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1. INTRODUCTION

Fundamental national tax reform in the United States, by which is meant substituting a
broad-based consumption tax for the existing federal income tax, has been an important topic of
ongoing policy discussion and of research for the past several decades.! A growing number of
American states are now discussing the merits of legislative proposals to change their tax
structures by significantly decreasing the proportion of tax revenue raised through the income tax
and are replacing the lost revenue with an expanded sales tax base and/or increased sales tax rate.
The principal economic argument for doing so is to reduce the distortionary tax on capital
income, thereby promoting increased capital accumulation which, in turn, increases the state’s
long-run economic growth rate. While there are several studies that explore the effects of
fundamental national tax reform for the United States’ economy, we find no research addressing
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this issue at the state level for the U.S. case. This is so despite the policy interest in such state-
level reforms.? The purpose of this study is to address this gap in the literature.

At the time of this writing, no U.S. state has fully repealed its income tax and replaced it
with an expanded role for the sales tax. Nevertheless, proposals to reduce or to eliminate the state
income tax and replace the lost revenue with sales tax reform are being considered in a dozen
states, namely Georgia, Hawaii, Idaho, Kansas, Louisiana, Missouri, Nebraska, New Jersey,
Ohio, Oklahoma, Oregon and South Carolina. Bourdeaux (2010) reports that state tax reform
commissions in Oklahoma and Oregon recommended eliminating their state income taxes.
Georgia’s 2010 tax reform commission proposed a broadening of the sales tax base to include
services and a substantial reduction in the state personal income tax (PIT) to make the reform
revenue neutral. Hawaii’s 2005-2007 tax review commission recommended investigating the
elimination of the state income tax. A recent tax reform commission in Louisiana proposed
replacing the income tax with an increase in the sales tax rate. According to Hamilton (2012), the
governors of four states (Idaho, Nebraska, New Jersey and Ohio) proposed major one-time cuts
in state PIT rates; Kansas recently enacted a significant reduction in its income tax; and serious
consideration is being given to phasing out the PIT in two states (Missouri and Oklahoma).

Given the number of U.S. states considering such proposals, an analysis of their effects
on economic growth and welfare would clearly add to our understanding of this important policy
debate. To that end, we construct a multiregional, dynamic, open economy, general equilibrium
model to gauge the effect of three tax reform options on economic growth and welfare in the
reform state. This model builds on the work of Plassmann (2005) and Feltenstein and Plassmann
(2008). Previous studies using simulation models to gauge the effect of state tax reforms in the
United States generally employ static models with two regions, the state and the rest of the
world. There are several examples of quite sophisticated regional computable general
equilibrium (CGE) models that have been used to simulate subnational fiscal reforms,
particularly for the Australian and German contexts.’ Nonetheless, the model described below is
an advancement over regional CGE models that have been used to simulate the impact of state
fiscal reforms in the U.S. context, particularly fundamental state tax reform.

First, ours is a dynamic model. State tax reforms that reduce distortionary taxes on capital
income will affect savings and investment behavior. Savings behavior therefore needs to be
endogenously determined as part of intertemporal optimization, leading to the need for a
dynamic model. Second, a multiregional model has several advantages over a two region model
in the U.S. context. A multiregional model provides for differential responses by each of the
comparison states and the rest of the United States (ROUS). These responses depend on the
particular circumstances of each region in the model, particularly their tax and economic
structures, relative to that of Georgia. The aggregate of these differential responses in a
multiregional model, such as ours, may differ from the aggregate response of the rest of the
world in a two region model. In the latter, the distinguishing features of individual regions are

2 For example, see Diamond and Zodrow (2008) and the citations therein for a review of the literature on the effect of
fundamental national tax reform on economic activity and welfare. There is a large literature on the economic effects of state and
local taxes; however, research in this area generally focuses on the effect of interstate differences in state income taxes on
economic growth, on interstate migration, on business location decisions, and on the effect of state sales tax rates differentials on
cross-border shopping. See Rider (2006) for a review of this literature.

3 See, for example, Hirte (1998) and Giesecke (2003). In addition, Giesecke and Madden (2013) provide a recent review of
developments in regional CGE models.
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averaged out by aggregation. In addition, a multiregional model provides detailed information on
the impact of Georgia’s tax reform on each of the comparison states and the ROUS, which may
be of independent interest, particularly to policymakers.

Finally, the feature that most distinguishes our model from that of others is the way in
which we model interstate trade. We use a non-Armington approach in which goods traded
between states are viewed as being identical and thus perfect substitutes in production and
consumption. This approach has a number of advantages in a multiregional model of a highly
integrated common market, like that of the U.S. Briefly, the typical Armington version of a
multiregional economy would have a single type of labor in each region. Hence there would be a
single wage rate for all sectors in a region, which would force us to neglect the relative wage
effects of alternative fiscal policies. Since the reform options analyzed here involve partial and
complete repeal of Georgia’s PIT, which includes a tax on labor income, we believe that it is
particularly important to account for the relative wage effects of such reforms.*

It is possible in an Armington context to have sector- and region-specific labor categories
and hence, wages. But such a model expansion has significant costs in terms of increased data
requirements, as well as computational complexity. A useful feature of our model, as detailed in
Appendix A, is that sectoral wage rates in each region are derived from a “backwards solution”
in which output prices are determined nationally and are taken as given by the individual states
in our model. Capital is assumed to be perfectly mobile; so sectoral value added in each region is
determined from the national prices of the sectors’ outputs, as well as the intermediate costs
derived from the regions’ input-output matrices. Once a sector’s nominal value added has been
determined, and the price of capital is determined at the national level, the sector’s wage rate
(price of labor) is determined as a residual. Thus, there are eleven sectors in each of the six
states’ input-output matrices, as well as in the national matrix, in the model described below. If
we were to incorporate sector specific labor, then we would have 7x11 wage rates to solve for in
each period, along with the price of capital, or 78 dimensions per time period. A dynamic model
for ten periods would require us to solve for 780 price dimensions, which would be quite a large
task. Our approach requires solving for only the price of capital plus the eleven national wage
rates or twelve total price dimensions in each period. Hence, for a ten-period model, we solve for
120 rather than 780 factor prices.’

Of course we do not claim that this approach is suitable for all trade models, just as we
would not assert that the non-Armington approach described here is always appropriate. If there
are data that indicate traded goods are not close substitutes or if we are dealing with a static
rather than a dynamic model, which makes dimensionality a non-issue, then incorporating sector-
specific labor in an Armington context may well be a better approach. Finally, depending upon
the circumstances, one may decide that it is worth solving a very large model. All things being
equal, we believe that a smaller model is better than a very large one for our set of simulations.

In light of the diversity of reform proposals being considered by various American states,
we simulate three tax reform options, assuming in each case that the reform is adopted by the
state of Georgia. We simulate the effects of these reforms on Georgia’s economy as well as their

4 The first paper to use this non-Armington approach, Feltenstein (1997), was applied to a case in Australia in which a single
state, Western Australia, was subject to an export tax on gold. The state traded perfectly substitutable intermediate and final
goods with the other Australian states, and the non-Armington approach was used to derive differential wage rates for the
different states.

3 This approach is described in Appendix A.
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effects on five comparison states, namely Alabama, Florida, North Carolina, South Carolina, and
Tennessee, and the ROUS. In Tax Reform Option A, we simulate the effect of expanding the
sales tax base to include services and a revenue neutral reduction in the PIT rate. This is the
reform option proposed in Georgia and several other states. Next, we simulate Tax Reform
Option B which involves eliminating the state PIT altogether and a revenue neutral increase in
the sales tax rate on the expanded sales tax base. Finally, in Tax Reform Option C, or what may
be referred to as fundamental state tax reform, we simulate the effect of eliminating the state
income tax, that is both the state PIT and corporate income tax (CIT), and a revenue neutral
increase in the sales tax rate on the expanded sales tax base. In this manner, we are able to
address the benefits of incremental tax reforms where the last incremental reform results in
fundamental state tax reform.

According to the simulations, these reforms have positive effects on Georgia’s economy
relative to a pre-reform baseline; however, these benefits come at the expense of reduced
economic growth in each of the five comparison states as well as the ROUS. By increasing the
after-tax rate of returns to capital in Georgia relative to that in the other states, the reform options
allow Georgia to attract capital from the comparison states and the ROUS. This increase in
capital per worker, in turn, raises returns to labor, which results in an increase of labor supply in
Georgia both because more of the indigenous population joins the labor force and because labor
migrates to Georgia from other states. The combined effect of the increase in capital
accumulation and in labor supply increases Georgia’s long-run economic growth rate. The
resulting increases are economically significant. Fundamental state tax reform increases
Georgia’s compound growth rate in personal income by 0.6 percentage points relative to a pre-
reform baseline.

The rest of the paper proceeds as follows. In the next section we provide background on
the existing studies of fundamental tax reform and on the intuition behind our modeling strategy.
The subsequent section discusses the current tax structure and further details about our simulated
reforms. We describe our dynamic general equilibrium model in section 4. That is followed in
the subsequent section by a discussion of the benchmarking of the model. The results are
presented in section 6, and a summary and conclusion section completes the paper.

2. BACKGROUND AND MODEL INTUITION

Studies of the effect of fundamental national tax reform have generally used dynamic
simulation models in a closed economy framework. Altig et al. (2001), for example, construct a
closed economy, dynamic life-cycle simulation model to explore the welfare and macroeconomic
effects of five fundamental national tax reforms. Their model is an enhanced version of the
Auerbach and Kotlikoff (1987) model that incorporates intra- and intergenerational inequality in
the manner of Fullerton and Rogers (1993). An earlier overview of the use of dynamic CGE
models for the analysis of tax policies is provided by Pereira and Shoven (1988). Although they
address a much earlier literature than that reflected in our paper, their overall reasoning for the
importance of dynamic modeling is similar to ours. Tax reforms that impact income will
necessarily have an effect on savings and investment. Savings behavior therefore needs to be
endogenously determined as part of inter-temporal optimization, leading to the need for a
dynamic model.

The models used to estimate the impact of fundamental U.S. national tax reform are
generally inappropriate for analyzing the impact of tax reform at the state level for at least two
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reasons. First, the assumption of a closed economy is inappropriate for analyzing state-level
reforms. Altig et al. (2001) contend that assuming a closed economy understates the potential
welfare and output gains from tax reform. Their conclusion is consistent with that of Mendoza
and Tesar (1998) who compare results from simulations of both a closed and an open economy.
They find that the welfare gain from fundamental national tax reform is about one-third larger in
an open-economy model than in a closed one. Ballard (2002) describes how estimates of the
economic effects of fundamental national tax reform change when the foreign sector is modeled.
Although results depend on exactly how international capital flows are modeled, he concludes
that an open economy model increases the estimated gain in welfare.® This open economy effect
is likely to be even more pronounced when evaluating state tax reforms as opposed to national
tax reforms because intra-national factor mobility is much greater than international factor
mobility.

Second, the replacement tax being considered in state tax reforms—an expanded sales tax
base and increase in the sales tax rate—is not the sort of consumption tax that is typically
contemplated in fundamental national tax reforms. State sales taxes generally do not tax all final
goods and services and include some business inputs in the sales tax base. Ring (1999), and more
recently Neubig et al. (2004), estimate that the business share of state sales taxes constitute more
than 40 percent of total state sales tax receipts. In their seminal article on optimal taxation,
Diamond and Mirrlees (1971) show that it is not efficient to tax business inputs. Given the
distortionary nature of state sales taxes, its use as a replacement tax for the state income tax is
expected to have a smaller effect on economic growth and welfare than a broad-based
consumption tax of the sort contemplated in fundamental national tax reforms. While we cannot
simulate the sales tax base in a way that reflects the myriad of potential distortions, for example,
we are not able to model in a meaningful way a sales tax that is imposed on intermediate goods,
we do account for sales tax exemptions on many final purchases of goods and services.

Using an open economy model will relieve the underestimation noted in Altig et al.
(2001), but that effect will, in part, be offset by the effects of the generally more distortionary
state sales tax expansion. Whether the benefits from state tax reform of the type contemplated
here are larger or smaller than those from national level but closed general equilibrium models is
an open question. Furthermore, our model allows us to gauge the effect of tax reform not only on
Georgia’s economy but also its effect on the economies of five comparison states that together
form an economic region.

There are several papers that use simulation models to analyze state tax changes in the
U.S. context, including Morgan, Mutti and Partridge (1989), Berck, Golan and Smith (1997),
Waters, Holland and Weber (1997), Baum (1998), Edmiston (2002), Julia-Wise, Cooke and
Holland (2002), Cutler and Strelnikova (2004), and Faulk, Thaiprasert and Hicks (2010). These
papers employ static models and typically consider only two regions, the reform state and the
ROUS. Furthermore, none of these studies consider fundamental state tax reform, which is the
focus of this study.

There is also a literature using multiregional CGE models to estimate the impact of
subnational fiscal reforms in other federal countries, specifically Australia and Germany. Hirte
(1998) uses a regional CGE model of the German economy to investigate the welfare effects of a

¢ Not all national models assume a closed economy; for example, Auerbach (1996) uses the Auerbach and Kotlikoff (1987)
dynamic simulation model in an open economy framework.
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proposal to introduce state labor income tax supplements (Wissenschaftlicher Beirat beim
Bundesfinanzministerium). Their regional CGE model consists of eleven regions, two production
sectors, namely a public good and a private good as well as an intermediate good. Capital is
supplied inelastically by the regional households and is perfectly mobile between states. Labor is
supplied elastically by households and is intersectorally mobile but immobile between regions.
They model a two-tier federal system with an equalization grant and significant tax sharing
system that is identical to the existing German system. They find that a higher degree of fiscal
autonomy is not welfare improving in the German case.

Giesecke (2003) uses a regional CGE model to examine whether Tasmania can use fiscal
policy to reverse its declining share in the national share of output. More specifically, he
examines whether Tasmania could use budget neutral tax policy to materially influence
Tasmania’s forecasted decline in the share of national output. For this purpose, Giesecke uses a
dynamic two-region CGE model: Tasmania and the rest of Australia. There are 37 commodities
in each region, and two-tiers of government. There is no interregional trade in this model, so that
the only link between the two regional economies is via the effects of interregional migration on
regional populations. Dynamics are modeled as a sequence of single-period equilibria via stock-
flow relationships. He finds that even when Tasmania completely eliminates the payroll tax and
replaces it with a direct tax on households, the impact on the forecast for Tasmania’s share of
national activity is not large.

We conclude this section with an overview of the model; Section 4 provides the details of
the model. As previously noted, we use a multiregional, dynamic, open economy, non-
Armington, general equilibrium model. The model includes Georgia, five comparison states, and
the ROUS. It accounts for the federal tax system and international trade and financial capital
flows. The non-Armington approach is described in greater detail below, but we note here that
this approach permits physically similar intermediate and final goods to be treated as perfect
substitutes when traded across states. Thus, we do not have to estimate elasticities of substitution
between Georgia peanuts and Alabama peanuts, for example. Avoiding the use of interregional
elasticities of substitution for each industry relieves us of two serious problems. First, we do not
have to estimate elasticities,’ and second, their inclusion would make the computational
requirements of the model very large.

It should be noted that we do not claim that our non-Armington approach is appropriate
for all or even most general equilibrium modeling exercises. Rather, it may be useful for certain
trade and regional models within which there is a high degree of substitution between traded
goods. For example, if there is a high degree of commonality across regions in the impact of
economic shocks on traded goods, then the assumption of perfect substitutability may be
suitable. Thus, given the sort of broad tax shocks that we are considering in this paper, we would
claim that our non-Armington assumption is justified. In addition, non-Armington may also be
appropriate in cases where either there is a high degree of substitutability between traded goods,
or where it is not possible to measure the elasticities of substitution between those goods. For
example, Feltenstein and Plassmann (2008) look at trade in intermediate goods in the ASEAN
countries. A large portion of this trade is in goods such as computer chips and monitors for

7 Turner (2012) estimates U.S. interregional trade elasticities for some commodity groups for Illinois vis-a-vis the ROUS, and is
the only source of such elasticities that we are aware of. They do show that many traded goods are imperfect substitutes. This
does not preclude the possibility that in certain situations, such as our, and with high degrees of aggregation, the non-Armington
assumption may be suitable.
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which there is a very high degree of substitutability. Thus the non-Armington approach proved
useful in this case. Finally, when there is a high degree of aggregation in traded goods in similar
regions, such as the states in this model, the assumption of perfect substitutes may be a
satisfactory approximation to reality.

The model provides for international trade in goods and financial capital, but the U.S. is
treated as a closed economy in terms of labor and capital mobility. Georgia, the state that is
adopting the tax policy reforms, and the five comparison states and the ROUS are treated as open
economies in terms of trade in goods and services and factor mobility between regions. Since
distance (transportation cost) is not modeled, the location of the states does not matter in this
model. As we simulate the reform, we maintain revenue neutrality rather than budget neutrality
to focus the analysis on the effect of tax reform on economic growth and to be consistent with
the actual tax reform proposals. The reforms that we simulate in this study involve expanding
Georgia’s sales tax base by adding services to the base and increasing the sales tax rate. These
revenues are used to reduce or eliminate Georgia’s CIT and PIT. Prior to the tax reform, as
reported in Table 1, the percentage of state tax revenue collected with capital taxes (including
property taxes), personal income tax, and sales tax are 37.7 percent, 26.5 percent, and 35.8
percent, respectively.

3. TAX BACKGROUND

We choose Georgia for our simulated reform in part for convenience but also because
Georgia is considering reducing the PIT rate and recovering the lost revenue by broadening the
sales tax base to include services. The choice of the five comparison states is based in part on
convenience as well; however, we also want to have a diverse set of states. The comparison
states are the five states bordering Georgia. There is considerable heterogeneity in the size
distribution of these five comparison states, with some larger and some smaller than Georgia,
and interesting differences in their economic and tax structures. For example, Florida and
Tennessee do not have state income taxes. Finally, together the six states represent a functional
regional economy.

Before describing the details of the model and discussing the simulation results, we
proceed below by briefly describing the six states that are the focus of this study. As reported in
Table 1, Florida has the largest economy in terms of gross state product (GSP) of the six states at
$737.1 billion, which is nearly twice that of Georgia. These six states account for 15 percent of
the GDP of the United States. In column 2 of Table 1, we report state and local government
expenditures as a share of GSP by state. These shares range from 14 percent in North Carolina to
18.2 percent in South Carolina. Except for Alabama and South Carolina, the share of state and
local expenditures in GSP is less than the average share for the ROUS. This is consistent with the
reputation of this region for being fiscally conservative.

As reported in column 3 of Table 1, there is considerable diversity in the tax structures of
these six states. Florida raises the most tax revenue as a share of state GDP (9 percent), with
Tennessee raising the smallest share (7 percent). Florida does not have a PIT and makes up the
forgone revenue by collecting a larger share of total tax revenue from capital taxes than the other
five states. Aside from a small tax on capital gains, Tennessee also lacks a PIT but, in contrast to
Florida, Tennessee recovers the forgone revenue by collecting a larger share of revenue from the
sales tax than the other five states.
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Table 1: Size of State Economies and Tax Structure Prior to Reform

Share in GSP of: Share in Total Tax Revenue of:

State and State and Personal

Gross State Local Local Tax  Capital Sales Income
Product (GSP) Expenditures Revenue Taxes Taxes Tax

Region (Billions $’s) (Percent) (Percent) (Percent) (Percent) (Percent)
@) ) 3) (C) 3) (6)
Alabama 169.1 16.5 7.7 31.3 46.2 22.5

Florida 737.1 14.1 9.0 53.5 46.5 -

Georgia 398.6 14.2 7.8 37.7 35.8 26.5
North Carolina 411.4 14.0 7.6 33.2 34.7 32.1
South Carolina 160.6 18.2 8.0 42.8 342 23.0
Tennessee 246.4 14.4 7.0 40.4 583 1.4
Rest of the USA 11,995.8 16.2 9.0 43.7 32.2 24.1
USA 14,119.0 16.0 8.9 43.6 33.7 22.7

Source: Authors’ calculations.

In short, there is considerable diversity in the size of these six state economies as well as
in their tax structures. These differences make it essential to specify the individual structures of
Georgia and the surrounding states, rather than simply treating all states as being economic
replicas of one another.

4. THE MODEL

A feature of our model that most differentiates it from other general equilibrium models
is our treatment of the substitutability of a good produced in multiple states. Thus, we start our
discussion of the model with a description of this non-Armington approach to interstate trade.

4.1 The Non-Armington Approach and Model Basics

Differences in factor prices—and, more generally, differences in the costs of production
across states that arise from different production functions—pose difficulties for multiregion
general equilibrium models if these cost differences translate into different output prices. If
goods from different states are perfect substitutes for each other, then consumers will acquire
these goods only from the state with the lowest production cost and hence the lowest price. To
avoid such corner solutions which imply, unrealistically, that each good is produced only in one
state, models that allow for trade generally incorporate the so-called Armington assumption that
goods produced in different regions or countries are imperfect substitutes for one another (see
Armington, 1969). This assumption yields an intuitively plausible explanation for trade in
seemingly identical final goods—for example, if consumers view German cars and Japanese cars
as being distinct goods, then it is plausible that Germany and Japan would trade cars with each
other. Hence, the Armington approach distinguishes final goods by physical characteristics as
well as by place of origin. The Armington assumption has been used widely in computable
general equilibrium (CGE) models since its introduction in the ORANI model of Australia (see
Dixon et al., 1982).

© Southern Regional Science Association 2015.



CONDON ET AL.: MULTIREGIONAL DYNAMIC CGE ANALYSIS OF STATE TAX REFORMS 185

While the Armington assumption is appropriate as a motivation for international trade in
final goods, we contend that the assumption is less appropriate as an explanation of interregional
commodity flows in final goods and intermediate inputs between the states of the U.S. Many
companies produce identical goods in different plants that are located in different states, but
because the units produced in different states are indistinguishable from each other, consumers
generally do not care (or know) in which state the particular unit that they acquire has been
produced. For example, it is difficult to argue that Netflix customers who obtain DVDs by mail
care whether their DVD requests were fulfilled by a facility located within their own state or
some other state. Similarly, customers of Amazon.com are likely to be indifferent about the
location of the warehouse that fills their orders.

Often goods that are produced by different companies in different states are identical or at
least very close substitutes. For example, shipping is generally an intermediate input rather than a
final product, and many recipients of mail orders are indifferent to whether their goods are
shipped by UPS (whose headquarters are in Atlanta, Georgia) or by FedEx (whose headquarters
are in Memphis, Tennessee). Frequently there is no substantial difference between, say, pieces of
wood harvested and processed in different states that serve as intermediate inputs for, say,
furniture. We accommodate these observations by assuming that otherwise identical
commodities produced in different states are perfect substitutes for one another.

The limited availability of the data necessary to calibrate multi-region models often
requires that researchers aggregate individual commodities into broad categories like
“agriculture,” “manufacturing,” or “services.” One might be concerned that such aggregate
commodities are not perfectly substitutable since the mix of potatoes and corn, for instance, in
“agriculture” differs across states. If all of the components of an aggregate commodity have
identical price elasticities, for example, and are perfectly substitutable, then the aggregate will
have that same elasticity. If, however, the components of a category differ and are not therefore
perfect substitutes for one another, aggregation may diminish those differences. To illustrate,
consider the following. Assume that pork and beef are not perfect substitutes, nor are green
beans and carrots. Still, it is possible that a meal of pork and green beans may be a closer
substitute to a meal of beef and carrots than are the two types of meats and vegetables. In either
case, at such levels of aggregation, we maintain that the degree of substitutability between
commodities produced in different states is likely to be fairly high.

Furthermore, Plassmann (2005) provides evidence that policy analyses undertaken with
models that assume infinite elasticities of interregional substitution yield very similar results to
those that assume elasticities of interregional substitution as low as 5. Thus, even if commodities
produced in different states are not perfect substitutes for each other, the assumption of perfect
substitutability is likely to be a sufficiently close approximation, especially in models that
aggregate individual commodities into fairly broad industry categories. Both the Armington and
non-Armington approaches simplify the real world, and there is no empirical evidence as to
which assumption produces a closer approximation to reality. We adopt the non-Armington
assumption, in part, because we believe it better reflects the nature of traded goods and allows
for wages to differ by industry and state, but also because it requires identifying fewer
elasticities.

We provide a detailed description of the mathematics behind our non-Armington
approach in Appendix A. In particular, we derive the “backwards solution method” that
determines equilibrium price on the space of factor prices. Here we give the intuition behind our
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methodology and present other details of the model. Our solution algorithm proceeds as follows:
consider a single sector—say manufacturing—that operates in all states. If manufacturing output
in any state is a perfect substitute for the manufacturing output of other states, then the
equilibrium price of manufacturing output must be identical across states. To establish such a
single equilibrium price for manufacturing output, we begin with the manufacturing industry in a
reference state.® We follow the standard practice and assume that the manufacturing sector in
each state has its own two-part production function. The first part uses a neoclassical production
function that transforms substitutable factor inputs of capital and labor into value added

o—-1

(1) VA = (Zhoyawxu) 7

where VAi is value added in industry i, xix is the quantity of input factor & (either capital or labor)
used in the production of good i, ox is the constant elasticity of substitution (CES) share
parameter, and o is the elasticity of substitution between the primary factors, capital, and labor.

There is a single, perfectly mobile type of capital, while labor is both sector and state
specific. The value of ¢ is derived from the exercise of calibrating the base case to actual data.
The cost of producing value added in industry i is

(2) Ci = Yi=1Pik Xirs

where pik is the price of the primary input factor xi. Industries minimize Equation (2) subject to
Equation (1). Since capital is assumed to be perfectly mobile, we assume that it will have the
same after-tax rate of return in every state and sector. Existing capital moves between states in
response to differentials in after tax returns to capital. Households make decisions each period
regarding the utility-maximizing level of savings and labor supply. These decisions depend
positively on the rates of return to savings and to labor. Domestic savings and net financial
capital inflows from abroad are assumed to be equal to gross physical investment. We assume a
given depreciation rate for existing capital. Thus, net capital accumulation for the entire
economy is equal to savings plus net financial capital inflows from abroad less the depreciation
of the existing capital stock. Since all capital earns the same net of tax return, the location of
where capital is used is not material, only the location of the owner matters for income
determination.

The second part of the algorithm uses an input-output (I-O) matrix to describe
intermediate inputs that are used in fixed proportions

(3) p =B(p) +V(pL pK),

where p is the vector of output prices, B(p) is the matrix of demands for intermediate inputs, and
V(pL , px) is the vector of each industry’s cost of producing value added from labor and capital
under their respective prices. We use this two-part production function for the manufacturing
industry in the reference state, together with the price of capital and the manufacturing wage in
the reference state, to determine the output price of the manufacturing sector, for example.

We view this price as the equilibrium price of manufacturing output. Thus, we must
ensure that the prices of manufacturing output in all states equal this equilibrium price. As noted
above there is a single type of perfectly mobile capital with an identical price across states.
Nevertheless, we assume that labor is, at least in the short run, immobile. We can then solve

8 In the models that we describe below, we use “the rest of the United States” as the reference “state.”
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backwards, in every other state, for the wage rate in manufacturing that implies zero economic
profits and the same price of manufacturing output as in the reference state. This backwards
solution method follows from the assumed constant returns to scale structure of production
functions across states. Thus, given a price of capital (that is identical across states) and a set of
wages for the industries in the reference state, our model yields an equilibrium solution with
industry-specific output prices that are identical across states, a single price of capital, and state-
and sector-specific wages.’

In addition to being an appropriate and useful assumption to describe interstate trade
flows within the United States, the assumption of perfect substitutability offers substantial
advantages over models that use the Armington assumption. Our model naturally accommodates
the observation that wages differ across industries and states. While it is possible in principle to
assume state-and-industry-specific labor in Armington models, such an assumption increases the
dimensionality of these models.!® Models with large numbers of unknowns are difficult to solve
numerically, and researchers commonly need to limit the number of regions for such technical
considerations. The typical Armington version of our type of regional economy would have a
single type of labor for each region. Hence, there would be a single wage rate for all sectors in a
region, which forces us to overlook the relative wage effects of different fiscal policies. Avoiding
the Armington assumption makes it straightforward to solve large models with many regions and
imperfectly mobile labor.!' In contrast, Armington models that describe trade in intermediate
inputs need to employ an [-O matrix that distinguishes all intermediate inputs by region of
origin; such I-O matrices are rarely available.'> An alternative approach is to have substitution in
I-O coefficients, which presents an overwhelming computational problem. Of course, it is true
that modern computers and algorithms can solve very large models. Still, the data requirements
of estimating the cross-price elasticities in both production (coefficients in the I-O matrix) and in
consumption are very high. In the case of international trade models where disaggregated data
are available on trade in goods, such estimation may, in principle, be possible. In a state-level
regional model, such as ours, such data on trade between regions are unavailable.

4.2 Production and Factors

We aggregate all commodities into twelve industries and assume that all output is
produced with a combination of intermediate inputs as well as labor and capital as value added
(see Equation 1).!*> We follow the common practice of describing the structure of intermediate
inputs with an [-O matrix, and we therefore assume that intermediate inputs enter the production
process in fixed proportions.

® We solve the model using the algorithm described in Plassmann (2005) and Feltenstein and Plassmann (2008). The earliest
version of such an algorithm was developed in Feltenstein (1997) for a single state embedded in a country.

19 For example, an Armington model that incorporates state- and industry-specific wages and that describes seven “states” and
twelve industries per state needs to be solved for 7x12 = 84 unknown wages. In contrast, our non-Armington model has only one
unknown wage per industry in the reference state (that is, twelve), regardless of the number of states, because the equilibrium
wages in all other states are determined endogenously from the twelve prices of labor and the price of capital.

I Dixon et al. (2012) implement and solve a 51-region Armington model of the United States by assuming that all users of a
good in a particular region acquire this good in common proportions from all regions.

12 For additional discussion, see Feltenstein and Plassmann (2008, pp. 909-13). We have data for each of our regions via the
IMPLAN state-specific I-O matrices. These matrices do not show substitution in intermediate inputs to production. Thus,
agricultural inputs to Georgia production are a composite commodity. We cannot know the state-by-state composition of these
inputs from the IMPLAN matrices.

13 The twelve industries are (1) agriculture, (2) mining, (3) utilities, (4) construction, (5) manufacturing, (6) trade, (7),
transportation, (8) financial services, (9) real estate, (10) services, (11) federal government, and (12) state and local government.
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We include land as part of “capital” in the value added functions of all sectors to avoid
the difficulties of determining industry-specific use of land. Although the assumption of perfect
capital mobility abstracts from the existence of immobile capital like land and structures and
partially mobile capital like large machines, the lack of information regarding the annual flow of
capital among states and industries makes it impossible to calibrate “migration functions” for
capital. Nonetheless, for the price of capital to be equal across states we only need capital at the
margin to be mobile, an interpretation of perfect mobility that is consistent with that of Randolph
(2006). Furthermore, the thorough integration of the states in a common market, like the U.S.
economy, does support the assertion that the price of capital between states may not vary by
large margins. We should also note that the assumption is an abstraction which, as might be
feared, does not lead to corner solutions. In our solution, method output levels and, hence,
demand for capital are constrained by labor supplies in each region. Combined with decreasing
returns to capital, this will ensure that at equilibrium we avoid corner solutions in which all
capital flows to a single region, no matter how many time periods the model has (See Appendix
A). With regard to labor we assume that each state has twelve representative agents who allocate
their labor across the state’s twelve industries. These agents represent the initial workforce in
each industry, but fractions of each agent can migrate across industries and states between any
two periods, taking their labor endowments and assets with them. Each representative agent
receives income from supplying his labor and assets, as well as from transfers from the federal
government and state and local governments.

During any given period, labor supply is specific to individual industries in individual
states so that wages differ across industries and states. We permit workers to migrate across
states and across industries after each period, where the migration depends upon relative wages
of the different states. We use observed changes in employment across industries and states to
calibrate the labor migration functions; these migration functions introduce frictions that prevent
instant wage equalization across industries and regions and also prevent sudden large movements
of labor across states.

4.3 Consumption, Labor Supply, and Dynamics

We model the consumption-saving decision problem of each representative agent with
the standard set of nested constant elasticity of substitution (CES) and Cobb-Douglas utility
functions.'* Specifically, we assume that each representative agent maximizes the following
lifetime utility function:

) U= {220 c(op%l}’%

where C(#) is consumption at time ¢, the f(¢)’s are the CES share parameters that are related to
the agent’s pure rate of time preference, and p is the elasticity of intertemporal substitution.'> As
before, p is derived as part of the calibration exercise. Each agent first allocates his lifetime
wealth so as to finance consumption in each period according to equation 4; he then decides how
to divide the chosen C(f) among consumption of goods and leisure in each period ¢. Finally, he

14 See, for example, Ballard, Shoven, and Whalley (1985).

15 We determine the rates of time preferences numerically as part of the solution algorithm so that a family’s long-run saving rate
converges to a stable value, given their observed ratio of marginal utility to the price index in period 0. The algorithm is
described in detail in Tideman et al. (2002). The advantage of this approach is that the periods can be solved sequentially while
maintaining the assumption of perfect foresight, which makes it possible to solve the model for a larger number of periods.
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decides, based on a Cobb-Douglas utility function, how to divide the total consumption of goods
among the output from the 12 industries. Since we assume that consumers consider otherwise
identical goods produced in different states as perfect substitutes, we do not need to specify how
they divide their consumption of industry output among the units produced in different states.
Income includes labor income and the returns to holding capital and financial assets, net of taxes
and transfers. We assume that capital is owned by the residents of the state in which the capital is
located.

The dynamics of capital and labor, and corresponding market clearing assumptions, may
be described as follows. To simplify notation, we will suppose that we are in a two-period
model. The consumer’s problem is then:

(%) Max U (xl,xLqu,xz,xszq)
such that:
(1 + ¢)Pix; + PrijgXiijq + Poixpi = C
Pyg1Ko + Prijglyjqg +70Bo + Pg1Bo + TRy = Ny
Py (1 + 8)Ko + Pipjglajq + T1xp1 + Ppaxpgr + TR, = N,
C; = N;

Ppyxp, = sN,

where:

P =price vector of consumption goods in period i,

xi  =vector of consumption in period i;

C: =value of aggregate consumption in period i (including purchases of financial
assets);

N;  =aggregate income in period i (including potential income from the sale of real and
financial assets);

ti  =vector of value added tax rates in period i;

PLij; =price of labor in sector j in region ¢ in period i;
xLijg =demand for leisure in sector j in region ¢ in period i;
Pki  =price of capital in period i;

Ko =initial holding of capital;

o  =rate of depreciation of capital,

Ppi =discount price of a bond in period i;
ri  =domestic interest rate in period i;
xgi  =demand for bonds in period i;

TR; =transfer payments from the government in period i;

s = long run savings rate.
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Thus, each consumer demands bonds as an instrument for intertemporal optimization via
consumption smoothing. The final equation, Ps2 xp2 = sN2, is a closure rule for the model that
says that savings (purchases of bonds) in the final period are determined by the long-run savings
rate applied to the final period’s income. This will also determine investment in the final period
as part of the same closure rule. An interesting experiment would be to see how alternative
closure rules might change our simulation results; however, this is beyond the scope of the
current paper.

Bonds are created by the government, described in the next section, and by private
investors as an instrument to finance capital formation. Private bond issuance is determined by
equating current borrowing to the present discounted value of returns on investment. Suppose
that H: is the quantity of capital created in period 1 by a private sector firm. Let Cu: be the
amount borrowed to finance this investment in period 1. Then by free entry we must have:

_ wN Pri(l-tg)(1-8)""2H,

where the other terms in Equation 6 are defined above. Accordingly, the after tax returns to the
depreciated quantity of capital in each period are discounted by the market interest rate, which is
determined endogenously as part of the equilibrium solution. The quantity of bonds issued by the
firm is then given by ys; where:
= Gm
(7) Yp1 = Por
We thus define the dynamics of capital formation by the above equation combined with
the equilibrium conditions that ) xz = ) ys, where the left-hand summation is over all
consumers in all regions, and the right summation is over all firms plus debt issuance by the
governments.

We should note that our specification of the dynamics of capital formation corresponds to
the standard macroeconomic formulation of forward looking representative agents who optimize
over time. This approach allows us to determine endogenous rates of growth, capital formation,
and interest rates, something that would not be possible to do correctly with the type of
sequenced equilibria that are used in some CGE models. In summary, capital stock grows over
time due to saving and net financial inflows from abroad, while labor supply can vary over time
due to changes in real wages.

4.4 Governments

All governments make transfers to consumers, invest in government assets (bonds), and
demand intermediate inputs to produce public goods. They finance these expenditures by levying
taxes on the use of capital, which we consider to be corporate income taxes as well as property
taxes, personal income taxes on labor and asset income, sales taxes on the consumption of goods,
as well as by issuing public debt. Since the model abstracts from risk, consumers view the
holding of public debt and investment in new capital as equivalent. Thus, the interest on public
debt equals the equilibrium return to holding existing capital and to investment in new capital.'¢
We account for subsidies to different industries by calibrating the effective tax rates on corporate
income in these industries accordingly. Furthermore, in calculating state CIT rates we account

16 All capital that is created during the time period of the model is represented by private debt that was created to finance the
capital formation. Because we abstract from risk, the return on this private debt is the same as on public debt.
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for differences across industries in the relative importance of corporations in production versus
non-corporations. The federal government makes transfers to and levies taxes on firms and
consumers in all states, while each state government makes transfers to and levies taxes on firms
and consumers in its own state only.

Income tax is applied to the returns to labor and capital of residents in the state. More
specifically, the income tax on wages is treated as a withholding tax that is paid directly by the
firm that employs the labor. The income on returns to capital is paid directly by the consumer.
State sales taxes are imposed on final goods and services, and thus we do not account for the
potential pyramiding of state sales taxes.

Tax rates are average effective tax rates, calculated as actual state and local tax revenue
for the specific tax in the base year divided by the implied tax base in the base year. We do not
account for increasing marginal tax rates.

An issue that must be addressed is how to model the behavior of governments over time.
We assume that all tax rates, other than for our exogenous tax policy change, remain unchanged
over time; that government spending on public goods is proportional to each state’s value of
production; and that government transfers, on the other hand, are proportional to each state’s
total income. We calibrate the values of government spending and government investment for all
periods in the base case scenario, and we then use these calibrated values for the periods in the
counterfactual analyses that assume different tax rates in Georgia. Thus tax policies may vary,
but government expenditures are fixed. Governments can run surpluses or deficits. Other
approaches to modeling government expenditures are certainly meaningful, but would distract
from our focus on tax instruments.

We model the following revenue neutral tax reforms, where revenue neutrality means
that tax revenue in the first year of any tax reforms equals the tax revenue in the first year of the
baseline. For Tax Reform Option A, we expand the sales tax base to include purchases of
services and use the revenue to reduce the PIT rate. For Tax Reform Option B, we add services
to the sales tax base and increase the sales tax rate to recover the revenue lost by the elimination
of the PIT. Tax Reform Option C is similar to Option B except that the sales tax rate is increased
to recover the revenue lost from the elimination of both the CIT and PIT. Note that Option C
eliminates the CIT but not the property tax on capital.

4.5 The Rest of the World

We permit the United States to run a trade deficit with the rest of the world and assume
that the rest of the world supplies any quantity of import demand at the prices that prevail in the
United States. Consumers finance their demand for imports by selling fractions of their capital
stock and of their holdings of government debt to foreigners. Foreigners use their asset revenue
and the proceeds from net exports to finance the governments’ budget deficits and to invest in
new capital in the United States.

4.6 Data

The data are for the year 2009. This choice of year was made in part because that was the
year that the proposal to eliminate the income tax in Georgia was first made, and because that is
the most recent data that were available when we started this project. To the extent that the
intervening Great Recession reduced the level of economic activity below that which would
otherwise have prevailed in 2009, we would expect that the magnitudes of the effects of the tax
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change would be smaller. Then again, we would not expect that the effect of the tax policy on the
growth rates of the various outcome measures would be affected by the Great Recession.

The input-output matrices are from MIG’s IMPLAN (2009). Other data were obtained
from the Bureau of Census’ Government Finances webpage (http://www.census.gov/govs/
financegen), and the Bureau of Economic Analysis’ (BEA) national and regional webpages
(http://www.bea.gov). The data and behavioral assumptions reflect annual values. Thus, we
interpret a period to be equivalent to a year, i.e., the time required to produce a year’s output. As
noted above, we follow the standard practice of measuring tax rates as the ratio of tax revenue to
the tax base. BEA and IMPLAN data are used to calculate some of the model’s parameters.
Other parameters, for example, the elasticity of substitution between consumption of goods and
leisure and the intertemporal elasticity of substitution are derived from calibrating the model to
historical data, but we require that these elasticities be consistent with the range of values that are
found in the literature. The study data file is available from the authors upon request.

5. BASELINE SIMULATION

We begin by briefly describing the baseline simulation that we use as a benchmark to
gauge the effect of Georgia’s tax reforms on its economy, on the economies of each of the five
comparison states, and on the economy of the ROUS. Recall that the model is calibrated to a
single year. Hence, the baseline simulation is used for purposes of comparison and should not be
interpreted as a statistical forecast of future performance, which obviously it is not.

Table 2 reports the results of the baseline simulation for four key macroeconomic
variables, namely personal income, consumption of goods, labor supply, and demand for capital
by state and by period. We report the results for ten periods since the changes in period-to-period
growth rates are small for additional periods. We index each endogenous variable by setting it
equal to 100 in the base year, which is reported in the column labeled 0; thus the percent growth
from the base year is easily interpreted from the values in Table 2. North Carolina’s economy out
performs the other five states as well as the ROUS over the ten periods. Personal income in
North Carolina increases by slightly more than 50 percent over the ten periods, which is
equivalent to an average annual increase of 4.2 percent. Using the growth in personal income as
a performance benchmark, Georgia’s economy ranks second among the six states with a
compound growth rate of 3.4 percent over the 10 periods. The compound growth rates of
personal income in the baseline simulation for the remaining states and that of the ROUS are
substantially smaller than that of North Carolina and Georgia. Georgia’s average simulated
growth rate in per capita (worker) income is 2.29 percent. In contrast, Georgia’s average growth
rate in real per capita income for the period 1990 to 2008 is 1.24 percent. Thus, our model
generates a higher average growth rate in personal income per capita than Georgia’s recent
historical experience.

It is thus difficult to draw a general conclusion as to how well our specification represents
the true dynamics of the states we are modeling. The model is calibrated to a single year, as it is
not possible to replicate dynamic paths for all states simultaneously. In reality, policy parameters
change from year to year, so any simulation in which we assume that these parameters remain
constant cannot hope to perfectly replicate historical dynamic paths. In fact, such difficulties
would remain even in a model of a single country. In general, attempts to replicate the dynamic
path of a macro-economy can yield only an approximation, so that a subjective judgment needs
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Table 2: Baseline Simulation of Key Macroeconomic Variables by State and by Period
Period
State 0 1 2 3 4 5 6 7 8 9 10
Personal Income
Alabama 100.0 101.4 103.4 106.1 109.3 112.7 116.2 119.8 123.6 127.5 131.6
Florida 100.0 101.2 103.0 105.2 108.0 110.8 113.6 116.5 119.3 122.3 125.2
Georgia 100.0 102.0 105.0 1084 112.3 1164 120.6 125.0 129.6 134.3 1393
North Carolina 100.0 102.7 106.7 111.2 116.2 121.4 126.7 132.3 138.1 144.2 150.6
South Carolina 100.0 100.9 101.8 103.4 105.4 107.5 109.6 111.7 113.9 116.0 118.1
Tennessee 100.0 100.8 101.6 103.1 105.0 107.1 109.2 111.3 113.5 115.6 117.8
Rest of USA 100.0 101.3 103.6 106.1 108.7 111.3 113.9 116.5 119.2 121.8 124.5
USA 100.0 101.4 103.6 106.2 108.9 111.6 114.3 117.1 119.9 122.7 125.6
Consumption of Goods
Alabama 100.0  101.1 1029 1055 1087 112.1 1156 1192 123.0 1270 131.1
Florida 100.0 100.7 102.2 1042  106.9 109.7 1125 1152 118.0 120.9 123.8
Georgia 100.0 101.8 104.7 108.2 112.2 116.4 120.7 125.2 129.9 134.8 139.9
North Carolina 100.0 1027 1068 1117 117.0 122.6 1284 1344 1407 1473 1542
South Carolina 100.0  100.5 101.1 1024 1042 1062 108.1 110.0 1119 1139 1158
Tennessee 100.0 100.5 101.0 102.2  104.0 106.0 107.9  109.9 111.8 113.8 115.8
Rest of USA 100.0 101.0 1032 1056 108.1 1106 1132 1157 1182 1208 1233
USA 100.0 101.0 103.2 105.7  108.3 110.9 113.6 116.3 119.0 121.8 124.5
Labor Supply

Alabama 100.0 100.7 100.5 100.7 101.3 102.1 103.1 104.0 105.1 106.2 107.3
Florida 100.0 100.8 100.7 100.5 100.7 101.0 101.4 101.8 102.2 102.6 103.0
Georgia 100.0 101.3 102.0 102.7 1037 104.8 106.0 107.2 108.5 109.7 111.1
North Carolina 100.0 100.7 101.1 101.7 102.6 103.7 104.9 106.2 107.6 109.0 110.6
South Carolina 100.0 100.8 100.4 100.1 100.3 100.8 101.2  101.7 102.2 102.7 103.1
Tennessee 100.0 100.7 100.3 99.9 100.1 100.5 100.9 101.3 101.8 102.2 102.6
Rest of USA 100.0 100.9 101.5 102.2 102.7 103.2 103.8  104.3 104.8 105.3 105.8

USA 100.0 100.9 101.5 102.0 102.6 103.1 103.6  104.2 104.8 105.3 105.9

Demand for Capital

Alabama 100.0 102.8 105.8 109.4 113.6 118.0 122.8 1278 133.1 138.5 144.2
Florida 100.0 103.0 106.5 110.3 1144 118.7 123.0 1274 131.8 136.3 140.9
Georgia 100.0 104.9 110.2 116.0 122.1 128.5 135.0 141.7 148.6 155.7 163.0
North Carolina 100.0 105.3 111.2 117.8 1248 131.9 139.3  147.0 155.0 163.3 172.0
South Carolina 100.0 101.6 102.6 103.7 105.3 107.1 109.0 110.8 112.6 114.3 116.1
Tennessee 100.0 101.5 102.2 103.2  104.8 106.6 108.4 110.2 112.0 113.7 115.5
Rest of USA 100.0 101.9 104.1 106.3  108.5 110.7 1129 115.1 117.3 119.4 121.6
USA 100.0 102.2 104.6 107.1 109.6 112.2 114.8 1174 120.0 122.7 125.3

Source: Authors’ calculations.
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to be made as to whether the model is a “good” replica of the actual economy. As an example of
such a dynamic approximation, Appendix B gives an example of a two-period model applied to
Australia. As we see, there is a reasonable, but not exact, approximation of the historical
macroeconomic aggregates.

As might be expected, North Carolina and Georgia also lead the other states in the growth
rate of consumption of goods and the growth rate in the demand for capital over the 10-period
horizon of the baseline simulation. Finally, Georgia leads all other states and the ROUS in terms
of the 10-period growth rate in labor supply. North Carolina ranks second in terms of the 10-
period growth rate in labor supply, followed by Alabama. The remaining regions have 10-period
growth rates of labor supply in the 3 to 6 percent range.

6. TAX REFORM SIMULATIONS

We begin the discussion of our simulations by examining the effect of the tax reform
options considered here on Georgia’s tax composition. Table 3 shows the share of taxes by
source and state in period 10 for the baseline and for each of the three tax reform options. As is
evident in Table 3 and as one should expect, tax reform in Georgia has a negligible impact on the
tax structures of the five comparison states. Therefore, we focus the discussion here on the effect
of each of the three reforms on Georgia’s tax structure.

Tax Reform Option A—broadening the sales tax base and a revenue neutral reduction in
the PIT rate—results in a 92 percent decrease in the share of PIT revenue in total tax revenue
relative to the baseline. The share of revenue from taxes on capital in total tax revenue is
virtually unchanged; whereas, the share of sales tax revenue increases by 53 percent. Tax Reform
Option B eliminates the PIT altogether, which therefore no longer contributes to total taxes,
while the share of sales tax revenue in total tax revenue increases to 60 percent. As a result of
this reform, there is only a slight decrease in the share of revenue from taxes on capital relative
to the baseline. Finally, fundamental state tax reform, Tax Reform Option C, which is a repeal of
both the CIT and PIT and a revenue neutral increase in the sales tax rate on the broadened sales
tax base, has a surprising effect on Georgia’s tax structure. Relative to the penultimate reform
(the set of columns labeled Tax Reform B in Table 3) results in a slight decrease in the share of
revenue from the sales tax and a slight increase in the share of revenue from taxes on capital.
Since property taxes are modeled here as a tax on capital, repeal of the CIT has a positive effect
on revenues from property taxes; hence, the increase in the share of revenue from taxes on
capital, or, to be more precise, an increase in revenue from property taxes which are local taxes
in Georgia.

We now examine the effect of each reform on the four macroeconomic variables used to
describe the baseline simulation. We begin with the impact of adding services to Georgia’s sales
tax base and a revenue neutral decrease in the PIT rate; that is Option A. The results of this
simulation are reported in Table 4.

As a result of this reform, personal income in Georgia increases from 139.3 in period 10
of the baseline simulation to 148.5 in period 10 of Option A. This is a 6.6 percent increase in
personal income. In the baseline, the compound growth rate of personal income is 3.37 percent,
which increases to 3.88 percent as a result of this reform. This is a 0.51 percentage point increase
in the compound growth rate in personal income. In contrast, the growth rate in personal income
declines in the five comparison states and the ROUS, with the largest decline in percentage terms
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Table 3: Tax Structure in Period 10 by State and by Tax Reform
----------- Baseline Tax Reform Al-----  ---—--Tax Reform B?*------ ---——_Tax Reform C3-----
Capital  Sales Capital Sales Capital Sales Capital Sales
State Tax Tax PIT Tax Tax PIT Tax Tax PIT Tax Tax PIT
Alabama 379 41.8 20.3 37.7 42.2 20.1 37.5 42.5 20.0 37.6 42.4 20.0
Florida 56.6 43.4 0.0 56.5 43.5 0.0 56.4 43.6 0.0 56.4 43.6 0.0
Georgia 41.4 33.9 24.7 41.5 51.8 6.7 40.0 60.0 0.0 42.2 57.8 0.0
North
Carolina 36.3 33.7 30.0 36.1 34.1 29.8 359 343 29.7 36.0 34.2 29.8
South
Carolina 43.1 33.7 23.2 43.1 33.9 23.0 43.0 33.9 23.0 43.1 34.0 23.0
Tennessee 41.1 57.5 1.4 41.0 57.7 1.4 40.8 57.8 1.4 40.8 57.8 1.4
ROUS 43.1 32.4 24.5 43.0 32.5 24.5 42.9 32.6 24.4 43.0 32.6 24.4

Notes: ! Tax reform A: Broaden sales tax base to include services and a revenue neutral reduction in the PIT rate.

2 Tax reform B: Eliminate the PIT and a revenue neutral increase in the sales tax rate on the broaden sales tax base.

3 Tax reform C: Eliminate the PIT and the CIT and a revenue neutral increase in the sales tax rate on the broaden sales tax base.
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Table 4: The Effect of Tax Reform Option A on Key Macroeconomic Variables
by State and by Period!
Period
State 0 1 2 3 4 5 6 7 8 9 10
Personal Income
Alabama 100.0 101.2 103.0 105.7 108.7 111.8 115.1 118.4 121.9 125.4 129.0
Florida 100.0 101.1 102.5 104.9 107.5 110.2 112.8 115.5 118.2 120.9 123.6
Georgia 101.5 103.8 107.7 111.9 1164 121.2 126.2 131.4 1369 142.6 148.5
North Carolina 100.0 102.6 106.3 110.7 115.5 120.4 125.5 130.8 136.3 142.0 148.0
South Carolina 100.0 100.7 101.4 103.1 105.0 107.0 109.0 110.9 112.9 114.9 116.8
Tennessee 100.0 100.6 101.2 102.7 104.6 106.6 108.5 110.5 112.4 1143 116.3
Rest of USA 100.0 101.3 103.6 106.1 108.5 111.0 113.5 116.1 118.6 121.1 123.6
USA 100.1 101.4 103.7 106.2 108.8 111.4 114.0 116.7 1194 122.1 124.8
Consumption of Goods
Alabama 100.0 101.1 102.9 105.6 108.7 112.0 115.4 119.0 122.8 126.7 130.7
Florida 100.0 100.8 102.2 104.3 106.9 109.7 112.3 115.0 117.8 120.5 123.3
Georgia 103.3 105.8 109.3 1134 118.0 1229 128.0 133.2 138.8 144.5 1504
North Carolina 100.0 102.7 106.8 111.7 117.0 122.5 128.2 134.2 140.4 146.9 153.7
South Carolina 100.0 100.5 101.2 102.5 104.2 106.1 108.0 109.8 111.7 113.5 115.4
Tennessee 100.0 100.5 101.1 102.3 104.0 105.9 107.8 109.7 111.6 113.5 115.4
Rest of USA 100.0 101.1 103.3 105.7 108.1 110.6 113.0 115.5 118.0 120.4 122.9
USA 100.1 101.2 103.4 105.9 108.5 111.1 113.7 116.3 119.0 121.7 124.4
Labor Supply
Alabama 100.0 1003 999 100.0 100.5 1013  102.1 1029 103.8 1047 105.7
Florida 100.0 100.5 99.9 99.9 100.1 100.4 100.7 101.0 1013 101.6 101.9
Georgia 98.9 100.4 102.6 104.6 106.7 108.8 111.0 113.2 1154 117.6 119.9
North Carolina 100.0 1004 1004 1009 101.7 1027 103.8 1050 1063 107.8  109.3
South Carolina 100.0 1004  99.7 996 999 1004 1008 101.3 101.7 102.1 1025
Tennessee 100.0 100.4 99.5 99.4 99.7 100.1 100.5 100.8 101.2 101.6 102.0
Rest of USA 100.0 1009 1015 102.1 102.6 103.1 103.6 1041 1045 1050 105.5
USA 100.0 100.8 101.4 101.9 102.5 103.0 103.5 104.1 104.6 105.2 105.7
Demand for Capital

Alabama 100.0 102.5 105.3 108.8 112.7 116.9 121.3 126.0 130.8 135.9 141.0
Florida 100.0 102.8 106.2 110.1 114.1 118.3 122.5 126.7 1309 135.2 139.5
Georgia 100.0 105.2 111.9 1189 1259 133.1 140.5 148.0 155.8 163.8 172.0
North Carolina 100.0 105.1 110.9 117.3 124.0 130.9 138.0 1455 153.2 161.2 169.5
South Carolina 100.0 101.4 102.1 103.4 105.0 106.7 108.4 110.0 111.7 113.3 114.9
Tennessee 100.0 101.2 101.6 102.8 104.4 106.1 107.7 1094 111.0 112.6 114.2
Rest of USA 100.0 101.9 104.1 106.2 108.3 110.4 112.4 1145 116.5 118.6 120.6
USA 100.0 102.1 104.5 107.0 109.5 112.0 114.4 116.9 1194 121.9 124.4

Source: Authors’ calculations.

! Georgia’s tax reform is a revenue neutral expansion of the sales tax base and a reduction in the personal income tax rate.
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occurring in Alabama. Georgia’s labor supply increases by 11 percent by period 10 of the
baseline and by 21 percent over the same period in the simulation of Option A. This is a 90
percent increase in Georgia’s labor supply over the 10 periods, which is accompanied by small
declines in labor supply in the comparison states and the ROUS. The largest decline in labor
supply in percentage terms occurs in Alabama, while South Carolina and Tennessee experience
the smallest declines. After 10 periods, Georgia’s demand for capital increases by 14.3 percent as
a result of adopting Option A. The increase in the demand for capital in Georgia as a result of
this reform is accompanied by small declines in the demand for capital in the comparison states
and the ROUS. The largest decline in percentage terms occurs in Alabama, while the smallest
decline occurs in Florida.

Turning now to the effect of Georgia’s tax reform on personal consumption of final
goods and services, which is a measure of the welfare effects of reform, we find that
consumption increases from 139.9 in period 10 of the baseline simulation to 150.4 in period 10
of the reform. This is an overall increase in consumption of 7.5 percent or a 0.41 percentage
point increase in the compound growth rate of consumption. There are small and nearly uniform
declines in consumption in percentage terms in the comparison states and the ROUS."”

Next, we simulate the effect of Option B, which consists of eliminating Georgia’s PIT
and recovering the lost revenues by increasing the sales tax rate on the expanded sales tax base.
The results of this simulation are reported in Table 5. Option B results in a further 2 percent
increase in personal income; a 4.5 percent increase in the consumption of goods; a 4.8 percent
increase in labor supply; and a negligible increase in the demand for capital in Georgia. These
changes are measured relative to period 10 of Option A. Compared to the baseline simulation,
the compound growth rate of personal income over the ten periods is an increase of 0.67
percentage points. After ten periods in the comparison states and the ROUS, there are relatively
modest decreases in these four macroeconomic indicators due to Georgia adopting Option B.

Finally, we simulate fundamental state tax reform or Tax Reform Option C. The results
of this simulation are reported in Table 6. Interestingly, there is almost no difference in the effect
on the four macroeconomic indicators when comparing period 10 of Option C to period 10 of
Option B. More specifically, there is a 1.2 percent decrease in Georgia’s personal income; a 0.2
percent increase in the consumption of goods; a 0.5 percent increase in labor supply; and a 0.9
percent decrease in the demand for capital. To maintain revenue neutrality, fundamental state tax
reform requires a further increase in the sales tax rate on the expanded sales tax base. Not only
are taxes on capital income distortionary, but so are taxes on consumption. For the initial reforms
(Options A and B), the tax on capital income are more distortionary than the tax on consumption,
particularly in Option A where the replacement tax is an expansion of the sales tax base to
include services. Hence, as discussed above, reform options A and B have a salutary effect on

17 One would like to derive aggregate welfare measures as a way of judging the relative merits of the different tax proposals. The
typical way of estimating such a measure would be to calculate either the compensated or equivalent variation for each consumer,
then summing the variations over all consumers. This is quite straightforward in the context of a static model. In our dynamic
regional model with migration, the calculation becomes problematic. The issue is that in our model, labor is sector specific in
each region, and migrates from period to period. Thus, the stock of a particular type of labor in a given region changes from
period to period. Accordingly, we cannot calculate the present discounted value of the equivalent variation for a particular
representative agent (that is, for a type of sectorial labor), since that agent’s stock of labor in the home region changes over time.
Similarly, if we attempt to calculate period by period equivalent variations, and then sum them over time, we will have a
meaningless number since migration makes the representative sectorial agent different in each period.
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Table 5: The Effect of Tax Reform Option B on Key Macroeconomic Variables

by State and by Period'
Period
State 0 1 2 3 4 5 6 7 8 9 10
Personal Income
Alabama 100.0  101.1 1029 1055 108.4 1114 1146 117.8 121.1 124.5 128.0
Florida 100.0 100.9 102.3 104.7  107.3 109.9 1125 1151 117.7 1203 122.9
Georgia 101.9 1043 108.7 113.1 117.9 1229 1281 133.5 139.2 145.2 1514

North Carolina 100.0  102.5  106.1 1104  115.1 1199 1249 130.1 1355 141.1 146.9
South Carolina 100.0 1005 1013 1029 1049 106.8 108.7 110.6 1125 1143 116.2

Tennessee 100.0 1004  101.1 102.6 1044 106.3 1082 110.1 1119 113.8 115.6

Rest of USA 1000 101.3 103.6 1060 1084 110.8 1133 1158 1182 1206 123.0

USA 100.0 1014 103.6  106.1 108.7 1112 113.8 1165 119.1 121.7 1243
Consumption of Goods

Alabama 100.0  101.1 1029 1056 108.6 1119 1154 1189 1226 126.5 130.5

Florida 100.0 100.8 1023 1043 1069 1096 1122 1149 1176 1203 123.1

Georgia 105.6 1084 1123 1168 121.8 127.1 132.6 1384 1444 150.6 157.1

North Carolina 100.0 102.7 106.8 111.7 117.0 1224 128.1 1340 1402 146.7 1534
South Carolina 100.0 100.5 101.2 1024 1042 106.1 1079 109.7 111.5 1133 115.2

Tennessee 100.0 1005 101.1 1023 1040 1059 107.7 1096 1114 1133 115.1

Rest of USA 100.0 101.0 103.3 1057 108.1 110.5 113.0 1154 1178 1203 1227

USA 100.1  101.3  103.5 1060 108.5 111.1 113.7 1164 1190 121.7 1244
Labor Supply

Alabama 100.0  100.2 99.7 99.8  100.3 100.9 1017 1025 1034 1042 105.1

Florida 100.0  100.3 99.7 99.6 99.8 100.1 1004  100.7 101.0 101.3 101.5

Georgia 101.0 102.8 1055 108.0 1104 112.8 1152 117.7 120.2 122.8 125.6

North Carolina 100.0 100.3 1002 100.6 1014 1023 1034 1046 1059 1073 108.8
South Carolina 100.0  100.3 99.5 99.5 99.8 1002 100.7  101.1 101.5 1019 1023

Tennessee 100.0  100.2 99.4 99.3 99.6 100.0 1003 100.7 101.1 1014 101.7

Rest of USA 100.0 1009 101.5 102.0 102.5 103.0 103.5 1040 1044 1049 1053

USA 100.0 100.8 1014 1019 1025 103.0 103.6  104.1 104.6 1052  105.7
Demand for Capital

Alabama 100.0 1024 105.1 1085 1122  116.1 1205 1249 1295 1343 1392

Florida 100.0 1026 106.0 1099 114.0 118.0 122.1 1263  130.5 1346  138.8

Georgia 100.0 1054 1123 119.2 1262 133.3 140.7 1482 1559 163.9 1721

North Carolina 100.0 1049 1106 1168 1233 130.1  137.1 1443  151.8 159.7 167.8
South Carolina 1000 101.2 102.0 1034 1050 106.6 1082 1098 1114 1129 1143

Tennessee 100.0 1009 1015 1028 1044 1060 107.6 1092 110.7 1122 113.6
Rest of USA 100.0 101.9 104.0 106.1 108.1 110.2 1122 1142 116.1 118.0  119.9
USA 100.0  102.1 1045 1069 1094 111.8 1142 1166 119.0 121.5 123.8

Source: Authors’ calculations.

! Georgia’s tax reform is a revenue neutral ex i f the sal b d i in the sal d the eliminati f th
g pansion of the sales tax base and an increase in the sales rate and the elimination of the

personal income tax.
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Table 6: The Effect of Tax Reform Option C on Key Macroeconomic Variables
by State and by Period!
Period
State 0 1 2 3 4 5 6 7 8 9 10
Personal Income
Alabama 100.0 101.0 102.8 105.5 108.3 111.3 114.4 117.6 120.8 124.2 127.5
Florida 100.0 100.8 102.3 104.7 1073 109.8 112.4 115.0 1176  120.2 122.8
Georgia 102.1 104.6 108.8 113.2 117.9 122.9 128.1 133.4 1390 144.9 151.0
North Carolina 100.0 102.4 106.0 110.3 114.9 119.7 124.6 129.7 135.0 140.6 146.3
South Carolina 100.0 100.5 101.3 103.0 104.9 106.8 108.7 110.6 112.5 114.3 116.1
Tennessee 100.0 100.4 101.0 102.6 104.4 106.3 108.2 110.1 1119 113.8 115.6
Rest of USA 100.0 101.3 103.6 105.9 108.4 110.8 113.3 115.7 118.1 120.5 122.9
USA 100.0 101.4 103.6 106.1 108.6 1112 113.8 116.4 119.0 121.6 124.2
Consumption of Goods
Alabama 100.0 101.1 102.9 105.6 108.6 1119 1153 118.9 122.6 126.4 130.4
Florida 100.0 100.8 102.3 104.3 106.9 109.6 112.2 114.9 117.6 120.3 123.0
Georgia 105.8 108.6 112.6 117.1 122.1 1274 132.9 138.6 144.6 150.9 157.4
North Carolina 100.0 102.7 106.8 111.7 117.0 122.4 128.1 134.0 140.2 146.6 153.4
South Carolina 100.0 100.5 101.2 102.5 104.2 106.1 107.9 109.7 111.5 113.3 115.1
Tennessee 100.0 100.5 101.1 102.3 104.0 105.9 107.7 109.6 111.4 113.2 115.1
Rest of USA 100.0 101.1 103.3 105.7 108.1 110.5 1129 1154 117.8 120.2 122.6
USA 100.1 101.3 103.5 106.0 108.5 111.1 113.7 116.4 119.0 121.6 124.3
Labor Supply
Alabama 100.0 100.05 99.6 99.8 100.2 1009 101.6 102.4 103.2 104.0 104.9
Florida 100.0 100.18 9968 99.6 99.8 100.1 100.4 100.7 101.0 101.3 101.5
Georgia 101.1 102.86 1055 107.8 110.1 112.5 1149 117.3 119.8 122.3 125.0
North Carolina 100.0 100.18 100.0 100.4 101.2 102.1 103.2 104.3 105.6 107.0 108.5
South Carolina 100.0 100.15 99.5 99.6 99.9 100.3 100.8 101.2 101.6 102.0 102.4
Tennessee 100.0 100.08 99.4 99.4 99.7 100.1 100.4 100.8 101.2 101.5 101.9
Rest of USA 100.0 100.85 101.5 102.0 102.5 103.0 103.5 104.0 1044 1049 105.3
USA 100.0 100.83 1014 101.9 102.5 103.0 103.5 104.1 104.6 1052 105.7
Demand for Capital

Alabama 100.0 102.4 105.2 108.6 112.3 1164  120.7 125.3 130.0 134.8 139.8
Florida 100.0 102.7 106.0 110.0 114.0 118.1 122.2 126.4 130.5 134.7 138.9
Georgia 100.0 1054 112.6 119.7 126.8 134.1 141.6 149.2 157.1 165.2 173.7
North Carolina 100.0 105.0 110.7 117.0 123.6 130.4 137.4 144.8 152.3 160.2 168.4
South Carolina 100.0 101.2 101.9 103.3 104.9 106.5 108.1 109.7 111.3 112.8 114.3
Tennessee 100.0 101.0 101.5 102.7 104.3 1059 107.5 109.1 110.6 112.1 113.6
Rest of USA 100.0 101.9 104.0 106.1 108.2 110.2 112.2 114.2 116.2 118.1 120.0
USA 100.0 102.1 104.5 106.9 109.4 111.8 114.3 116.7 119.1 121.6 124.0

Source: Authors’ calculations.

! Georgia’s tax reform is the elimination of the corporate and personal income taxes and a revenue neutral increase in the state sales tax
rate on a broadened sales tax base.
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the four macroeconomic indicators of Georgia. Nevertheless, the benefit of a further reduction in
the distortionary tax on capital income by fundamental state tax reform relative to Option B is
nearly completely offset by the cost of a further increase in the distortionary tax on consumption
relative to Option B. It is the net effect of these two distortions moving in opposite directions that
accounts for the small increase in personal income from fundamental state tax reform relative to
the increase resulting from the adoption of Option B. With only a few exceptions, there are very
slight declines in the four macroeconomic indicators for the comparison states and the ROUS in
period 10 for Option C relative to the corresponding period for Option B. However, there are
slight increases in the supplies of labor in South Carolina and Tennessee and in the demands for
capital in Alabama, Florida, and North Carolina.

Before proceeding with some general observations on the effect of fundamental state tax
reform, we examine its effect on economic activity by sector. Table 7 reports the percent change
in economic activity by sector and by state due to fundamental state tax reform in period 10
relative to period 10 of the baseline. In Georgia, manufacturing increases by 12.5 percent, trade
by 16.9 percent, transportation by 19.2 percent, finance by 14 percent, with much smaller
increases in real estate and services. Interestingly, state and local government enjoys the largest
growth rate as a result of fundamental tax reform. This result is undoubtedly an artifact of the
way in which we model state and local expenditures. Recall that state and local expenditures are
assumed to be proportional to a state’s value of production; and state and local transfers are
assumed to be proportional to a state’s total income. Since tax reform increases the value of
production and total income in Georgia, there are proportional increases in state and local
government spending and transfers, respectively, as well.

The growth of these sectors in Georgia mostly comes at the expense of Alabama and
North Carolina, with smaller declines in these sectors for the remaining three states and the
ROUS. It is interesting to note that with the single exception of state and local government, there
are small declines in the total level of activity in these sectors for the United States as a whole.

Interestingly, fundamental tax reform in Georgia leads to a slight reduction in the demand
for capital in the United States as a whole relative to the baseline. In contrast to fundamental
national tax reform, which increases capital formation, fundamental state tax reform in a single
state has a small negative effect on capital formation for the country as a whole. In this sense,
fundamental state tax reform is truly “beggar thy neighbor.”!® This observation illustrates the
importance of using a dynamic open economy model to simulate state tax reforms. This finding
also suggests that tax harmonization among the states, as opposed to a single state independently
pursuing tax reform, may be of greater benefit to the U.S. economy as a whole. The effect of tax
harmonization among the states merits further research but is beyond the scope of the current

paper.
Thus far, we can summarize our main findings as follows. Tax Reform Option A results
in a 0.51 percentage point increase in the compound growth rate of personal income and a 0.41

percentage point increase in consumption relative to the baseline after 10 periods. Option B,
relative to the baseline, increases the compound growth rate of personal income by 0.67

18 Fundamental national tax reform may have important interregional effects as well. To the best of our knowledge, no one has
used a regional model to simulate the effect of fundamental national tax reform; thus the interregional effects of such a reform is
unknown. This would be an interesting topic for future research.
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Table 7: Percent Change in Activity by Sector in Period 10 Due to Tax Reform Option C Relative to the Baseline'

State and Local

State Manufacturing Trade  Transportation Finance Real Estate  Services Government
Alabama -8.1 -3.4 -5.5 -1.3 -1.5 -2.0 -1.0
Florida -3.0 -2.1 -2.5 -1.2 0.2 2.2 -1.0
Georgia 12.5 16.9 19.2 14.0 3.2 3.8 21.0
North Carolina -4.4 -4.7 -5.7 -2.7 -0.1 -2.6 -0.7
South Carolina -2.7 -1.8 -2.0 -1.0 -0.3 -1.7 -0.7
Tennessee -3.0 -1.8 -2.3 -1.0 -0.3 -1.8 -0.8
Rest of U.S.A. -3.4 -1.7 -2.2 -0.7 -0.5 -1.1 -0.5
United States -3.0 -1.1 -1.4 -0.4 -0.3 -1.1 0.1

Source: Authors’ calculations.
! Georgia’s Tax Reform Option C is the elimination of the corporate and personal income taxes and a revenue neutral increase in the state sales tax rate on a broadened sales
tax base.
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percentage points and increases consumption by 0.64 percentage points. Finally, fundamental
state tax reform, i.e., Option C, increases the compound growth rate of personal income and
consumption relative to the baseline by 0.62 and 0.64 percentage points, respectively. Relative to
the baseline, the increases in compound growth rates of personal income and consumption as a
result of these three tax reform options range between 12 and 20 percent over the ten-year
period.

By decomposing fundamental state tax reform into three incremental reforms, we find
that there are diminishing returns to decreasing the distortionary tax on capital income. This is
due to the need to increase the distortionary tax on consumption in order to maintain revenue
neutrality. In fact, the net effect of these two opposing effects is approximately zero when
comparing the index of personal income in period 10 of Option C (151) to that of Option B
(151.4).

In addition to comparing growth rates in levels, it would be meaningful to consider the
effects of tax reform in per capita terms. While the growth rates of income and consumption
increase in Georgia as a result of these reforms, the growth rate of labor supply in Georgia also
increases. There are two reasons for the increases in Georgia’s labor supply: labor supply
increases as a result of migration of labor from other states to Georgia and as a result of increases
in labor supply among the original residents of Georgia. Both effects are due to the increases in
real wages that result from increased capital formation in Georgia due to increases in the after-
tax return to capital relative to the after-tax returns available in the comparison states and the
ROUS. Given that there are two sources for the increase in labor supply, it is not possible to
make precise estimates of the growth rate changes in per capita terms resulting from tax reform.
With this important caveat in mind, income per unit of labor—the ratio of personal income and
labor supply—increases by 25.4 percent over the 10 periods in the baseline. In contrast, this ratio
increases by only 19.8 percent in the case of fundamental tax reform (Option C). Thus,
fundamental tax reform actually decreases income per unit of labor by 3.7 percent relative to the
baseline. On the other hand, there is virtually no change in consumption per unit of labor—the
ratio of final consumption and labor supply—in period 10 of Option C (1.259) relative to the
corresponding period of the baseline (1.254). Just to be clear, one must be cautious in concluding
that there are no benefits to fundamental state tax reform in per capita terms because we do not
have precise estimates of the growth in Georgia’s population as a result of tax reform.

As with any simulation exercise, one should assess the credibility of the findings. In other
words, would the fundamental state tax reform modeled here, if actually implemented, increase
the growth rate of personal income in Georgia by 0.6 percentage points as reported here? Since
there are no confidence intervals for this estimate, we cannot specify the probability that the
estimate would fall within a certain range. Using different values for the parameters developed
through the calibration process would produce different results, but we do not know if such
results are closer to the unknown true values. Nor will such an exercise yield confidence
intervals. Nonetheless, our expectation is that our estimate of a 0.6 percentage point increase in
the growth rate of personal income due to fundamental tax reform may be on the high side.

First, as noted above, the baseline growth rate in income per capita is greater than
Georgia’s recent historical experience. This may result in an upward bias in our estimate of the
long-run growth rate in personal income due to fundamental tax reform. Second, the sales tax
that we are able to model does not account for sales taxes on specific business inputs, which is
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the actual practice in Georgia. If the model accounted for sales taxes on specific business inputs,
the effects of the sorts of tax reforms modeled here would likely be smaller because the sales tax
would be more distortionary than the one we are able to model. Third, Altig et al. (2001) obtain
effects that are similar in size to ours, but they model a much larger reduction in the tax burden
on capital income than we do. Again, this suggests that our estimate may be on the high side. On
the other hand, the model results of Altig et al. and our model are not directly comparable
because they model a closed economy while ours is an open economy model. In particular, the
capital flows generated by our open economy formulation would naturally lead to larger changes
than would a closed economy specification. As previously discussed, we believe that it is
particularly important to model state tax reform as an open economy because the interregional
mobility of factors and the interregional trade in goods and services in a highly integrated
common market, like the U.S. economy, are much greater than the international mobility of
factors and international trade in goods. Fourth, we do not consider the possible reaction of other
states to Georgia’s tax reform. If other states were to follow Georgia’s lead and adopt similar tax
reforms, Georgia’s growth rate would likely be smaller because the factor inflows to Georgia due
to tax reform would be smaller. In short, we do believe that the tax reforms modeled here will
increase Georgia’s long-run growth rate in personal income, but the effect may be somewhat
smaller than the reported estimate of 0.6 percentage points in the case of fundamental tax reform.

7. CONCLUSION

We use an innovative multistate, dynamic, open economy, general equilibrium model to
gauge the economic impact of three revenue neutral tax reforms in Georgia. These reforms
would decrease the CIT and PIT rates eventually to zero, broaden the sales tax base to include
services, and increase the sales tax rate. The dynamic and multistate specification of our model is
an advance over previous simulation models used to evaluate state tax reforms in the U.S.
context. These features of our model are particularly important in simulating the effect of tax
reforms that reduce the after-tax rate of return to capital. Unlike previous models, we use a non-
Armington approach in which goods traded between states are viewed as being identical and thus
perfect substitutes in production and consumption. This approach has a number of advantages
over Armington models. First, it allows us to account for changes in relative wages by sector in a
state due to fiscal instruments. This approach also reduces the dimensionality of the model thus
greatly reducing the computational burden of solving for the equilibrium. In our model, capital is
perfectly mobile across states and industries, while labor is both state and industry specific in the
short run. The model is solved backwards to yield sector and state wage rates, while there is a
single price for capital, and the prices for final goods are set at the national level.

As expected, we find that fundamental state tax reform has an economically substantial
positive effect on the growth rates of personal income and of consumption. The benefits to
Georgia from tax reform come at the expense of its comparison states and the ROUS.
Essentially, Georgia attracts capital and labor from its neighbors. However, the aggregate
increases in economic activity as a result of fundamental tax reform in Georgia may not be as
dramatic as some advocates of such reforms imagine.
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APPENDIX A. THE NON-ARMINGTON COMPUTATIONAL METHOD

We illustrate our non-Armington methodology for the simplest case of a static model.
The same approach carries over to multi-period models.

Suppose that there is one big region (for example the U.S. or the rest of the world) and K
small regions, k = 1,...,K (for example, Georgia, Alabama, ...). Each region produces
intermediate and final goods through an input-output matrix, denoted Ag for the big region and
A1,...,Ax for the small regions. Each matrix 4; is N x N dimensional and each matrix produces
exactly the same goods. All intermediate and final goods are perfect substitutes. For each region,
there are N+1 factors of production. These are N sector specific labor types and one capital type.
Labor is sector and region specific and capital is perfectly mobile across all regions and sectors.

Consider the big region. Call off a random set of factor prices, Py, PZ,, ..., PB, for capital
and sector labor. Sector j then cost minimizes to produce value added, VA; (P, Pfj). Value added
is used to produce output via an input-output matrix, 4, given by:

a11 en alN
a=|: . :

ayp - Qang

Here a;; represents the inputs of intermediate good i needed to produce one unit of good

J. Sector j selects the relative shares of capital and labor so as to minimize costs per unit of value
added. Note that we are still in the big region, we have just left out superscripts. Let:

VA(Pg, P) = [VA,(Py, Pli): e, VAN (P, PLBN)]
be the vector of cost minimizing value added for the given factor prices.
For zero profits in each sector we must have:
P—PxA—VA(P,PEY=0
where P denotes the vector of sectorial output prices. We thus have:
P =VA(Py, PE) «[I — A™L.

We now have a complete set of prices for all factors, as well as intermediate and final
goods, for the big region. Since all goods are traded and the other regions are small, they must be
price takers and hence face output prices set in the large region. Thus, sector j in region k faces
output price P;. Hence, as above we must have:

VA(Pg,Pl5) = P; — P x Ay.

Here, VA(PK, Pij) is the cost minimizing functional form for value added in sector j of region £.
Hence, we have one equation and one unknown, Pij , and so we can solve for the sector specific
wage rate in each of the small regions.

We now have all the prices that consumers face. Let Ujk (x) denote the utility function of

a representative consumer who works in sector j of region k. Also x = (x4, ...,xy) denotes
consumption of each of the N goods that are produced by the input - output matrices. The
consumer’s maximization problem becomes:

Max U[(X) subject to P * X < I(p) = PxWy + P5W/S.
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Let X*(P) denote aggregate consumption, summed over all consumers, at prices P. Let
yK i yf'j be the cost minimizing inputs of capital and labor, per unit of gross output, in sector j of

region k. Let L}‘ be the total supply of sector j type labor in region £. Then the sector can produce

a total of L;?" / yf]- units of good ;.
If we then sum over all sectors and all small regions, the total supply of good ; is:
Ly
_ j
5,(P) = Z -
k=11

That is, each sector’s supply is constrained by its stock of sector and region specific labor. Then
excess demand for good j, after production from the small regions, is:

X (P) - S;(P).

This is demand that still needs to be filled after all small regions operate each sector at full
employment. Define D;(P) as demand that must be filled by the big region. So:

D;(P) = X/ (P) — S;(P) if X (P) — S;(P) > 0
D;(P) = 0ifX;(P) = S;(P) < 0
We then solve for the vector of the level of output, z, of each sector of the large sector I-
O matrix as:
z—Ag *z = D(P).
Thus, z = [ — Ag] 1D (P).

Let ykj, y1; be the cost minimizing inputs of capital and labor, per unit of gross output, in
the big region. Total inputs of capital and labor of type j are:
N

Yy = zzj * ygj(P), Y ; = zj * y ;(P).
Jj=1

Suppose that Y2 (P) is the total inputs of capital by the small regions when operating at
their labor constraints. Then the stock of capital left for production by the big region is:

Wy = Wy — YZ(P).

Hence excess demand for capital is:

Yi — Wy
while excess demand for each of the labor categories is:
Yij— Wy

We use a fixed point algorithm based upon Merrill (1971) to then search for prices for
capital and the n labor categories in the big region so as to make excess demand = 0 for the
n + 1 factor prices. Thus, the dimension of the solution space will be equal to the number of
labor categories in the big region plus 1, representing capital. The wage rates in each sector of
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each of the small regions have been derived from the output prices determined in the big region,
the price of mobile capital, and the zero profit conditions for each sectors production function.

Several things should be noted about our solution algorithm. First, it is completely
independent of the non-Armington specification of this particular model. Thus, we can use it to
solve any standard general equilibrium model. This particular model is simply a special case that
we have solved using Merrill’s algorithm. As an example of a recent Armington based model
that is solved using Merrill, see, for example, Feltenstein and Shamloo (2013), which is quite
complex with many sectors and a dynamic structure. Merrill’s homotopy method is very fast,
especially current versions, and should not be compared with the original fixed point algorithm
of Scarf. It also has the advantage, as compared to certain Newton based algorithms, of not being
dependent upon an initial guess of a price vector. Rather, it converges from any starting point.

APPENDIX B. A TWO-PERIOD AUSTRALIAN EXAMPLE?

To illustrate the issues with evaluating the “goodness of fit” of a dynamic approximation,
we provide below an example of a two-period model of the Australian economy. As we see,
there is a reasonable, but not an exact, approximation of the historical macroeconomic
aggregates.

Australia: Simulated® versus Actual (Benchmark Case) Figures

Simulated Actual Simulated Actual

Macroeconomic Indicator (in billions of A §) (in percent of GDP)

1981 1981
GDP? 130.8 130.8 100.0 100.0
Tax revenues 43.0 45.2 32.8 34.6
Government expenditure 48.0 49.8 36.7 38.0
Budget surplus (deficit) -5.0 -4.6 -3.9 -3.5
Gross private investment 20.8 21.7 15.9 16.6
Exports of goods 20.0 18.7 15.3 14.3
Imports of goods 22.8 19.2 17.4 14.7
Trade balance -2.8 -0.5 -2.1 -0.4

1982 1982
GDP 149.8 147.9 100.0 100.0
Tax revenues 50.9 52.6 34.0 35.6
Government expenditure 57.0 57.4 38.1 38.8
Budget surplus (deficit) -6.1 -4.8 -4.1 -3.2
Gross private investment 21.4 26.9 143 18.2
Exports of goods 18.7 19.1 12.5 12.9
Imports of goods 259 22.4 17.3 15.1
Trade balance -7.2 -3.3 -4.8 -2.2

2 This example of a two-period dynamic goodness of fit simulation for macro variables is taken from
Feltenstein (1986, Table 5). This paper uses an Armington specification of trade.

®The simulated figures are normalized so that the 1981 simulated and actual GDP's are equal.
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