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*** THE APPENDICES ARE NOT FOR PUBLICATION ***

Appendix A: Variable Definitions and Data Sources’!

This appendix describes the construction of and data sources for the variables used in this
study:

[a—

ACT: Average Corporate Tax Rate.
CAW: Capital Apportionment Weight.
CIT: Corporate Income Tax Rate.

I/K: Investment/Capital Ratio.

ITC: Investment Tax Credit Rate.
PREFERENCES: Voter Preferences.
POPULATION: Population.

TD: Tax Depreciation.

A e AR e

TWC: Tax wedge on capital.
10. o ;: Spatial Lag Weights.

The series are for the 48 contiguous states (indexed by subscript s) for the period 1963 to 2006
(indexed by subscript t), unless otherwise noted.”> Each of the above series is described in a
separate section. The general organizing principle for each section is to first define each of the
series mentioned above and then discuss its components. For each component, general issues
concerning the construction of the series (if pertinent) and then data sources are discussed.

Section 11 contains a Legend with abbreviations and sources.

3! In describing the raw data, we have taken some of the text in this data appendix directly from
government publications.

32 The most notable exception is that the Annual Survey of Manufacturers was not conducted from 1979
to 1981.
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1. ACT: Average Corporate Tax Rate

The average corporate tax rate is measured as follows,

oo CIT .
act, =Rev{" /Gos;,

where GOS; ; is state private gross operating surplus and RE

VictIT is state government revenues

from the corporate income tax.
Gross operating surplus data come from REA, and state tax revenues data comes from

STC.

2. CAW: Capital Apportionment Weight

The capital apportionment weight (CAW) is the weight that the state assigns to capital
(property) in its formula apportioning income among the multiple states in which firms generate
taxable income. The apportionment formula is always a weighted average of the company’s
sales, payroll, and property (with zero weights allowed). However, the weights vary by state. In
practice, the payroll and property weights are always equal, at least for the states and years in our
sample, so that knowing one of the three weights for a state reveals the other two.

We construct data from 1963 — 2006 on the factor apportionment weights for each of the
48 contiguous states. We use a number of different sources. OMER provides information on the
year in which each state first deviated from the traditional three-factor, equal weighting formula.
Kelly Edmiston kindly provided data on apportionment weights for years 1997 and 2001 used in
CESW. John Deskins kindly provided data panel data for 1985-2003 used in BDF. Lastly, we

were able to obtain weights for various years from STH.
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3. CIT: Corporate Income Tax Rate

The effective corporate income tax rate at the state level (riEés) is lower than the

legislated (or statutory) corporate income tax rate (r{“ ’S) due to the deductibility (in some states)

against state taxable income of taxes paid to the federal government.”®> Some states allow full
deductibility of federal corporate income taxes from state taxable income; lowa and Missouri
allow only 50% deductibility; and some states allow no deductibility at all. The deductibility

provision in state tax codes is represented by v; ¢ ={1.0,0.5,0.0} , and the provisional effective

#,E,S

corporate income tax rate at the state level (t;;77) is as follows,

AES _ LS (1 vy T#,E,F) .

it % it

The effect of federal income tax deductibility is represented by the provisional effective

corporate income tax rate at the federal level (r?’tE’F , defined below).

The riL{S and v;  series are obtained from several sources. For recent years, data are

obtained primarily from various issues of BOTS and STH, as well as actual state tax forms. Data
for earlier years are obtained from various issues of BOTS and SFFF. Additional information
has been provided by TAXFDN. Many states have multiple legislated tax rates that increase

L,S

stepwise with taxable income; we measure t,;” with the marginal legislated tax rate for the

highest income bracket.

The effective corporate income tax rate at the federal level is lower than the legislated

corporate income tax rate ( ‘C{"’F) due to the deductibility against federal taxable income of taxes

paid to the state. The provisional effective corporate income tax rate at the federal level is as
follows,

HEF _ LF (1 _ T#,E,S)

i,t =T 1t

3 In “corporate income” taxes we also include Texas’ “franchise” tax, which has a very similar tax base
as the traditional corporate income tax base.
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The effect of state income tax deductibility is represented by the effective corporate income tax

rate at the state level. The r{"F series is obtained from GRAVELLE, Table 2.1. Our database

presents rtL’F in percentage points.

It has not generally been recognized that, owing to deductibility of taxes paid to another
level of government, the effective corporate income tax rates at the state and federal levels are
functionally related to each other. As shown in the above equations, these interrelationships
yield two equations in two unknowns, and thus can be solved for the effective corporate income

tax rates at the state and federal levels, respectively, as follows,

ES _ LS L,F L,S_L,F
Tt = Tig |:1_Ui,tTt J/[I_Ui,ﬂi,t Tt J,

EF_ _LF[, LS .. LS LF
Ti =T [1 Tt }/[1 VitTi{ Tt J

ES and t5F . In the limiting case where

The overall corporate income tax rate is the sum of ;7 O

federal corporate income taxes are not deductible against state taxable income (v;  =0), this

sum reduces to the more frequently used formula, riLt’S + (1 - tiL{S)rtL’F .

4. I/K: Investment/Capital Ratio

As a measure of investment demand, as well as overall economic activity in a state, we
use the state’s investment-capital ratio. We extend data on this ratio used in Chirinko and
Wilson (2008), which cover 1963 — 2004, through 2006. The primary raw source data is the
Annual Survey of Manufacturers (ASM) conducted by the U.S. Census Bureau. State-level
totals (which the Census Bureau refers to as “AS-3” data) are reported in the yearly volumes of
the ASM publication. From 1994 onward, these data also can be found in the yearly ASM
Geographic Area Statistics (ASM-GAS) publications. Hereafter, we will refer to the ASM data
on state-level totals for all years as the ASM-GAS data. The ASM data are collected from a
large, representative sample of manufacturing establishments with one or more paid employees.

The ASM manufacturing sector corresponds to NAICS sectors 31 to 33.
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4.1 The Capital Stock -- K; ;

The K; ; series is measured by the real (constant-cost) replacement value of equipment

(excluding software) and structures, and this series is constructed from the following perpetual

inventory formula,
t—1981
Kl,t:Kl,lggl(l_Smfg,t) +Ii’t t :198277T )

where K j9g; is the initial (1981) value of the real capital stock, 8,5, ¢ is the geometric rate of
economic depreciation (hence (1-8yf, () is the survival rate), and I; ; is real total capital

expenditure. The capital stock is dated end-of-period (EOP). Each component determining the
capital stock is discussed in the following subsections.

4.2 The Initial Value Of The Capital Stock -- K; ;9g;

The K; 1951 series is measured by the book value of the capital stock adjusted for

inflation,
_ BV CoC HC
K 1981=Kj 1981 * (Kmfg,l981 /Kinfe,1981 )

where K%\égl is the book value (historical-cost) of the capital stock for state i, Kggg 1981 1s the

constant-cost value of the capital stock for the manufacturing sector, and Kggg’wgl is the

historical-cost value of the capital stock for the manufacturing sector. All capital stock series are
end-of-period. Inflation drives a wedge between book value capital stocks (based on the original

purchase cost of investment) and real capital stocks useful in economic analyses. The
KE9C, og1 /KIS ti id imate adjustment for the inflation wedge based
mfe,1981/ Kmfg 1981 | ratio provides an approximate adjustment for the inflation wedge base
on national manufacturing industry data.
The KBYg, series is obtained from ASM. The K$9 _ series is the product of tit
i.198] series is obtained from . The Kpfg  series is the product of a quantity

index and a base year value that converts the index into a real stock,

CoC CoC CuC
Kinfe 1981 = INDEXK 1151981 * Kinfe, 2000 »
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where INDEXKSI%(; 1981 1s the 1981 value of the chain-type quantity index for the real capital

stock and Kg‘%g 2000 18 the base year (2000) value for the current-cost value of the capital stock
for the manufacturing sector. The INDEXK%}; 1981 1s obtained from FIXED, Table 4.2, line 7,
and this series is divided by 100. The Kgl‘%g 2000 datapoint is obtained from FIXED, Table 4.1,

line 7. The Kggg’wgl series is obtained from FIXED, Table 4.3, line 7.
4.3. The Rate Of Economic Depreciation — 8¢, ¢
The 8,y ¢ series is measured by the flow of annual depreciation divided by the capital

stock existing at the beginning of the year,

CuC
Dmfg,t

Smfg,t = CuC ’
Kmfg,t—l

where Dg‘;«g ¢ 1s the current-cost flow of depreciation in manufacturing industries and Kg‘%gc -1

is the current-cost capital stock in manufacturing industries. The Dgﬁg ¢ series is obtained from

FIXED, Table 4.4, line 7. The K%%g ¢_1 series is obtained from FIXED, Table 4.1, line 7. See

FRAUMENI for an excellent introduction to the theoretical and empirical literature on economic
depreciation and JORGENSON-2 for an analysis showing that, even if capital depreciates
according to a non-geometric pattern, long-run replacement requirements tend to a geometric

pattern.
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4.4. Real Total Capital Expenditure — I;

The [; ; series is defined as nominal capital expenditures deflated by a price index,
I$i,t

Ii,t = I
meg,t

5

18 =180 + 18755,

where I$i,t , I$iI?ItEW , and I$i[ftSED are total, new, and used nominal capital expenditures,
respectively, and Prlnfg’t is the price deflator for investment for the manufacturing sector. The

I$; ¢ and Pélfg’t series are discussed in the following subsections.
4.4.1. Total Nominal Capital Expenditure — IS; ;
The I3; ; series represents nominal expenditures on equipment (excluding software) and

structures. The series is obtained directly from ASM-GAS (e.g, in 2004, the data are published
in Table 2, column I).**

4.4.2. Price Deflator For Investment — PIInfg,t

The price deflator for investment is constructed as an implicit deflator,

PI _ I$mfg,t
mfg,t — I >
mfg,t

where I8 50t and I,s ¢ are nominal and real total capital expenditures, respectively, for the

manufacturing sector.

The g ¢ series is the product of a quantity index and a base year value that converts

** We uncovered an obvious data error in the ASM regarding nominal capital expenditures in 1996 for
Ohio and the sum-of-states national total. Ohio published value was over 400% of Ohio’s typical levels
and the resulting national total was inconsistent with the national total published in the alternative ASM
publication, ASM-SIGI. We filled in the 1996 Ohio data point by simply taking national manufacturing
capital expenditures from the alternative ASM publication, ASM-SIGI, and subtracting the sum of capital
expenditures from all other states.
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the index into real investment expenditures,
Imfg,t = INDEXImfg,t * I$rnfg,t:2000 >

where INDEXI,f, ¢ is the chain-type quantity index for real investment expenditures and

I$mfg,t=2000 the base year value for current investment expenditures. The INDEXI;¢ ¢ is

obtained from FIXED, Table 4.8, line 7, and this series is divided by 100.

5. ITC: Investment tax credit rate

The state investment tax credit is a credit against state corporate income tax liabilities. In

general, the effective amount of the investment tax credit is simply the legislated investment tax
credit rate (ITCiI:t’S) multiplied by the value of capital expenditures put into place within the state

in a tax year. The effective rate is lower than the legislated rate in a handful of states for two
reasons. First, five states (Connecticut, Idaho, Maine, North Carolina, and Ohio) permit the state

investment tax credit to be applied only to equipment. Since equipment investment is

approximately 85% of ASM total national investment, we multiply ITCiLES by 0.85 for these five

states. Second, states generally require basis adjustments deducting the amount of the credit
from the asset basis for depreciation purposes; this adjustment is considered in the subsection on

the Present Value of Tax Depreciation Allowances.

We extend the 1963-2004 state panel data on ITCiL{S from Chirinko and Wilson (2008)

through 2006. The original and extended data are obtained directly from states’ online corporate
tax forms and instructions. For most states with an investment tax credit, both current and
historical credit rates are provided in the current year instructions (since companies applying for
a credit based on some past year’s investment apply that year’s credit rate rather than the current
rate). In those few cases where some or all historical rates were missing from the online forms
and instructions, the missing rates are obtained via direct communication with the state’s
department of taxation. In some states, the legislated investment tax credit rate varies by the
level of capital expenditures; we use the legislated credit rate for the highest tier of capital

expenditures.



63

6. PREFERENCES: Voter Preferences

Voter preferences are measured by political outcomes. Specifically, we measure the

following two political outcomes as indicator variables:

(a) the governor is Republican (R). (The complementary class of politicians is
Democrat (D) or Independent (I). An informal examination of the political landscape
suggests that Independents tend to be more closely aligned with the Democratic
Party. We thus treat D or I politicians as belonging to the same class, DI);

(b) the majority of both houses of the legislature are R;

The PREFERENCES variable takes on one of three values:
0  if the governor and the majority of both houses of the legislature are not R;

1/2  if the governor is R but the majority of both houses of the legislature are not R
or if the governor is not R but the majority of both houses of the legislature are R;

1 if the governor and the majority of both houses of the legislature are R.

Data for these political variables come from the Statistical Abstract of the United States (U.S.

Census Bureau (Various Years)).
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7. POPULATION: Population

Population data are obtained from CENSUS.

8. TD: Tax Depreciation

Tax depreciation allowances accrue over the useful life of the asset. We have assumed
that the present value of tax depreciation allowances, TD; ¢, is 0.70 for all s and t. We assume a

slightly lower value than the average across asset types and years reported in GRAVELLE to

adjust for the basis reduction by the amount of investment tax credits taken.

9. TWC: Tax Wedge on Capital
The price of capital (tax-adjusted) is defined as the product of three objects reflecting the
purchase price of the capital good, the opportunity costs of holding depreciating capital, and
taxes. This latter term comprises tax credits, tax deductions, and the tax rate on income, and we

refer to these tax terms (less 1.0) as the tax wedge on capital,

1.0~ ITC; , — CIT, , *TD
TWC; , = ’ ’ ~1.0 .

In this paper, we define TWC; ; only in terms of state tax variables.

Note that the user cost of capital, which was introduced by JORGENSON-1 in 1963 and
extended by, among others, HALL-JORGENSON, GRAVELLE, JORGENSON-YUN, and
KING-FULLERTON, equals the price of capital divided by the price of output.



65
10. w;;: Spatial Lag Weights

The spatial lag weights are measured by the distance between state population centroids

(data are from CENSUS) and by commodity trade flows (data are from TRANSPORT).
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*** NOT FOR PUBLICATION ***

Appendix B: Properties Of The Capital Mobility Function

This appendix provides some analytic details concerning the properties of the capital
mobility function (equation (2)) used in this paper. This function allows for the possibility that,
owing to a variety of frictions, the net-of-tax returns on capital may differ across jurisdictions.
This appendix demonstrates that the capital mobility function and its partial derivatives are
consistent with the implications from the standard constraint equating net-of-tax returns across
jurisdictions.

Equation (2) is reproduced here as follows,

K = K[TZ‘Cf,Xk,Xlt;], (B-1)

K. [.]1= —K [.]<O.
The relation between the net-of tax returns in the home and foreign jurisdictions is as follows,
(1-1) FK] +A = (1-<0) 37K, (B-2)

where A is a wedge that represents a variety of frictions preventing equalization of net-of-tax

returns across jurisdictions, F'[K] and 3 ‘[Kf] are the marginal products of capital for the home

and foreign jurisdictions, respectively, and the production functions for both jurisdictions are

subject to the Inada conditions (which guarantee that equation (B-2) will hold for some capital

allocation). We assume that there is a fixed amount of capital (K ) that is allocated between the

home and foreign jurisdictions,
K = K+K' . (B-3)

Substituting equation (B-3) into (B-2), differentiating the resulting expression by K, t, and ot ,

and rearranging, we obtain the following derivatives,
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K.[]= K _ Fl] <0, (B-4a)
dt  (1-7)F'[] + (1-1) I"[]

K. = K —S1] >0, (B-4b)

f a (A-1) F'L] + (d-1") 3"[]

where we have assumed that the production functions exhibit diminishing marginal products

(F"[.]<0,3"[.]<0). If the production functions are identical across jurisdictions, then

K [1=-K L]
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*** NOT FOR PUBLICATION **%*

Appendix C: Tax Competition In A Direct Utility Model

This appendix analyzes the tax competition model developed in Section II with the
indirect utility function (equation (8)) replaced by the following direct utility function defined in

terms of ¢c and g,
U[c,g] = Ych‘T’. (C-1)
It proves convenient to rewrite equation (C-1) in terms of the private/public goods mix variable,
UlGg] = Y ¢ g¥ y=J+K. (C-2)

The optimization problem facing policymakers is to choose tin order to maximize

equation (C-2) constrained by equations (3), (5), and (7) reproduced here in abbreviated form for

convenience,
y = G[r:rf,xk,xﬂ, G.[]1<0, (C-3)
g =r1mny, (C-4)
clg=¢ = ((l—nf)/rn)—l = H[x]. H_[]<0 (C-5)

To simplify the analysis, we have assumed that capital income taxation is the only sources of
revenue in equation (C-4) (i.e., setting s = 0 in equation (5)). Substituting equation (C-3) into
equation (C-4) to eliminate y, and restating € and g in equation (C-2) in terms of © with
equations (C-5) and the modified (C-4), respectively, the optimization problem can stated solely

in terms of t,

Ult] = Y {H[<]}" {tnG[]}" (C-6)
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Differentiating equation (C-6) with respect to T and rearranging, we obtain the following

equation determining the optimal t implicitly,

f
s_| 1 K (1-m) ' C-7
t ( \y(l—l“[r*:rf])]( T J (7

where I is the elasticity of output with respect to the capital tax rate (reflecting both the

sensitivity of capital flows to the capital tax rate and output to the capital stock; see equation
(11b) for further details). Assume that I" is constant. In this case, equation (C-7) has the
reasonable properties that the optimal capital income tax rate depends (1) negatively on the
relative utility weight on private goods (k/y =« /(k+\)), (2) negatively on the share of capital
income (thus requiring a lower capital tax rate to collect a given amount of revenue), and (3)

negatively on I' (reflecting the amount of capital outflow for a given change in 7).

Differentiating equation (C-7) with respect to T and ' with the chain rule and

rearranging yields the following reaction function,

re (1-?;5 1'“') ’ (5
5 = (K/\V )((1—nf)/n)(1—r[.] )_2 >0, (C-8b)
r'=dr/de. (C-8¢)

Relative to our preferred reaction function derived from an indirect utility function, equation
(C-8) is restrictive because its sign depends on the direction of change in an elasticity, a
derivative that is unrelated to traditional economic mechanisms and intuition. Note that, if the

production and capital flow functions constituting I have constant elasticities, then I''=0 and

dr/dtf >0. Most importantly, the direct utility model does not allow for the possibility that the
private/public good mix is sensitive to income. Such a restriction is relaxed in the indirect utility

model and proves very important in understanding the slope of the reaction function.
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Appendix D: The Existence Of An Equilibrium Tax Rate

This appendix provides some analytic details concerning the existence of an equilibrium

tax rate (r*) in the indirect utility model. We analyze a symmetric equilibrium between home
and foreign jurisdictions. We begin with the three relations that summarize the content of the

theoretical model presented in Section I1.A,

y = FIK] = F[K[t:tka,xlf(ﬂ = G[T:tka,xlf(] , (D-1)

G.[1<0, G[]>0.

clg=¢= ((1—nf)/(m+s))—1 = H[1], (D-2)
H_[]<0.
c/g = ¢ = Ly(-n"):x] = & (ya-n"))", (D-3)

- —(6,+1
e=(50, /2,0, )(pe ™ 19, ) > 0.

Ney =60, -0, >=<0.

where equation (D-1) is equation (3) representing the production function and the mobile capital
stock, equation (D-2) is equation (7) representing the aggregate and government budget
constraints, and equation (D-3) is equation (9) representing optimized choices of private and
public goods.

Under the symmetry assumption, no capital flows between jurisdictions because the tax
rates are equal. Thus, equation (D-1) implies that the level of output in each country is constant,

y =Y. Substituting this constant into equation (D-3) and eliminating { with equation (D-2), we

obtain the following solution for t*



((1—nf)/(r*7t+s)) ~1= i(y(l—nf))“@y,

N

o = ((1-7")/n) (Hi (s‘v(l—ﬁf))m'yj_1 = (s/n), (D-8)
N

= (1-n")/m)/(1+¢) - (s/7).
= (a-a")/(14¢) = 5) /

Since representative estimates of { and s are 3.678 and 0.025, respectively, t* >0 is ensured

because the maximum value of 1’ is © (the capital income share).

73
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Appendix E: A Distributed Lag Reaction Function
This appendix combines a static tax reaction function with a partial adjustment model to
derive the distributed lag reaction function that generates the benchmark results in this paper.

The flow of capital among states may occur gradually over several years, and hence the
observed 1, will differ from the desired home state capital income tax rate, rf . To allow for the

gradual response of t,, we adopt the following partial adjustment model,
T, = k(rf—rt_1)+rt_1+vt, (E-1)

where A is a parameter determining how much of the discrepancy between the long-run and

lagged t's will be eliminated in period t, and v, is a stochastic shock. The i subscripts have

been omitted for convenience. Lagging equation (E-1) one period and successively substituting

the lagged equations into equation (E-1) yields the following equation,

J . J .
o= A=W+ A= v+ -0 (E-2)
j=0 j=0

As J — oo, the last term vanishes. We use the static relation (equation (14)) to define rf,

Tfé = octf+th+ut. (E-3)

Substituting equation (E-3) into (E-2) and rearranging, we obtain the following distributed lag

model,
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'Ct = Z&'J Tf_j + ZEJ Xt—j + Wt’ (E-4)
=0 =0
&; = ha(-1y,

W, = Z(l—k)j(vt_j + Xut_j),
=0

iaj = kai(l—k)jza.

=0 =0

As shown on the last line of Equation (E-4), the estimated coefficients on the rf_ i’s sumto o,

the slope of the reaction function that is the prime focus of this paper.
Equation (E-4) is the basis for our estimation, which relies on a less general form of this
equation in two dimensions. First, the distributed lags are truncated at no more than four

periods. Lagged dependent variables allow us to capture the effects of lags further back in time,

'

i's and B i's are estimated freely, as

and this model is discussed in Appendix G. Second, the &

we do not impose the parametric restrictions defined in equation (E-4).
There are two other differences between the distributed lag reaction function and the
econometric equation that generates our benchmark results. In order to conserve degrees of

freedom, we lag the x variables only one period. An implication of equation (E-4) is that the
composite error term will be correlated with all of the rf_ i's, not just rf . We explore the
impact of this potential correlation on the coefficients of interest by instrumenting the lagged

foreign tax rate variables with lags of our preferred instrument set (i.e., for a given n, tif’ t—p 18

instrumented by Z:,i,t—n for n=1,4). (We estimate the time fixed effects model because

estimation of the CCE model would be computationally demanding with this expanded number

of instruments.) Standard errors increase sharply and do not permit us to make any meaningful

inferences. This result is traceable to a small amount of incremental informationin z; (_,

relative to z.; ;. The eigenvalue for assessing instrument relevance is less than one for each

model (i.e., n=1, 2, 3, and 4), far below the conventional critical value of 11.29 (see Section
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II1.C). Our instruments do not have sufficient variation to accurately discriminate among lagged

tf_ i's.
The second difference is that we do not impose the parametric restrictions in equations

(E-4). While efficiency would be enhanced, a less restricted specification continues to generate

unbiased and consistent estimates. We prefer a less restricted form to facilitate computation of

the CCE estimator and our instrument search algorithm.



*** NOT FOR PUBLICATION ***

Appendix F: The Three-Step Procedure For Estimating The Non-Linear CCE Model

This appendix presents a more concise and formal statement of our three-step procedure
for obtaining consistent estimates with the non-linear CCE estimator described in Section III.C.

We begin by reproducing equation (21) as equation (F-1),

. ~Af f
Ti,t =0Tt + Z O Tit—n+ X B+P;+&
n=1

F-1
o (F-1)
+7i t_a % Z Op Tepn— XtB |,
and rewriting it in the following concise notation,
5, = Q™ Q" |
nm = {alloci 's and B from the first line in equation (F—l)} (F-2)
Q' = {alloci 's and 3 from the second line in equation (F —1)}
y© ={ally; 's}
where the m, n, and o superscripts index iterations.
Step 1 estimates the IT and Q parameters pre-setting y to 1.0,
Ty = Q[nl,gl,w - 1] (F-3)

Step 2 estimates the IT and y parameters pre-setting the (O parameters to the estimates

obtained in Step 1,

= Qe (F-4)
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and then iterates as follows,

Ti,t = Q|:H3=szy3:|a

Tit = Q[H4,Q3,Y4}, (F-5)

until converge is achieved for each individual h* parameter n;, € IT and o}, € Q according to

the following convergence criteria at the p™ iteration,

‘nﬁ /mﬁ—l‘ < 0.01. (F-6)

Step 3 estimates the IT and Q parameters pre-setting the y parameters to the consistent

estimates obtained at the conclusion of Step 2,
Tig = Q[Hp”,Qp“,vp] (F-7)

Equation (F-7) is linear in the parameters and is the basis for the CCE estimates presented in the

paper.
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Appendix G: Notes on the Specification of Dynamic Models

This appendix provides the details supporting our discussion in Section V.B that A) the
standard lagged dependent variable (LDV) model is nested within a more general dynamic
model that includes no LDV but an infinite number of time lags of the independent variables and
B) a restricted version of this latter model can be estimated by including N lags of the
independent variables and the N+1* lag of the LDV.

An “expanded” specification of our preferred model includes lags of all independent

variables and is written as follows,

N

T = D (Xen By ) + & (G-1)

n=0

where one of the variables in the x vector is the spatial lag of T and N can go to infinity. (Note
state subscripts have been omitted for expositional convenience.) Equation (G-1) is more
general than our preferred specification (equations (17), (19), or (21)) because it contains

additional lags. Equation (17) can be obtained from equation (G-1) by setting 3, =0 for n>1.

Now consider the lagged dependent variable (LDV) model:

Tp =Pty +XB+ I, (G-2)

where 9 is an error term. The LDV can be eliminated by lagging this equation one period and
substituting it into equation (G-2). The resulting equation contains the regressors X, X;_;, and
T_p The latter variable is eliminated by repeating the above procedure by lagging this

transformed equation one period. If the procedure is repeated up to the N+1% period, we obtain

the following equation,
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N
= o+ Y (X Yn ) + & (G-3a)
n=0
Tmn=p"B, (G-3b)
N
St = z pn St—n . (G-3C)
n=0

The only important difference between our preferred model (equation (G-1)) and the

LDV model (equation (G-3)) is the LDV term pNJrl Ti_N- (The less important differences

involve redefining the coefficient vector on the x variables (equation (G-3b)) and the serial

correlation in the error term (equation (G-3¢).) The central point is that what we are omitting

from our model is NOT last year’s tax policy (t;_;), since the effects of this term are captured
by the one-year lags of the x variables (and lagged error terms), but rather a term capturing the
determinants of tax policy lagged more than N periods in the past. (The serial correlation in the
error term does not pose any bias problems as long as the x variables are exogenous or
instrumented.)

As N goes to infinity, pNJrl goes to zero, and the LDV term vanishes. It is in this sense
that the LDV model is nested within a more general model with an infinite number of lags of
X{_p - Inpractice, the question of whether our omission of the LDV term from our estimating
equation poses any problem depends on how far back lags of x,_,, could reasonably be expected
to affect tax policy. The results presented in the paper for models without an LDV are based on
a maximum lag of N=4. However, we also have estimated a model in which we set N=3 and
then include the dependent variable lagged four periods (i.e., the term p3+lrt_3_1 . These results

are discussed briefly in Section V.B.



