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NET FISCAL INCIDENCE AT THE REGIONAL LEVEL: 
A COMPUTABLE GENERAL EQUILIBRIUM MODEL WITH VOTING 

 
EXECUTIVE SUMMARY 

 
 

Net fiscal incidence is a measure of how much each income group bears of the tax 

burden, and how much they benefit from the public goods and services provided with the taxes 

paid.  In other words, net fiscal incidence is the appropriate measure of the distributional impact 

of a government’s tax and expenditure policy.  This report provides estimates of net fiscal 

incidence for the state of Georgia.   

1. The term “incidence” usually refers to how tax burdens are distributed across individuals 

or income classes.  Net fiscal incidence, on the other hand, is the difference between the 

benefits an individual receives from consuming government goods and services and the 

loss in consumption arising from bearing a certain tax burden.  Most attempts to measure 

net fiscal incidence have ignored changes in the behavior of individuals resulting from 

taxation and public service provision, and have therefore relied on partial equilibrium 

analysis.  Theoretical and empirical economic research has shown, however that ignoring 

such changes can lead to misleading measures of how individual welfare is affected by 

government policy.  Consequently, this report incorporates behavioral changes on the 

part of individuals in its measurement of net fiscal incidence, and thus relies on general 

equilibrium analysis.  

2. In order to measure net fiscal incidence in Georgia, an empirical model of the Georgia 

and the Rest of the United States Economies (ROUS) was constructed.  For Georgia, the 

model includes three factors of production (labor, capital and land), twenty production 

sectors (see Table 1), seventeen private commodities (see Table 2), one public 

commodity, and twenty income groups aggregated in population quintiles.  For the 

ROUS, the model includes the same factors, production sectors, and private commodities.  

Since the distributional effects of interest are limited to Georgia consumers, ROUS 

consumers are assumed to be identical, and are thus represented by one consumer group.  

The model is, therefore, a two-region closed economy with explicit trade between the two 

regions (Georgia and the ROUS).  Each private industry in each region comprises a 
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corporate sector and a noncorporate sector.  It is assumed that there is one composite 

public service in Georgia that includes both state and local public services.  It is also 

assumed that the public service is a public good and is financed with revenues generated 

by (state and local) taxes that are specific to the region, by the regional government's 

return on its capital endowment, and by federal government transfers.  The regional (state 

and local) government in the ROUS returns its tax revenues, income on its capital 

endowment, and federal government transfers to the ROUS consumers.  The federal 

government collects revenues by imposing identical taxes in both regions and earning 

income on its capital endowment.  This revenue is distributed to the regional 

governments and directly to the consumers as lump-sum transfers proportional to their 

income. 

 Georgia comprises twenty income groups (see Table 3) based on annual gross income to 

capture differences in consumption patterns and in tax and benefit incidence across 

income categories.  Each consumer group (i.e., income class) consumes leisure, local 

private commodities, and the local public good.  It is assumed that in equilibrium, the 

level of provision of the regional public good is provided according to the state’s median 

income earner’s preferences.  The requirement that the government’s budget always be 

balanced is imposed.  It is further assumed that each consumer group has the same 

demand function for the regional public good as the median voter does.  Because 

consumer groups have different incomes and tax prices than the median voter's, they 

prefer different quantities of the regional public good.1  However they are forced to 

consume the quantity most preferred by the median voter.  The ROUS comprises a single 

representative consumer whose treatment is similar to the treatment of Georgia 

consumers, except that, for simplicity, it is assumed that the ROUS representative 

household does not consume public goods.  Instead, all federal and state and local tax 

revenues and income are returned to the representative consumer as lump-sum transfers. 

                                                        
1 A tax price is the fraction of taxes paid by the taxpayer times the cost of a unit of the public good. 
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 Taxes are specified as ad-valorem tax rates applied to the purchases of certain products or 

factors.  Retail sales taxes apply to consumer goods, excise taxes and indirect business 

taxes apply to producer goods, and social security taxes apply to industries' uses of labor 

services.  The tax on capital/land income from the uses side (industry level) has three 

components: the corporation income tax levied by the federal government, and the 

corporation income tax and the property tax levied at the state and local level.  The 

personal federal and state income tax has graduated marginal rates that differ across 

income groups. 

 Data from a wide variety of sources are used to measure production, consumption, 

income, etc.  Because these data are not necessarily consistent in an accounting sense, 

certain adjustments are made to insure that, in equilibrium, demand equals supply in all 

sectors, and that income equals spending for consumers and for the governments.  In 

order to simulate how individuals react to a change in government policy, assumptions 

about how they make their economic decisions have to be made.  In other words, 

production and consumption functions have to be specified.  Functions that allow 

consumers and producers a certain degree of flexibility require that additional behavioral 

parameters be either estimated or gathered from published estimates.2  For this report the 

required parameters have been compiled from the economic empirical literature.   The 

data and the specified functional forms thus generate the benchmark equilibrium which is 

the model representation of the 1993 Georgia and ROUS economies. 

3.  In studies of tax incidence, the traditional approach is to compare the distribution of tax 

burdens given the existing tax structure with the distribution that would prevail given 

some hypothetical tax, usually a proportional income tax.  Likewise, for net fiscal 

incidence, the benchmark equilibrium is compared with equilibria generated by several 

counterfactual simulations.  The counterfactual simulations chosen are based on 

economist notions of economic efficiency, and a desire to isolate the effects on individual 

welfare of potential inefficiency in the provision of the public good, of the excess burden 

of taxation, and of tax exporting. 

                                                        
2 In general, consumers (producers) substitute a cheaper good (factor of production) for a more expensive one.  The 
extent to which a consumer (producer) can do that depends on his preferences (production technology).  Parameters 
such as the elasticity of substitution provide us with this information. 
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4. Results show that at the 1993 public services provision level, the distribution of net 

benefits across Georgia income groups is regressive if the excess burden and exporting of 

taxes is ignored, and U-shaped if they are taken into account.  There is, however, a 30 

percent undersupply of the Georgia public good, which, if it is to be corrected, requires a 

39 percent reduction in the Georgia median income earner’s tax price.  The 1993 net 

benefit distribution in Georgia is proportional relative to an equilibrium with efficient 

public services provision that ignores the excess burden and exporting of taxes, and 

progressive when these effects are accounted for.  Results, however, are sensitive to the 

elasticity of substitution between the public good and income. 

5. Based on this analysis, it is recommended that the tax structure of the state of Georgia be 

 made more progressive for the following reasons: 

1.  The public good quantity would be more efficiently provided: counterfactual 
simulations have shown that there is approximately a 30 percent undersupply of 
public goods.  Reducing the tax liability for lower and median income groups and 
increasing it for higher income groups would lead to a more efficient provision of  
public goods. 

2.   The net benefit distribution would be proportional: The current net benefit 
incidence in the state of Georgia is regressive, which offsets the progressiveness of 
the federal tax structure.  Most economists agree that income redistribution should be 
done at the federal level because redistributing income at the subnational level may 
lead to the flight of higher income, more productive individuals.  If the tax structure is 
made more progressive, which in turn would lead to a more efficient provision of 
public goods, then the net benefit distribution would be approximately proportional. 

3.  There would be an aggregate welfare improvement for both Georgia and the 
Rest of the United States: a more progressive tax structure for the state of Georgia 
coupled with a more efficient provision of public goods would lead to an aggregate 
welfare increase for Georgia of four to five percent of Georgia income, as well as a 
significant welfare increase for the ROUS. 
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NET FISCAL INCIDENCE AT THE REGIONAL LEVEL: 
A COMPUTABLE GENERAL EQUILIBRIUM MODEL WITH VOTING 

 
 

I.  Introduction 
 
 Net fiscal incidence is a measure of how much each income group bears of the tax 

burden, and how much they benefit from the public goods and services provided with the 

taxes paid.  In other words, net fiscal incidence is the appropriate measure of the 

distributional impact of a government’s tax and expenditure policy.  This report provides 

estimates of net fiscal incidence for the state of Georgia. 

 The rest of this report is organized as follows: Section II contains a general discussion 

of how net fiscal incidence is measured; Section III describes the nature of the model used in 

this report; Section IV contains a description of the prevailing equilibrium in Georgia in 

1993, the various counterfactual simulations performed to measure net fiscal incidence in 

Georgia, and the results; Section V provides sensitivity analyses with respect to important 

parameters in the model; and Section VI contains policy recommendations. 

 

II.   Net Fiscal Incidence 

The term “incidence” usually refers to how tax burdens are distributed across 

individuals or income classes.  Net fiscal incidence, on the other hand,  measures how an 

individual’s welfare is affected as a result of both paying taxes and receiving services from 

government.  In other words, net fiscal incidence is the difference between the benefits an 

individual receives from consuming government goods and services and the loss in 

consumption arising from bearing a certain tax burden.  Net fiscal incidence is usually 

measured by quantifying in dollar terms what households in different income categories 
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receive from (benefits) and pay to (taxes) the public sector on a net basis (benefits less 

taxes).1   

Most attempts to measure net fiscal incidence have relied on a partial equilibrium 

framework, i.e., a framework where changes in the behavior of individuals resulting from 

government taxation and provision of goods and services are ignored.  The literature on tax 

incidence has established that the partial equilibrium framework is inadequate and tends to 

produce erroneous measures of the distributional impact and the excess burden of taxes.2   

The measurement of tax incidence in a general equilibrium framework where 

behavioral feedback from economic agents (e.g., consumers, firms, workers) is taken into 

account was pioneered by Harberger in 1962.  Harberger’s framework was originally 

restricted to two sectors (the corporate and noncorporate sectors) and one representative 

consumer.  This framework has since been expanded to include a large number of sectors, 

productive factors, different income classes, and the government.  Such detailed general 

equilibrium measures of tax incidence and the excess burden of taxes were made possible 

through the development of computer algorithms that allowed the simulation of the effects of 

government policy on the economy.  In these models, equilibrium prices, input and output 

quantities, welfare levels, and other variables of interest are computed based on a 

tatonnement process where variables are repeatedly adjusted until there is insignificant excess 

demand or supply, in other words, until a new equilibrium is reached.   

                                                        
1Examples of such studies are Gillespie (1965), Tax Foundation (1965), Aaron and McGuire (1970), Maital 
(1973), Musgrave, Case and Leonard (1974), Greene, Neenan and Scott (1976), Musgrave and Musgrave 
(1980), Martinez-Vazquez (1982), and Piggott and Whalley (1987) 

2Tax incidence analyses attempt to identify who loses and who, if anyone, gains and by how much as a 
consequence of taxation.  Certain taxes or tax increases, however, distort economic behavior and result in excess 
burden losses, i.e., the loss in welfare exceeds the dollar amount paid in taxes.  For example, if an excise tax is 
set so high that individuals no longer buy the product, the welfare of the individuals has fallen since they have 
changed their behavior from what they ideally would like to consume. 
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These models, usually called Applied General Equilibrium (AGE) or Computable 

General Equilibrium (CGE) models, have been in use since the mid 1970s, and have been 

applied to a wide spectrum of government policy issues, especially tax-related issues.  For 

example, they have been used to investigate policy initiatives such as the integration of 

personal and corporate income taxes, the introduction of value-added taxes, and the 

indexation of the tax system.  The impacts of trade policy changes on resource allocation 

within countries, international trade negotiations under the GATT, North-South trade 

questions, and custom union issues have also been analyzed in international trade CGE 

models. 

The main contribution of CGE models lies in their results and the insights they offer 

into policy issues.  Prior to the use of CGE models, public finance economists argued that the 

excess burden from taxes was small, perhaps as little as one percent of GNP per year (Shoven 

and Whalley, 1984).   In addition, incidence studies such as Pechman and Okner's (1974) 

suggested that there is little redistribution from the tax system.  These two facts led to policy 

design in favor of redistributive tax changes, and only little attention to improve allocative 

efficiency (Shoven & Whalley, 1984).3  However, results from CGE models suggest 

significant excess burden losses from tax distortions, even from small changes in the tax 

rate(s), and that tax policies may have significant redistributive power.4 

                                                        
3Allocative efficiency is attained when the right amounts of resources are allocated to the right productive 
sectors to satisfy people’s wants in terms of goods and services.  All taxes (except lump-sum taxes) distort 
economic behavior, and thus prevent the economic system form attaining allocative efficiency. 
 
4For example, Browning (1976) found that marginal welfare cost was likely to be between 9 and 16 percent of 
additional tax revenue raised, but Ballard, Shoven and Whalley (1985) and Stuart (1984) reported it to be in the 
15 to 50 percent range.  Later, Browning (1987) suggested that the different results arise from the use of 
different key parameter values rather than from the use of general equilibrium or partial equilibrium 
methodologies.  
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Benefit incidence quantifies changes in individual welfare arising from the 

consumption of public services, in isolation of how these services are financed.  Because 

people’s valuation of  the consumption of publicly provided services cannot be directly 

observed, and since  the interactions between public services and private goods are complex 

and largely unknown in scope, benefit incidence has often been ignored in CGE models. 

How different consumer groups benefit from the provision of public services, 

however, is an important issue for all levels of government.  While the tax structure may be 

progressive, thus indicating that the distribution of income is being made more egalitarian, 

the tax revenues may  well  finance services that are valued differently across income classes.  

Thus, examining the tax structure alone may be inadequate and misleading.     

It has become clear that the appropriate measure of net fiscal incidence should take 

general equilibrium effects of taxation and public services provision into consideration.  

However, given that consumers do not reveal their preferences with respect to public services 

provision, one has to infer these preferences.  This is done by using the available information 

and by making certain behavioral assumptions.   

A very popular and theoretically and empirically sound model for public services 

provision at the local level is the median voter model.  This model assumes that the 

government provides the amount of public services most desired by the voter with the median 

preference for the public services, usually identified as the median income earner. This 

implies that the median voter is the only individual whose taxes match the benefit received 

from the public services.  All other consumers are either paying more in taxes considering the 

benefits they receive from the public services, or are willing to pay more taxes to have more 

public services provided.  Assuming that the level of public services provided is determined 

by the median voter allows us to infer some things about the distribution of benefits of public 
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services.  Moreover, given that the level of public services provision under collective choice 

is unlikely to be socially optimal i.e., efficient, the degree of undersupply or oversupply of 

the public service and the impact of this inefficiency on consumer welfare can be assessed.   

When studying net fiscal incidence at the state and local level, an interregional model 

that considers both the state of interest (such as Georgia) and the rest of the United States is 

more relevant than a model in which the state is assumed to behave like a small open 

economy.  Such an interregional model makes it possible to explicitly account for inter-state 

tax exporting, which has been found to affect the taxes paid by the median voter and his 

income, and thus the level of public service provision (Zimmerman, 1983).  

 

III.  The Nature of the Model 

In order to measure net fiscal incidence in Georgia, an empirical model of the Georgia 

and the Rest of the United States  (ROUS) economies was constructed using an interregional 

input-output matrix.   For Georgia, the model includes three factors of production (labor, 

capital and land), twenty production sectors (see Table 1), seventeen private commodities 

(see Table 2), one public commodity, and twenty income groups aggregated in population 

quintiles.  For the ROUS, the model includes the same factors, production sectors, and private 

commodities.  Since the distributional effects of interest are limited to Georgia consumers, 

ROUS consumers are assumed to be identical, and are thus represented by one consumer 

group.  The model is, therefore, a two-region closed economy with explicit trade between the 

two regions (Georgia and the ROUS).  Each private industry in each region comprises a 

corporate  sector and a noncorporate sector.5   It is assumed that there is one composite public 

                                                        
5In the housing industry, the distinction is between owner-housing and rental housing rather than corporate and 
noncorporate sectors. 
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Table 1.  Production Secrets 

 

1 

 

Agriculture, forestry, and fisheries 

2 Mining 

3 Crude petroleum, and gas 

4 Contract construction 

5 Food and tobacco 

6 Textiles, apparel, and leather 

7 Paper and printing 

8 Petroleum refining 

9 Chemicals, rubber, and plastics 

10 Lumber, furniture, stone, clay and glass 

11 Metals, machinery, instruments, and other manufacturing 

12 Transportation equipment and ordnance 

13 Motor vehicles 

14 Transportation, communications and utilities 

15 Trade 

16 Finance and insurance 

17 Real estate 

18 Services 

19 State and Local government enterprises 

20 Federal government enterprises 
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Table 2.  Consumer Goods 

 

1 

 

Food 

2 Alcohol 

3 Tobacco 

4 Households fuels and utilities 

5 Shelter 

6 Furnishings 

7 Appliances 

8 Apparel 

9 Public transportation 

10 New and used cars, fee and maintenance 

11 Cash contributions and personal care 

12 Financial services 

13 Reading  and entertainment 

14 Household operations 

15 Gasoline and motor oil 

16 Health care 

17 Education 
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service in Georgia that includes both state and local public services.  It is also assumed that 

the public service is a public good and is financed with revenues generated by (state and 

local) taxes that are specific to the region, by the regional government's return on its capital 

endowment, and by federal government transfers.  The regional (state and local) government 

in the ROUS returns its tax revenues, income on its capital endowment, and federal 

government transfers to the ROUS consumers.  The federal government collects revenues by 

imposing identical taxes in both regions and earning income on its capital endowment.  This 

revenue is distributed to the regional governments and directly to the consumers as lump-sum 

transfers proportional to their income. 

In Georgia, consumers are grouped based on annual gross income to capture 

differences in consumption patterns and in tax and benefit incidence across income 

categories.  The model includes twenty income groups (see Table 3).  This level of 

disaggregation significantly increases the richness of statements about the distributional 

impact of a given policy relative to aggregations that rely on income deciles.  In the ROUS, 

all consumers are aggregated into one single representative consumer.  Each consumer group 

(i.e., income class) consumes leisure, local private commodities, and the local public good.  It 

is assumed that in equilibrium, the level of provision of the regional public good maximizes 

the median voter’s utility.  The requirement that the government’s budget always be balanced 

is imposed.  It is assumed that each consumer group has the same demand function for the 

regional public good as the median voter does.  Because consumer groups have different 

incomes and tax prices6 than the median voter's, they prefer different quantities of the 

regional public good.  However they are forced to consume the quantity most preferred by the 

median voter.   The treatment of the single  consumer in the  ROUS is similar to the treatment 

                                                        
6A tax price is the fraction of taxes paid by the taxpayer times the cost of a unit of the public good. 
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Table 3.  Household Factor Income 

Groupa Labor 
Income 

Capital 
Income 

Total 
Income 

Average 
Incomeb 

1 298 54 352 2,289 

2 519 87 607 3,937 

3 662 85 748 4,934 

4 1,072 95 1,167 7,563 

5 1,231 124 1,355 8,903 

6 1,434 212 1,646 10,854 

7 1,461 427 1,888 12,434 

8 1,876 367 2,243 14,619 

9 2,340 329 2,669 17,267 

10 2,912 122 3,033 19,747 

11 3,043 335 3,378 22,140 

12 3,332 696 4,028 26,179 

13 4,308 418 4,726 30,543 

14 4,820 487 5,307 34,542 

15 5,544 420 5,963 39,091 

16 5,924 989 6,913 45,102 

17 6,859 1,175 8,034 52,737 

18 8,503 1,282 9,786 64,048 

19 9,767 2,366 12,133 78,808 

20 19,785 11,937 31,721 204,062 

 

Note:  Amounts are in 1993 U.S. $Millions. 
aPopulation quintiles.  bPer person in U.S. dollars. 
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of Georgia consumers, except that, for simplicity, it is assumed that the ROUS representative 

household does not consume public goods.  Instead, all federal and state and local tax 

revenues and income are returned to the representative consumer as lump-sum transfers. 

In each region, production is disaggregated into twenty perfectly competitive 

industries with corporate-noncorporate distinction to capture important differences in capital-

labor ratios.  The capital-labor ratio affects relative tax rates since the tax system treats capital 

income differently from labor income, and corporate income differently from noncorporate 

income.  Each industry uses three primary substitutable factors: capital, which is perfectly 

mobile between regions and among sectors; and labor and land, which are assumed to be 

immobile.  For each region, a matrix of intermediate input requirements from own-region and 

other-region outputs was estimated.  Each industry's unit of output can thus be written as a 

fixed proportion combination of value-added and own-region and other-region intermediate 

inputs.  The use of these intermediate inputs means that relative price changes will have 

indirect effects on other outputs.      

  The demand for final goods and services in Georgia consists of demands of twenty 

income groups, the regional (Georgia) government, and the foreign sector.  Consumers and 

state and local governments are assumed to buy goods directly only from their own region, 

but given that interregional trade of intermediate goods is explicitly modeled, there is also 

induced demand for the output of industries in the other region. 

In the ROUS, final demand consists of the demand of the representative consumer, 

the regional (ROUS) government, and the foreign sector.  The representative consumer's 

income is derived from factor ownership and government transfers, and is spent on leisure 

and the local private commodities. 
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  The foreign sector is modeled in a simple manner so as to close the model.  A vector 

of imports and a vector of exports for each region are used to account for differences between 

the demands of domestic consumers (including governments) and the demands facing 

domestic industries.   

 In Georgia, the state and local government is engaged in two types of activities.  

First, the government produces goods that are sold in private markets.  This activity, where a 

price or a fee is charged, is referred to as "State and Local government enterprises" (see Table 

1).  The model treats this enterprise as an additional industry; thus much of the discussion on 

the production side of the model applies here as well.7 

   Second, this government buys goods and services for the purpose of (free) provision 

of a public good (i.e., general government activities).   These purchases of industry outputs 

are lumped into a composite regional public good, whose quantity is chosen by the median 

voter.  The public good is not produced in the sense that the government does not use factors 

of production.  This public good is financed by revenues collected from state and local taxes, 

income earned on the regional government's endowment of capital, and intergovernmental 

transfers received from the federal government. 

   In the ROUS, State and Local government enterprises are also treated as an additional 

industry.  State and local tax revenues, income earned on the regional government's 

endowment of capital, and federal grants are returned as a lump-sum transfer to the ROUS 

representative consumer. 

                                                        
7In modelling government enterprises, no distinction is made between corporate-noncorporate sectors. 
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The federal government engages in two main activities.  Federal government 

enterprises are modeled as an additional industry in both regions (Federal government 

enterprises).  Revenues from federal taxes and income earned on the federal government's 

endowment of capital are redistributed to both regions as federal grants, and to consumers as 

lump-sum transfers in proportion to their income.   

Taxes are specified as ad-valorem tax rates applied to the purchases of certain 

products or factors.  Retail sales taxes apply to consumer goods, excise taxes and indirect 

business taxes apply to producer goods, and social security taxes apply to industries' uses of 

labor services.  The tax on capital/land income from the uses side (industry level) has three 

components: the corporation income tax levied by the federal government, and the 

corporation income tax and the property tax levied at the state and local level.   

The personal income tax has graduated marginal rates that differ across income 

groups.  Regional and federal income taxes paid by each group are thus modeled as two 

linear tax functions.  Each function has an intercept that captures the various personal 

deductions in the tax code, and a slope that reflects the marginal tax rate for each group on all 

labor and capital income.  Marginal tax rates on capital income are adjusted for industry 

differentials in source of financing (debt versus retained earnings and new shares investment 

financing).  The intercept of each linear tax function is negative to reflect the fact that 

marginal tax rates exceed average tax rates.  Thus, marginal changes in income are taxed at 

the appropriate marginal rate for each group, but the marginal rate itself does not change as 

income changes.     

On the production side, taxes on capital income are modeled using the cost-of-capital 

approach.  Each sector uses three sources of finance: debt, retained earnings, and new shares.  

Nominal discount rates for each sector are calculated using the appropriate weights for the 
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sources of finance and the required rate of return on each type of finance.  The required rates 

of return are different because of taxes, but no risk is involved.  It is further assumed that 

arbitrage leads to equal net-of-tax rates of return earned from these financial instruments.   

 

IV.  Net Fiscal Incidence in Georgia 

 This section describes the benchmark equilibrium and the counterfactual simulations 

performed to measure net fiscal incidence in Georgia.  In studies of tax incidence, the 

traditional approach is to compare the distribution of tax burdens given the existing tax 

structure with the distribution that would prevail given some hypothetical tax, usually a 

proportional income tax.  Likewise, for net fiscal incidence, the benchmark equilibrium is 

compared with equilibria generated by several counterfactual simulations. The counterfactual 

simulations chosen are based on economist notions of economic efficiency, and a desire to 

isolate the effects on individual welfare of potential inefficiency in the provision of the public 

good, of the excess burden of taxation, and of tax exporting.  Four counterfactual simulations 

are thus performed. 

A.  The Benchmark Equilibrium 

The benchmark equilibrium is the model representation of the 1993 Georgia and 

ROUS economies.  Data from a wide variety of sources are used to measure production, 

consumption, income, etc.  Because these data are not necessarily consistent in an accounting 

sense, certain adjustments are made to insure that, in equilibrium, demand equals supply in 

all sectors, and that income equals spending for consumers and for the governments.  In order 

to simulate how individuals react to a change in government policy, assumptions about how 

they make their economic decisions have to be made.  In other words, production and 

consumption functions have to be specified.  Functions that allow consumers and producers a 
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certain degree of flexibility require that additional behavioral parameters be either estimated 

or gathered from published estimates.8  In this report the required parameters have been 

compiled from the economic empirical literature.  

In Georgia, the patterns of personalized tax prices and public good quantities 

demanded across income groups are important determinants of the welfare effects of changes 

in taxes and public good provision.  As shown in Table 4, in the benchmark equilibrium, 

household tax prices increase more than proportionally as income increases.  Furthermore, 

given their actual tax prices, lower income households demand a lower quantity of the public 

good than provided in the benchmark, higher income households demand a higher quantity, 

and the median income household, income group 11, demands the amount of public good 

provided in the benchmark.  Lower income households are thus being forced to pay a higher 

tax price than desired at the benchmark public good level of provision, while higher income 

households are willing to pay a higher tax price than they are actually paying in the 

benchmark equilibrium.  This implies that imposing a Lindahl tax structure at the benchmark 

level of public good provision would mean reducing tax prices for the lower income groups, 

and increasing tax prices for the higher income groups.9 

                                                        
8In general, consumers (producers) substitute a cheaper good (factor of production) for a more expensive one.  
The extent to which a consumer (producer) can do that depends on his preferences (production technology).  
Parameters such as the elasticity of substitution provide us with this information. 
 
9A Lindahl tax structure has the characteristic that each tax payer’s tax price equals his willingness to pay for the 
public good at that level of provision of the public good. 
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Table 4.  Benchmark Equilibrium Pattern of Tax 
Prices and Public Good Demand 

 
Household PPPGa QDPGb QSPGc 

1 0.034 2,479 5,587 

2 0.032 3,064 5,587 

3 0.034 3,261 5,587 

4 0.030 4,467 5,587 

5 0.035 4,464 5,587 

6 0.041 4,514 5,587 

7 0.056 3,971 5,587 

8 0.060 4,539 5,587 

9 0.064 5,017 5,587 

10 0.067 5,803 5,587 

11 0.080 5,587 5,587 

12 0.104 5,438 5,587 

13 0.111 6,332 5,587 

14 0.122 6,694 5,587 

15 0.136 7,091 5,587 

16 0.166 7,033 5,587 

17 0.197 7,298 5,587 

18 0.230 7,982 5,587 

19 0.312 7,992 5,587 

20 0.901 9,821 5,587 

 
 Note:  All quantities are in 1993 US millions of dollars. 
 aPersonal price of the public good. bPersonal quantity demanded of the public good. 
 cQuantity supplied of the public good. 
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In order to assess net fiscal incidence, it is necessary to compare the benchmark 

equilibrium with equilibria obtained under alternative tax schemes, or tax policies.  In 

particular, the change in welfare due to a change in policy should be measured.  To measure 

welfare changes due to a policy change, the equivalent variation (EV) measure of welfare 

change is used.  This measure is simply the amount of money it is necessary to give to an 

individual to exactly compensate him for the welfare loss he experienced from the policy 

change, or take away if his welfare increased.  Four alternative tax schemes are considered.  

In some of the cases, the amount of the public service changes as a result of changes in tax 

prices.  

B.  Lindahl-Equivalent Tax Prices 

In this counterfactual simulation, consumer tax prices are adjusted through individual 

lump-sum taxes or subsidies so that each household maximizes its utility at the benchmark 

quantity of the public good.  Each consumer's actual tax price is set equal to his marginal 

willingness to pay for the last unit of the public good.  This measure of net fiscal incidence 

does not take into account the excess burden or exporting of taxes, nor does it correct for the 

potential inefficiency of the public good quantity supplied, although it captures relative price 

changes.  In Table 5, the equivalent variation measure shows that compared to the benchmark 

equilibrium, all consumers would experience a welfare gain if this counterfactual scheme 

were imposed, and that the equivalent variation as a percentage of income shows that the 

lower income groups benefit proportionally more than the higher income groups.  This result 

implies that the benchmark equilibrium net benefit distribution is regressive, or pro-rich, at 

the benchmark public good quantity. 
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Table 5.  Welfare Effects of Lindahl Equivalent Tax Prices 

Household % PPPGa %QDPGb EVc %EVd 
1 -79 125 582 15 

2 -68 82 636 13 

3 -63 71 803 13 

4 -32 25 778 10 

5 -31 25 1,016 11 

6 -29 24 1,279 12 

7 -44 41 1,761 14 

8 -27 23 1,895 12 

9 -11 11 1,997 11 

10 18 -4 1,929 9 

11 11 0 2,352 10 

12 6 3 2,949 11 

13 41 -12 2,658 8 

14 57 -17 2,698 7 

15 74 -21 2,605 6 

16 72 -21 3,011 6 

17 84 -23 3,044 6 

18 116 -30 2,309 3 

19 116 -30 2,554 3 

20 197 -43 -6,430 -3 

 

 Note.  Percent changes are relative to the benchmark equilibrium. 
aPersonal price of the public good. bPersonal quantity demanded of the public good. 
cAverage equivalent variation per household in dollars. dEquivalent variation as a 
percentage of income. 
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The general equilibrium adjustments have further lead to an 11 percent increase in the 

median voter's tax price, a change that would not occur in partial equilibrium analysis.  This 

change is partly due to the increase in the marginal cost of the public good which depends on 

the government's marginal spending patterns.  Since private purchasing power has been 

altered, relative demands for private producer goods have changed, resulting in an increase in 

the prices of the producer goods purchased by the government. 

 The overall effect of this counterfactual on Georgia consumers is an aggregate welfare 

increase of four percent of Georgia income over the benchmark. 

The aggregate increase in Georgia real income results in an overall increase in the 

demand for private commodities, and thus for production factors.  The net return to capital in 

Georgia increases by five percent, while the net rate of return to land experiences a rise of 

four percent.  Because of the interregional mobility of capital, the ROUS also experiences the 

same increase in the net return to capital. The increase in income from higher net returns to 

factor endowments causes the ROUS consumer to experience a slight increase in welfare (the 

equivalent variation increases by 0.09 percent of ROUS income). 

Thus, the overall effect of imposing Lindahl-equivalent tax prices, while maintaining 

the benchmark public good quantity, results in an overall welfare improvement for the US 

economy. 

C.  Lindahl Tax Prices 

  In this counterfactual simulation, consumer tax prices are adjusted to equal their 

marginal willingness to pay for the public good (i.e., tax prices are set at Lindahl tax prices), 

and all state and local taxes in Georgia are replaced with lump-sum taxes.  The latter 

eliminates all tax distortions, and hence all excess burdens.  The measure of net fiscal 

incidence in this case takes into account the excess burden of state and local taxes, removes 
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Georgia's ability to export taxes to the ROUS and the foreign sector, but does not correct for 

the potential inefficiency in the level of public good provision arising from majority rule.  

Georgia consumers have to pay higher tax shares to make up for the lost revenue arising from 

the elimination of tax exporting.  The welfare gain from the elimination of distortionary 

taxation and the imposition of a Lindahl tax structure is thus combined with the welfare loss 

arising from the inability to export  taxes.   As shown in Table 6, the benchmark net benefit 

distribution changes from regressive (relative to a situation with Lindahl-equivalent tax 

prices) to U-shaped: in this counterfactual simulation, middle income groups gain the most, 

while the highest  and lowest income groups lose.  Relative to the previous counterfactual 

simulation, low income groups' average tax price increases by five percent, middle income 

groups' average tax price decreases by 12 percent, and high income groups' average tax price 

decreases by five percent.  These results imply that low income groups benefit more from tax 

exporting than they lose from the distortionary effects of taxes, while the opposite is true for 

the middle and high income groups.     

In spite of the welfare losses arising from the elimination of tax exporting, there is an 

aggregate welfare gain of 0.3 percent of Georgia income relative to the benchmark  

equilibrium.  Note, however, that the effect of the elimination of tax exporting is large 

enough to neutralize the welfare gain from the elimination of distortionary taxation and most 

of the welfare gain arising from adjusting consumer tax prices to Lindahl equivalent tax 

prices.  The net rate of return to capital increases by 23 percent, while the net rate of return to 

land increases by 17 percent.  These increases are due to the elimination of distortionary  

taxation.  There is a more efficient allocation of land and capital between the corporate and 

the noncorporate sectors, and among the industries.     
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Table 6.  Welfare Effects of Lindahl Tax Prices  

Household % PPPGa %QDPGb EVc %EVd 
1 -80 125 -26 -0.7 

2 -69 82 40 0.8 

3 -65 71 180 3.0 

4 -34 25 223 2.9 

5 -33 25 413 4.5 

6 -31 24 627 5.7 

7 -46 41 954 7.4 

8 -29 23 1,067 6.9 

9 -12 11 1,187 6.6 

10 17 -4 1,189 5.7 

11 9 0 1,508 6.5 

12 4 3 1,875 6.9 

13 40 -12 1,677 5.2 

14 55 -17 1,646 4.5 

15 73 -21 1,518 3.7 

16 68 -21 1,291 2.8 

17 79 -23 1,000 1.8 

18 110 -30 -28 0.0 

19 109 -30 -594 -0.7 

20 183 -43 -13,586 -6.8 

 
 Note:  Percent changes are relative to the benchmark equilibrium. 
 aPersonal price of the public good. bPersonal quantity demanded of the public good.  
 cAverage equivalent variation per household in dollars. dEquivalent variation 
 as a percentage of income. 
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  The ROUS consumer in turn experiences a sizeable increase in welfare (0.37 as a 

percent of ROUS income).  This welfare gain is due to two main effects: capital mobility and 

the elimination of tax importing.  ROUS capital moves to Georgia until the net rates of return 

are equalized.  This leads to an increase in the net rate of return to capital in the ROUS (23 

percent), and to an increase in the net rate of return to land (19 percent), which is due to the 

substitution of land for capital as capital moves to Georgia.  More labour is further substituted 

for the lost capital, and the wage rate in the ROUS increases by 17 percent. 

D.  Lindahl-Effective Tax Prices and Efficient Public Good Quantity 

In this counterfactual simulation, consumers' tax prices are adjusted to equal their marginal 

willingness to pay for the public good, and the public good provided is adjusted to its 

efficient level.  The measure of net fiscal incidence in this case thus corrects for the 

inefficient supply of the public good under median voter rule, while the excess burden of 

distortionary taxation and tax exportation are not accounted for.  The efficient public good 

quantity is 30 percent higher than that actually provided, which implies that there is 

significant undersupply of public goods in the benchmark equilibrium due to the fact that the 

median voter's effective tax price is too high.  As Table 7 shows, in order to induce the 

median voter to vote for an efficient level of the public good, his benchmark tax price needs 

to be reduced by 39 percent.  The equivalent variation measure shows that all income groups 

gain proportionally, an average of 5 percent of income.  Furthermore, since all income groups 

are consuming a larger amount of the public good, their Lindahl-equivalent tax prices in this 

case are lower than their Lindahl-equivalent tax prices at the benchmark level of public good 

provision.  The overall effect of this counterfactual simulation on Georgia consumers is an 

aggregate welfare gain of five percent of Georgia income, which is higher than the welfare 

gain resulting from the previous counterfactual simulations. 
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Table 7.  Welfare Effects of Lindahl Equivalent Tax Prices 
and Efficient Public Good Provision 

 
Household % PPPGa %QDPGb EVc %EVd 

1 -88 193 244 6 

2 -82 137 249 5 

3 -79 123 311 5 

4 -62 63 251 3 

5 -61 63 360 4 

6 -60 61 482 4 

7 -69 83 743 6 

8 -60 60 812 5 

9 -51 45 862 5 

10 -35 25 876 4 

11 -39 30 1,147 5 

12 -42 34 1,581 6 

13 -23 15 1,564 5 

14 -14 9 1,710 5 

15 -4 3 1,833 4 

16 -5 3 2,349 5 

17 2 -0 2,729 5 

18 20 -9 2,853 4 

19 20 -9 3,974 5 

20 70 -26 8,796 4 

 
 Note: Percent changes are relative to the benchmark equilibrium. 
 aPersonal price of the public good. bPersonal quantity demanded of the public good. 
 cAverage equivalent variation per household in dollars. dEquivalent variation as a 
 percentage of income. 
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Another effect of increasing public good provision is to reduce private purchases and 

increase public purchases.  Because marginal public spending patterns in Georgia differ from 

those in the private sector, the transfer of purchasing power from the private sector to the 

public sector further alters prices of factors and products.  There is a three percent increase in 

the net rate of return to capital, a four percent increase in the net rate of return to land, and 

prices of composite private commodities increase by an average of one percent relative to the 

benchmark equilibrium.  The ROUS consumer experiences a slight welfare increase (0.06 

percent of income) due to the increase in the net rate of return to capital and land (three 

percent). 

E. Lindahl Tax Prices and Efficient Public Good Quantity 

This counterfactual simulation compares the benchmark equilibrium to a Lindahl 

equilibrium with lump-sum taxes and efficient public good provision.  This measure of net 

fiscal incidence thus takes into account the inefficiency of the public good quantity supplied, 

the excess burden of distortionary taxation, and tax exporting effects.  The efficient public 

good quantity is 27 percent higher than the benchmark quantity.  The degree of undersupply 

is lower than that reported in the previous counterfactual simulation (30 percent) because the 

reduction in the median voter's tax price necessary to induce an efficient public good 

provision, 37 percent, is lower relative to a situation with distortionary taxation and tax 

exporting (a reduction of 39 percent).10  As shown in Table 8, the equivalent variation 

measures imply that low income groups lose, while middle and high income groups gain, 

with the middle income groups gaining more than proportionally.  

 

                                                        
10The median voter's tax price is no longer subsidized through tax exportation. 
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Table 8.  Welfare Effects of Lindahl Equivalent Tax Prices, 
Lump-Sum Taxes and Efficient Public Good Provision 

 
Household % PPPGa %QDPGb EVc %EVd 

1 -88 187 -333 -8.5 

2 -82 132 -297 -6.1 

3 -79 118 -247 -4.1 

4 -61 59 -210 -2.8 

5 -61 59 -137 -1.5 

6 -59 57 -50 -0.5 

7 -68 79 53 0.4 

8 -59 57 117 0.8 

9 -49 42 207 1.2 

10 -32 22 321 1.5 

11 -37 27 488 2.1 

12 -40 31 680 2.5 

13 -19 12 783 2.4 

14 -10 6 862 2.4 

15 1 0 953 2.3 

16 -2 1 741 1.6 

17 4 -3 738 1.3 

18 23 -11 478 0.7 

19 22 -11 556 0.7 

20 69 -28 -985 -0.5 

 
Note. Percent changes are relative to the benchmark equilibrium. 
aPersonal price of the public good. bPersonal quantity demanded of the public good.  
cAverage equivalent variation per household in dollars. dEquivalent variation 
 as a percentage of income. 
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The change, however, results in an aggregate welfare gain of 0.65 percent of Georgia 

income in  Georgia, and a welfare gain of 0.35 percent of ROUS income in the ROUS. 

 

V.  Sensitivity Analyses 

An especially important parameter for the present model is the elasticity of 

substitution between the public good and the composite leisure and private commodities in 

household preferences.  The central value used in the previous counterfactual simulations is 

0.5.  The major econometric evidence on this parameter derives from median voter models in 

which levels of provision of public goods in local jurisdictions are assumed to be chosen by 

the median voter. However, since tax-price elasticities vary with the type of public good 

provided, and since no empirical estimates for the state of Georgia are available, it is 

important to assess the sensitivity of previous results to assumptions about the tax-price 

elasticity of demand for public goods. 

In these counterfactual simulations, tax prices are adjusted to their Lindahl-equivalent, 

the public good quantity is changed to its optimal level, and the elasticity of substitution 

between the public good and the composite leisure and private commodities is varied.  As 

shown in Table 9, the distribution of marginal rates of substitution between the public good 

and the composite leisure and private commodities across income groups is very sensitive to 

the specified value of this elasticity.  In the benchmark, low income households' tax prices are 

too high while high income households' tax prices are too low when the elasticity is set at 0.5 

and at 0.4, but this pattern is reversed when the elasticity is set at 0.9.  

Comparing the percentage changes in tax prices when the elasticity of substitution 

varies from 0.5 to 0.4, it can be seen that the lower the elasticity of substitution, the greater 

the  discrepancy  between  the  Lindahl-equivalent  tax  prices  and the  actual  benchmark tax 
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Table 9.  Welfare Effects of Lindahl Equivalent Tax Prices and  
Efficient Public Good Provision Under Alternative 

Tax-Price Elasticities of Demand, Sigma 
 
 
 
 

 
Sigma = 0.5 

 
Sigma = 0.4 

 
Sigma = 0.9 

Group PPPGa QDPGb EVc PPPGa QDPGb EVc PPPGa QDPGb EVc 

1 -88 193 6.2 -97 297 4.4 -8 8 -0.5 

2 -82 137 5.1 -94 218 4.1 11 -9 -0.9 

3 -79 123 5.1 -93 194 4.9 11 -9 -1.0 

4 -62 63 3.3 -85 114 3.8 54 -32 -1.5 

5 -61 63 3.9 -84 109 4.9 40 -27 -1.4 

6 -60 61 4.3 -82 103  5.8 29 -21 -1.3 

7 -69 83 5.8 -86 124 7.6 0 0 -1.1 

8 -60 60 5.3 -80 94 7.5 8 -7 -1.2 

9 -51 45 4.8 -73 72 7.4 13 -11 -1.2 

10 -35 25 4.2 -60 47 7.3 25 -18 -1.3 

11 -39 30 4.9 -61 50 8.3 11 -9 -1.2 

12 -42 34 5.8 -61 51 9.6 -3 2 -1.2 

13 -23 15 4.9 -42 27 9.1 7 -6 -1.2 

14 -14 9 4.7 -32 19 9.2 8 -7 -1.3 

15 -4 3 4.4 -19 11 9.2 8 -7 -1.3 

16 -5 3 5.0 -17 10 10.1 -1 0 -1.3 

17 2 0 5.0 -6 4 10.3 -4 4 -1.2 

18 20 -9 4.3 19 -7 9.9 -3 2 -1.2 

19 20 -9 4.9 26 -9 10.9 -13 13 -1.2 

20 70 -26 4.4 114 -32 12.5 -26 30 -1.2 

 
Note. All amounts are in percent changes relative to the benchmark equilibrium. 
aPersonal price of the public good. bPersonal quantity demanded of the public good. 
cEquivalent variation as a percentage of income. 
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prices.  In other words, the smaller the elasticity of substitution, the more tax prices need to 

be increased for high income groups and decreased for low income groups in the benchmark 

equilibrium, in order to attain a Lindahl-equivalent tax structure.  Furthermore, when the 

elasticity of substitution is reduced from 0.5 to 0.4, the degree of undersupply of the public 

good relative to the benchmark increases from 30 percent to 50 percent.  This result implies 

that the lower the elasticity of substitution, the greater the degree of undersupply of the public 

good in the benchmark.  In this case, the median voter's tax price needs to be reduced by 61 

percent when the elasticity equals 0.4 relative to a reduction of 39 percent when the elasticity 

is equal to 0.5, in order to induce him to vote for the efficient public good quantity.  In terms 

of welfare, although the change in the public good quantity is large (50 percent increase), 

welfare gains are regressive (pro-rich) rather than proportional as one would expect under 

average net fiscal incidence.  With a smaller elasticity of substitution, the variation in 

marginal rates of substitution across income groups is wider, and tends to dominate the 

consumer surplus effect of efficient public good provision. 

Table 9 further shows that the pattern of marginal rates of substitution across 

households is reversed when the elasticity of substitution is varied from 0.5 to 0.9.  Relative 

to a Lindahl-equivalent tax structure, benchmark tax prices are too low for the poor, and too 

high for the rich.  These results imply that when the demand for public goods is relatively 

elastic, benchmark tax prices need to be lowered for the rich and increased for the poor in 

order to attain a Lindahl tax structure.  Furthermore, there is a nine percent oversupply of 

public goods in the benchmark equilibrium when the elasticity is set at 0.9 relative to an 

undersupply of 30 percent when the elasticity is set at 0.5.  In this instance, the median voter's 

tax price needs to be increased by 11 percent in order to induce him to vote for the optimal 

quantity of the public good.  In terms of welfare, all income groups lose proportionally (an 
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average of 1.2 percent) with the lowest income groups losing marginally less.  This loss in 

welfare is mainly a result of the reduction in the net rates of return to capital and land.  The 

reduction in public good supply leads to a decrease in the demand for factors of production, 

which in turn leads to a fall in the earnings of factor endowments. 

These results suggest that the elasticity of substitution between public and private 

goods and leisure can have a substantial impact on the redistributive pattern of changes in the 

tax structure and public good provision, as  well as on the optimal level of public goods.  The 

central value of the elasticity of substitution chosen for this model seems reasonable in light 

of the empirical findings.  On the other hand, to the extent that preferences for public goods 

change over time and differ among regions due to technological development (which is likely 

to affect the degree of substitutability or complementarity between public goods and private 

goods), analysing net fiscal incidence at the regional level requires an up-to-date region-

specific empirical estimate of the tax-price elasticity of demand for public goods. 

 

VI.  Recommendations 

 Based on this analysis, it is recommended that the tax structure of the state of Georgia 

be made more progressive for the following reasons: 

1.  The public good quantity would be more efficiently provided: counterfactual 
simulations have shown that there is approximately a 30 percent undersupply of 
public goods.  Reducing the tax liability for lower and median income groups and 
increasing it for higher income groups would lead to a more efficient provision of  
public goods. 

 
2.   The net benefit distribution would be proportional: The current net benefit 

incidence in the state of Georgia is regressive, which offsets the progressiveness 
of the federal tax structure.  Most economists agree that income redistribution 
should be done at the federal level, because redistributing income at the 
subnational level may lead to the flight of higher income, more productive 
individuals.  If the tax structure is made more progressive, which in turn would 
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lead to a more efficient provision of public goods, then the net benefit distribution 
would be approximately proportional. 

 
3.  There would be an aggregate welfare improvement for both Georgia and the 

Rest of the United States: a more progressive tax structure for the state of 
Georgia coupled with a more efficient provision of public goods would lead to an 
aggregate welfare increase for Georgia of four to five percent of Georgia income, 
as well as a significant welfare increase for the ROUS.   
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