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Abstract:  This study evaluates the reporting of income as taxpayers may attempt to take advantage 

of the difference between the tax rates on personal and corporate income.  In deriving the esti-
mable equation, this analysis models regional economic activity within a dynamic macroeco-
nomic framework with various government revenue sources and multiple expenditure cate-
gories.  In addition, the model incorporates income shifting with convex adjustment costs.  The 
sample includes the 48 contiguous U.S. states with annual observations ranging from 1977 
through 2008.  The findings suggest state personal income as a share of output grows the fastest 
when taxing personal income at a lower top marginal rate than corporate income and as the 
degree of income tax integration diminishes.  The findings are consistent with the hypothesis 
that tax rate differentials induce economic agents to shift reported income into the relatively 
low taxed income. 

 
1. Introduction 
 

Concerning the top marginal tax rate on personal 
income, the current ‘race to the bottom’ among many 
southern policymakers may bring about a unique set 
of consequences.  Gordon and Slemrod (2000) explain 
that taxpayers shift income in an attempt to take ad-
vantage of the difference between personal and cor-
porate income tax rates.  More specifically, income-
specific tax rate differentials may create the incentive 
to shift income into or disguise income as the rela-
tively low taxed income.  Slemrod (2004) distin-
guishes between tax evasion and tax avoidance and 
discusses the industrial organization of tax avoid-
ance.  For instance, one benefit of tax avoidance is an 
apparent positive relationship between corporate tax 
avoidances and firm value (Desai and Dharmapala, 
2009).  There is also likely a positive correlation be-
tween the perceived benefits of not reporting income 
and the marginal tax rate on income (Cebula, 1997).  

 

                                                           
1 See Gravelle (2009) for further discussion pertaining to methods 
of global tax avoidance. 

 
From a global perspective, the methods of corpo-

rate tax avoidance are well established and docu-
mented.1  At the state level, income shifting may oc-
cur through a number of channels.  One such example  
occurs when double taxation alters the ownership 
structure of a business.  Typically, treating profits 
solely as income of the owner and refiling as a Lim-
ited Liability Company (LLC) can reduce the tax bur-
den on corporate profits.  While the time associated 
with dissolving one business entity and refiling as an 
LLC is minimal, the duration to change filing status 
may serve as a friction associated with tax avoidance.  
Alternatively, a number of states offer tax credits for 
income earned and taxed out of state.  In this sense, 
the income tax loophole may be influencing not only 
the filing status but also the location decision of the 
firm.  This may be particularly relevant among border 
county firms.  In addition, it is also quite possible that 
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some agents are simply evading taxes (Gravelle, 
2009).  

This study evaluates the reporting of state per-
sonal income (SPI) as taxpayers may attempt to take 
advantage of the difference between the tax rates  
on personal and corporate income.  However, within 
the regional spatial equilibrium framework (Rosen, 
1974; Roback, 1982) natural amenities may alter the 
relative attractiveness between jurisdictions.  Simi-
larly, Gyourko and Tracy (1989) show that publicly 
produced goods and services affect local area eco-
nomic conditions through the creation of compensat-
ing wage differentials.  Therefore, this analysis at-
tempts to estimate the growth effect of income tax 
loopholes on SPI as a share of gross state product 
(GSP) while accounting for top marginal tax rates as 
well as state and local government fiscal policy.  Spe-
cifically, this paper considers the case when the top 
marginal tax rate on corporate income exceeds the 
top marginal tax rate on personal income. 

A number of international studies evaluate the in-
fluence of a dual income tax system on the shifting of 
income.  For example, Alstadsæter and Wangen 
(2010) find that business owners take advantage of 
the dual income tax system by altering business own-
ership structures.  Following the Finnish Tax Reform 
of 1993, Pirttilä and Selin (2011) find evidence con-
sistent with income shifting by self-employed indi-
viduals.  Similarly, a Danish study finds evidence of 
intertemporal income shifting by the self-employed, 
especially those individuals within the top tax 
bracket (le Maire and Schjerning, 2013).  Another set 
of literature evaluates the influence of international 
tax differentials on profit shifting.  For example, 
Buettner and Wamser (2013) find evidence of profit 
shifting by German multinationals away from high 
tax countries.  Klassen and Laplante (2012) find evi-
dence that U.S. multinational corporations are in-
creasingly shifting income out of the U.S. due to 
changes in domestic regulatory costs.  Other interna-
tional studies have argued policymakers are compet-
ing to attract firms through corporate tax avoidance 
allowances. For example, Fuest and Weichenrieder 
(2002) evaluate the impacts of tax competition be-
tween jurisdictions on profit shifting and conclude 
that a hike in the tax rate on personal income led to 
an increase in corporate savings.  Zodrow (2010) sur-
veys the literature that considers interjurisdictional 
tax competition arising from capital mobility and 
finds both intranational and international tax compe-
tition are increasing over time.  

 

There also exists a substantial amount of literature 
evaluating the impact of U.S. federal tax reform on 
income reporting.  For example, Lindsey (1987) finds 
an increase in reported personal income among the 
nation’s highest income earners following the 1981-
1983 U.S. personal income tax rate cuts.  Similarly, 
Feenberg and Poterba (1993), Feldstein (1995), and 
Slemrod (1996) find an increase in reported personal 
income following the U.S. Tax Reform Act of 1986, 
another round of cuts in the tax rates on personal in-
come.  Furthermore, reported corporate revenues de-
clined during the same period (Auerbach and Po-
terba, 1987).  On the other hand, Feldstein and Feen-
berg (1996) find the reported incomes of high income 
earners fell following the 1993 U.S. tax rate hikes on 
personal income.  Additionally, Cebula (1997) finds 
evidence that suggests personal income tax rate hikes 
not only reduce the reporting of income but also grow 
the size of the underground economy.  Although, to 
my knowledge, nothing exists at the state and local 
level, Gnaedinger (2009) points out that Delaware, 
Nevada, and Wyoming have characteristics in com-
mon with known tax havens. 

Previous research on tax avoidance within the 
U.S. has relied primarily on cross sectional data, e.g., 
Lindsey (1987), Auerbach and Poterba (1987), Feen-
berg and Poterba (1993), and Feldstein and Feenberg 
(1996).  However, studies that focus on cross sectional 
data ignore time-varying behavior in the control var-
iables (Reed, 2008).  Therefore, in the absence of fixed 
effects, cross sectional studies potentially suffer from 
the common omitted variable bias.  On the other 
hand, studies that focus on annual panel data are par-
ticularly sensitive to attenuation bias arising with 
measurement error (Wooldridge, 2001).  Further-
more, the inclusion of jurisdiction fixed effects 
heightens this downward bias.  Serial correlation is 
also a particularly relevant threat to studies focused 
on panel data.  In contrast, multi-year interval data 
are less sensitive to measurement error and serial cor-
relation.  Unfortunately, multi-year interval data 
eliminates nearly all of the variation in the top mar-
ginal tax rates.  Therefore, this study utilizes annual 
observations ranging from 1977 through 2008 for the 
48 contiguous U.S. states.  In contrast to the unrelated 
cross sectional approach of Feenberg and Poterba 
(1993) and Eissa (1995), this analysis follows a panel 
estimation strategy that accounts for both jurisdiction 
and annual fixed effects. 

In deriving the estimable equation, this analysis 
models regional economic activity within a dynamic  
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macroeconomic framework with various govern-
ment revenue sources and multiple expenditure cat-
egories.  In addition, the model incorporates income 
shifting and adopts convex adjustment costs associ-
ated with the shifting of income.  Convex adjustment 
costs are commonly used within the literature that 
evaluates income shifting, e.g., Devereux (2007).  Ad-
justment costs imply agents face frictions when at-
tempting to alter their current behavior.  In the con-
vex case, the costs of shifting income are increasing at 
an increasing rate.  Therefore, these frictions serve to 
enforce stability within the framework, in the sense 
that shifting increases with the size of the loophole 
but at a diminishing rate.  

A recurring theme in both the national and inter-
national literature is income shifting among self-em-
ployed individuals who are also among the top in-
come earners.  Therefore, this study focuses on top 
marginal income tax integration as a means of reduc-
ing tax avoidance.  The empirical findings presented 
in this analysis are consistent with the hypothesis of 
income shifting when tax loopholes exist.  Specifi-
cally, in jurisdictions that tax personal income at a 
lower top marginal rate than corporate income, per-
sonal income as a share of output grows faster as the 
gap increases between the top marginal tax rates on 
corporate and personal income.  In other words, in-
come shifting appears to occur more intensively 
when personal income is subject to a lower top mar-
ginal rate than corporate income and as the degree of 
income tax integration diminishes.  The results are ro-
bust to alternate model specifications with various 
sets of control variables.  
 

2. Theoretical  
 

This paper adopts a dynamic macroeconomic ap-
proach in modeling regional economic activity.  Spe-
cifically, this analysis combines the Becsi (2000) dy-
namic macroeconomic model that incorporates mul-
tiple government expenditure categories with the 
McPhail et al. (2010) model that considers various 
sources of tax revenue.  In addition, the theoretical 
framework in this paper incorporates the Devereux 
(2007) approach for modeling income shifting with 
assumed convex adjustment costs.  

Outside of the model, government determines the 

set of marginal tax rates, {𝜏𝑤 , 𝜏𝜋, 𝜏𝑘 , 𝜏𝑝, 𝜏𝑠}.  𝜏𝑤 is the 

marginal tax rate on personal income, 𝜏𝜋 is the mar-
ginal tax rate on corporate income, 𝜏𝑘 is the marginal 
tax rate on capital gains, 𝜏𝑝 is the marginal tax rate on 

                                                           
2 This is similar to Equation (4) from McPhail et al. (2010). 

property, and 𝜏𝑠 is the marginal tax rate on sales.  
These tax rates are predetermined in the sense that 
households respond to the imposed tax rates by ad-
justing consumption, labor, and savings, while firms 
adjust taxable profit, labor, and capital (McPhail et al., 
2010).  
 

2.1. The household problem 
 

Households maximize lifetime utility,  
 
𝑈 = ∑ 𝛽𝑡−1[𝑙𝑛(𝑥𝑡) + 𝛼𝑙𝑛(1 − ℎ𝑡)]∞

𝑡=1 , (1) 
 

where 𝛽 =
1

𝜌
∈ (0,1).  𝑥 is composite consumption of 

private consumption, public consumption, and pub-
lic capital, i.e.,  

 

𝑥𝑡 = 𝑐𝑡 + 𝜇𝑐𝑐𝑡
𝑔

+ 𝜇𝑘𝑘𝑡
𝑔

.  (2) 

 

𝜇𝑐 and 𝜇𝑘 are the marginal utilities derived from pub-
lic consumption and public capital, respectively.  ℎ is 
time spent working.  Household utility is constrained 
by the following household budget constraint:  
 

𝑐𝑡 + 𝑘𝑡+1 = (1 − 𝜏𝑤)(𝑤𝑡ℎ𝑡 + 𝜎𝑡) + (1 − 𝜏𝑘)𝑟𝑡𝑘𝑡 +

(1 − 𝛿 − 𝜏𝑝)𝑘𝑡 + 𝑙𝑡
𝑔

, (3) 

 

where 𝑘𝑡+1 is private capital stock in the following pe-
riod.2   𝑤 is the wage rate, and 𝜎 is the lump sum 
transfer to households from local firms.  𝑟 is the rental 
rate of capital, and 𝑘𝑡 is private capital stock.  𝛿 is the 
depreciation rate of capital.  𝑙𝑔 is a lump sum transfer 
to households from government. 

Optimality implies the marginal rate of substitu-
tion between leisure and composite consumption is 
equal to the after-tax wage rate, i.e.,  

 

𝑀𝑅𝑆ℎ ≡ −
𝜕𝑈

𝜕ℎ
𝜕𝑈

𝜕𝑥

=
𝛼

(1−ℎ)
(𝑐 + 𝜇𝑐𝑐𝑔 + 𝜇𝑘𝑘𝑔) = (1 − 𝜏𝑤)𝑤 (4) 

 

Similarly, optimality implies the marginal rate of 
substitution between contemporaneous consumption 
and consumption in the next period is equal to the af-
ter-tax rental rate for capital plus the retention rate of 
capital net deprecation and property tax, i.e.,  

 

𝑀𝑅𝑆𝑥 ≡
𝜕𝑈𝑡

𝜕𝑥𝑡
/

𝜕𝑈𝑡+1

𝜕𝑥𝑡+1
= 𝜌 = (1 − 𝜏𝑘)𝑟 + (1 − 𝛿 − 𝜏𝑝). (5) 

 

The absence of time subscripts in the first order con-
ditions indicates steady state. 
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2.2. The firm problem 
 

Firms choose 𝜎, ℎ, and 𝑘 in order to maximize 
profits, which are represented by the following func-
tional form: 

 

Π𝑡 = [(1 − 𝜏𝑠)𝑦𝑡 − (𝑤𝑡ℎ𝑡 + 𝑟𝑡𝑘𝑡) − 𝜏𝜋(𝜑𝑡 − 𝜎𝑡) −

      
𝜆𝜑𝑡

2
(

𝜎𝑡

𝜑𝑡
)

2
− 𝜏𝑤𝜎𝑡], (6) 

 

where 𝑦𝑡 = 𝑘𝑡
𝜃ℎ𝑡

1−𝜃  and the price of private output, 𝑦, 
is normalized to one.  𝜎 is the taxable profit which has 
been shifted to personal income, e.g., through a divi-
dend.3  𝜑 is the taxable profit before income shifting, 
i.e., 
 

𝜑𝑡 = (1 − 𝜏𝑠)𝑦𝑡 − 𝛾ℎ𝑤𝑡ℎ𝑡 − 𝛾𝑘𝑟𝑡𝑘𝑡,  (7) 
 

where 𝛾ℎ and 𝛾𝑘 represent the proportion of business 

expenses offset against taxation.  
𝜆𝜑

2
(

𝜎

𝜑
)

2

 is the convex 

adjustment cost associated with shifting taxable prof-
its to personal income and consists of two parts.  The 
first part captures the size of the taxable profit before 
shifting.  The second component captures the propor-
tion of income shifted relative to 𝜑.  The first-order 
conditions for the firm’s optimization problem fol-
low: 

 
𝜕Π

𝜕𝜎
= 𝜏𝜋 −

𝜆𝜎

𝜑
− 𝜏𝑤,  (8) 

 

𝜕Π

𝜕ℎ
= (1 − 𝜏𝑠)(1 − 𝜃)

𝑦

ℎ
− 𝑤 − [𝜏𝜋 −

𝜆

2
(

𝜎

𝜑
)

2
] x (9) 

[(1 − 𝜏𝑠)(1 − 𝜃)
𝑦

ℎ
− 𝛾ℎ𝑤] 

and 
 

𝜕Π

𝜕𝑘
= (1 − 𝜏𝑠)𝜃

𝑦

𝑘
− 𝑟 − [𝜏𝜋 −

𝜆

2
(

𝜎

𝜑
)

2
] [(1 − 𝜏𝑠)𝜃

𝑦

𝑘
−

𝛾𝑘𝑟]. (10) 

 

Solving Equation (8) for 𝜎 and substituting into 
Equation (9) and Equation (10) yields: 

 

𝑀𝑃ℎ ≡
𝜕𝑌

𝜕ℎ
= (1 − 𝜃)

𝑦

ℎ
 = (1 − 𝜏𝑠)−1(1 + 𝑚ℎ)𝑤 (11) 

 

and 
 

𝑀𝑃𝑘 ≡
𝜕𝑌

𝜕𝑘
= 𝜃

𝑦

𝑘
 = (1 − 𝜏𝑠)−1(1 + 𝑚𝑘)𝑟, (12) 

 

where 𝑚ℎ =  
𝜏̂(1−𝛾ℎ)

1−𝜏̂
, 𝑚𝑘 =  

𝜏̂(1−𝛾𝑘)

1−𝜏̂
, and 𝜏̂ = 𝜏𝜋 +

(𝜏𝜋−𝜏𝑤)2

2𝜆
.  The latter is an effective statutory rate under 

an optimal income shifting policy.  Optimality further 

                                                           
3 This is similar to Equation (1) from Devereux (2007). 

implies the capital to labor ratio is equal to 
𝜃

1−𝜃

1+𝑚ℎ

1+𝑚𝑘

𝑤

𝑟
, 

where the first component is the ratio of input elastic-
ities, the second component is the ratio of effective 
marginal tax rates, and the third is the ratio of input 
prices.  Again, the lack of time subscripts indicates 
steady state.  
 

2.3. The government 
 

The government’s budget constraint can be writ-
ten as  

 

𝑐𝑡
𝑔

+ 𝑘𝑡
𝑔

+ 𝑙𝑡
𝑔

= 𝜏𝑤(𝑤𝑡ℎ𝑡 + 𝜎𝑡) + 𝜏𝜋(𝜑𝑡 − 𝜎𝑡) + 𝜏𝑘𝑟𝑡𝑘𝑡 +
                        𝜏𝑝𝑘𝑡 + 𝜏𝑠𝑦𝑡.4  (13) 

 

The left side of the government budget constraint re-
flects how the government chooses to allocate funds 
between public consumption, public capital, and a 
lump sum transfer to or from households in order to 
maintain a balanced budget.  The right hand side of 
the budget constraint reflects the following sources of 
government revenue: personal income tax, 𝜏𝑤(𝑤ℎ +

𝜎), corporate income tax, 𝜏𝜋(𝜑 − 𝜎), capital gains tax, 
𝜏𝑘𝑟𝑘, property tax, 𝜏𝑝𝑘, and sales tax, 𝜏𝑠𝑦.   
 

2.4. A closed-form solution 
 

Combining the first order conditions from the 
household problem and the firm problem solves the 
model.  First substituting Equation (11) into Equation 
(4) yields: 
 

(𝑐/𝑦 + 𝜇𝑐𝜀𝑐 + 𝜇𝑘𝜀𝑘)𝛼
𝑦

(1−ℎ)
=

(1−𝜏𝑤)(1−𝜏𝑠)

(1+𝑚ℎ)
(1 − 𝜃)

𝑦

ℎ
. (14) 

 

Next substituting Equation (12) into Equation (5) 
yields: 
 

𝜌 − (1 − 𝛿 − 𝜏𝑝) =
(1−𝜏𝑘)(1−𝜏𝑠)

(1+𝑚𝑘)
𝜃

𝑦

𝑘
. (15) 

 

The market clearing condition follows: 
 

𝑐 + 𝑘 + 𝜀𝑐𝑦 + 𝜀𝑘𝑦 = (1 + 𝐴𝑐𝜀𝑐 + 𝐴𝑘𝜀𝑘)𝑦, (16) 
 

where 𝜀𝑐 is government expenditures on public con-
sumption as a share of private output.  𝜀𝑘 is govern-
ment expenditures on public capital as a share of pri-
vate output.  𝐴𝑐 is the marginal product of public con-
sumption, and 𝐴𝑘 is the marginal product of public 
capital.  The left side reflects aggregate demand, i.e., 
both private and public demand.  The right side re-
flects aggregate supply, i.e., the sum of private output 
and output produced as a byproduct of government 

4 The left hand side is identical to Equation (13) from Becsi (2000) 
while the right hand side is similar to Equation (9) from McPhail 
et al. (2010). 
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activities.  Hence, aggregate demand is equal to ag-
gregate supply.  Rewriting output yields, 
 

𝑦 = (
𝑘

𝑦
)

𝜃

1−𝜃
ℎ. (17) 

 

The closed form solution in the Appendix combines 
the previous four equations.  

Summing the right hand side of the household 
budget constraint across all households yields local 
personal income.  The reduced form equation gov-
erning aggregate personal income is 
 

𝐼 = 𝐼(𝜏𝑤 , 𝜏𝜋, , 𝜏𝑘 , 𝜏𝑝, 𝜏𝑠, 𝜀𝑐 , 𝜀𝑘; 𝜌, 𝛿, 𝜃, 𝛼, 𝜆, 𝐴𝑐 , 𝐴𝑘 , 𝜇𝑐, 𝜇𝑘 , 𝛾ℎ , 𝛾𝑘) (18) 
 

Therefore, the theoretical model yields an income 
equation as a function of both marginal tax rates and 
fiscal policy parameterized by local characteristics.  
 

3. Empirical model 
 

Following a log linearization, the reduced form 
Equation (18) can be rewritten to reflect individual as-
pects of the local jurisdiction 𝑗, 𝑗 = 1,2, … , 𝐽, at time 𝑡, 
𝑡 = 1,2, … , 𝑇 
 

log (
𝑆𝑃 𝐼𝑗𝑡

𝐺𝑆𝑃𝑗𝑡
) × 100 = 𝜏𝑗𝑡

′ 𝛼 + 𝛵𝑗𝑡
′ 𝛽 + 𝜑(𝜏𝜋 − 𝜏𝑤)𝑗𝑡

2 +

                               𝜔𝑗𝑡
′ 𝛾 + 𝑒𝑟𝑟𝑜𝑟𝑗𝑡. (19) 

 

𝜏 is a column vector consisting of all jurisdiction spe-
cific top marginal tax rates, 𝜏𝑚, for m = 𝑤, 𝜋, 𝑝, 𝑠.  𝛵 is 
a column vector consisting of all jurisdiction specific 
squared marginal tax rates.  While 𝛼 captures the lin-
ear effect of the marginal tax rates on the reporting of 
income as a share of gross state product, 𝛽 captures 
the nonlinear response of income reporting to the 
marginal tax rates.  

The quadratic term, (𝜏𝜋 − 𝜏𝑤)2, is the squared dif-
ference in income tax rates and is implied by the ef-
fective statutory rate under optimal income shifting 
policy, 𝜏̂ from Equations (11) and (12).  This measure, 
inversely related to the degree of income tax integra-
tion, captures the effect of a gap between the tax rate 
on personal and corporate income.  The larger the 
number, the less integrated are the income tax poli-
cies within the jurisdiction.  This term is equal to zero 
when income tax policies are fully integrated, i.e., 
when 𝜏𝜋 = 𝜏𝑤 = 0.  In addition, an empirical specifi-
cation with the inclusion of both income tax rates 
along with the linear difference between the income 
tax rates would be subject to multicollinearity issues.  

𝜔 is a column vector consisting of the budget con-
straint faced by state and local government.  U.S. state 
and local governments, however, do not necessarily 
balance their budgets annually and may in fact run a 

budget surplus or deficit.  Consequently, Helms 
(1985) replaces the lump sum transfer to or from 
households, 𝑙𝑔, with deficit spending and specifies 
the budget constraint of the government in jurisdic-
tion 𝑗 at time 𝑡 as 𝑒𝑥𝑝𝑒𝑛𝑑𝑖𝑡𝑢𝑟𝑒𝑠𝑗𝑡 − 𝑡𝑎𝑥𝑒𝑠𝑗𝑡 − 𝑎𝑖𝑑𝑗𝑡 =

𝑑𝑒𝑓𝑖𝑐𝑖𝑡𝑗𝑡.  Scaling both sides of the budget constraint 

by nominal private GSP yields measures for the  
relative scope of government intervention, i.e., ex-
penditures, taxes, aid, and deficit as shares of local 
economic activity.  This study omits miscellaneous 
revenues and deficit spending from 𝜔.  Estimated co-
efficients of 𝛾 are therefore interpreted as the growth 
effects resulting from incremental changes in revenue 
or expenditure variables against a change in the omit-
ted fiscal category.  Meanwhile, summing an esti-
mated expenditure coefficient and a revenue coeffi-
cient yields the net effect of an incremental increase 
in any particular expenditure category fully financed 
through raised revenue. 

Estimating Equation (19) in levels requires all  
jurisdictions be at their steady states.  In the event  
jurisdictions are not at their steady states, consistent 
estimation of the levels equation requires the uniform 
distribution of jurisdictions around their steady 
states.  If, however, most jurisdictions are below their 
steady states, then the levels analysis is likely biased.  
Given the dynamic macroeconomic framework of 
this study, the preferred estimable equation may in 
fact be a growth equation.  In other words, while  
accounting for jurisdiction-specific and time-specific 
fixed effects in the dependent variable, this analysis 
regresses the growth rate of SPI as a share of GSP  
on the set of changes to within-jurisdiction character-
istics. 

Equation (19) is rewritten as a growth framework 
in an attempt to reflect the individual aspects of the 
local jurisdiction 𝑗, 𝑗 = 1,2, … , 𝐽, at time 𝑡, 𝑡 =
1,2, … , 𝑇 − 1: 

 

∆ [log (
𝑆𝑃 𝐼𝑗𝑡

𝐺𝑆𝑃𝑗𝑡
) × 100] = 𝐴 + ∆𝜏𝑗𝑡

′ 𝛼 + ∆𝛵𝑗𝑡
′ 𝛽 + ∆𝜔𝑗𝑡

′ 𝛾 +

𝜑∆(𝜏𝜋 − 𝜏𝑤)𝑗𝑡
2 + 𝜆𝐷𝑈𝑀𝑀𝑌𝑗𝑡 + 𝜙[∆(𝜏𝜋 − 𝜏𝑤)𝑗𝑡

2 ×

𝐷𝑈𝑀𝑀𝑌𝑡𝑗𝑡] + 𝑠𝑗 + 𝑣𝑡 + 𝜖𝑗𝑡. (20) 
 

𝑠𝑗 are jurisdiction fixed effects that capture time in-

variant differences in the growth rate of income as a 
share of output.  𝑣𝑡 capture time fixed effects, and 𝜖𝑗𝑡 

represent random disturbances in the growth rate of 
income as a share of output.  ∆𝜏 and ∆𝛵 respectively 
measure the linear and nonlinear changes to the vec-
tor of marginal tax rates.  ∆𝜔 is a measure of the 
changes to within jurisdiction fiscal policy by the 
state and local governments.  ∆(𝜏𝜋 − 𝜏𝑤)2 serves as a 
measure of the change in the gap between the tax 
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rates on personal and corporate income.  However, 𝜑 
alone ignores the growth effects attributed to the di-
rection of the tax rate inequality.  

In contrast to Equation (19), Equation (20) incor-
porates two additional controls that attempt to ac-
count for the growth effects attributed to taxing cor-
porate income more heavily than personal income.  
The first is a dummy variable which equals one when 
𝜏𝑤 < 𝜏𝜋 and zero otherwise.  The second is an inter-
action term between the integration measure and the 
dummy variable, i.e., the interaction term is equal to 
zero except when ∆(𝜏𝜋 − 𝜏𝑤) ≠ 0 and 𝜏𝜋 − 𝜏𝑤 > 0  
jointly.  𝜑 captures the growth effects attributed to the 
non-directional degree of income tax integration.  𝜆 
captures the treatment effect associated with the di-
rection of the tax rate inequality.  𝜙 measures, relative 
to those jurisdictions that do not tax corporate profits 
more heavily than personal income, the growth ef-
fects attributed to changing the gap between the top 
marginal tax rates on corporate and personal income.  
Therefore, in this study the primary coefficient of in-
terest is 𝜙. 
 

4. Data 
 

The data are annual observations ranging from 
1977 through 2008 for the 48 contiguous U.S. states.  
The dependent variable in this analysis is the log dif-
ference of SPI to GSP ratio.  The nonfarm SPI and pri-
vate industry GSP data are from Regional Economic 
Accounts, U.S. Bureau of Economic Analysis.  This 
analysis does not impose additional measurement er-
ror associated with deriving real government finan-
cial data using a national gross domestic product 
(GDP) deflator.  Rather, all variables are nominal val-
ues, merged with the McPhail and Stammer (2013) 
“State Marginal Tax Rates” data. 

State government financial data are from Govern-
ment Finance Statistics of the U.S. Census Bureau.  The 
nominal explanatory variables are broken into two 
main categories: government expenditure variables 
and government revenue sources.  Categorically, 
government expenditures fund the following locally 
provided government services: health and hospital, 
transfer payments, transportation, natural resource, 
park and recreation, housing and community rein-
vestment, sanitation, police and fire protection, pri-
mary and secondary education, higher education, 
and other government services.  Government reve-
nue sources include corporate income tax, personal 

                                                           
5 Data subsequently undergo first differencing, then the within 
state and within year transformations prior to regression analysis. 

income tax, property tax, sales tax, charges, and net 
intergovernmental revenue.  Other own-source reve-
nue excludes miscellaneous revenue.  All nominal 
variables are scaled by nominal private GSP and then 
multiplied by 100, e.g., the transportation expendi-
ture variable measures the total transportation ex-
penditure as a percentage of GSP in jurisdiction 𝑗 at 
time 𝑡.  Therefore, the estimated coefficients measure 
the net effect of a one percent change in any particular 
government financial category as a share of GSP on 
the growth rate of SPI as a share of GSP, i.e., the re-
ported personal income as a share of output.  

Whereas marginal tax rates are predetermined, 
GSP and government finances as a share of GSP by 
construction are simultaneously determined.  There-
fore, this analysis follows the existing microecono-
metric regional literature and lags all non-tax-rate ex-
planatory variables by one period such that they are 
all at least nominally predetermined (Garcia-Milà et 
al., 1996, and Brown et al., 2003).  The state and local 
government financial data are subject to missing ob-
servations in 2001 and 2003.  These data gaps explode 
after taking first differences.  Lagged values replace 
the missing observations.  The full sample includes 
1,536 observations from 48 U.S. jurisdictions over 32 
years.  Table 1 provides summary statistics for the full 
sample.5  

 

5. Results 
 

This analysis takes a pooled least squares dummy 
variable (LSDV) panel data approach to obtain esti-
mates for the growth effects of state and local fiscal 
and tax rate policy.  For the full sample, pooled OLS 
regression results roll out in a stepwise fashion.  This 
analysis assumes that observations are independent 
across states but not necessarily within states over 
time.  Therefore, all standard error estimates account 
for intra-jurisdiction correlation by way of a clustered 
sandwich estimator.  The dependent variable is the 
growth rate of SPI as a share of GSP, i.e., ∆[log10 𝑆𝑃𝐼 −
log10 𝐺𝑆𝑃] × 100.   

The regression results for five model variants are 
shown in Table 2.  A positive sign on a marginal tax 
rate variable indicates a rate hike is associated with 
an increase in the growth rate of SPI as a share of GSP.  
A negative sign on the marginal tax rate squared var-
iable indicates a diminishing pro-growth effect of the 
tax rate hike.  A negative coefficient on a revenue var-
iable indicates deficit reduction through growth in 
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revenue is associated with slower growth rates of SPI 
as a share of GSP.  Alternatively, a positive coefficient 
on an expenditure variable indicates spending reduc-
tions in that category are growth deterrents.  For ex-
ample, throughout the analysis financing deficit 
spending with hikes in other own-source revenue is 
a statistically significant growth deterrent. 

Model 1 fits the model to the full sample but fails 
to account for the income tax loophole.  The model 
yields a positive and significant coefficient for the top 
marginal tax rate on corporate income.  In addition, 

the model estimates a negative and significant coeffi-
cient on the tax rate squared.  Similar coefficients, but 
much larger in magnitude, are estimated for the top 
marginal tax rate on sales.  The coefficient on produc-
tive government expenditures is positive and signifi-
cant, i.e., government expenditures on transporta-
tion, education, and public safety are pro-growth.  
The coefficients on other government expenditures 
and transfer payments are negative but statistically 
not different from zero. 

 

 
Table 1. Summary statistics and data sources (1977-2008). 
 

Variable Mean SD Min Max 

Nonfarm SPI  124,000,000,000 172,000,000,000 2,960,000,000 1,590,000,000,000 

Private Industry GSP 127,000,000,000 180,000,000,000 2,900,000,000 1,680,000,000,000 
     

Income Tax Rate Gap = 𝜏𝜋 − 𝜏𝑤  1.28 3.14 -11.85 13.8 

 
    

Tax Rate Dummy Variable = 1 if Corporate Income 

Tax Rate > Personal Inc. Tax Rate; 0, otherwise. 
0.57 0.5 0 1 

     

Top Marginal Tax Rates      

Corporate Income 6.54 3.04 0 13.8 
Personal Income 5.26 3.3 0 19.8 
Property 1.23 0.52 0.3 3.04 
Sales 4.45 1.73 0 8 

 
    

Revenues as a Share of GSP     

Corporate Tax  0.4 0.23 0 1.29 
Personal Income Tax  1.95 1.14 0 4.83 
Property Tax  3.05 1.13 0.73 6.69 
Sales Tax  2.31 1.02 0 5.38 
General Charges  2.6 0.79 0.93 6.2 
Other Own-Source  5.78 1.86 0.42 27.85 
Net Intergovernmental  3.78 1.3 1.58 12.78 

 
    

Expenditures as a Share of GSP     

Other 6.2 1.41 2.8 13.31 
Health and Hospital  1.5 0.64 0.35 4.32 
Transfer Payment  2.5 1.02 0.42 6.08 
Transportation+ 1.72 0.56 0.63 4.06 
Natural Resource 0.31 0.2 0.03 1.38 
Parks and Recreation  0.28 0.11 0.1 0.81 
Housing and Community  0.27 0.14 0 2.83 
Sanitation  0.52 0.15 0.17 2.07 
Police and Fire Protection+ 0.83 0.19 0.41 1.54 
K-12 Education+ 4.58 0.78 2.73 7.49 
Higher Education+ 1.78 0.55 0.67 3.51 

 

Notes: (a) The SPI and GSP data are from Regional Economic Accounts, U.S. Bureau of Economic Analysis.  The marginal tax rate data are 
from McPhail and Stammer (2013) “State Marginal Tax Rates”.  The government finance data are from Government Finance Statistics, U.S. 
Census Bureau.  (b) SPI and GSP are in $s; the remaining continuous variables are in %.  (c) + indicates a productive expenditure.   
(d) N = 1536.   
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Model 2 adds the squared deviation in top mar-
ginal tax rates on corporate income and personal in-
come.  Recall that this variable does not account for 
the direction of the income tax rate gap.  Nonetheless, 
this measure captures the growth in the gap between 
the top marginal income tax rates.  Although the non-
directional control is not statistically significant, the 
empirical estimation is robust to the additional  

control variable.  Model 3 adds a dummy variable 
that is equal to one when the top marginal tax rate on 
personal income is less than the top marginal tax rate 
on corporate income and zero otherwise.  The 
dummy variable is statistically not a determinant of 
SPI as a share of GSP, and again the empirical estima-
tion is robust to the additional control variable.  

 
 

Table 2. Growth rate determinants of SPI as a share of GSP (1979-2008). 
 

Variable (1) (2) (3) (4) (5) 

Income Tax Rate Gap2 x Tax Rate Dummy Var. - - - 0.0389** 0.0380** 

Tax Rate Dummy Variable - - 1.65e-05 0.00147 0.00216 
Income Tax Rate Gap, Squared  - 0.0108 0.0108 -0.0200 -0.0214 
Top Marginal Tax Rates      
Corporate Income 0.637*** 0.737*** 0.737*** 0.788*** 0.778*** 
Corporate Income, Squared -0.0341*** -0.0447*** -0.0447*** -0.0514*** -0.0500*** 
Personal Income -0.0173 0.137 0.137 0.0340 -0.0115 
Personal Income, Squared 0.000371 -0.00944 -0.00944 0.00225 0.00457 
Property 1.882* 1.868* 1.868* 1.853* 2.017* 
Property, Squared -0.373 -0.366 -0.366 -0.358 -0.405 
Sales 1.613*** 1.748*** 1.748*** 1.895*** 1.812*** 
Sales, Squared -0.128** -0.142*** -0.142*** -0.160*** -0.152*** 
Revenues as a Share of GSP      
Corporate Tax  0.157 0.147 0.147 0.141 0.203 
Personal Income Tax  -0.310* -0.317* -0.317* -0.329* -0.330* 
Property Tax  0.0843 0.0814 0.0814 0.0800 0.0538 
Sales Tax  0.250 0.257 0.257 0.280 0.288 
General Charges -0.206 -0.205 -0.205 -0.224 -0.344* 
Other Own-Source  -0.0346** -0.0342** -0.0342** -0.0343** -0.0384** 
Net Intergovernmental  0.0226 0.0201 0.0201 0.0170 0.0619 
Expenditures as a Share of GSP      
Productive 0.270*** 0.268*** 0.268*** 0.270*** - 
Transfer -0.0878 -0.0878 -0.0878 -0.0878 - 
Other  -0.0234 -0.0156 -0.0156 -0.0234 -0.0200 
Health and Hospital  - - - - 0.237 
Transfer Payment  - - - - -0.202** 
Transportation  - - - - -0.103 
Natural Resource  - - - - -0.533 
Parks and Recreation  - - - - -0.478 
Housing and Community  - - - - 0.115 
Sanitation  - - - - 0.0367 
Police and Fire Protection  - - - - -0.203 
K-12 Education  - - - - 0.543*** 
Higher Education  - - - - 0.494** 
Constant -0.00531 -0.00531 -0.00532 -0.00879 -0.00910 

Observations 1,440 1,440 1,440 1,440 1,440 
R-squared 0.029 0.030 0.030 0.033 0.042 
F-stat 12.51*** 11.52*** 10.99*** 11.76*** 12.28*** 

 

Notes: (a) Data are first differenced and undergo within transformations, both with respect to FIPS and YEAR.  (b) *** p<0.01, ** p<0.05, * 
p<0.1.  (c) Significance of OLS estimates are based upon standard errors clustered at the state identifier. 
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Model 4 adds the interaction term between the tax 
rate dummy variable and the squared deviation in 
top marginal income tax rates.  This is the primary 
variable of interest in the analysis.  This set of esti-
mates considers an increase in the income tax rate gap 
specifically when taxing personal income at a lower 
marginal rate than corporate income.  The coefficient 
on the additional control is positive and significant.  
Again, the dummy variable and the non-directional 
measure for the degree of income tax integration re-
main statistically insignificant.  The remainder of the 
empirical estimation is robust as well.  

Model 5 offers an alternate set of estimates in an 
attempt to better account for locally provided public 
goods and services.  It is the same as Model 4 while 
accounting for a much more extensive categorical list 
of government expenditures.  The primary variable of 
interest continues to be positive and significant.  Con-
cerning the full set of control variables, the estimates 
are generally robust to the alternate formulation of 
the government budget constraint.  Transfer pay-
ments are statistically significant growth deterrents, 
whereas educational expenditures are pro-growth.  
 

6. Discussion 
 

All of the models shown in Table 2 have F-statistic 
p-values ≤ 0.0001, suggesting that the models are sta-
tistically valid.  The regression with the best overall 
fit is Model 5.  The analysis estimates a positive and 
significant coefficient on the primary variable of in-
terest, i.e., the income tax rate gap squared interacted 
with the income tax rate dummy.  The results indicate 
that over the period and on average states with the 
potential tax loophole experienced more intensive 
shifting of corporate income to personal income fol-
lowing an increase in the gap between top marginal 
tax rates on corporate income and personal income.  
In other words, as the degree of income tax integra-
tion diminished, states with the potential tax loop-
hole were experiencing faster growth in income  
relative to output. 

In both sets of results and indicative of sensitivi-
ties to the income tax loophole, raising the tax rate on 
corporate income is associated with higher growth 
rates in SPI as a share of GSP.  Similarly, this analysis 
estimates a positive relationship, at a decreasing rate, 
between sales tax rate hikes and the growth rate of 
the SPI to GSP ratio.  This suggests that in response to 
corporate income and sales income tax rate hikes, 
perhaps agents are disguising other income as  
personal income.  Alternatively, these coefficients 

capture the contractionary effect of the tax rate hikes 
on GSP. 

Publicly produced goods and services alter the lo-
cal economic environment (Gyourko and Tracy, 
1989).  Therefore, like tax rates, publicly provided 
goods and services provided by the state and local 
government are sources of regional competition for 
economic activity (Haughwout, 2002).  The categori-
cal view of state and local government suggests an in-
crease in deficit spending to finance transfer pay-
ments is a growth deterrent, while the same increase 
in funding on education is pro-growth.  In other 
words and with respect to maximizing the growth 
rate of SPI as a share of GSP, policymakers should 
have reduced transfer payments and increased in-
vestment in education on average over the period.  
Furthermore, the results suggest diminishing returns 
to educational expenditures, i.e., the magnitude and 
statistical significance of the estimated coefficient is 
greater for primary and secondary education expend-
itures relative to higher education expenditures. 

The fact remains that although government policy 
is predetermined, it may not necessarily be exoge-
nous.  For example, state and local government is 
likely to increase spending on highways as the qual-
ity of the infrastructure diminishes from simple wear 
and tear.  Similarly, there may be a connection be-
tween macroeconomic downturns, household in-
come, and transfer payments.  Endogeneity concerns 
also arise if marginal tax rates are determined based 
on observed income reporting behavior of local 
agents or if there is some unobserved heterogeneity 
in growth rates of income as a share of output 
(McPhail et al., 2010). 
 

7. Conclusions 
 

To my knowledge, this is the first study to inves-
tigate the influence of jurisdiction-specific income tax 
structures on the reporting of personal income at the 
U.S. state level.  In deriving the estimable equation, 
the analysis models regional economic activity within 
a dynamic macroeconomic framework with various 
government revenue sources (McPhail et al., 2010) 
and multiple expenditure categories (Becsi, 2000).  In 
addition, the model incorporates income shifting and 
adopts a convex adjustment cost associated with the 
shifting of income (Devereux, 2007).  This analysis es-
timates the net effect of state top marginal income tax 
rates on income reporting while accounting for state 
and local government fiscal policy.  
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The findings of this analysis are consistent with 
the hypothesis that economic agents may exploit tax 
loopholes in an attempt to avoid taxation.  SPI as a 
share of GSP grows the fastest when the top marginal 
tax rate on corporate income exceeds the top mar-
ginal tax rate on personal income and as the degree 
of income tax integration diminishes.  The results are 
robust to alternate model specifications with various 
sets of control variables.  If the objective of the in-
come-shifting agent were to minimize gross tax pay-
ments, then tax avoidance would expectedly reduce 
tax revenue.  Declining tax revenues erode the ability 
of the government to provide public services (Cebula 
and Feige, 2012); for example, facing a budget deficit 
some legislators may pursue budget cuts to things 
such as education.  Alternatively, the declining tax 
revenues that led to a budget deficit may shift some 
of the contemporaneous tax burden onto future gen-
erations.  

Additionally, Gordon and Slemrod (2000) point 
out that income shifting can distort tax efficiency 
studies, income distribution statistics, and the levels 
and changes in corporate returns, blurring the returns 
to capital, labor, and land.  Therefore, the findings of 
this study are particularly problematic for existing re-
gional studies that fail to account for shifting behav-
ior associated with income reporting.  
 

References 
 

Alstadsæter, A., and K.R. Wangen. 2010. Small cor-
porations' income shifting through choice of 
ownership structure - A Norwegian case. Finnish 
Economic Papers 23(2):73-87. 

Auerbach, A.J., and J.M. Poterba. 1987. Why have 
corporate tax revenues declined? In L.H. Sum-
mers (ed.) Tax Policy and the Economy. Cambridge, 
MA: MIT Press. 

Becsi, Z. 2000. The shifty Laffer curve. Economic Re-
view 85(3):53-64. 

Brown, S.P., K.J. Hayes, and L.L. Taylor. 2003. State 
and local policy, factor markets, and regional 
growth. The Review of Regional Studies 33(1):40-60. 

Buettner, T., and G. Wamser. 2013. Internal debt and 
multinational profit shifting: Empirical evidence 
from firm-level panel data. National Tax Journal 
66(1):63-96. 

Cebula, R.J. 1997. An empirical analysis of the im-
pact of government tax and auditing policies on 
the size of the underground economy. American 
Journal of Economics and Sociology 56(2):173-185. 

 

Cebula, R.J., and E.L. Feige. 2012. America's under-
ground economy: Measuring the size, growth, 
and determinants of income tax evasions in the 
U.S. Crime Law and Social Change 57(3):265-285. 

Desai, M.A., and D. Dharmapala. 2009. Corporate 
tax avoidance and firm value. The Review of Eco-
nomics and Statistics 91(3):537-546. 

Devereux, M.P. 2007. Developments in the taxation 
of corporate profit in the OECD since 1965: Rates, 
bases and revenues. Working paper, Centre for 
Business Taxation, Oxford University. 

Eissa, N. 1995. Taxation and labor supply of married 
women: The Tax Reform Act of 1986 as a natural 
experiment. Working paper, National Bureau of 
Economic Research. 

Feenberg, D.R., and J. Poterba. 1993. Income inequal-
ity and the incomes of very high-income taxpay-
ers: Evidence from tax returns. In J. Poterba (ed.) 
Tax Policy and the Economy. Cambridge, MA: MIT 
Press. 

Feldstein, M.S. 1995. The effect of marginal tax rates 
on taxable income: A panel study of the 1986 Tax 
Reform Act. Journal of Political Economy 
103(3):551-572. 

Feldstein, M.S., and D.R. Feenberg. 1996. The effect 
of increased tax rates on taxable income and eco-
nomic efficiency: A preliminary analysis of the 
1993 tax rate increases. In J. Poterba (ed.) Tax Pol-
icy and the Economy. Cambridge, MA: MIT Press. 

Fuest, C., and A.J. Weichenrieder. 2002. Tax compe-
tition and profit shifting: On the relationship be-
tween personal and corporate tax rates. Working 
paper, CESifo Group Munich. 

Garcia-Milà, T., T.J. McGuire, and R.H. Porter. 1996. 
The effect of public capital in state-level produc-
tion functions reconsidered. The Review of Eco-
nomics and Statistics 78(1):177-180. 

Gnaedinger, C. 2009. Luxembourg P.M. calls out 
U.S. states as tax havens. Tax Notes International 
123(1):13. 

Gordon, R.H., and J. Slemrod. 2000. Are 'real' re-
sponses to taxes simply income shifting between 
corporate and personal income tax bases? In J. 
Slemrod (ed.) Does Atlas Shrug? The Economic 
Consequences of Taxing the Rich. Cambridge, MA: 
Harvard University Press. 

Gravelle, J.G. 2009. Tax havens: International tax 
avoidance and evasion. National Tax Journal 
62(4):727-753. 

Gyourko, J., and J. Tracy. 1989. The importance of lo-
cal fiscal conditions in analyzing local labor mar-
kets. The Journal of Political Economy 97(5):1208-
1231. 



200 Segura 

Haughwout, A.F. 2002. Public infrastructure invest-
ments, productivity and welfare in fixed geo-
graphic areas. Journal of Public Economics 
83(3):405-428. 

Helms, L.J. 1985. The effect of state and local taxes 
on economic growth: A time series-cross section 
approach. The Review of Economics and Statistics 
67(4):574-582. 

Klassen, K.J., and S.K. Laplante. 2012. Are U.S. mul-
tinational corporations becoming more aggres-
sive income shifters? Journal of Accounting Re-
search 50(5):1245-1285. 

le Maire, D., and Schjerning, B. 2013. Tax bunching, 
income shifting and self-employment. Journal of 
Public Economics 107:1-18. 

Lindsey, L.B. 1987. Individual taxpayer response to 
tax cuts: 1982-1984 with implication for the reve-
nue maximizing tax rate. Journal of Public Econom-
ics 33(2):173-206. 

McPhail, J.E., and R. Stammer. 2013. State Marginal 
Tax Rates, 1977-2008. Department of Economics, 
Iowa State University. 

McPhail, J.E., P. Orazem, and R. Singh. 2010. The 
poverty of states: Do state tax policies affect state 
labor productivity? Working paper, Department 
of Economics, Iowa State University. 

Pirttilä, J., and H. Selin. 2011. Income shifting within 
a dual income tax system: Evidence from the 
Finnish tax reform of 1993. Scandinavian Journal of 
Economics 113(1):120-144. 

Reed, W.R. 2008. The robust relationship between 
taxes and U.S. state income growth. National Tax 
Journal, 61(1):57-80. 

Roback, J. 1982. Wages, rents, and the quality of life. 
Journal of Political Economy 90(6):1257-1278. 

Rosen, S. 1974. Hedonic prices and implicit markets: 
Product differentiation in pure competition. Jour-
nal of Political Economy 82(1):34-55. 

Slemrod, J. 1996. High-income families and the tax 
changes of the 1980s: The anatomy of behavioral 
response. In M. Feldstein and J. Poterba (eds.) 
Empirical Foundations of Household Taxation. Chi-
cago: University of Chicago Press. 

Slemrod, J. 2004. The economics of corporate tax 
selfishness. National Tax Journal 57(4):877-899. 

Wooldridge, J.M. 2001. Econometric Analysis of Cross 
Section and Panel Data. Cambridge, MA: MIT 
Press. 

Zodrow, G.R. 2010. Capital mobility and capital tax 
competition. National Tax Journal 63(4):865-901. 

 

 
  



A Regional Tale of Two Income Taxes  201 

Appendix 
 
Solving Equation (15) for the capital to output ratio yields, 
 

𝑘

𝑦
 = 𝑣𝑘,  (21) 

 

where 𝑣𝑘 =
(1−𝜏𝑘)(1−𝜏𝑠)

(1+𝑚𝑘)

𝜃

𝜌−(1−𝛿−𝜏𝑝)
. 

 
Dividing through Equation (16) by 𝑦, solving for the consumption to output ratio, and substituting in Equation 
(21) yields 
 

𝑐

𝑦
= 1 − (1 − 𝐴𝑐)𝜀𝑐 − (1 − 𝐴𝑘)𝜀𝑘 − 𝑣𝑘.  (22) 

 
Substituting Equation (22) into Equation (14) and solving for ℎ yields 
 

ℎ =
𝑣ℎ

1−(1−𝐴𝑐−𝜇𝑐)𝜀𝑐−(1−𝐴𝑘−𝜇𝑘)𝜀𝑘−𝑣𝑘+𝑣ℎ
,  (23) 

 

where 𝑣ℎ =
(1−𝜏𝑤)(1−𝜏𝑠)

(1+𝑚ℎ)

(1−𝜃)

𝛼
. 

 
Steady state output is obtained by substituting Equation (21) and Equation (23) into Equation (17) 
 

𝑦 =
𝑣𝑘

𝜃
1−𝜃𝑣ℎ

1−(1−𝐴𝑐−𝜇𝑐)𝜀𝑐−(1−𝐴𝑘−𝜇𝑘)𝜀𝑘−𝑣𝑘+𝑣ℎ
.  (24) 

 

Steady state capital is obtained by multiplying Equation (21) and Equation (24) 
 

𝑘 =
𝑣𝑘

1
1−𝜃𝑣ℎ

1−(1−𝐴𝑐−𝜇𝑐)𝜀𝑐−(1−𝐴𝑘−𝜇𝑘)𝜀𝑘−𝑣𝑘+𝑣ℎ
.  (25) 

 

Multiplying Equation (22) and Equation (24) yields steady state consumption 
 

𝑐 =
[1−(1−𝐴𝑐)𝜀𝑐−(1−𝐴𝑘)𝜀𝑘−𝑣𝑘]𝑣𝑘

𝜃
1−𝜃𝑣ℎ

1−(1−𝐴𝑐−𝜇𝑐)𝜀𝑐−(1−𝐴𝑘−𝜇𝑘)𝜀𝑘−𝑣𝑘+𝑣ℎ
.  (26) 

 

Substituting Equation (23) and Equation (24) into Equation (11) yields steady state wage rate  
 

𝑤 =
(1−𝜏𝑠)

(1+𝑚ℎ)
(1 − 𝜃)𝑣𝑘

𝜃

1−𝜃.  (27) 

 

Steady state rental rate is easily obtained from Equation (5) and is verified by substituting Equation (24) and 
Equation (25) into Equation (12) 
 

𝑟 =
(𝜌−1+𝛿+𝜏𝑝)

(1−𝜏𝑘)
 .  (28) 

 

Lastly, the optimal shifted income is obtained from Equation (8) by solving for 𝜎 and substituting in Equations 
(21), (24), (25), (27), and (28) 
 

𝜎 =
𝜏𝜋−𝜏𝑤

𝜆

[(1−𝜏𝑠)−𝛾ℎ
(1−𝜏𝑠)

(1+𝑚ℎ)
(1−𝜃)−𝛾𝑘

𝜌−(1−𝛿−𝜏𝑝)

(1−𝜏𝑘)
𝑣𝑘]𝑣𝑘

𝜃
1−𝜃𝑣ℎ

1−(1−𝐴𝑐−𝜇𝑐)𝜀𝑐−(1−𝐴𝑘−𝜇𝑘)𝜀𝑘−𝑣𝑘+𝑣ℎ
.  (29) 


