. Annual road tax change 

3. Fuel carbon tax introduction 

 

The analysis of this package of NTM policies has been conducted using a heavily recalibrated 

and reprogrammed version of the TREMOVE model for Ireland. The TREMOVE model allows 

us to model the impact of transport policies on fleet, demand, emissions and welfare. Under the 



 

headings below we summarise the measures, explain the modelled outcomes, and conclude on 

how their implementation and impact may be introduced into the earlier described policy-

modelling interface through a soft-linking of outputs and inputs.  

 

Summary of policies 

Ireland has introduced a new vehicle registration tax (VRT) and a new annual road tax system, 

in an effort to reduce carbon emissions from road transport. The new tax rates are based upon 

CO2 emission bands instead of engine size. Changes were introduced on a two tier system such 

that the new taxes only apply to new cars and cars newly registered after the 1st July, 2008 – 

older vehicles remain on the prior ‘engine size’ based system. These initiatives have been 

introduced with a view to encouraging the purchase and ownership of low-CO2 emitting cars. 

 

Around the same time, a fuel carbon tax was designed. The carbon tax is incorporated into the 

existing fuel excise tax. The stated objective of this policy is to reduce carbon emissions, 

specifically by targeting the usage rates of vehicles. This policy was recommended by the 

Commission on taxation and came into force in the December 2009 budget at a rate of 4.2 cent 

for petrol and 5 cent for diesel. 

 

Modelled outcomes 

As part of the analysis, our team has modelled the VRT and motor tax changes independently as 

well as a part of the package with the carbon tax11. To offer some more insight into the detail of 

the policy impacts, we present the independent outcomes below. However, for the purpose of 

integrating this package of measures into the policy-modelling interface we would use the 

combined outcomes as there are some synergistic effects to be captured, as opposed to a merely 

additive combination.  

 

The modelled impacts of the new VRT and motor tax alone on CO2 emission reductions are 

small, and there are some increases noted in associated NOx and PM emissions. This is because 

VRT and motor tax do not target the usage of the vehicles. Their impact lies in fleet structure 

                                                             
11 It should be noted that this work does not represent an official view on the success or contribution of these 

measures. Instead it was a piece of independent research performed by the authors of this report.  



 

change. VRT and motor tax policies encourage a greater uptake of more fuel efficient diesel 

cars12, with a connected increase in NOx and PM emissions.  

 

Thus for including the direct policy outcomes in the GAINS model we would make little change 

to activity levels (fuel use) in this case and more substantial changes to fleet structure. For 

example, comparing the policy run with the TREMOVE Ireland basecase, in 2030, the changes 

of the numbers of PCDS (small diesel cars), PCDM (medium diesel cars) and PCDB (big diesel 

cars) will be 10.26%, 10.04% and -1.27%, respectively. The increase of the PCDM is above PCDS 

before 2024. The changes of PCGS (small petrol cars), PCGM (medium petrol cars) and PCGB 

(big petrol cars) are -0.05%, -16.67% and -18.44%.  

 

With regard to welfare and net costs. Under the VRT and motor tax, both households and the 

business sector gain positive utility, as they shift to more efficient cars and utilise the new VRT 

and motor tax to pay less tax for transport. However, revenue from transport taxes, including 

VRT and motor tax themselves, all decrease for Government. As the government loses revenue 

from VRT and motor tax, and given that the reduction of externalities from emissions is small, 

the total impacts of VRT and motor tax alone on welfare are only slightly positive. The limited 

reduction of environmental externalities and consequent low welfare gains are also partially 

related to the moderate rebound effects linked with the VRT and motor tax policy. Where we 

seek to use the net cost in the policy-modelling interface, we can exclude the environmental 

effects (captured in the GAINS system) and isolate the net utility/revenue changes.  

 

In contrast, the approximate 5 per cent increase of fuel price from the carbon tax delivers more 

substantial emission reductions. Modelled road car transport CO2 emissions will reduce 3.5% in 

2030, compared with the basecase. When the elasticities of substitution between public and 

private transport increase by 0.413 in addition to the default values of the TREMOVE Ireland 

model, the reduction of CO2 emissions in 2030 increases from 3.50% to 3.82%. 

 

                                                             
12 Whilst there is some modelled reduction in average CO2 per kilometre emissions from this new fleet, the difference 

between the simulation and the base case in terms of real world emission factors in the modelling remains small. The 

true impact will depend on the revised real world driving condition g/km rates for vehicles in the future. On the 

current values, medium sized diesel cars achieve the largest share in the fleet, however, the on road emission factor in 

the model for this class of 183.3g/km is not much lower than the average basecase emission factor of 192.1g/km.  
13 Thus we could, for example, extend the package to include a notional improvement in the public transport service.  



 

The emissions of NOx and PM initially decrease following introduction of the new taxation 

policy. Although there are turning points in 2017 and 2015 for NOx and PM, respectively, their 

curves are below zero up to 2030, indicating a relatively steady reduction of the emissions. In 

2030, the reduction of NOx is 1.46% and that of PM is 1.36%.  

 

The effects of the 5 percent increase in fuel excise tax on the structure of the car fleet follows a 

relatively simple pattern. Comparing with the basecase, in 2030 and in the simulation case, the 

numbers of PCDS, PCDM will increase 7.44% and 1.90%, respectively, and PCDB will decrease 

5.90%, and the changes of PCGS, PCGM and PCGB will be -3.1%, -9.1% and -16.52%, 

respectively. In essence the new carbon fuel excise tax encourages people to use cars with 

smaller engine sizes 

 

Whilst these are individual results, the combined synergistic outcomes of the three policies has 

also been modelled and produced outputs in a similar form. That is, emission level changes, fleet 

changes and energy use changes by fuel type and amount. 

 

Conclusions on accounting for the NTM  

 

We have briefly presented the outcomes from the discrete analysis of the VRT and road tax, as 

well as the carbon tax. This has been to illustrate the variation in their respective impacts. 

However, as just noted, we have also evaluated the combined impacts of this package of policies. 

It is the outcomes of this joint assessment which would be used in this case where we sought to 

include this NTM package in the policy-modelling interface.  

 

Specifically, the modelled outcomes noted above offer three angles for use in the modelling and 

policy interface.  

 

• Firstly, the net demand and stock related changes could be directly incorporated into the 

GAINS model as distinct influences from the policies (demand, control and switch 

factors). In the example given we would adjust the balance of petrol and diesel usage, 

modal demand levels, rate of purchase change and fleet characteristics. These are the 

NT1 and NT2 components from section 4.  

 



 

• Secondly, the emission estimations from this work14 could be used to broadly 

corroborate new GAINS model outcomes for the emission impact15. The NT3 value from 

section 4.   

 

• Finally, the welfare implications and other costs not captured in the NT4 value described 

in section 4, may be isolated for submission to the cost-benefit calculation process16. This 

would be the NT7 value mentioned in section 4.  

 

6. Conclusions 
 

The concept of this piece is not complex. NTMs represent an important part of international 

efforts to control and reduce emissions. These measures can have associated (and potentially 

significant) costs and benefits such as societal welfare changes or administrative costs. This 

report argues that in principle these measures warrant the same analytical respect as that given 

to technical abatement options. By accounting for these measures in the same analytical policy 

framework used for technical measures in the transboundary air pollution and climate context, 

we can broaden the assessment to more accurately reflect; 

 

1. The level of emission reductions that could be achieved 

 

2. The net cost or benefit of actions taken 

 

This is important for improved policy design and effective legislation development. There are 

also further benefits in so far as a more formal assessment and inclusion of such measures in the 

modelling and policy framework internationally would, we believe, promote further debate on 

the true potential of such options, means to improve them, and a generally improved awareness 

of what can be done to deliver further abatement17.  
                                                             
14 Both TREMOVE and GAINS are, to a certain extent, based on the COPERT work for transport emission estimation. 
15 That said, we would acknowledge that the scope and refinement of the GAINS impact evaluation process is on a 

different level to that of the welfare and impact component in TREMOVE.  
16 Note that Modelled welfare values can be adopted to account for use of revenues. For example, reduced income 

taxes and the associated double dividend.  
17 A goal shared with the www.policymeasures.com initiative.  



 

This report has also shown that NTMs carry with them some challenging considerations which 

suggest they will not be modelled in the same homogenised fashion as technical measures. We 

have therefore suggested the ‘impact’ of a given NTM or package should be distilled into one or a 

combination of the following parameters: 

 

• Activity factor 

• Control factor 

• Switch factor 

 

With a final corresponding value also for the net cost or benefit which accounts for direct costs 

and benefits not captured in the modelling process but deemed relevant18.   

 

In this manner for a given NTM you capture the influence it will have on emissions and the 

additional cost or benefit associated with the action. However, we have only suggested a guiding 

structure for how to summarise the impact of a given NTM which is consistent with the principal 

modelling tools. Ultimately there is no single prescribed methodology given for assessing an 

NTM appropriately. This will vary depending on the measure in question. For example national 

taxes may be assessed with a CGE macro model, modal shift in transport may be evaluated by a 

regional transport planning model. In our example of section 5, we used a national version of 

the TREMOVE transport policy model – as it was the appropriate tool for the question at hand.  

 

However, as policy analysis is now a common feature of regional and national policy 

implementation, there should be evidence available on chosen NTMs from varied sources which 

can be guided and adapted into the form of one or more of the three factors, and the net cost 

assessment. In section 5 we have given a practical illustration of how the process would operate 

using three NTM evaluations based on recent Irish research of these policy options. 

 

Related to this point, we reiterate that member states would select the NTMs they wish to assess 

and include in the process. Hundreds of measures would not be defined in the model as is 

currently the case for technical measures. There are simply too many possible sources of 

variability with NTMs for this to be in any way practical. However, where member states would 

include only NTMs they were considering or implementing, then presumably they would have 

conducted some analysis on the options which could provide some of the evidence needed to 

                                                             
18 Therefore excluding health and environmental impacts captured within the GAINS framework 



 

include them in the process in the manner described. Additional work by national research 

teams on developed policies (as is common) could then be used to fill any remaining gaps.  

 

As a support to this work, the authors have established www.policymeasures.com which will 

serve as an open resource for discussing and evaluating all manner of policies and measures, 

with a specific focus on parameters and modelling of specific measures.  

 

In terms of further research, the synergies and trade0ffs between NTMs themselves (for 

example combining various incentive policies) is another area to consider in the methodology 

for effectively accounting for NTMs in the modelling and policy processes. Rebound effects of 

cost savings are another particularly challenging feature of some NTM policies. And finally, the 

setting of boundaries and assumptions for estimating the net cost or benefit of NTMs is a further 

area to develop.  

 

This piece has hopefully offered some added structure to this debate for further discussion, that 

can be continued and developed in the interim through the www.policymeasures.com web 

resource.  
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