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Abstract
Dealing with structural change has not attracted much attention in the current generation of macro-economic models. The reason for this is easy enough to see – the models are solved around a steady-state path which more often than not contains little information on the actual sectoral structure and the links between the sectors that arise from the intermediate and investment demands of the sectors. Very aggregated baselines are consistent with the broad stylised facts of economic growth – constant saving rates, stable capital-output ratios etc. – but have little to say about the changing sectoral structure of the economy. CGE models, on the other hand, do utilise these data and are capable of capturing the ever-continuing changes in the sectoral structure of the economy. They do this by allowing for persistent differences in productivity growth, sector-specific capital and also by considering the effects of increasing wealth on consumption patterns, all of which can be calibrated to capture history – and to be projected to the future. They often do this at the cost of macroeconomic, intertemporal linkages, though. While this apparent dichotomy is understood by modellers themselves, it is troublesome when the approaches appear to have conflicting policy implications. This paper proposes a way of combining the strengths of CGE models in producing baselines that are consistent with the observed historical growth trends with the ability to deal with the intertemporal issues often emphasised by macro models.
Our practical focus in on a situation, where public expenditure relative to GDP is permanently increasing in the future because of changes in the age structure of the population, and which would therefore require higher taxes sometime in the future. The text-book macro models suggest that consumers know this and adjust their consumption accordingly. We attempt to allow for a choice between policy instruments that can be used to maintain public sector budget balance in the future, and use CGE models to study the issue.  
[bookmark: _GoBack]We revoke an approach that originates to the work of Dixon, Parmenter and Wilcoxen and was developed further by Malakellis (2000). The ORANI-RE model is intertemporal but, unlike other models in the CoPS (Centre of Policy Studies) vein, requires the use of an “outside” baseline. In this respect it resembles the main stream of DSGE models, where the baseline is produced econometrically. However, in a multi-sector setting, inter-sectoral restrictions arise that are very hard to deal with econometrically and there are few models that actually do to take them into account. Here, we use a generic CoPS -type model instead to produce a baseline capturing most of the stylised facts of long-run growth. The baseline thus displays Solowian growth at the aggregate level but allows for sectoral differences by accepting differences in the sectoral rates of productivity growth. We also allow for sector-specific capital and for non-homothetic utility. This baseline is then introduced to the ORANI-RE model which is used to study the effects of anticipated, future, fiscal policies. 
We also compare the Malakellis model to the iterative procedure in standard CoPS models. The Malakellis model has the advantage of solving very fast. But while we find the use of two models reasonable smooth, there is still something to be said for the use of iterative methods, since this approach is readily provided in the CoPS models. Here, we suggest a slight extension, with CoPS dynamics being applied also to the consumer’s decision problem as well as the investors’. We find the iterative approach to be able to capture the intertemporal linkages that the Malakellis model does. This does come at the cost of longer running times but the disadvantage is by no means excessive.


1 Introduction

Dealing with structural change has not attracted much attention in the current generation of macro-economic models. The reason for this is easy enough to see – the models are solved around a steady-state path which more often than not contains little information on the actual sectoral structure and the links between the sectors that arise from the intermediate and investment demands of the sectors. Very aggregated baselines are consistent with the broad stylised facts of economic growth – constant saving rates, stable capital-output ratios etc. – but have little to say about the changing sectoral structure of the economy. CGE models, on the other hand, do utilise these data and are capable of capturing the ever-continuing changes in the sectoral structure of the economy. They do this by allowing for persistent differences in productivity growth, sector-specific capital and also by considering the effects of increasing wealth on consumption patterns, all of which can be calibrated to capture history – and to be projected to the future. They often do this at the cost of macroeconomic, intertemporal linkages, though. While this apparent dichotomy is understood by modellers themselves, it is troublesome when the approaches appear to have conflicting policy implications. This paper proposes a way of combining the strengths of CGE models in producing baselines that are consistent with the observed historical growth trends with the ability to deal with the intertemporal issues often emphasised by macro models.
In the present study, we focus on analysing the effects of anticipated changes in taxes in Finland, where the economy is currently dealing with structurak change due both to a rapidly emerging expansion of age-related public expenditures and an extended economic down-turn. The practical relevance of the policy stems very much from this set-up: whether it is better to deal with public sector deficits in the short run, or to try to revive economic growth with bold, Keynesian policies. A macroeconomic vein of analyses has suggested that increased taxation will not jeopardise growth in the short term, since it is known to be only temporary, whereas AGE analyses have suggested that taxation will have long-run consequences.
The original strategy for this research was to start with an existing model, the ORANI-RE model that originates from the work of Dixon, Parmenter and Wilcoxen (1992) and Malakellis (2000). ORANI-RE is intertemporal but as it uses the Johansen approach of linearization around an initial solution, it requires an initial baseline for the entire time path as a reference. Here, I have used a more detailed model to produce the initial baseline as a starting point for ORANI-RE. This provides a point of reference for the simulations with the alternative approach, the iterative solution using more standard MONASH-like models.
The iterative solution studied here is a straight-forward extension of the iterative MONASH-dynamics into the consumer’s decision problem in FINAGE, the Finnish AGE model.  We find the iterative approach to be able to capture the intertemporal linkages that ORANI-RE does, or almost. The models differ in some crucial aspects in their treatment of the public sector and asset accumulation, and it seems likely that these differences affect the outcomes of the simulations. 
The paper is organised as follows. The next section summarises the structure of the ORANI-RE and FINAGE models and points out the similarities and differences between the models. Section three compares the outcomes of the models in a policy simulation on the effects of a tempoprary tax increase in the future. Section four studies three tax scenarios using only FINAGE. The last section concludes.



2 The models

2.1 ORANI-RE
The ORANI-RE model that originates from the work of Dixon, Parmenter and Wilcoxen (1992) and Malakellis (2000). The model is intertemporal but, unlike other models in the MONASH vein, requires the use of an “outside” baseline. In this respect it resembles the main stream of DSGE models, where the baseline is produced econometrically. The need for the baseline stems from the Johansen approach – the model is solved around an initial solution. Construction a baseline then constitutes the first challenge for using the model.
It seems often to be the case that a simple baseline is constructed about a balanced growth path where the long-run growth rate is shared by all variables. Rather than following this approach, I have tried to allow for some facts from economic growth and allow for differences in sectoral long run growth rates. This is easily achieved by using the baseline solution for Finland from the Finnish AGE model. The baseline thus displays Solowian growth at the aggregate level but allows for sectoral differences by accepting differences in the sectoral rates of productivity growth. We also allow for sector-specific capital and for non-homothetic utility. This baseline is then introduced to the Malakellis model which is used to study the effects of anticipated, future, fiscal policies. It seems clear that ORANI-RE does solve properly even around a “realistic” baseline. 

The basic structure of ORANI-RE is many respects similar to more recent MONASH-type models. Within a period, consumers use the linear expenditure system and two-stage budgeting to allocate their consumption to commodities. Firms use two-stage budgeting to allocate their profit-maximing demands for labour, capital and intermediate goods. Firms investment decisions are determined by standard profit maximisation, with the requirement that Euler-equations link the epxceted rates of return and investment in each period.
ORANI-RE also models the consumers’ inter-temporal decision-making explicitly. This results in an intertemporal consumption function, and  Euler-equations for aggregate consumptions. 
From the point of view of implementation, ORANI-RE is very compact and solves extremely fast. However, since it was originally designed to be applied to a very specific question – to assess the effects of removing tariffs in Australia – it also abstracts from many other issues of the economic policies. Crucially, the compactness of the model is achieved partly by not treating explicitly the government budget constraint, nor any direct taxes. This means that, once a baseline is available, the model can easily be used to study effects of indirect taxes on the structure of consumption and on the trade balance, but not to their effects on public sector debt.

2.2 FINAGE
FINAGE is a fairly standard, recursive, MONASH-like model of the Finnish economy which emphasizes the detailed structure of taxes and public sector transfers, as well as the structure of the industries, the labour force, capital stocks, and production. Much of these models stems from ORANI, and so FINAGE also assumes the linear expenditure system, as well as a mix of Leontieff for intermediate use of goods and CES nests on value added in the production function. It also allows for MONASH-dynamics in investment.
The extension to the model here is to introduce the possibility for intertemporal linkages in consumption – and by implication – in household saving. The consumer thus faces the problem to maximise

						
where
T is the planning horizon.
 is the time preference
 is a parameter representing diminishing marginal utility
Ct,0 is the quantity of consumption planned in year zero to take place in year t.  

This problem can be solve to yield an intertemporal consumption function, which could be used in simulations to produce a steady-state consumption path. Here, we use a different method, using an analogy to the very explicit solution for forward-looking expectations for expected rates of return used to determine investment with MONASH dynamics. This is akin to a shooting algorithm, where an initial solution is based on a guess, and the resulting solution is then iteratively refined until convergence. The innovation is this paper is to extend the procedure to the consumer’s intertemporal choice, iterating the expected rate of growth of consumption, which in turn determines current consumption. The shooting algorithm is described in, eg.g. Judd (1999).
In the simple set-up, these are the only expectations that are relevant to the dynamic problem, but in principle similar procedures could be applied to other variables as well.


3 Temporary tax changes in ORANI-RE and FINAGE
In this section, I impose a temporary tax increase in the future and compare the results from the two models. Specifically, I assume the powers on all consumption taxes to be raised by 2 per cent in 2025 only.
In ORANI-RE, this affects the prices of consumption goods but it does not change the goverments fiscal stance, since the underlying assumption is that the budget is always balanced. In FINAGE, there are many other effects as well, since the model allows for indexation of transfer incomes, for example, and other changes in the government’s fiscal stance. Thus it is unlikely a priori that the results would be exactly the same, but a certain similarity is expected.
Figure 1 shows the results on aggregate consumption for ORANI-RE and figure 2 for FINAGE. Both models produce some change even prior to 2025, with consumption settling after 2025. It is very apparent that FINAGE produces a much more pronounced effect both prior to and after the shock, though. The reason for this, it is suspected, lies in slightly different closures for external balance. ORANI-RE assumes fixed real interest rates, which implies that the effect on nominal consumption gets evenly distributed across all periods, whereas FINAGE allows for real interest rates movements, implying changes also in the real path of expenditure. 
Figure 3 shows the investment responses in ORANI-RE and figure 4 in FINAGE. Qualitatively, the investment responses are closer to each other, with a growing reaction in the immediate years preceding the shock, and then a settling down of investment. It is striking though, that the response in ORANI-RE is much larger than in FINAGE. ORANI-RE uses the DPRW dynamics from Dixon et al. (1992) which here actually encounters a problem of excessive volatility well known to modellers, and which is often cured by assuming set-up, or adjustment costs, to capital installation. MONASH dynamics resembles these approaches in that it dampens the volatility of investment. Both models impose the terminal condition that investment settles on a (new) balanced-growth path by the terminal period. 


Figure 1
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Figure 2
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Figure 3
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Figure 4
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3 Temporary versus permanent tax changes in FINAGE

This section tackles the main research question of the paper – what sort of a difference does the correct anticipation of future policy changes make. I study three policies: first, temporary tax hikes in the future; permanent tax hikes; and current policies which are known to be temporary. I focus on consumption taxes again. However, since the aim of the policies is to affect changes in the government’s debt position, I allow for a changing budget balance during the simulation period. 
Figure 5 compares the effects of the policies on aggregate consumption. The future tax hikes now produce the expected result that permanent change will have a more pronounced effect in the distant future. The path for consumption also differs from the temporary tax hike path in the years preceding the policy change. The third experiment, a current tax hike lasting until 2019, shows that the removal of the tax in 2019 does get anticipated, with consumption recovering already in the preceding years.
Figure 5
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Figure 6 shows the effects on aggregate investment. Investment reflects the dates of the policies as expected, but there is also a down-ward adjustment that calls for an explanation. There are two main routes that affect investment. The firs stems from the changes in absorption caused by changes in consumption, which redirects consumption towards services. Since services are relatively more labour-intensive than exportables, and since we are assuming full employment throughout, this will affect the domestic price level, and hence, exports, which tend to fall, inducing a fall in investment. The second link is a more direct one. We allow for changes in the domestic real interest rate, which affects the required rate of return on investment directly, and hence, feeds into investment.
Figure 6
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Figure 7
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4 Conclusions
This paper started partly from practical policy questions, partly from curiosity to see whether a stylized model with RE and structural change could be reasonably easily set up from a detailed model with differences in sectoral long run growth rates to study intertemporal issues not covered by the large model. ORANI-RE suggested itself for this purpose, since it is essentially similar to larger MONASH-style models. With a large model readily available, the natural way seemed to be to use that model to produce the baseline for an RE version of related models. The ORANI-RE model solves the entire timeline simultaneously, but as it uses the Johansen approach, it needs a feasible baseline solution. This is here produced with the larger model, and ORANI-RE model is then solved for policies starting from this baseline solution. 
At the outset, it was not clear whether the ORANI-Re model would solve for a non-balanced growth baseline but it turns not to pose problems at least for small policy shocks. The model itself is very concise and does not cover all of the policy options of the government – it was not meant to. Thus I have pursued an alternative strategy of introducing inter-temporal choice directly to the larger model. This paper has reported the first results from that effort.
At this stage, it seems that iterative procedures can indeed be applied fairly easily in a MONASH-style model. However, the complexity these models allows for makes for very careful interpretation of the results, as well as an analysis of the underlying assumptions. As for the practical policy question of the effects of anticipated policies, the exercise at the very least highlights the importance of the treatment of the public sector and external balances on the results.  
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