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Abstract - We propose an explanation for why states choose differ-
ent apportionment formulas for corporate income tax purposes.
Based on a two-state equilibrium model of location choice by firms,
we show that aggregate social welfare is maximized when both states
use the same formula, regardless of which formula is chosen. How-
ever, at least one of the states can increase its welfare by deviating
from this coordinated solution; thus, the Nash equilibrium features
the states choosing different formulas. Importing states have in-
centives to increase the sales factor, whereas exporting states will
tend to increase the input factors. An empirical test of which states
have deviated from the traditionally equally-weighted three factor
formula supports the predictions of the model.

INTRODUCTION

F orty-six of the 50 states in the United States impose a cor-
porate income tax at the state level. If a corporation has
business activities in multiple states, then each state with
which the corporation has sufficient contact for the state to
tax its income (nexus) can levy a tax on the income earned
within that state. Measuring income earned within each of
several political jurisdictions presents a difficult conceptual
problem. To deal with this problem, the states have adopted
a system of formula apportionment to allocate income among
states. If each state adopts the same apportionment formula,
then exactly 100 percent of any corporation’s income will be
apportioned among the 50 states for corporate income tax
purposes. Lack of uniformity across states can result in ei-
ther more or less than 100 percent of a corporation’s income
being subject to state income tax.

The Multistate Tax Compact was established in 1967, in an
effort to increase uniformity of treatment across states. Ar-
ticle IV of the compact provides that business income is to be
apportioned among the states on the basis of the corporation’s
portion of property, payroll, and sales in each state, and that
the three factors are to be weighted equally. For example, if
a corporation has 50 percent of its property, 40 percent of
its payroll, and 15 percent of its sales in Alabama, then
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(50% + 40% + 15%)/3 = 35 percent of its
income would be taxed by Alabama.

Prior to 1978, it was not clear whether
deviating from the three factor, equal
weighted formula (EWF) was constitu-
tional under the commerce clause. The
Supreme Court upheld the right of states
to deviate in Moorman Manufacturing
Company v. Bair, 437 U.S. 267 (1978). In
the twenty years since Moorman was de-
cided, about two-thirds of the states that
impose a corporate income tax have de-
viated from EWF. The most common de-
viation from EWF is to double weight the
sales factor (DWSF). Suppose the corpo-
ration in the example above had the re-
maining 50 percent of its property, 60 per-
cent of its payroll, and 85 percent of its
sales in Georgia, which uses DWSFE. Then
(50% + 60% + 2* (85%))/4 = 70 percent of
its income would be taxed by Georgia.
Lack of uniformity in formulas results in
105 percent of the corporation’s income
being subjected to state corporate income
tax.

Proponents of using DWSF argue that
it is an effective economic development
tool. Compared to the EWF, the DWSF
decreases the tax burden on firms produc-
ing within that state and exporting to an-
other state, while increasing the tax bur-
den on firms that produce in other states
and import into that state. Ceteris paribus,
a state using the DWSF will be a more at-
tractive place to locate the property and
payroll of a business enterprise operating
in multiple states than a corresponding
EWEF state. In a critique of DWSF on con-
stitutional grounds, Simafranca (1995) as-
serts that “[G]enerally speaking, every
state has an economic incentive to increase
the weight assigned to its sales factor” and
“If a state were to double weight the prop-
erty and payroll factors, it would experi-
ence an economically detrimental result.”

This argument, however, is at odds with
the facts. After more than 30 years since
the Multistate Tax Compact (MTC), al-
most one-third of the states still equal-

weight the three factors, suggesting that
states need not have the same incentives.
In addition, the incentive to attract pro-
duction into a state would appear to be
only one of many conflicting components
of a state’s welfare objectives. Thus, it
would be natural to examine the incen-
tives of states to alter formula weights
under a more general framework.

Variation in incentives across states can
only result if states differ in some under-
lying characteristics. In particular, with
homogeneous preferences across states,
and all mobile inputs, states should not
have conflicting objectives. We argue that
the choice between EWF and DWSF is
explained by the desire of states to tax
immobile capital, such as agriculture and
natural resources, rather than the desire
to attract mobile capital, such as manu-
facturing. Heterogeneity across states
with respect to possession of natural re-
sources creates a conflict of interest among
states, inducing states that export (import)
the output from immobile capital to put
less (more) weight on the sales factor.

We analyze a setting in which states
differ in their demand for and endow-
ments of immobile inputs (e.g., land). Us-
ing a simple two-state equilibrium model
of firm production choice based on these
primitives, we examine the economic in-
centives of states to select different appor-
tionment formulas.

In the second section, we describe the
model and characterize the equilibrium.
We then show that aggregate social wel-
fare is maximized when the two states
choose the same formula, regardless of
which formula is chosen. However, if each
state acts to maximize its own welfare—
taken to be the sum of its tax revenues,
producer surplus in its state, and con-
sumer surplus in its state—then at least
one and perhaps both states have an in-
centive to choose a formula different than
any coordinated outcome. Therefore, the
socially efficient outcome can never be at-
tained if each state acts to maximize its
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own welfare. This is consistent with the
observed differences in state apportion-
ment formulas, and suggests federal con-
straints on state formulas would increase
social welfare.

In the third section, we conduct a simple
empirical test to examine the extent to
which states behave in the manner we
suggest. We find the estimating model,
though parsimonious, to have strong pre-
dictive power. In the fourth section, we
discuss some implications of our findings,
as regards both the existing wisdom on
the logic underlying states’ choices of ap-
portionment formulas, and the outcomes
if a formula apportionment system were
to be implemented in the international
context.

Our paper is related to a sparse, but
growing, literature on formula apportion-
ment. Gordon and Wilson (1986) examine
the response of firms to a system of for-
mula apportionment, restricting attention
to cases in which all states use the same
system, with different corporate tax rates.
In contrast, we study the case in which
the apportionment choices can vary
across states. Goolsbee and Maydew
(2000) find that states that have increased
the weight on the sales factor have expe-
rienced faster employment growth than
have EWF states. Finally, Weiner (1996)
and Klassen and Shackelford (1998) docu-
ment the association between state taxes
and investment behavior and sales strat-
egies, respectively.

MODEL
The Basic Setup

We study an economy with two politi-
cal jurisdictions (states) and one tradable
good. Demand for this good is perfectly

inelastic but differs across states.! Thus,
the quantity demanded is §, in state x, and
is 5y in state y. We assume that Sy > 8, with-
out loss of generality. The assumption on
price elasticity of demand is not restric-
tive in that all the results hold even when
this is relaxed; however, this assumption
considerably simplifies the exposition and
the model. Further, since much of the ex-
isting debate focuses on how tax policy
affects the locational incentives of firms,
it is convenient to assume that total de-
mand for the good is unchanged, and fo-
cus on the supply responses.

Production can occur in either state,
employing a constant returns to scale pro-
duction technology with a single non-de-
preciable input that we call capital.? One
unit of capital is needed to produce one
unit of output. The price of capital in each
state is determined by aggregate produc-
tion in that state (denoted q), according
to:?

1] C) = og,

Because the supply of capital is up-
ward-sloping, production is non-sepa-
rable between states. Our assumption that
input prices may not be equalized across
states is reasonable if some inputs are im-
mobile; thus, it may be useful to think of
land or natural resources as being an im-
portant component of capital.

There are many competitive private
firms engaged in production. It is useful
to distinguish the following types of firms:

¢ State-x firms: produce in and sell in
state x.

® State-y firms: produce in and sell in
statey.

* Multijurisdictional firms: produce in
state x and sell in state y.

! Differences in demand could arise due to differences in income or population, for example.
2 Qur study examines the apportionment weights placed on production (or input) factors and sales, respec-
tively. In nearly all cases, states weight the labor and property input factors equally. For simplicity, we

aggregate all inputs into one, denoted as “capital.”

 We do not explicitly model the input markets, but only characterize its equilibrium here.
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We do not consider firms that produce
and/or sell in multiple states, or mergers
between firms.* Production by each type
of firm is denoted 9y withi, j = {x,y}, where
i indexes the state in which production
takes place, and j indexes the state into
which output is sold. We show below that
when these three types of firms exist, there
will not be incentives, in general, for firms
to produce in state y—the ‘high-demand’
state—and sell into x; thus, no cross-haul-
ing takes place.

Taxes

Each firm is taxed at rate 7 < 0.5 on its
accounting income each period®—i.e., ex-
clusive of its cost of capital, rqijC () (where
r denotes the cost of equity capital). Thus,
a state-x firm is taxed only by state x, and
a state-y firm is taxed only by state y. Those
firms each face a tax rate of 7, regardless
of the apportionment rule used by the
state in which they produce and sell.

A multijurisdictional firm has nexus in
both states, so its tax liability depends on
the apportionment formula used by state
x and state y. State x uses an apportion-
ment formula in which a fraction @ _of the
formula is based on factors associated
with production (the location of capital),
and the remaining (1 - @) is based on fac-
tors associated with sales, where sales are
allocated on the basis of the destination
rather than origination. Because multi-
jurisdictional firms produce in state x and
sell into state y, they face an effective tax
rate of 7w, in state x. Similarly, state y uses
an apportionment formula in which
a fraction @, of the formula is based on
production factors (payroll and property),
and the remaining (1 - a)y) is based on
sales factors; thus, multijurisdictional
firms face an effective tax rate of 7(1 - a)y)
in state y.

Equilibrium

In any competitive equilibrium, each
firm’s after tax profits equal zero. This
gives us the following zero profit condi-
tions for each type of firm:

21 p(-7=rC4)=ralq, +4,)

Bl p(-79=rCg)=rog,

4] p(1-10,-1(1-))=rC,)
=rofq, +4,)

where p_and p, are the unit output prices

in states x and y. In addition, total output
sold in state y equals §, in equilibrium:

5] Ty + 9y = (S.v

Finally, since only state-x firms sell out-
put in state x:

[6] qXI = 6X

Solving equations [2]-[6] for the equilib-
rium prices and quantities gives us:

[
 p,= Lt
1-7
8] p,= 200
1-71
9] _ (6y -6)1-1+ r&y(wy -o)
™ 2-21+17(0,- ®))

Remark 1 (No-entry condition): There is
no incentive for a firm to produce in state
y and sell into state x.

4 Thus, we take the boundaries of the firm as given. The results of our model do not necessarily hold if firms
producing in different states can costlessly merge. The effects of state taxes on mergers is examined in Gordon
and Wilson (1986). However, the analysis in their paper assumes all states use the same apportionment formula.

5 The restriction 7 < 0.5 ensures that the multijurisdictional firm faces a tax rate less than 100 percent.
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At these prices, there is no incentive for a
firm to produce in state y and sell into x
as long as:

[10] = =p(-t0-"l-w))-rog, <0
which, substituting for p, and g, from
equations [7] and [5], and for qx; from
equation [9] gives us:

—or (8, + BV )(a)y -@)

[11 <
1-792-27+ r(a)y - o))

This no-entry condition is satisfied, for
arbitrary @ and , as long as:

[12] 2—21'+r(a)y— 0)z0

or,7<2/3.

Welfare

In order to examine the incentives of
states in setting formula weights, we first
characterize the welfare function for each
state, denoted WX and WY, respectively.
Each state chooses apportionment
weights , to maximize the sum of tax rev-
enues, consumer surplus to residents in
that state, and producer surplus received
by input owners in that state. These com-
ponents of the welfare function of each
state are described below.

The surplus in consumption accruing to
residents in a state 7 in equilibrium is given
by:
[13] (4-p)§
where A denotes the reservation price of
buyers in state i, and is assumed large
(since demand is inelastic).

Producer surplus in each state is given by:

2

[14] !(C(q,) - C(u))du = %

187

where g, denotes total production in state
i. Finally, tax revenues of each state de-
rive both from ‘domestic’ firms as well as
multijurisdictional firms. Thus, for state
X, tax revenues are:

[15] #q.p, +q.p,0)

and for state Y-

el =q,p,+q,p(-0))

wherep,,p  and g are given according to
equations ly7]—[9], and g, and g, are given
according to equations [5] and [6].

Social Optimum

Before explicitly analyzing the incen-
tives for each state to unilaterally alter its
formula weights, we first characterize the
coordinated solution. Here, the choice of
weights is made by a central planner—for
example, a federal authority that super-
sedes the state—that maximizes an aggre-
gate social welfare function, W' givenby:

[17] WT = WX + WY

=(AX-p )b + (AT - py)éy

rofq; + 4;)
eyt (q.p, + P,

+q.p(0+1-0))

Call the solution to this program the coordi-
nated solution. Note that producer surplus,
earned at date 0, is multiplied by the interest
rate r to make this comparable with both con-
sumer surplus and tax revenues, which are
earned on each future date, in perpetuity.

Proposition 1: In any coordinated solu-
tion, 0F = @F.
Proof: The first-order condition for @ is

W' _or(§+8F(-DF@,-0)

s =

2-2t+7(0,- )
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the solution to which is @ = @*. The same
solution is obtained using the first-order
condition for @ .6

Thus, aggregate welfare is maximized
when states choose the same formula
weights. Because multijurisdictional firms
face a combined state tax rate of (@, + 1 -
] ), all firms face the same tax rate when
states choose the same formula weights.
When all firms face a tax rate of 7, total
production is equal in each state, which
minimizes the cost of satisfying the de-
mand of (8, + §,), hence maximizing equa-
tion [17].

Corollary: When @, = @, the multi-
jurisdictional firm is taxed on exactly 100
percent of its income. Moreover, 4, = (6, -
8)/2;andsoq =q,=(8,+3)/2

Remark 2. The Multistate Tax Compact
may be viewed as a special case of propo-
sition 1, where ©, = @, =2/3.

Non-cooperative Equilibrium

In this section we examine the incen-
tives of each state to deviate from the
coordinated solution, first by analyzing
unilateral deviations and then by charac-
terizing the equilibrium.

First, suppose state x decreases its pro-
duction factor @, thereby also increasing
its sales factor (1- @) by the same amount.
Multijurisdictional firms now face a com-
bined tax rate less than 7, which induces
production to shift from state y to state x.
This in turn increases the producer sur-
plus received by owners of capital in state
x. Similarly, if state y reduces its produc-
tion factor @ , multijurisdictional firms are
now faced with a combined state tax rate

greater than 7, which induces production
to shift from state x to state y, thereby in-
creasing the producer surplus received by
owners of capital in state y. More gener-
ally:

Proposition 2: Producer surplus in each
state i unambiguously increases with a
decrease in the production factor @, in that
state. For proof, see Appendix.

The producer surplus effect has gener-
ally been the focus of the argument that
the primary incentive for states is to in-
crease the sales factor in order to attract
business, and increase employment of
domestic inputs.” However, there are other
important incentive effects to consider. A
decrease in the production factor by a state
will lower consumer surplus in that state
(since output prices increase due to pro-
duction shifting into that state); also, the
effects on tax collections in that state are
ambiguous. Thus, as states alter their for-
mula weights, the component distribu-
tional effects in many cases conflict. Inter-
estingly, however, Proposition 3 shows
that states that weight the various compo-
nents of total surplus equally face unam-
biguous incentives to deviate from the co-
ordinated solution in particular directions.

Proposition 3: The coordinated solution
cannot arise in any non-cooperative equi-
librium. In particular: (i) State y always
decreases @, and (ii) for @, low enough,
state x increases @ . For proof see Appen-
dix.

The intuition behind this result is dis-
cussed in detail in the Appendix. Two
points are worth emphasizing here. First,

¢ Since (*WT/ow? - QQWT/&U ) — 9/ 0w, -

(OWT/ 0w )} =

0, the second—order sufficient condition cannot be

used to venfy that this is a maximum. However, consider the vector V= aw + ﬂw where o and f are arbi-
trary, and w and w are u unit vectors parallel to the @, and @, axes. ’l'hen VW’- v, the directional derivative
of W7 in the dlrectlon of V,is equal to zero if and only 1f a= ﬁ (i.e., if Vis parallel to the line o, = ,), and is less
than zero otherwise. This confirms that all points along the line @, = @, are maxima.

7 The producer surplus effect is essentially the focus of Goolsbee and Maydew (2000).
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the assumption of an upward-sloping
supply curve does not imply that there are
no behavioral responses to changes in
apportionment formula by states. As we
have seen, an increase in the production
factor by state x will shift production out
of that state. The key point is that since
production does not completely move out,
the increase in tax revenues obtained from
firms producing in x is large enough to
offset the net decline in producer and con-
sumer surplus. Second, the logic behind
the state’s incentives also suggests why
competition among states is not optimal:
since state x has an incentive to increase
its production factor, production will
move out of that state, thus reducing costs
there. But, since production costs will in-
crease in the other state, total costs in-
crease as well (this follows from the up-
ward-sloping supply of capital), and state
x does not internalize this externality
when choosing its apportionment for-
mula.

While we have only considered unilat-
eral deviations so far, the logic behind the
competing incentives of the states extends
to the case where states simultaneously
choose apportionment weights. The Nash
equilibrium of this game is characterized
in the following proposition.

Proposition 4: The Nash equilibrium is
characterized by:

o [A-96,-8)
@ =min _———r(Zﬁy—Sx) ,

Proof, see Appendix.
In the non-cooperative equilibrium,
importing states will increase their sales

factors to 100 percent, whereas exporting
states will prefer to increase their produc-
tion factors. For §, sufficiently greater than
8, exporting states will choose an interior
optimum, where production factors are
less than 100 percent. Consequently, the
production factors of the importing states
will always be lower than that of export-
ing states.

A SIMPLE TEST

The motive underlying the Uniform
Division of Income for Tax Purposes Act
(UDITPA), approved in 1957, was to sim-
plify the area of state income taxation, as
well as to make it more equitable. The
UDITPA was adopted as Article IV of the
MTC, developed and approved by a
group of state tax administrators, in 1967
(Carlson, Godshaw, and Hyde, 1992). Al-
though compliance with the MTC (includ-
ing the UDITPA) was voluntary, most of
the states adopted an EWF system of ap-
portionment, in accordance with the rec-
ommendations (Francis and McGavin,
1992). Subsequently, 29 states deviated
from EWF in favor of weighting schemes
that put half or more weight on the sales
factor, while 13 states still use EWE. This
variation in choices of apportionment for-
mula across states provides an opportu-
nity to examine the main prediction of our
model: that importing states have incen-
tives to increase their sales factors relative
to exporting states.

The four states with no corporate in-
come tax—Nevada, South Dakota, Wash-
ington, and Wyoming—are excluded from
the analysis. Four other states—Califor-
nia, Colorado, Missouri, and New
Mexico—have elective systems that allow
firms to choose between EWF and DWSF
as well

& We exclude D.C. from the analysis, since its tax system is dictated by Congress rather than by its government,
hence it cannot adjust its system to further its own interests. (For example, Congress, has, historically, pre-
vented D.C. from imposing taxes on non-residents who work there). Mississippi and Louisiana assign DWSF
for manufacturers and merchandisers, EWF for all other sectors. Since the components of output we focus on
do not fall into these categories, we treat them as using an EWF system.
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Table 1 summarizes the weighting
schemes used by each state.

Ready data on intra—U.S. trade between
states do not exist. Ideally, a measure of
net exports for each state i would be given
as:

9] X,=Q-Q

where (¢ refers to the amount of con-
sumption, and Q¢ to the amount of pro-
duction, in each state. To construct a suit-
able measure of state-level exports and
imports, we use various proxies. First,
aggregate state income, Y, is used as a
measure of (¥. Second, since input price
variation across states is a key feature of
our model, it is sensible to use a measure
of the stock of immobile inputs in con-
structing the supply side measure for each
state. While an aggregate land measure is
the most natural starting choice, much
land may be unusable in production.
Hence, we use the sum of total output
from agriculture, forestry, fisheries, and
mining as an index of usable land, L.’
The measure of net exports we use is
given by:

[20] X—ln( L )-1n(i)
i ZL:’ ZYx‘

We use two normalizations here. In or-
der to make the two measures compa-
rable, we use data expressed in shares (of
national production and demand) rather
than levels. Next, by taking logarithms, we
normalize the measure of exports to re-
duce the influence of outliers in the esti-
mation procedure. This also implies that
a state whose share of usable land equals
its share of national income (i.e., L /Z L =
Y,/ZY,) is taken to have net exports of 0.
Our measure of exports classifies 19 of the
42 states included in the sample as net ex-
porters, and 23 as net importers (see Table
2).

Table 3 shows how the apportionment
weights of states vary according to this net
exports measure. Six of the seven states
which are the largest net importers (and
10 of the top 11) put at least double weight
on the sales factor. Conversely, four of the
five largest net exporters use equal-
weighted formulas. Similarly, 86 percent
of the states with net exports lower than

TABLE1
APPORTIONMENT WEIGHTS BY STATE

Weighting System State Frequency
Equal-Weighted Alabama, Alaska, Delaware, Hawaii, Kansas, Louisiana, 13
Sales Factor Mississippi, Montana, North Dakota, Oklahoma, Rhode

Island, Utah, Vermont
Double-Weighted Arizona, Arkansas, Connecticut, Florida, Georgia, Idaho, 23
Sales Factor Illinois, Indiana, Kentucky, Maine, Maryland, New

Hampshire, New Jersey, New York, North Carolina, Ohio,

Oregon, Pennsylvania, South Carolina, Tennessee, Virginia,

West Virginia, Wisconsin
Sales Factor > 50% lowa, Massachusetts, Michigan, Minnesota, Nebraska, Texas 6
Elective California, Colorado, Missouri, New Mexico 4
None Nevada, South Dakota, Washington, Wyoming 4
Total 50

Source: State Tax Guide. 1999. Chicago, Illinois: Commerce Clearing House.
Note: States with elective systems allow firms to choose between EWF and DWSF.

? The data are drawn from the Statistical Abstract of the United States (1996), and reproduced in Table 2.
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TABLE 2
STATE-LEVEL DATA
Agriculture For. & Fish Mining Income Net
State (in $ millions) (in $ millions) (in $ millions) (in $ billions) Exports
Alabama 343 1,475 1,404 525 0.303
Alaska 509 16 8,388 10.1 2.969
Arizona 457 944 1,303 52.1 0.135
Arkansas 255 1,437 366 28.2 0.476
California 5,425 9,024 4,699 537.6 ~0.241
Colorado 352 1,245 1,401 54.1 0.201
Connecticut 339 280 63 72.8 -1577
Delaware 51 195 7 11.5 -0.723
Florida 2,158 3,703 735 2129 —0.381
Georgia 556 1,949 631 97 -0.338
Hawaii 169 304 25 20.2 -0.609
1daho 225 1,221 209 13.5 0.995
Illinois 1,010 2,248 1,723 200.9 -0.604
Indiana 393 1,202 753 81.3 ~0.451
lowa 410 3,146 97 404 0.690
Kansas 309 1,788 808 38.1 0.520
Kentucky 293 1,752 2,942 47.4 0.842
Louisiana 327 725 12,638 524 1.751
Maine 234 222 6 18.3 —0.586
Maryland 470 574 137 922 -1.264
Massachusetts 679 313 62 116.5 -1.612
Michigan 625 1,520 1,096 147.8 ~-0.726
Minnesota 414 2,631 794 717 0.166
Mississippi 221 939 704 28.2 0.377
Missouri 436 1,421 371 77.7 -0.458
Mentana 106 800 999 10.3 1.406
Nebraska © 246 2977 72 239 1.112
Nevada 132 141 2,563 21.5 1.032
New Hampshire 104 101 27 19.6 -1.343
New Jersey 640 387 97 162.9 -1.883
New Mexico 117 551 2,696 18.8 1.372
New York 1,037 1,367 370 349.7 -1.743
North Carolina 608 2,930 422 94.3 -0.077
North Dakota 76 929 752 85 1517
Ohio 748 1,692 1,257 172.1 -0.747
Oklahoma 252 1,348 3,434 414 0.986
Oregon 623 1,315 85 42.8 0.042
Pennsylvania 938 1,431 1,844 195.5 -0.744
Rhode Island 122 47 6 16.6 -1.459
South Carolina 275 575 143 46 -0.742
South Dakota 114 1,569 227 9.5 1.453
Tennessee 316 1,099 334 67.7 —0.562
Texas 1,776 4,699 24,930 248.5 1.025
Utah 73 361 1,466 21.2 0.681
Vermont 69 203 27 8.6 -0.266
Virginia 519 1,115 1,163 105.7 -0.539
Washington 1,575 1,902 349 822 -0.009
West Virginia 73 195 3,784 21.8 1411
Wisconsin 479 2,326 136 74.2 -0.134
Wyoming 64 356 3,723 6.7 2.577

Source: (i) income data is for 1990, and is from the Statistical Abstract of the U.S., 1995, U.S. Department of Com-
merce, Bureau of the Census. (i) Data on output from agriculture, forestry, fisheries, and mining is for 1990, and
is from the U.S. Department of Commerce, Survey of Current Business. (iii) All data are expressed in 1987 dollars.
(iv) The ‘net export’ variable is defined in equation [20] in the text.
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TABLE 3
APPORTIONMENT WEIGHTS VS. EXPORTS
Apportionment Category

Export Category EWF  DWSF Total
Low 1 6 7
Medium 8 22 30
High 4 1 5
Total 13 29 4

Notes:

. Each cell denotes the number of states in the given
category. “EWF” denotes equal-weighted factor
states. “"DWSF” states put at least double the weight
on the sales factor.

2.'Net Export’ measureis: X, = In(L/ZL) ~In(Y /LY),

where L, is state i's output from agriculture, forestry,

fisheries, and mining; and Y, denotes aggregate

income of state i.

—

3. Export categories are defined as follows: states with
X, <—1.25areclassified as “low” export states, states
with X, <-1.25 are classified as “high” export states,
and others are classified in the “medium” category.

the median put at least double weight
on the sales factor, compared with 52 per-
cent of states with net exports greater than
the median.” All these differences across
categories are significant at the 5 percent
level. Now, let d, be a binary variable
equal to one if state i has deviated
from EWF, and zero otherwise. We then

proceed with maximum likelihood probit
estimation, where:

d=1ifB,+BX +€>0
d, = 0 otherwise

Results are shown in Table 4. §, is esti-
mated to be —0.89 (¢—statistic of -2.21), and
is significant at the five percent level. To-
gether with the estimate of f, this result
implies that a one percent decrease in a
state’s share of production relative to its
share of exports would increase the prob-
ability of its switching to double weight-
ing sales by 19 percent. Moreover, the
choice of apportionment weights by states
is correctly predicted more than two-
thirds of the time by this simple model."*2

One concern with the results relates to
potential endogeneity of the “net exports”
variable we use. Specifically, since the
theory predicts that a state with a low sales
factor will tend to drive out manufactur-
ing, this may result in the share of natural
resources being disproportionately large.
Thus, apportionment weights determine

TABLE 4
APPORTIONMENT WEIGHTS VS. EXPORTS
1990 Data 1977 Data
Variable Coefficient Std. Error Coefficient Std. Error
Net exports -0.8883* 0.3846 -0.7692* 0.3703
Constant 0.9001* 0.3728 0.7174* 0.3555
Number of obs. 42 42
Log-likelihood -23.94 -23.44
Notes:

1. Dependent Variable for state i is 1 if state i’s sales factor is at least 0.5, and 0 otherwise. The notes to Table 3
define the ‘net exports’ measure.

2. * indicates significance at the five percent level.
3. States with no income tax or with an elective weighting system (see Table 1) are excluded.

! In addition, 69 percent of EWF states have positive net exports, compared with 34 percent of DWSF states.

I Note that size differences between states are not adequate in explaining the variation in apportionment choices.
In fact, we correctly predict that many small states—such as New Hampshire, Maryland, and South Caro-
lina—would double-weight sales, since these are also heavy importers.

2 An alternative implication of the theory (suggested by a referee) is that states whose share of natural resources
(to income) has decreased over time should be more likely to switch to DWSE. Using the 1997 data and 1992
data, we find that of the 21 states whose share has decreased, 17 have switched to DWSF (81 percent); of the 21
states whose share has increased, only 12 have switched (57 percent). A simple probit estimation confirms
that this difference is significant at the 9 percent level. Thus, the results based on differences over time in
natural resource share are consistent with those based on levels.
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the measure of net exports, not the other
way around. To address this concern, we
repeat the estimation with the net exports
measure constructed from 1977 data on
mining, farming, and agriculture. Since
only four states had deviated from EWF
prior to 1981, endogeneity should not be
a concern. The results of the estimation are
similar to the earlier ones (see Table 4, col-
umns 3-4). B, is now estimated to be -0.77
(t-statistic of -2.1); moreover, a 1 percent
decrease in a state’s share of production
relative to its share of exports is predicted
to increase the probability of its switch-
ing to double-weighting sales by 15 per-
cent.’

Our theory that states that have retained
EWF have done so in an effort to tax im-
mobile capital is also consistent with the
decisions by certain states (such as Cali-
fornia, Louisiana, and Mississippi) to al-
low manufacturing firms to use DWSF,
while requiring other corporations to use
EWE. Goldberg (1998) describes the de-
bate over California’s switch to DWSF in
this way:

The general double-weighted sales factor
rule was established by SB 1176. At that
time, Arco won an amendment that ex-
tractive businesses would not use the
double-weighted rule because companies
‘connected to the land’ in both agriculture
and extractive businesses are obliged to
locate in California in order to conduct
their businesses and therefore do not need
the double-weighting to do so.

CONCLUSIONS

Based on a two-state equilibrium model
of firm location choice, we study the eco-
nomic incentives of states to select differ-
ent apportionment formulas. There are
three results worth emphasizing in con-
clusion. First, we show that social welfare

is maximized when states coordinate
on the choice of apportionment formulas.
This result is obtained regardless of
which particular formula is chosen.
Second, states will in general have unilat-
eral incentives to deviate from any
such coordinated solution. Indeed, the
coordinated solution will fail to be sus-
tained in any equilibrium where states
choose their apportionment formulas
noncooperatively. Third, these incentives
of states generally conflict. Natural re-
source importing states have incentives to
increase their sales factors, whereas natu-
ral resource exporting states will tend to
increase their production factors. These
predictions concerning the variation in
choices of apportionment formulas ac-
cording to a state’s degree of exports and
imports is found to be consistent with the
observed differences across states in the
UsS.

This simple model also sheds some light
on two recent debates. First, our model
suggests that the simple prediction that
all states will have incentives to increase
sales factors in a noncooperative setting
is generally wrong. The idea underlying
this claim is that when states compete over
the flow of mobile inputs (such as capi-
tal), each will have an incentive not to tax
these inputs. Our model instead studies
the tax incentives of states when some in-
puts are immobile. In this setting, natural
resource importing states face much the
same incentives as before, although the
logic underlying this is quite different:
they will tend to tax firms that do not pro-
duce—but simply sell—in that state. This
will shift production towards high-cost
domestic firms, with resulting higher out-
put prices for consumers. Being an im-
porting state, the loss to consumers will
in general outweigh the gain to domestic
producers. However, this is more than
offset by the tax revenues gained from

3 Another way to correct for endogeneity is to use population rather than income in constructing the net ex-
ports measure. The results in this case are even stronger than before (8, = —0.92, t-statistic of -2.21).
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foreign firms. Conversely, natural re-
source exporting states will tend to tax
firms selling out of the state. Although this
tends to reduce domestic production, the
gain in tax revenues from taxing home
based exporters more than offsets this loss
(as long as the apportionment weight on
inputs is not too high). These results hold
as long as the supply of inputs is not per-
fectly elastic.

Second, while our analysis deals with
U.S. states, our results help inform the
debate regarding whether formula appor-
tionment should be applied internation-
ally. In the international context, countries
use separate accounting rather than for-
mula apportionment. This approach leads
to contentious disputes between taxpay-
ers and the tax authorities in different
countries regarding the proper measure-
ment of income within each political ju-
risdiction. Our results suggest that a move
towards a system of formula apportion-
ment in which formulary weights are
equalized across countries is likely to be
fragile. Countries would have strong
incentives to deviate from any such coor-
dinated system, with net exporters em-
phasizing production factors—such as
property and payroll—and net importers
emphasizing output factors, such as sales.
Given the relative homogeneity of the
states in the U.S. relative to the differences
between countries, we expect the extent
of deviations in apportionment formulas
in an international context to be even more
extreme than those observed among U.S.
states.
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APPENDIX

Proposition 2
Proof: (i) Consider state x first. As @, increases, the change in producer surplus W, is given by:

W=, qu ~o(8, + Ey)z(l -9l -1+ "o, - o)t
= (1(5 +4q )— = -
¥ dw, @2-2t+1(0,- o)

ow *

x

which is negative because 7 < 0.5.

(ii) Now consider state y. As @, increases, the change in producer surplus, W, is given by:

WPy o, o8, +8) (- 1yt

— =-0§,-g )=
0w vy Bwy 2-27+ {e,- o))

v

which is negative because 7 < 0.5.

Proposition 3

Proof: (i)
WY

— W =® =
Bwy [

rof8, + 6)t(-(5,~ 8)(1 -7 + 5yr(a)x -0)2-21-1)- 5o, +o)1-1)
g v 1 v @

2-27-7(0,- @)y !

x

-rol 6, + 5y)1((6y -8)(1- 1)+ 28 tw)
- <0
8(1 - 1)?

(i)

—_— wy =0,=
Bwy

rod 8, + 6}/)1'((5y -8)(A-12+ 5y1:(wy ~w)2-27+ m)y) - w + wy)(l - 1)) o =

(2—2r—r(a)x—cay))3 v

rof8 + Sy)r((éy -4)(1-1?-26 tw)
8(1 - 172

which is positive if @is sufficiently close to zero.

The intuition behind Proposition 3 is instructive in understanding the conflicting incentives of
states more generally. To see this, we start by considering the incentives of state y, whose welfare
function can be written as:
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(6,-9,)
[Al] W'=(A,-p)S +ra "'—21 +1p4,+(1-0)p4,

The first two terms represent the surplus to consumers and producers, respectively. The last
two terms denote the tax revenues collected from the state-y firm and the multijurisdictional firm.
It is convenient to rewrite the tax revenues for state y as:

T=wpl-apg,

The first term can be interpreted as the total income tax accruing to state y if @, = 0. The second
term represents the uncollected tax from the multijjurisdictional firms, which arises when @ > 0.

In the coordinated solution, @, = a, hence 4= (8y - 8)/2. Consider the effect of a slight increase
in w, A @, This reduces state y’s sales factor: hence the tax liabilities of the multijurisdictional
firms. These firms will therefore tend to increase their production—by an amount A7 —which
in turn reduces g, from [5], hence also reduces p,. For each unit of consumption, the increase in
consumer surplus is simply given by the price reduction, -Ap,. Hence, the aggregate increase in
consumer surplus is given by —§,Ap . With lower prices, and unchanged sales quantities (J,), tax
revenues from firms fall as well by an amount 7§ Ap,. However, since for every $1 decrease in
prices, tax revenues fall by only $7, the increase in consumer surplus more than offsets this de-
crease in tax revenues, by an amount —(1 - 7)8, Ap,. Using the fact that Ap = (—ar/(1 - 1))Aq, , this
simplifies to §,0rAq, , (see area 1564 in Figure 1). The change in producer surplus (area 1234 in
Figure 1), in turn, is given by:

orq,, &g, =-or(8,~4,) Aq,,

Thus, the net effect—of consumer surplus, producer surplus, and tax revenues from domestic
firms—is given by:

[A2] orq,Ag,

which is positive (area 2563 in Figure 1).

It remains to consider what happens to the uncollected tax, -@,1p,4,,, as @, is increased. In gen-
eral, there are two effects to consider here: (i) the decrease in state y’s share of the multijurisdictional
firm’s tax pie as its sales factor is decreased; (ii) for a given share of this pie, the change in the size
of the tax pie induced by the multijurisdictional firm’s behavioral responses to a change in @,. The
first effect is negative, since y's share of the multijurisdictional firm’s tax pie decreases by an amount
4, pA0, as o is increased. Moreover, this effect dominates the first three effects summarized
in [A2]"*—see area I in Figure 1. Thus, state y will prefer to decrease @,

The second effect—namely, the change in the multijurisdictional firm’s tax pie caused by changes
ing,, and p —is also positive.

0,79, 8p, + pAd,) = wyr(qw(l;‘j’;) (-A9,) + (1‘1)

_ or
(6,-49,)-2q,= wyr(]—-—_r)équxy >0

In other words, the positive effect of an increase in 4, on the multijurisdictional firm’s tax liabilities
more than offsets the decrease in tax revenues caused by a decrease in p,, so that the
multijurisdictional firm’s tax liabilities increase. For large w,, state y's foregone tax revenues are

14 (rqupyAmy) - (arqryAqu) = o:rr(c?y2 -83)/8(1-1>0.
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Figure 1. Effects of a Change in @,
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thus larger; hence, this effect works in the same direction as the sum of the other effects. In sum-
mary, state y unambiguously prefers a decrease in w,.
State x’s incentives can be analyzed similarly. Its welfare function is given by:

2

(6. +4q,)
[A3] Wr=(A,-p)b +ar ———+1pq, + 04,

As before, the first two terms represent consumer and producer surplus, respectively. The last two
terms denote tax revenues from domestic firms and from multijurisdictional firms, respectively.

As @, is increased by a small amount Ag, (from @, = @), the multijurisdictional firm’s tax liabili-
ties increase, which will lead such firms to cut back on production, by an amount Aq, . This results
in a decline in aggregate production—hence costs—in state x, which causes output prices in state x
to fall as well in equilibrium. Since, for every $1 gain to consumers, tax revenues from domestic
firms fall by only $7, the net effect on consumer surplus and tax revenues from domestic firms is
positive, and given by —(1 - 9)8,Ap,, which using [7], can be rewritten as —ard Aq, .

However, since x is an exporting state, this gain is exceeded by the loss in producer surplus,
which is givenby ar(8, + q,) Aq, . The net welfare effect of the first three terms in [A3] is therefore
negative (area 2563 in Figure 2), and given by org, Ag, .

Now, as @, is increased, state x grabs a larger share of the tax liabilities of the multijurisdictional
firm. This increase in revenues, 7,4, A®, more than offsets the net welfare loss of the first three

Y
terms in [A3];"® see area [ in Figure 2. However, as o, is increased, the size of this tax pie decreases

¥ g,080)—(org Aq ) = 3or (6] — 87)/8(1- 1) > 0.
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Figure 2. Effects of a Change in o,

$

roq

as well, since the negative effect of a decrease in 4, on the multijurisdictional firm’s tax liabilities is
greater than the positive effect resulting from an increase in p,:

o, Ap,+p M) =01, - (A ) +-E (5 -q) A3, =01 549, <0

w Ty TPy x ) Y a-g ¥ -9 B
because Aqu < 0. As @, is increased, this decrease in revenues is larger; this effect tends to offset the
positive welfare effects of the other terms. Note that states with low @, are harmed less by this
adverse effect on existing tax revenues; they will unambiguously prefer an increase in ®,. For @,
large enough, however, their preferences may be reversed.

Proposition 4
Proof: Differentiating state x’s welfare with respect to w,, given state Y has chosen @, = 0, yields:

[A4] E—WLY art(1-1(8,+ 6)1((5,- 6)(1 - 1) — 1w (26, + 8))
o, 1 o=0= @2t ray '

Setting [A4] equal to zero and solving for @, yields:

., (1-9(5,-8)
[A5] @'= g
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The second-order condition is satisfied, so [A5] represents the optimal weight on input factors
for state X unless @ > 1, in which case the optimal weight on input factors is its upper bound of

one.
Next, differentiating W¥ with respect to @, setting the derivative equal to zero, and solving for
,, yields:
(1-1-10)(6,-6)1-7)+ 5,70,)
[A6] = :

v 728, + 8)(1- 1) - 16,8)

There are two cases to consider. First, suppose & = (1 - r)(5y -48)/ 1'(25y - 8). Equation [A6]
simplifies to:

(1-16,8,-8)

[A7] o= - <
125~ 8)(382 + 8,6, -8))

Yy

Next, suppose ! = 1. Equation [A6] simplifies to:

g (1-27)(5, - 5y)(1 -7+ réy)
(A8l = 08,2-37) + 8,(1-1)

Equation [A5] and o, = 1 jointly imply that 7> (5,-6,)/ (36,-25 ) which in turn implies that [A8]
is negative. Therefore, in each case, state Y’s welfare is maximized at w, < 0; hence, the optimal
choice for state Y is to set the weight on input factors equal to zero.
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