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1. Introduction 

 

Computable General Equilibrium (CGE) models are widely used to evaluate and quantify the effects of 

policy changes – in taxes, trade barriers, government spending.  However, many policy makers and 

researchers remain wary, partly because of a suspicion that CGE models – which are best thought of as 

sophisticated simulation models – are not very robust.  For instance, Thissen (1998) argues that the 

limited impact of CGE simulations on policy changes in Egypt, despite two decades of CGE modeling, is 

largely due to the unreliability of the estimates of the parameters used in the models. 

 

This suspicion is hard to allay, because there is no widely accepted way to give a good sense of how 

sensitive the results are to the assumptions made by researchers.  In this, CGE models differ from 

econometric models, where confidence intervals or p-values indicate how secure one may feel in the 

estimates (even if the sense of security is often overstated, since there is no penalty for experimentation). 

 

In this paper we propose a practical and useful method for computing and presenting information on the 

robustness of CGE models.  We illustrate the approach using a large CGE tax analysis model of 

Washington State.  The next section discusses robustness, and focuses on the uncertainty related to the 

model’s parameters (“elasticities”).  Section 3 explains how parameter robustness has been measured in 

the past.  Section 4 sets out the Washington state model, along with point estimates of the effects of a tax 

change.  Section 5 presents the robustness results, and is followed in section 6 by a brief conclusion and 

some pointers for future research, including ways in which one might put a value on information 

collection. 

 

2. Measuring Robustness 

 

Consider the following problem: Washington state would like to measure the effects of the introduction of 

a state personal income tax on variables such as employment, Gross State Product, income distribution, 

and total tax revenue.  A good answer to this question calls for the use of a CGE model. 

 

As with most Walrasian CGE models, we begin with utility-maximizing households, from which we 

derive an expenditure system.  Profit maximizing firms use intermediate inputs, with a production 

technology that allows some substitution between capital and labor inputs.  The financial flows to and 
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from government are articulated with particular care.  The result is a large CGE model, with 1,459 

equations. 

 

Following Abdelkhalek and Dufour (2001, p.3), the model may be represented as 

 

 Y = M(X, β, γ) (1) 

 

where Y is an m-dimensional vector of endogenous variables, X is a vector of exogenous (including 

policy) variables, β is a p-dimensional vector of pre-specified “free” parameters (including elasticities), 

and γ is a k-dimensional vector of calibrated parameters. 

 

The standard technique in developing CGE models of this kind is to: 

a. specify the equations, both behavioral and accounting, linking the X and Y variables; 

b. identify the free parameters, β; 

c. calibrate individual equations so that they exactly fit the data in the base year – mainly 

collected in a social accounting matrix (SAM).  This generates the calibrated parameters γ. 

d. run the model, fine tuning it until it exactly reproduces the base year economy/SAM; 

e. use the calibrated model to simulate policy changes; in effect this exercise is aimed at 

measuring dY/dX. 

 

Often the results of simulations generated by CGE models are presented as if they were known with 

certainty.  This is inappropriate, because it fails to recognize the ways in which CGE models may not give 

robust results, and it is important to give users a sense of how confident they may be in the results of 

policy simulations.  It is helpful to distinguish five different types of model robustness. 

 

Data robustness.  CGE models are typically calibrated to reproduce exactly the economic conditions in a 

base year.  For this to be valid, the base year should be in some sense typical, although this is hard to 

define.  Some researchers have calibrated their models to a composite economy representing an average 

over several years; however, this is data intensive, and because it is less up to date, is usually less useful 

for policy simulations. 

 

Even if the base year is well chosen, some of the data used in calibrating the model are highly uncertain.  

In the context of regional CGE models, this is especially true of information on trade among states of the 

US.  Data on recent events are also noisy; the revisions of quarterly US GDP growth rates, between 
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advance and final estimates estimations, averaged 0.67 percentage points over the period 1968-2001, 

equivalent to about a fifth of total growth (Chiodo and Owyang 2002). 

 

Disaggregation robustness.  A strength of CGE models is their ability to disaggregate the economic 

effects of policy changes.  While “toy” models make sense for pedagogical purposes (Devarajan, 1989), 

policy-relevant models typically need much more detail.  For instance, our Washington state model has 

27 production sectors, 7 household groups, and 35 government tax and spending categories. 

 

While disaggregation allows for detail, it comes at a cost: the amount of data needed rises with the square 

of the number of sectors; and the data tend to be less robust as the SAM becomes more detailed.  The 

extent to which disaggregation is useful is an empirical issue, and in section 5 we report some results on 

the robustness of our results to different degrees of disaggregation. 

 

Specification robustness.  Economic modeling is as much art as science; the core of the art is the ability to 

specify models successfully.  Unfortunately, the results of some CGE models are highly sensitive to the 

way in which the model is specified.  Among the more important decisions that the modeler has to make 

are:  what expenditure system?  what production technology?  whether  to allow for imperfect 

competition; and how to drive saving and investment (“closure”).   

 

The typical solution to specification robustness is to set out the model in enough detail so that an 

informed reader can judge the validity of the model.  Note that the line between specification and 

parameter robustness is thin: for instance, if one specifies a Cobb-Douglas utility function for consumers, 

this implies an expenditure system where every income elasticity of demand is one and every own-price 

elasticity of demand is –1.  Whether a simplification of this nature is acceptable may depend on the 

problem that is being addressed. 

 

Large-change robustness.  Sometimes the analysis of policy changes can assume that the changes 

themselves are small, but this need not always be the case.  For instance, a state might be interested in 

replacing a 5% sales tax with an equal-yield income tax, certainly a major policy change.  As a general 

rule, one has more confidence in the accuracy of the effects of small, rather than large, policy changes, 

especially if threshold effects are important.  Because of non-linearities, large changes may be 

significantly different from small changes; for instance, a 5 dollar-per-hour increase in the minimum 

wage is not likely to be simply twenty times as large as a 25-cent-per-hour increase.  When a CGE model 

is able to simulate large changes accurately, it is large-change robust. 
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Parameter robustness.  The parameters of the model may be wrong, or known imprecisely.  This is a 

common complaint about CGE models, the one that has received the most attention in the literature (see 

Iqbal and Siddiqui 2001), and the main focus of our paper.  This is the issue to which we now turn. 

 

3. Parameter Robustness 

 

The results of simulations using CGE models are often sensitive to the precise values of the parameters 

used. 

 

Ideally the free parameters (β) of a model would be estimated econometrically.  In practice this may be 

difficult or impractical, due to a lack of time series information, or the large number of inter-related 

parameters.  On the other hand, if there is uncertainty about the β, then this should be reflected in 

uncertainty about dY/dX, much in the same way as there is uncertainty around the estimates of 

coefficients in a regression equation. 

 

Researchers have addressed this problem in a number of ways: through limited sensitivity analysis, 

scenario analysis, and conditional and unconditional systematic sensitivity analysis.  After reviewing each 

approach, we propose another approach – Monte Carlo analysis – which we believe offers a more 

satisfactory solution. 

 

a. Limited Sensitivity Analysis. 

 

The term limited sensitivity analysis applies to any ad hoc effort to look at the sensitivity of the results of 

model simulations to changes in the parameters of the model.  Many researchers pick alternative values of 

the elasticities that they believe are most important, re-run the simulations for one parameter change at a 

time, and report the results.  For example, Berck et al. (1996) report on the sensitivity of tax simulations 

to changes in the values of a number of key parameters in their large California CGE model; and Tembo, 

Vargas and Schreiner (1999) find that the simulation results based on their Oklahoma model are highly 

sensitive to the elasticity of capital migration. 

 

Wigle (1991, p.37) argues that the results of limited sensitivity analysis “are hard to interpret.”  This is 

because we do not know how likely each of the alternative values of the parameters are.  Nor is it likely 

that only one parameter at a time would differ from the value used by the research. 
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b. Scenario Analysis 

 

It is common for researchers to specify a number of scenarios – for instance, pessimistic, baseline, and 

optimistic – and to use the underlying assumptions from each in order to re-run their policy simulations.  

Unlike limited sensitivity analysis, which varies one parameter at a time, scenario analysis varies several 

parameters simultaneously.  This is still not satisfactory, because we are not taking into account the 

likelihood that each scenario will occur. 

 

c. Conditional Systematic Sensitivity Analysis 

 

We may rewrite our basic model equation as 

  

 Y = M(X, β, γ(X,β)) (2) 

 

where, as before, β is vector of “extraneously specified” parameters, including elasticities.  Conditional 

systematic sensitivity analysis begins by specifying alternative values for each of the βi – for instance, one 

standard deviation above, and one SD below, the preferred value – and re-running the simulation with 

each of these values, holding all other parameters at their preferred values.  This is what makes this 

approach “conditional.”  Given p parameters and v values per parameter (including the initial preferred 

values), the simulation will need to be run S times, where S = (v-1).p + 1. 

 

Following Wigle (1991, p.37), one may then compute the mean result as 
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where f(β) gives the sampling distribution of the vector of parameters β.  Harrison et al. (1993) make a 

strong case that systematic sensitivity analysis represents a major improvement over the more ad hoc 

limited sensitivity analysis. 

 

However, this approach still has a number of weaknesses.  First, it is not clear why each parameter should 

be perturbed while holding all the others at their preferred values.  Second, for the approach to be 
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tractable, a discrete distribution of the β is required (e.g. three to five values per variable, with associated 

probabilities); for instance Wigle (1991) used values 0.7 and 1.4 standard deviations on either side of the 

preferred values, while Pagan and Shannon (1985) simply analyzed the effects of changing each 

parameter by 1%.  However it is done, the net result is an unduly optimistic picture of robustness; Wigle 

(1991) shows this clearly in his analysis of the welfare effects global free trade. 

 

d. Unconditional Systematic Sensitivity Analysis 

 

In this case, each parameter make take on a number of values.  The simulation is re-run for every possible 

combination of these parameter values, which means that it needs to be computed S = vp times.   

 

Although it represents an improvement on the conditional version, unconditional systematic sensitivity 

analysis has some drawbacks.  It can be computationally expensive: with 30 parameters each taking on 5 

values, 24.3 million iterations would be required, each with a corresponding probability attached.  The 

distribution of each parameter βi must be discrete.  And there is no allowance for correlations among the 

βi parameters. 

 

e. Monte Carlo Analysis 

 

A natural way to address the weaknesses of these measures of parameter robustness is to use a 

quantitative risk (“Monte Carlo”) analysis.  The approach has three components: 

(i) Specify a distribution for each free parameter. Ideally this would be based on econometric 

estimation, but in practice it is likely to reflect the judgement of the researcher.  A number of 

possible distributions are available (Vose 1996; Decisioneering, 199xxx), although the truncated 

normal and the triang distributions are particularly convenient in this context.  Although 

confidence regions can also be computed for calibrated parameters (Abdelkhaled and Dufour 

2001), one cannot simultaneously vary the free parameters and the calibrated parameters and also 

calibrate the model itself. 

(ii) Allow for correlations among parameter estimates.  This is important because often the 

uncertainty applies to a set of parameters.  For instance, it is believed that the elasticity of labor 

supply rises with income; there is also considerable uncertainty about the size of labor supply 

elasticities.  It makes sense to use distributions for these labor supply elasticities, but to have 

strong (Spearman rank) correlations among them. 
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(iii) Sample each parameter on the basis of the specified distributions and correlations; run the 

simulation exercise; repeat many times. 

The result is a distribution of simulation outcomes, which should reflect the uncertainty that the 

researcher has about the parameters in the model.   

 

Given information on parameter distributions, it is sometimes possible to arrive at confidence intervals 

using classical statistical techniques (Abdelkhalek and Dufour 1997), but it is not clear how 

straightforward this is for large models.   

 

We now illustrate the use of Monte Carlo analysis of parameter robustness using a CGE tax model of 

Washington state. 

 

4. The Washington CGE model 
 
The Washington state CGE State Tax Analysis Modeling Program (STAMP) is a large CGE model 

designed principally to identify the economic, distributional and revenue effects of changes in state tax 

policy.  The model distinguishes 27 industrial sectors, two factors (labor and capital), seven household 

categories, an investment sector, 35 government sectors (21 for taxes and other revenue sources, 14 for 

spending), a sector for the rest of the United States, and a sector for the world outside the US.  In 

sectoring the economy we sought to strike a balance between providing a high level of detail (especially 

on the tax side) and keeping the model to a manageable size.  In addition there is a more pragmatic 

consideration, which is that the lack of finely disaggregated data limits the degree of detail that is 

possible.  Data availability also determined some of the choices we made; for instance, it is possible to get 

a breakdown of households into seven income categories (see below for further details), and while we 

might have preferred a different set of categories, we were constrained by the nature of the data available.  

The key features of the model are summarized in Table 1, following the classification used by Partridge 

and Rickman (1998). 

Table 1.  Key features of Washington CGE-STAMP model 
Region Washington state 
Consumption Cobb-Douglas; Armington for trade. 
Production Multi-level constant elasticity of substitution, with input output 

table.  28 producing sectors. 
Production inputs Capital, labor (with 7 household income categories), 

intermediate inputs, imports 
Regional mobility of capital and labor Labor migration responds to wages, employment. Investment 

responds to returns. 
Labor market closure Market clearing wage 
Notes:  Classification based on Partridge and Rickman (1998), Tables 1 and 2. 
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A full list of the 27 industrial sectors, along with employment in each industry, is shown in Appendix 

Table 1.  Data from the Bureau of Economic Analysis would have allowed us to separate out 49 sectors.  

However some sectors were too small to merit separate attention, which is why, for instance, we 

combined textiles and apparel.  In some other cases there were no matching employment figures, and so it 

was easier to work with aggregates.  

 

Output is determined by the quantities of labor and capital used in production; it is assumed that enough 

intermediate goods will be available.  We use a Constant Elasticity of Substitution (CES) production 

function, which allows a degree of substitution between labor and capital; thus, if the price of labor rises, 

firms will cut back on the number of workers they hire, and use more capital instead. 

 

We distinguish between two factors, labor and capital (which includes land).  Businesses pay wages and 

salaries to labor, and they generate profits.  These are then distributed to household owners as factor 

income. 

 

Rather than modeling the unemployment rate, the Washington CGE-STAMP models the labor force 

participation rate, defined as the proportion of households in any given income category that work.  The 

participation rate is assumed to rise if wage rates rise, if the taxes levied on earnings fall, or if the transfer 

payments paid out per non-working household fall.  The participation rate for low-income households is 

assumed to be highly sensitive to the level of transfer payments, but relatively insensitive to changes in 

taxes or the wage rate.  On the other hand high-income households are assumed to respond substantially 

to changes in the taxes and wage rates they face. 

 

The number of households in each income group depends first and foremost on the initial number of 

households.  To this we add the natural growth of the population and net in-migration.  Migration in turn 

depends on the level of after-tax income, and the proportion of households that are not working (which 

reflects the employment prospects facing new migrants).  This formulation is in the spirit of the migration 

model popularized by Harris and Todaro (1970). 

 

In Washington CGE-STAMP, households receive wages, capital income and transfers; they use this 

income to buy goods and services; they pay taxes; and they save.  We distinguish seven household 

sectors, which group households by their levels of income, as shown in Appendix Table 2.  Expenditure 

data are available for households in each of these categories, which make it relatively straightforward to 
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work with this structure.  One purpose of this disaggregation of households is to allow one to trace the 

distributive effect of tax changes; another is to allow different groups to have different levels of 

sensitivity to labor market conditions.  Of a total estimated gross income of $192.9billion in 2001, almost 

half (49%) accrues to the 25% of households that are in the top two income categories.  These demand 

functions, based on a Cobb-Douglas utility function, take on the simple form, 

 * , 1,...,i i
i

IX i n
P

λ= = , 

where Xi is the quantity demanded of good i, Pi is the price of good i, I is income, and the λi are 

parameters that measure the share of income that is devoted to good i.   

 

There is one investment/savings sector.  Households save, both directly out of their cash incomes, and 

indirectly because they own shares in businesses that save and reinvest profits.  The government also 

saves and invests.  Information is available from the Bureau of Economic Analysis on the pattern of gross 

investment by destination (i.e. how much gross investment went into adding to the stock of capital in 

agriculture, in mining, and so on).  We constructed measures of the capital stock in each sector (see 

Tuerck et al. 1999 for methodological details).  By applying published depreciation rates and adding gross 

investment, one arrives at the capital stock in the subsequent period.  This permits the model to track the 

expansion of the economy over time.  The BEA publishes a capital coefficient matrix, built for the U.S. 

for 1992, that maps investment by destination to investment by source.  In other words, it allows one to 

find out, for instance, how much of the investment destined for agriculture is spent on purchasing goods 

and services from the construction sector and the transport sector.  Thus if investment (in agriculture, for 

instance) rises, it is possible to identify which sectors would face an expansion in the demand for their 

output.  The amount of gross investment in any given sector depends on the after-tax rate of return in that 

sector relative to the return in the base period.   

 

The Washington CGE-STAMP has been designed primarily to analyze the effects of major changes in the 

structure of state taxes, and so we have paid particular attention to providing sufficient detail for 

government transactions.  The sectoring is summarized in Appendix Table 3. 

 

The Washington state government collects revenue from taxes on sales, motor fuel, business income, 

alcohol and tobacco, property, insurance and inheritance.  It also collects a variety of fees.  The relative 

importance of these courses of revenue is clear from Appendix Table 4, which summarizes state receipts 

in FY2001.  Half of all tax revenue comes from the state sales and use tax; the other significant sources 

are the business and occupation tax and the state property tax levy.   
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All of the collections from taxes and fees are deemed to go into one of three funds – the general fund, 

special fund, or a catchall “other” fund.  From the funds, monies flow to different categories of spending.    

In the model, the government of Washington pays directly for some education, mainly the University of 

Washington system.  It also spends on public safety and transportation and general administration, mainly 

salaries for state workers.  A major category of spending is health and welfare, mostly in the form of 

transfers to local authorities.  All remaining state spending is gathered into a residual category.   

 

Local governments in Washington receive tax revenue from residential property and business and 

commercial property, as well as from a variety of other taxes and fees.  These funds, augmented by 

transfers from the state level, flow to spending on education, health and welfare and other spending such 

as public safety. 

 

Some government spending is assumed to remain unchanged even if tax revenues vary; the rest of 

spending is endogenous, in that it responds to the availability of funds.  Notionally, most revenues flow 

into the Washington General Fund; they are then used in part to buy goods and services, but some are also 

transferred to local government units.  The residual spending category, which ensures that all the 

government accounts balance, is local government spending on health and welfare payments directed to 

the poorest segment of society.  A substantial proportion of incremental tax revenue flows to this group.   

 

To complete the model we have included sectors for the rest of the United States (ROUS) and rest of the 

world (ROW).  Although IMPLAN (2002) provides some information, this is the area where the data are 

the weakest.   

 

Goods produced in Washington State are assumed to be close, but not perfect, substitutes for goods 

produced elsewhere.  Thus if prices rise in Washington, the state’s exports will fall and its imports will 

rise, but the adjustment need not be very large.  There is no need for trade to be balanced; capital flows 

simply adjust to cover the gap between exports and imports.  Exports depend on the price of goods within 

the state relative to the price outside Washington.   

 

The demand for imports is handled indirectly, by modeling the share of domestic consumption that is 

supplied by domestic firms (d), following the approach pioneered by Armington (1969).  This share 

depends on the domestic price relative to the price of the same goods in the rest of the world.   
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5. The Robustness of the Washington CGE-STAMP model 

 

As of early 2003, there is a debate in Washington State about how best to tackle the state’s looming 

budget deficit.  One option that has been proposed is to raise the sales tax; this tax currently (FY2001) 

yields $5.9 billion in revenue annually.  However, the tax rate, at 6.5%, is one of the highest in the nation, 

raising doubts about the extent to which it could be increased further.  Another option is to introduce a 

personal income tax; Washington is one of nine states that do not impose such a tax. 

 

In what follows, we simulate the effect of a tax package that would introduce a personal income tax at a 

flat 1%, along with an increase in the sales tax that is designed to collect $1 billion in additional revenues 

(without factoring in any behavioral responses).   

 

Based on our preferred values of the model parameters, the Washington CGE-STAMP model yields the 

following point estimates of the results of the tax increases: 

• Employment would fall by 1.6%, or by more than 56,000. 

• The wage rate would rise by 0.4%, but this would not be enough to offset the increases in the 

personal income and sales taxes, so real disposable income per capita would fall by 1.3%. 

• The number of working households would fall, by about 1% among low-income households, and 

by about 2% for high-income households. 

• State tax revenue would rise by $2.2 billion.  This may be decomposed into a static revenue gain 

of $xxx billion, offset by a “dynamic” loss of $xxx billion that follows from the reduction in 

economic activity. 

Some additional details are set out in Table 2.  The intuition is that higher tax rates reduce the incentive to 

work in Washington, both for current and prospective residents.  With a smaller labor supply, the wage 

rises, partly offsetting the initial effects of the higher income tax (which cuts disposable income) and the 

higher sales tax (which raises the cost of living and so cuts real income).  With higher wages and lower 

employment, profits fall, and so does investment.  The incremental government revenue goes 

disproportionally to low-income households, actually attracting some more low-income migrants into the 

state; at other income levels there is net out-migration.   

 

These simulations are useful, but it is difficult to judge how robust are the results.  Our solution is to 

specify distributions for the parameters of the model, including any necessary correlations, sample from 

these distributions, run the model, and repeat the process 10,000 times.  The result is a distribution of 

outcomes for the variables of interest. 
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Table 2   Effects of a tax package that introduces a 1% flat personal income tax and raises 
the sales tax to yield an additional $1 billion in revenue, FY2004 

 Baseline, 2004 Introduce a flat 1% PIT and raise sales tax to 
yield $1 billion more in the first instance 

  Change % change 
Employment 3,579,196 -56,823 -1.59 
Wage rate, $ p.a. 34,240 128 0.38 
Investment, $m 36,785 -307 -0.83 
Real disposable income, $m 167,931 -3,207 -1.91 
Real DI per capita 26,668 -358 -1.34 
# of working households    
  < $10,000 income 199,466 -1,677 -0.84 
  $10,000-$19,999 income 287,348 -3,478 -1.21 
  $20,000-$29,999 income 309,347 -4,044 -1.31 
  $30,000-$39,999 income 301,455 -4,708 -1.56 
  $40,000-$49,999 income 262,010 -5,622 -2.15 
  $50,000-$69,999 income 345,048 -6,603 -1.91 
  $70,000 income and up 187,161 -3,903 -2.09 
    
State tax revenue, $m  2,194.5  
Of which:    
  State sales tax 6,240 823.5  
  State personal income tax 0 1,482.5  
  Other  -111.5  
Memo: local property tax  -54.4  
Source:  Based on simulations using Washington CGE-STAMP for FY 2004. 
 

 

The key elasticities for which we establish distributions are set out in Table 3; the detailed assumptions 

about the distributions of these parameters are set out in Table 4.  These elasticities relate to two 

equations – the labor supply equation and the migration equation. 

 

Labor supply in the Washington CGE-STAMP model is an outcome of the participation rate, which is 

defined as the proportion of households (HH) who work (HW); it is modeled for each of the seven 

categories (h) of household.  The participation rate rises if there is an increase in the overall real wage rate 

(w/p), lower taxes on personal income, both state and federal (Σtgh), or lower real government transfer 

payments to individuals (f/p).  Using a bar to denote the baseline values, we have 
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The number of households in each income group depends first and foremost on the initial number of 

households (HH).  This is adjusted for the national growth rate of the population (n) and for net in-

migration.  Both in-migration (MI) and out-migration (MO) depend on the level of real per capita after-

tax income (yd/HH/p), and the proportion of households that are not working (HN/HH, which reflects the 

employment prospects facing new migrants).  More precisely: 
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Table 3.  Summary of elasticity parameters subject to change 
 ηPIT ηTP ηLS ηYD ηU

  < $10,000 income -0.0445 -0.05 0.17 1.30 -0.80 
  $10,000-$19,999 income -0.1000 -0.05 0.20 1.50 -0.70 
  $20,000-$29,999 income -0.1400 -0.04 0.25 1.60 -0.60 
  $30,000-$39,999 income -0.2000 -0.04 0.30 1.80 -0.50 
  $40,000-$49,999 income -0.2400 -0.03 0.40 2.00 -0.40 
  $50,000-$69,999 income -0.2400 -0.03 0.50 2.10 -0.30 
  $70,000 income and up -0.2400 -0.02 0.60 2.30 -0.20 
Notes: 
ηPIT     Elasticity of labor supply with respect to income tax 
ηTP     Elasticity of labor supply with respect to transfer payments 
ηLS     Elasticity of labor supply with respect to gross wage 
ηYD     Elasticity of in-migration with respect to after-tax income 
ηU      Elasticity of in-migration with respect to unemployment. 
 

The labor supply elasticities draw heavily on the survey by Hausman (1985).  We expect the participation 

rate for low-income households to be highly sensitive to the level of transfer payments, but relatively 

insensitive to changes in taxes or the wage rate.  On the other hand high-income households are assumed 

to respond substantially to changes in the taxes and wage rates they face.   

 

There is considerable uncertainty about the precise values of the relevant elasticities. For each elasticity 

we have applied either a triang or a normal distribution.  The normal distribution requires just two 

parameters (mean and standard deviation) and is symmetric; it is also unbounded, so we generally 

truncated it to ensure that the parameters retain their expected signs.  For non-symmetric distributions, or 

cases where the published literature suggested clear upper and lower limits to the parameter values, we 
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used the triang distribution.  Vose (1996, p.89) argues that the triang distribution tends to overemphasize 

the extremes and underweight the “shoulders,: but it is not clear how serious a problem this is in practice.  

A number of correlations have also been incorporated into the distributions (see Table xxx for details); we 

may not know the labor supply elasticities with much certainty, but we do expect them to be correlated 

across income groups. 

 

Table 4.  Parameter values with associated distributions  
  Mean or 

preferred 
value 

Distri-
bution 

Minimum Maximum Standard 
Deviation 

Correlations: 
Variable # 
(correlation) 

ηPIT     Elasticity of labor supply with respect to income tax 
1   < $10,000 income -0.0445 Triang -0.0625 0.00  15 (.85) 
2   $10,000-$19,999 income -0.1000 Triang -0.10 -0.01  16 (.85) 
3   $20,000-$29,999 income -0.1400 Triang -0.14 -0.02  17 (.85) 
4   $30,000-$39,999 income -0.2000 Normal   .02 18 (.85) 
5   $40,000-$49,999 income -0.2400 Normal   .02 19 (.85) 
6   $50,000-$69,999 income -0.2400 Normal   .02 20 (.85) 
7   $70,000 income and up -0.2400 Normal   .02 21 (.85) 
ηTP     Elasticity of labor supply with respect to transfer payments 
8   < $10,000 income -0.05 Triang -0.08 0.00   
9   $10,000-$19,999 income -0.05 Triang -0.08 0.00   
10   $20,000-$29,999 income -0.04 Triang -0.07 0.00   
11   $30,000-$39,999 income -0.04 Triang -0.07 0.00   
12   $40,000-$49,999 income -0.03 Triang -0.06 0.00   
13   $50,000-$69,999 income -0.03 Triang -0.06 0.00   
14   $70,000 income and up -0.02 Triang -0.04 0.00   
ηTP     Elasticity of labor supply with respect to transfer payments 
15   < $10,000 income 0.17 Triang 0.00 0.25  1 (.85); 16 (.90) 
16   $10,000-$19,999 income 0.20 Triang 0.07 0.35  2 (.85); 15(.9); 17(.9) 
17   $20,000-$29,999 income 0.25 Triang 0.10 0.40  3 (.85); 16(.9); 18(.9) 
18   $30,000-$39,999 income 0.30 Triang 0.15 0.45  4 (.85); 17(.9); 19(.9) 
19   $40,000-$49,999 income 0.40 Triang 0.25 0.55  5 (.85); 18 (.9); 20 (.9) 
20   $50,000-$69,999 income 0.50 Triang 0.35 0.65  6 (.85); 19(.9); 21(.9) 
21   $70,000 income and up 0.60 Triang 0.50 0.80  7 (.85); 20 (.9) 
ηYD     Elasticity of in-migration with respect to after-tax income 
22   < $10,000 income 1.30 Normal   0.26 Min. value 0. 
23   $10,000-$19,999 income 1.50 Normal   0.30 Min. value 0. 
24   $20,000-$29,999 income 1.60 Normal   0.32 Min. value 0. 
25   $30,000-$39,999 income 1.80 Normal   0.36 Min. value 0. 
26   $40,000-$49,999 income 2.00 Normal   0.40 Min. value 0. 
27   $50,000-$69,999 income 2.10 Normal   0.42 Min. value 0. 
28   $70,000 income and up 2.30 Normal   0.46 Min. value 0. 
ηU      Elasticity of in-migration with respect to unemployment. 
29   < $10,000 income -0.80 Normal   0.16 Max. value 0. 
30   $10,000-$19,999 income -0.70 Normal   0.14 Max. value 0. 
31   $20,000-$29,999 income -0.60 Normal   0.12 Max. value 0. 
32   $30,000-$39,999 income -0.50 Normal   0.10 Max. value 0. 
33   $40,000-$49,999 income -0.40 Normal   0.10 Max. value 0. 
34   $50,000-$69,999 income -0.30 Normal   0.10 Max. value 0. 
35   $70,000 income and up -0.20 Normal   0.10 Max. value 0. 
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The main results of the Monte Carlo simulations are shown in Figure 1, and the key points summarized in 

Table 5, which compares the point estimate of the change resulting from the increases in the sales and 

income taxes with the “confidence interval” within which 95% of the values of the Monte Carlo 

simulation fall.  These “confidence intervals” are fairly tight, indicating that at least in the current context, 

there is considerable “parameter robustness.”  Abdelkhalek and Dufour (1997) also found narrow 

confidence intervals in a study of the effects of remittances on the economy of Morocco, using a 

relatively small model. 

 

Table 5.   Monte Carlo results of the effects of a tax package that introduces a 1% flat 
personal income tax and raises the sales tax to yield an additional $1 billion in revenue, 
FY2004 

 Baseline, 2004 Introduce a flat 1% PIT and raise sales tax to 
yield $1 billion more in the first instance 

  Change 95% “confidence 
interval” for change 

Employment 3,579,196 -56,823 -29,118 to –38,366 
Wage rate, $ p.a. 34,240 128  
Investment, $m 36,785 -307  
Real disposable income, $m 167,931 -3,207  
Real DI per capita 26,668 -358 -284 to -307 
# of working households 1,891,835 -30,035 -15,391 to –20,279 
    
State tax revenue, $m  2,194.5  
Of which:    
  State sales tax 6,240 823.5 897 to 906 
  State personal income tax 0 1,482.5  
  Other  -111.5  
Memo: local property tax  -54.4  
Source:  Based on simulations using Washington CGE-STAMP for FY 2004. 
 

Figure 1 
Simulation results 

  
Real per capita income, $ p.a. 

Mean 
Standard Deviation 
95% interval 
Original simulation 

26.373 
0.00596 
26.361-26.384 
26.668 

 

Employment, millions 
Mean 
Standard Deviation 
95% interval 
Original simulation 

3.545 
0.00236 
3.541-3.550 
3.579 
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Imports, $bn 

Mean 
Standard Deviation 
95% interval 
Original simulation 

120.396 
0.028121 
120.344-120.452 
121.370 

 

Exports, $bn 
Mean 
Standard Deviation 
95% interval 
Original simulation 

118.724 
0.05321 
118.621-118.830 
118.687 

  
Sales Tax Revenue, $bn 

Mean 
Standard Deviation 
95% interval 
Original simulation 

7.142 
0.00253 
7.137-7.147 
6.240 

 

Working households, m 
Mean 
Standard Deviation 
95% interval 
Original simulation 

1.874 
0.00125 
1.872-1.876 
1.892 

  
Investment, $bn 

Mean 
Standard Deviation 
95% interval 
Original simulation 

36.563 
0.00834 
36.547-36.579 
36.479 

 

State personal income tax revenue, $bn 
Mean 
Standard Deviation 
95% interval 
Original simulation 

1.045 
0.00029 
1.044-1.046 
1.482 

 
 
6. Summary and conclusions 

 

The usefulness of CGE models for policy advice has been limited by widespread doubts about the 

robustness of the results.  The models may give misleading results if they are based on poor data; are 
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poorly specified; are too disaggregated; show substantial non-linearities; or are based on parameters that 

are not known with much precision. 

 

By specifying distributions for the parameters, along with any relevant correlations among them, it is 

possible to generate a distribution of outcomes for the policy experiment under consideration.  At least for 

the case of the relatively large Washington CGE tax model, the resulting “confidence intervals” that one 

may build around the simulated outcomes are tight enough for the results to be usable. 

 

This research could usefully be extended in a number of directions.  The Washington CGE-STAMP 

model itself could be improved, most notably by using a more realistic expenditure system, and by 

making it dynamic.  Other forms of robustness could also be tested; by aggregating the model it would be 

possible to determine the extent to which disaggregation is useful.  The choice of distribution for the 

parameters could be explored. 

 

Our approach should be particularly useful in helping researchers determine where to invest in 

information gathering.  Additional information is not expected to change the expected value of 

parameters, but it will reduce their variation.  One could reduce the variance of the distribution of a 

parameter, do a Monte Carlo simulation, and compare the distribution of outcomes with that of the 

original simulation.  Where greater parameter precision substantially reduces the standard deviation of the 

estimates of the outcomes (such as employment of per capita income) of policy experiments, there is a 

strong case for undertaking additional research that would allow one to know the parameters with more 

certainty.  This may not always be possible; Abdelkhalek and Dufour (1997, p.20) argue that in applying 

CGE models to developing countries, “the main limitation will remain the availability of good data for 

estimating the relevant parameters.”  
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Appendix Table 1:   Industrial sectors used in Washington CGE-STAMP, with 
employment levels in 2001 

 2001 
Agriculture, forestry and fishing 97,750 
Mining 4,572 
Construction 247,996 
Food and food processing 41,907 
Apparel and clothing 10,752 
Building materials and furniture 54,092 
Paper and Publishing 42,966 
Chemicals, rubber, plastics 18,523 
Electronic and electrical equipment 19,041 
Transport equipment 115,707 
Primary and fabricated metal 28,218 
Industrial machinery and equipment 25,971 
Instruments 14,727 
Other manufacturing 12,034 
Transportation 125,494 
Communications 29,992 
Electricity, gas, sanitary 18,098 
Wholesale trade 167,381 
Retail trade 581,473 
Banking 95,433 
Insurance 54,587 
Real estate 91,637 
Repair services 131,280 
Business services 424,092 
Hotels, amusements, motion pictures, entertainment 120,297 
Health services 232,025 
Other services 175,115 
Total (including government sectors) 3,538,774 
Source:  IMPLAN and Bureau of Economic Analysis. 
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Appendix Table 2   Number of households by income bracket, 2001 

Category of 
household 

Income per household 
level, $ p.a. 

Gross income including transfers 
2001, $bn 

Number of households 
millions 

LESS10 <$10,000 6.3 .30 
LESS20 $10,000 – 19,999 16.0 .40 
LESS30 $20,000 – 29,999 23.2 .40 
LESS40 $30,000 – 39,999 26.8 .37 
LESS50 $40,000 – 49,999 25.8 .28 
LESS70 $50,000 – 69,999 43.5 .37 
MORE70 $70,000 and up 51.3 .20 
All Washington  192.9 2.31 
Source:  Washington CGE-STAMP SAM, based on data from IMPLAN and BEA. 
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Appendix Table 3   Government Sectors 
Federal Government Receipts 
USSSTX Social Security Gets payments from employers, households; pays transfers to households. 

USPITX Federal personal income tax Receives payments from households, which are put into the Federal normal 
spending account. 

USCITX Federal corporation income tax Receives payments from corporations and channels them into the Federal normal 
spending account. 

USOTTH Other federal taxes Includes excises on motor fuel, alcohol, and tobacco; estate and gift taxes.  Also 
funneled into the Federal normal spending account. 

Federal Government Expenditure 
USNOND Federal normal spending Federal government purchases goods and services, hires labor, and transfers 

money to Washington and to Federal defense fund. 
USDEFF Federal defense spending Purchases goods and services, and pays labor for military purposes. 
Washington Government Receipts 
STSATX Washington sales tax Sales tax, vehicle sales tax, utility taxes, hotel and motel tax.  Revenues go into 

Washington general fund. 
STFUTX   
STMOTX Washington tax on motor fuel Revenues go into Washington highway fund. 
STCITX Washington corp. income tax This is the tax on business; revenues to into the Washington general fund. 
STALTX Washington tax on alcohol  Revenues go into Washington general fund. 
STTCTX Washington tax on tobacco Revenues go into Washington general fund. 
STOGTX   

STIHTX Washington tax on insurance 
occupation Revenues go into Washington general fund. 

STPITX Washington personal income tax Revenues go into Washington general fund.  [Washington does not currently have 
a personal income tax, but this category allows for one to be introduced.] 

STINTX Washington inheritance tax Revenues go into Washington general fund. 
STPRTX Washington state property tax  
STOTTX Other state taxes  

STFEES Washington fees, licenses, permits Revenues go into Washington general fund, special fund, trust fund, highway 
fund, and “other funds”. 

STWKTX Washington workers' 
compensation and disability 

Sector combines workers compensation and unemployment funds.  Receipts from 
Federal government go directly to households. 

STGENF Washington general fund An accounting device.  Tax revenue is channeled into this fund before being 
distributed to other uses. 

STSPCF Special funds [xxx]  
STOTHF Other state funds  
Washington Government Expenditure 
STEDUC Washington spending on 

education Mainly purchases of goods, services, labor in the higher education sector. 

STHELT Washington spending on health & 
welfare Buys some services; mainly transfers funds to local health spending fund. 

STGGSP   
STTRAN Washington spending on transport Mainly buys engineering services and construction. 
STOTHS Washington other spending Miscellaneous other spending by the state on labor, goods and services. 
Local Government Receipts 
LOPRTX Local tax on residential property Collected from households.  Transferred to local government spending units. 
LOPBTX Local tax on business property Collected from firms.  Transferred to local government spending units. 
LOOTTX Local taxes, other Collected from firms.  Transferred to local government spending units. 
Local Government Expenditure 
LOEDUC Local spending on education Purchases goods and services and (mainly) pays teacher salaries. 

LOHELT Local spending on health & 
welfare 

Purchases goods and services and pays labor; large transfers to the poorest 
category of households. 
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LOTRAN Local spending on transportation Includes road repair and building. 

LOOTHS Local other spending Includes spending on police and firefighters, and miscellaneous local government 
services. 

 

 

 

Appendix Table 4   Washington general fund tax revenues by source, FY 2001 through FY 
2005 

 Actual Estimates, as of November 2002 
 FY 2001 FY 2003 FY 2004 FY 2005 

 (in millions of dollars) 
Individual income tax 0    
General sales and use tax 5,920    
Business & occupation tax 2,012    
Property 1,368    
Public utility  267    
Excise taxes: cigarettes and tobacco 270    
Motor vehicle and other fuel, incl. MV excise 802    
Excise taxes: other 300    
Real Estate and estate taxes 541    
Insurance premiums 280    
Miscellaneous tax revenue 106    
Tobacco settlement     
Tobacco securitization     
Other departmental revenues     
Total tax revenue 11,866    
Of which: Tax revenue     
Source:  Department of Revenue, State of Washington.  http://dor.wa.gov/docs/reports/2002/Tax_Reference_2002/overview.pdf  
[Downloaded February 17, 2003.] 

 

 

 
 

 

 


