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1 INTRODUCTION

In general, simulation models are tools which are designed to answer “what if” questions about dif-

ferent policy reform options. In the run-up of the implementation of a specific reform proposal, it is

crucial to predict the expected consequences on individuals (gains and losses, income distribution), the

government budget and key economic indicators (e.g. employment, prices, consumption) to provide

policymakers with well-founded decision guidance. The complexity of existing welfare states requires

the usage of simplified models for the evaluation of reform proposals. Only simulation models can

provide information for an ex-ante analysis of different reform proposals. Other than in the natural

sciences, it is seldom possible in economics to use experiments for the analysis of a given treatment

(policy). Policy simulations can be interpreted as quasi-experiments which allow the economist to

ex-ante analyze a reform proposal before its implementation in real life controlling for behavioral

responses of different agents in the economy.

For the analysis of fiscal reforms, microsimulation (MS) and computable general equilibrium (CGE)

models have been widely used in the literature. CGE models consider various interdependencies and

facilitate simulating behavioral responses and adjustments on several markets. In contrast, MS models

usually consider only the household side of the economy, which allows for more heterogeneity and a

much more detailed mapping of the complex tax benefit system. Combining these two model types

enables the utilization of the complementary advantages. The aim of this note is to discuss possibilities

(and problems) of linking MS and CGE models.2

2 LINKING CGE AND MS MODELS

The idea of linking micro- and macroeconomic simulation models is almost as old as the stand-alone

models themselves. Orcutt (1967) suggests to link models operating at different levels of aggregation

through intermediate variables. Recent progress in IT and computational and econometric methods

are leading to a growing interest in combining both modeling techniques.3

CGE models compute numerically the values of endogenous variables (e.g., prices, quantities) with the

aim of quantifying the impact of exogenous variables and policy measures (e.g., elasticities, tax rates)

on economic equilibria.4 CGE models excel through their theoretical foundation in (microeconomic)

general equilibrium theory and the estimation of various interdependent behavioral responses and

adjustments on several markets.
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In contrast, MS models are partial equilibrium models that do not consider the broader economic

environment in which the micro units are acting.5 Nevertheless, these models account for much

greater heterogeneity than CGE models could ever do. In consequence, CGE models give no insight

into how aggregate changes in the economy affect different individuals as the distribution within

representative agent groups is assumed to be exogenous.

Linking micro and macro models allows utilizing the complementary advantages of both types of

models. A linked model can provide a more powerful tool for policy analysis than using results from

two stand-alone models (Anderson 1990). Outputs from the macro model can be used to align the

predictions of the micro model and to enable general equilibrium feedbacks and interactions among

variables in the micro model. Outputs from the micro model can be used to calibrate the macro

model and provide a microeconomic basis for aggregate behavior. Hence, the key advantage of a

linked micro macro model is the feedback which is used to resolve the model corresponding to a

revised set of parameters. This in turn will then enable to analyze the complex interdependence of

various policy measures with respect to fiscal, distributional, employment and growth effects within

the same econometric framework. However, achieving these feedback effects through linking MS and

CGE models is not a trivial task.

There are two general possibilities for linking the models.6 On the one hand, one can completely

integrate both models into a joint model or on the other hand, one can combine two separated mod-

els via interfaces (layered approach). The first approach requires the complete micro model to be

included in the CGE model which demands high standards for the database and the construction of

the integrated model. The second approach can be differentiated into a top-down, a bottom-up, and

a top-down-bottom-up approach. The top-down approach computes the macroeconomic variables

(price level, growth rates) in a CGE model as input for the micro model which is adjusted to match

an exogenous macro aggregate. The bottom-up approach works the other way around and informa-

tion from the micro model (elasticities, tax rates) is used in the macro model (e.g. to calibrate the

representative agents). Both approaches suffer from the drawback that not all feedback is used. The

top-down bottom-up approach combines both methods to a recursive approach. In an iterative pro-

cess one model is solved, information is sent to the other model, which is solved and gives feedback to

the first model. This iterative process continues until the two models converge.

To be able to successfully link MS and CGE models, common variables through which the two models

interact are needed. On the one hand, information from the MS model is aggregated to calibrate the
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representative agent(s) of the CGE model. Typical variables and parameters used in this bottom-up

linkage include labor supply elasticities, income components, average and marginal tax rates, con-

sumption patterns, income levels and tax revenues. On the other hand, information from the CGE

model is given to the MS model. For the top-down linkage, changes of the wage or price level are

used to adjust the (real) disposable incomes and consumption levels for the labor supply estimations.

When linking the two levels, it has to be assured that the individual functions from the micro model

can be aggregated to macro level functions and the macro level information disaggregated to the micro

level in a consistent way. For example, a (nested) multinominal logit specification of the individual

direct utility function (which is usually used in discrete choice labor supply models) can be aggregated

to a global CES utility function (which is usually used in CGE models, see, e.g., Verboven (1996)).

If the top-down bottom-up approach is used, convergence criteria for the end of the iteration process

have to be defined. Convergence is typically achieved when the changes in the exchange variables are

(close to) zero. However, there is no (theoretical) guarantee that both models converge.

When conducting a micro-macro linkage, several potential problems arise. The main problem is

the lack of theoretical and empirical consistency between the micro and the macro parts which can

give rise to (dis)aggregation errors. Especially functional forms (e.g. the preference functions in the

labor supply model and the aggregated utility in the CGE model) have to be specified in a consistent

way.7 To be able to successfully link MS and CGE models there have to be some common variables

through which the two models can exchange information. Usually, it is necessary to aggregate or

disaggregate these variables to be comparable with the variables in the other model. Of course, the

less variables have to be (dis)aggregated the more of the underlying heterogeneity in the data will

be retained. Furthermore, it has to be checked if the same variable in both models represents the

same population (e.g. household consumption in the micro model vs. aggregated total consumption

including government in the macro model). In addition, it has to be checked if one run of each model

represents the same time horizon. However, despite the best efforts, there is no guarantee of coherence

between the two models which can be complex and technically challenging to achieve.

When building and using a simulation model, a researcher has to be aware of these potential errors

and should try to avoid them if possible or at least to document the possible biases in the analysis. Ex-

tensive sensitivity analyses should be conducted when building a model or simulating a new scenario.

When interpreting the results of a simulation study, one should consider these potential errors and

take a closer look at the underlying data, methods and assumptions. Furthermore, estimations from
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simulation models should not be used as an exact forecast of a single number but to compare and rank

different scenarios according to various dimensions.

3 CONCLUSION

Simulation models provide a powerful tool for the ex-ante evaluation of policy reform proposals.

Combining MS and macro models enables the utilization of the complementary advantages of both

types and provides a fruitful avenue for future work. Choosing the appropriate approach for the

analysis of a given policy reform depends on the specific research question.

While linking (static) MS and CGE models seem to be especially popular in developing countries

(see, e.g. the papers in this special issue of the IJM), the trend in developed countries seems to be com-

bining MS models with (dynamic) macroeconometric models. This is often referred to as “dynamic

scoring” (Mankiw and Weinzierl 2006).8 In addition to linking different models, simpler extensions

to MS models are possible to account for some (macro) feedback effects. For example, the classical

labor supply framework can be extended to allow for labor demand feedback effects on wages and

employment (Peichl and Siegloch 2012).9
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1I am grateful to Matteo Richiardi for helpful comments and suggestions on earlier drafts.

2This note is an updated version based on material from Peichl (2009).

3For example the IJM published a special issue in Spring 2010 on “Macro-Micro Analytics: A Guide to Combining

Computable General Equilibrium and Microsimulation modelling frameworks” with many interesting technical papers and

applications (see the introduction by Bourguignon et al. (2010) for an overview). Bourguignon and Bussolo (2013) as well as

Cockburn et al. (2014) provide excellent overviews of this topic and detailed discussions of various approaches and examples

for micro and macro linkages. An older but still excellent review paper is Davies (2009).

4An introduction to CGE models can be found, e.g., in Kehoe and Prescott (1995) as well as the chapters in Dixon and

Jorgenson (2012).

5See, e.g., Li and O’Donoghue (2013) or Sutherland and Figari (2013) for MS surveys as well as the chapters in

O’Donoghue (2014).

6See Cockburn et al. (2014) for an extensive description and references for each of the approaches

7For example, CGE models are typically based on a Representative Agent (RA) assumption, which boils down to

assuming homogeneity in the underlying population (i.e. all households (firms in a given sector) are identical). Kirman

(1992) shows that in general you cannot aggregate heterogeneous agents in a RA, unless specific functional forms are used -

see for instance Magnani and Mercenier (2009). If these assumptions are not made, the CGE approach retains some validity

as an hypothetical exercise aimed at investigating the general equilibrium feedbacks in a population consisting of exactly

identical individuals, to be used as a benchmark, but without too much emphasis on empirical relevance. Trying to make

the CGE model consistent with the individual decisions of heterogeneous agents, as modeled in a MS model, is the key

challenge for the linking approach.

8See for an overview of applications in the US (Gravelle 2015) and Adam and Bozio (2009) as well as Barrios et al. (2016)

for applications in Europe.

9Bargain et al. (2012) apply this framework to assess the distributional consequences of the 2008-2009 recession in

Germany, whereas Bargain et al. (2013) simulate the implications of a common European tax-transfer system combining

the cross-country MS labor supply framework of Bargain et al. (2014) with the macro shock framework of Dolls et al.

(2012). Boeters and Savard (2013) discuss several applications of extending labor market modeling in CGE models.
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