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A Additional Theoretical Details

A.1 System of Equations

The entire system consists of fourteen equations in fourteen unknowns, with four exogenous pa-
rameters: (), Ax, Ay, and T, where T is a city-specific head-tax (superscripts j suppressed). The
first three equations (1), with an added 7" on the right-hand side, (2), and (3) determine the prices
of land, labor, and the home good, r, w and p. With these prices given, the budget constraint and
the consumption tangency condition determine the consumption quantities x and y,

r+py=w+R+1-T—1(w) (A.1)
(OU/9y) [ (9U/0x) = p (A.2)
R, I, and T' are given. Changes in output (X, Y), employment (Nx, Ny, N), capital (Kx, Ky),

and land use (Lx, Ly) are determined by nine equations in the production sector: six statements
of Shepard’s Lemma

ch/(?w:NX/X, 8cx/8r:LX/X, 8CX/aZ:Kx/X (A3)
8Ny/8w:Ny/Y, 8Cy/aT:Ly/§/, 8Cy/aZ:Ky/Y (A4)

and three equations for population, the land constraint, and home-good production per capita

Ny + Ny = N (A.5)
Ly +Ly=1L (A.6)
Y =yN (A.7)

A.2 City-Specific Head Taxes and Quantity Changes

Determining the effects of tax deductions and deadweight loss requires calculating home-good
consumption and employment changes due to differential taxation. With inelastic land and labor
supply, head taxes and differential income taxes of the same magnitude have the same effects on
prices and quantity differentials, and so simple head taxes are modeled for expositional brevity.

A.2.1 Prices

The system of equations given by the free-mobility and zero-profit conditions implicitly define the
prices w, r, and p, as a function of the head tax 7. Assume that the level of utility u is given, as
in a small city, and ignore the income tax. Differentiating implicitly with respect to 1" creates a



system of three equations in three unknowns: the price changes dw, dr, and dp. These equations
are log-linearized with the help of Shepard’s Lemma, and the notation dz = dz/z:

Spdw — s,dp = dT'/m (A.8a)
0.dr + Ondiv —0 (A.8b)
ordi + ondi —  dp =0 (A.8¢)

According to (A.8a), head taxes as a fraction of total income, d7"/m, must be accompanied with
wage increases or cost-of-living decreases: in equilibrium, after-tax real incomes do not change
because of head taxes.?*

The percent price changes are solved with Cramer’s Rule and the accounting identities. Similar
to results in the main text, we have

gi— - LT (A.92)
SR M
1dT
iy = or L AT (A.9b)
9]\[ Sp M
) 0.\ 1dT
dp = — (m - ¢N9—L) 14T (A.90)
N Srp m

A differential head subsidy (with dT' < 0), taking the form of a direct payment, or possibly some
kind of government grant, should produce opposite and equal effects on prices.

A.2.2 Consumption

The budget constraint (A.1) and tangency condition (A.2) can be log-linearized to yield

A
Spdd: + s, (dp + dij) = syt — — (A.10)
m

dz — dy = opdp (A.11)
Subtracting (A.8a) from (A.10) and substituting in (A.9c) and (A.11) yields
1 0.\ dT’
dfj = —s*opdp = —s*op— (¢L - ¢N—L) - (A.12)
SR (9]\7 m

where s¥ = s,/ (s, + s,) = s2/(1 — sr) is the expenditure share on x out of after-tax income. By
lowering home-good prices, taxes induce workers to consume more home goods.

24The approach here is similar to that of Harberger (1962), Jones (1965), Mieszkowski (1972) and other incidence
analyses. In particular, it resembles a model with one good and one immobile factor shown in Kotlikoff and Summers
(1987), with each city operating as a different sector. A key difference is that the mobile factor, labor, responds not
only to its own factor price, w, but also to the price of the locally produced good, p, so that w can vary across cities.
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A.2.3 Production

In the production sector, differentiating and log-linearizing the Shepard’s Lemma conditions (A.3)

and (A.4) gives six equations of the following form:

dNx = dX + 0,05 (dif — dib) + 0x o} (di — dab) (A.13)

These expressions make use of partial (Allen-Uzawa) elasticities of substitution. Each sector has
three partial (Allen-Uzawa) elasticities of substitution in production for each combination of two
factors, where &V = (9%¢/0wdr) / (Oc/Ow - Oc/Or) is the partial elasticity of substitution be-
tween labor and land in the production of X, etc. Because productivity differences are Hicks-
neutral, they do not affect these elasticities of substitution. Log-linearizing the constraints (A.5),

(A.6), and (A.7)

s.OndNx + s,05dNy = 5,dN

S;QLdIA/X + Syqudf/y =0

dN +dj = dY

where s/, = s, + sr is the total share of expenditures spent on traded goods, including government
spending. Substituting in known values of dr, dw, di(= 0), and dg, from (A.9a), (A.9b), (A.12)
and rearranging gives a system of nine equations in nine unknowns, written below in matrix form

1 0 0 -1 0 0 0 0 07|
0 1 0 -1 0 0 0 0 o0 ||dlx
0 0 1 -1 0 0 0 0 0 ||dEx
o 0 00 1 0 0 -1 o0]|]dX
0 0 0 0 0 1 0 -1 0 dNy
0 0 0 0 0 0 1 =1 0 ||diy
ssOv 0 0 0 s,on 0 0 0 —sy df(y
0 6, 0 0 0 s¢, 0 0 0 s
[0 0 00 0 0 0 1 -1]|,n]
If partial elasticities within sectors are equal, ol = oLX = ol
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= oy, as in CES production,

the solution for dN /dT gives the elasticity of employment to local taxes

1 T
g = —Z{S;HLGN (9L + QN) ox + i Sy

(QNSR) Se + s

(Ondr — Oron) op (A.14)

+ 8, [pron (00 + 0n)* + dx (dn0% + 0% 61)]Joy

Because of free mobility, workers require a higher wage or a lower home-good price if they are
to pay higher taxes; for prices to adjust in this way, employment must fall. Overall, the higher
the elasticities of substitution, the less sensitive are price changes to employment changes, and
therefore the more employment must fall for the necessary price changes to occur. The higher
ox the more slowly firms offer higher wages as employment falls; the higher o the more slowly
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home-good prices drop as home-good demand falls; the higher oy the more slowly home-good
prices drop through supply as land rents fall.

A.3 Deadweight Loss

The deadweight loss due to locational inefficiency from federal income taxation can be measured
by looking at how the government’s revenue changes when it replaces a small uniform lump-sum
tax across all cities, 7', with an income tax at rate 7, holding the utility of workers constant. The
constant utility assumption is maintained if workers in the average city see no change in their
income, i.e. 7m = —T. The net revenue collected from city j is then G = (rm? +T) N7 =
7 (w’ — w) NY. Differentiating totally with respect to 77
dG’ = | (w! —w) N + 77N — + 7 (v —w) — | d7’
(- ) e (- 0) O

Equations (5) and (10) give the derivatives dw’/dr = m’ (0;,/0x) (Sw/sr) W' and dN? /dT =
eN7s,17. Using these together with the first-order approximation w’/ — w = W w’ = @/ s,m’,

, o 0.1 , .
dG? = NIm/? {sww] NP R R (swﬁﬂ)Qe] dr’
9]\[ SR

Taking an approximation around the average share values, ¢, and m/, and using F [@’] = 0,
FE [dGJ] =Nm-E [(swﬁ}j)ZTdej} €

which is negative since ¢ < 0. Integrating over d77 and substituting in 775,17 = d77 /m gives the
triangle approximation of the deadweight loss as a percentage of national income in equation (11).

A.4 Housing Deduction

Incorporating the home-good deduction into the income tax, 7 (m — dpy), changes the mobility
condition (4a) and the log-linearized budget constraint (A.10) to

Q
&

(1—=067")syp—67's,9 — (1 — 7') 5,0 (A.15)

s —(1=0m")sp— (1 =01") s, 5+ (1 = 7") s

Adding these expressions gives )
Q + 5,2 = —5,9

Substituting in £ = § + opp, and using 7° = —srop < 0, we have

g = _(Q + 8:0pP) /(82 + 8y) = 0D — Q/(SI + sy)
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This expression is used in (15), although st is set to zero there for expositional ease. Substituting
back into (A.15) and using s} = s,/(s2 + 5y)

Q={[1—0r (L — ] syp— (1—7)s}/(1—57's]) (A.16)
Solving completely with (4b) and (4¢)

N ON SR
- 01, s INE or,
m 1 2 =67 (=) 3k (00 —on 7k )

dr _ 0-s0-prhi (2oln AX 20 ) 4 Loy [1-(1- ) & (dr—ow gk ) |- oL 22 10 (A17)

which can also be re-expressed in terms of the the pre-tax differentials, wg, and pg, seen in (6) and

(9b)

dr  7'syo — 07" (1 — |n°]) syPo + 5T’syQ (A.18)
M- gt = (L ) 2 (60— o fE)

The term in the denominator of (A.18) now reflects two multiplier effects: cities taxed more heavily
see wages rise, raising taxes through the wage-tax effect. They also see home-good prices fall,
raising taxes through the partial-indexation effect.

A.5 Federal and State Taxes Combined
Tax differentials at the federal (F') and state (.5) level for city j are
drie/m = Tp[sud? —dps, (1 — ) + 0rs; (]
drs/m = 7§lsu(@’ — ©%) = 5, (1 = 1) (F — 5°) + dss(Q7 — Q)]

Tr and 7¢ are the marginal tax rates at the federal and state level, 6 and g are associated deduction
levels, and w*, p°, and @S are the differentials for state S as a whole relative to the entire country.
The full tax differential is the sum dr7 /m = dr},/m+dr}/m. These formulas require the quality-
of-life estimates

Q° = {[1 — 6p7p(1 — [n°)]sy° — (1 — 7).}/ (1 — Sp7hs?)
Q" = {[1 = 6p7p(1 — [n°D)syp’ — ds76(L — 1n])sy (P — %) — (1 — 75) st
+ TS0 (wj — @DS) — Té&g@ss;}/[l — 8y (TR0F + T05)]

B Parameter Calibration

The calibration below draws from similar calibrations in Rappaport (2008) and Shapiro (2006),
although the models, as well as the choices made here, are different.

B.1 Cost, Income, and Consumption Shares

There are twelve cost, income, and consumption share parameters, but because of income iden-
tities, only six are independent. For example, choosing s, 7,0z, ¢1,, 5, and sp gives values of



On,0k, L, 9K, sz, and si. Therefore, only estimates of any six shares are necessary, although
information on other shares can help cross-validate these estimates. Unfortunately, information
collected from different sources is not entirely consistent: some judgment is needed to find the
most plausible calibration.

Looking first at income shares, Krueger (1999) makes a strong case that the share of income to
labor, s,,, is close to 0.75. Estimates from Poterba (1998) imply that the income share to capital, s;,
is higher than 0.12, probably in the neighborhood of 0.15. This leaves approximately 10 percent
for the income derived from land. This is consistent with Keiper et al., (1961) who find that the
share of income from land in 1956 was between 0.04 and 0.12, depending on the rate of return
used.?®

Turning next to expenditure shares, Albouy (2008), Moretti (2008), and Shapiro (2006) find
that housing costs can be used to approximate non-housing as well as housing cost differences
across cities. The total cost-of-living differential is equal to s,/, where p’ is equal to the housing-
cost differential and s, is equal to the expenditure share on housing plus an additional term to
capture how a one percent increase in housing costs predicts a b = (.26 percent increase in non
housing costs. In the Consumer Expenditure Survey (CEX), the share of income spent on shelter
and utilities, spoys, 18 0.22, although, the share of income spent on other goods, S, is 0.56, with
the remaining 0.22 spent on taxes or saved (Bureau of Labor Statistics 2002). Thus, the coefficient
on on housing costs is equal s, = Spous + Senb = 0.22 + 0.56 x 0.26 = 0.36.

According to the Bureau of Economic Analysis, total government expenditures at all levels is
equal to 15 percent of GDP, although this includes many locally-provided goods which are tied
to local taxes, so this is likely an upper bound for the model. Unfortunately, the BEA numbers
make it difficult to determine which government expenditures are tied directly to local taxes, which
should be excluded from the model. It is also unclear how to treat federal interest payments, which
were then 2.8 percent of GDP. A value of s = 0.15 is used, although lowering this number has
almost no effect on the predictions in the model since it only changes the already minor QOL
income effect: lowering sy to 0.1, a reasonable lower bound, would increase the QOL income
effect by only 6 percent.

The cost-share of land in traded goods, 61, appears to be small: Beeson and Eberts (1986) use a
value of 0.027, while Rappaport (2008) uses a smaller value of 0.016. Valentinyi and Herrendorff
(2008) estimate the land share of tradeables at 4 percent, although their definition of tradeables
differs from the definition here. A value of 8; = 0.025 is used here. The cost-share of land
in home-goods, taken as housing costs, ¢y, is taken at 23 percent: this is slightly above values
reported in McDonald (1981), Roback (1982), and Thorsnes (1997) to take into account an increase
in land-cost shares over time seen in Davis and Heathcoate (2007). Together with the expenditure
shares, these cost shares imply that income-share of land, sg, is 10 percent, with 83 percent of land
in cities going to the production of home goods. This is roughly consistent with patterns in Keiper
etal. (1961).26

Because there is only one remaining free parameter, the next choice simultaneously determines
the cost shares of labor and capital in the two production sectors. As information on the cost-share

23The values Keiper reports were at a historical low. The total land value was found to be about 1.1 times GDP. A
rate of return of 9 percent would justify using sp = 0.10.

26K eiper et al. (1961) find that about 52.5 of land value is in residential uses, a 22.9 percent in industry, 20.9 percent
in agriculture. In the base calibration of the model, 51 percent of land is devoted to actual housing, 32 percent is for
non-housing home goods, and 17 percent is for traded goods, including those purchased by the federal government.
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of capital in the housing sector, ¢, or the traded sector, 6y, is unavailable, the capital shares in
both sectors are set equal to 15 percent. The remaining cost shares for labor are then determined
by the identities, with the share in traded goods, 6, equal to 82.5 percent and the share in home
goods, ¢y, equal to 62 percent.?’

B.2 Elasticities

Finding elasticities is more challenging than finding shares and is complicated by the fact that
differences in tastes or in production technology can lead to sorting behavior across cities, which
make elasticities of substitution measured at the national scale larger than elasticities measured at
the city or individual level. Fortunately, the two reduced-form elasticities needed for the simulation
here have been estimated independently and at the city level.

The compensated price elasticity of home goods, 7, is approximated with the compensated
price elasticity for housing services, 75, The Slutsky equation for the compensated price elas-
ticity 1S 1)}, ).s = Mhous + Shous"Thous,m»> WhEre Mpqys 1s the uncompensated price elasticity and 7p0us,m
is the income elasticity. There is a large literature devoted to trying to estimate these parameters,
including Rosen (1985), Goodman and Kawai (1986), Goodman (1988) Ermisch et al. (1996),
Goodman (2002), and Ionnides and Zabel (2003). The range of plausible estimates in this literature
is large, with uncompensated price elasticities ranging from —1 to —0.3, and income elasticities
from 1 to 0.4. This implies that the homothetic assumption is a sensible approximation, and that
the compensated elasticities lie in the range of —0.08 to —0.91. A midrange value of n° = —0.5
is used for the base calibration. 1° provides the elasticity of substitution value of op = —n°/s?,
which under the current calibration is op = 0.67.

The elasticity of employment with respect to taxes as a percentage of income, ¢, is essential
in determining the employment effects and deadweight loss from uneven federal taxation. There
are two ways to determine ¢: first, through direct estimates; second, to infer €y 7/, theoretically
through equation (A.14), although this requires all share and substitution parameters, and the as-
sumption that the model is exactly true. For example, allowing for elastic labor and land supply
does not change the predicted price effects, but it does increase elasticity for ¢; ignoring these ef-
fects will produce a conservative estimate (see Appendix D). Substituting in the share parameters
already calibrated into this equation yields

e =—1,650x — 6.760y — 0.960p (A.19)

revealing that € is particularly sensitive to the choice of oy. If preferences and production are
assumed to be Cobb-Douglas, so that ox = o0y = op = 1, then € is —9.37. This case seems
unlikely, as the value of op appears to be less than one, as do the elasticities of substitution in
production o x and oy ..

Conventional measures of the elasticity of substitution between labor and capital in the national

?7Studies of housing rarely distinguish labor and capital costs, however, studies of the construction industry (Cas-
simatis, 1969) find the costs share of labor, materials, capital depreciation, and overhead, to be approximately 30,
45, 2, and 23 percent. These figures ignore a number of other labor-intensive inputs to housing, including sales and
maintenance. The amount of capital embodied in a house is tricky to define in this static model. Materials and traded
goods appear to be largely indistinguishable as both have prices set by trade. In practice this difference proves to be
largely semantic rather than substantial.
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economy, which might correspond most closely to o x, tend not to reject a value of one (e.g. Berndt,
1976). However, Antras (2004) as well as other studies, going as far back as Lucas (1969), have
found that these estimates may be biased upwards, and that the elasticity is closer to 0.7. One result
from trade theory is that because of specialization in production, a city-level elasticity is likely to
be lower than the macro elasticity, making a lower estimate seem more reasonable. Given this
consideration, oy = 0.67 seems reasonable.

Estimates of the elasticity of substitution between land and non-land factors in the housing pro-
duction, which may correspond most closely to oy, range from one to as low as 0.3. (McDonald
1981, Epple et al. forthcoming), with a midrange value of oy = 0.67 appearing plausible. How-
ever, as there is considerable uncertainty over this parameter, additional information is of value.
Thus using the plausible elasticities o x = oy = op = 0.67 produces € = 6.25.

Because the model is not exactly true, and because it is sensitive to oy, looking for direct
estimates of € seems preferable to inferring through equation (A.14). In a meta-analysis, Bartik
(1991) looks at 48 inter-area studies and finds that the average elasticity of output to local taxes as
a percent of taxes (not total income) is —0.25. Studies more fitting to the model exhibit somewhat
larger elasticities: 30 studies with public service controls have an average elasticity of —0.33;
the 12 studies with fixed-effect controls have an average elasticity of —0.44. Taking the —0.33
elasticity and multiplying it by 20, the ratio of total costs to local taxes’ cost share (5 percent),
gives an elasticity of output to local taxes as a percent of total costs (or income) of £p,; = —6.67.
Assuming that output is taken as a mix of traded-good and home-good production, weighted by
their expenditure shares, it is possible to solve for the elasticity of total output with respect to taxes.
Using the share parameters already calibrated, this is given by

cout = |(52 +57) X +5,Y | / (dT/m) = —2.580x — 7470y — 1.080p (A.20)
Combining (A.20) with (A.19) it is possible to eliminate oy

e =0.91epy — 0.690x — 0.030p

Note that this formula is not especially sensitive to the values of o x and op: it depends primarily
on the value of €0y, 7/m. Substituting in €y 7/m = —6.67, ox = 0.67, and op = 0.67, yields a
value of ¢ = —5.56. This is consistent with a value of oy = —0.57. The panel estimates would
produce an even larger elasticity. A value of ¢ = —6.0 is taken in the main calibration.?®

B.3 Tax Structure

The federal marginal tax rate on wage income is determined by adding together federal marginal
income tax rate and the effective marginal payroll tax rate. TAXSIM gives an average marginal
federal income tax rate of 25.1 percent in 2000. In 2000, Social Security (OASDI) and Medicare

28The elasticity would also be slightly larger (-6.92) if the conversion were based on partial equilibrium formulas,
as in Bartik (1991). Note that Bartik’s meta-analysis has undergone significant scrutiny, although it has been largely
upheld for tax-effects when public services are held constant (Phillips and Goss 1995).

A well cited figure by Blanchard and Katz (1992) is that the elasticity of employment with respect to wages is —2.5.
Dividing this by s,, = 0.75, gives a smaller number of ¢ = —3.25. However, their estimate allows for all kinds of
employment shocks, not just those with taxes, making the relevance of their estimate to this application questionable.
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(HI) tax rates were 12.4 and 2.9 percent on employer and employee combined. Estimates from
Boskin et al. (1987, Table 4) show that the marginal benefit from future returns from OASDI taxes
is fairly low, generally no more than 50 percent, although only 85 percent of wage earnings are
subject to the OASDI cap. HI taxes emulate a pure tax (Congressional Budget Office 2005). These
facts suggest adding 37.5 percent of the Social Security tax and all of the Medicare tax to the federal
income tax rate, adding 8.2 percent. The employer half of the payroll tax (4.1 percent) has to be
added to observed wage levels to produce gross wage levels. Overall, this puts an overall federal
tax rate of 33.3 percent tax rate on gross wages, although only a 29.2 percent rate on observed
wages.

Determining the federal deduction level requires taking into account the fact that many house-
holds do not itemize deductions. According to the Statistics on Income, although only 33 percent
of tax returns itemize, they account for 67 percent of reported Adjusted Gross Income (AGI). Since
the income-weighted share is what matters, 67 percent is multiplied by the effective tax reduction
given in TAXSIM, in 2000 of 21.6 percent. Thus, on average these deductions reduce the effective
price of eligible goods by 14.5 percent. Since eligible goods only include housing, this deduction
applies to only 59 percent of home goods. Multiplying 14.5 percent times 59 percent gives an ef-
fective price reduction of 8.6 percent for home goods. Divided by a federal tax rate of 33.3 percent,
this produces a federal deduction level of 25.7 percent.

State income tax rates from 2000 are taken from TAXSIM, which, per dollar, fall at an average
marginal rate of 4.5 percent. State sales tax data in 2000 are taken from the Tax Policy Center,
originally supplied by the Federation of Tax Administrators. The average state sales tax rate is 5.2
percent. Sales tax rates are reduced by 10 percent to accommodate untaxed goods and services
other than food or housing (Feenberg et al. 1997), and by another 8 percent in states that exempt
food. Overall state taxes raise the marginal tax rate on wage differences within state by an average
of 5.9 percentage points, from zero points in Alaska to 8.8 points in Minnesota.

State-level deductions for housing expenditures, explicit in income taxes, and implicit in sales
taxes, should also be included. At the state level, deductions for income taxes are calculated in an
equivalent way using TAXSIM data. Furthermore, all housing expenditures are deducted from the
sales tax. Overall this produces an effective deduction level of 6 = 0.292.

In summary, the following values are taken for the calibration

sy =049 60, =0.025 ¢ =0.233 sp=0.10 n°=-050 7' =0.36
sy =036 On=0825 ¢n=0.617 s, =07 e=-6.0 6=0.292
sp=0.15 0 =015 ¢ =015 s;=0.15

where 7’ and § refer to average rates on gross wage and price differences.

C Data and Estimation

I use United States Census data from the 2000 Integrated Public-Use Microdata Series (IPUMS),
from Ruggles et al. (2004), to calculate wage and housing price differentials. The wage differ-
entials are calculated for workers ages 25 to 55, who report working at least 30 hours a week, 26
weeks a year. The MSA/CMSA assigned to a worker is determined by their place of residence,
rather than their place of work. The wage differential of an MSA is found by regressing log hourly
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wages on individual covariates and indicators for a worker’s MSA of residence, using the coeffi-
cients on these MSA indicators. The covariates consist of

e 12 indicators of educational attainment;

a quartic in potential experience, and potential experience interacted with years of education;

9 indicators of industry at the one-digit level (1950 classification);

9 indicators of employment at the one-digit level (1950 classification);

4 indicators of marital status (married, divorced, widowed, separated);

an indicator for veteran status, and veteran status interacted with age;

5 indicators of minority status (Black, Hispanic, Asian, Native American, and other);

an indicator of immigrant status, years since immigration, and immigrant status interacted
with black, Hispanic, Asian, and other;

e 2 indicators for English proficiency (none or poor).

All covariates are interacted with gender.

I first run the regression using census-person weights. From the regressions a predicted wage
is calculated using individual characteristics alone, controlling for MSA, to form a new weight
equal to the predicted wage times the census-person weight. These new income-adjusted weights
are needed since workers need to be weighted by their income share. The new weights are then
used in a second regression, which is used to calculate the city-wage differentials from the MSA
indicator variables. In practice, this weighting procedure has only a small effect on the estimated
wage differentials.

Housing-cost differentials are calculated using the logarithm of rents, whether they are reported
gross rents or imputed rents derived from housing values. The differential housing cost of an MSA
is calculated in a manner similar to wages, except using a regression of the actual or imputed rent
on a set of covariates at the unit level. The covariates for the adjusted differential are

e 9 indicators of building size;

9 indicators for the number of rooms, 5 indicators for the number of bedrooms, number
of rooms interacted with number of bedrooms, and the number of household members per
room;

e 2 indicators for lot size;

e 7 indicators for when the building was built;

e 2 indicators for complete plumbing and kitchen facilities;
e an indicator for commercial use;

e an indicator for condominium status (owned units only).

X



I first run a regression of housing values on housing characteristics and MSA indicator variables
using only owner-occupied units, weighting by census-housing weights. A new value-adjusted
weight is calculated by multiplying the census-housing weights by the predicted value from this
first regression using housing characteristics alone, controlling for MSA. A second regression is
run using these new weights for all units, rented and owner-occupied, on the housing characteristics
fully interacted with tenure, along with the MSA indicators, which are not interacted. The house-
price differentials are taken from the MSA indicator variables in this second regression. As with
the wage differentials, this adjusted weighting method has only a small impact on the measured
price differentials.

Federal spending differentials are calculated using the Consolidated Federal Funds Report
(CFFR) which reports spending for different programs by county. Counties can be matched to
MSAs without difficulty, except for New England, where New England County Metropolitan Ar-
eas (NECMAs) are used in place of MSAs to calculate the spending differential. Spending in
MSAs including capitals may be biased upwards as spending targeted to a state may be labeled as
applying to the capital.

Total federal spending in 2000 is worth $5,740 per capita or 19.2 percent of personal income.
Federal spending is divided into three categories: (i) wages and contracts, (ii) transfers to non-
workers, and (iii) other spending. Wages and contracts are worth about $1,450 per capita, or 4.8
percent of GDP, and include

e federal wages and salaries, both military and civilian;

e procurement contracts, defense and non-defense.
Transfers to non-workers are worth about $2,850 per capita, or 9.5 percent of income, and includes

e Social Security payments;

e Medicare payments;

25 percent of Medicaid and CHIP;

e government pensions;

veterans’ benefits;
e benefits to college students, mainly loans.
Other spending is worth about $1,500 per capita, or 5.0 percent of income, and includes
e 75 percent of Medicaid and CHIP;
e housing programs, including Section 8§;
e most welfare programs, including TANF and Food Stamps;

e most other government grants, such as for transportation.
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The raw spending differentials are calculated by taking the residual of the logarithm of per
capita federal spending from a regression on a constant, weighted by population per city. The
adjusted spending differentials are calculated in the same way, except that the regression includes
the following variables

e average years of schooling and the proportion in four educational attainment categories
(dropout, high school degree, associates degree, bachelors degree or more);

e average age, average potential experience, percent under 18, and percent 65 or older;

percent married;

percent veteran,

percent in each of the 5 minority groups;
e the proportion in each of the immigrant variables described above.

Since data are not available at the available at the individual level, these covariates are more par-
simonious than those used at the individual or housing-unit level to avoid "over-fitting" the data.
Regressions are weighted by population per city. Spending differentials are multiplied by their
share of personal income so that, like tax differentials, they are measured as a fraction of total
income.

D Theoretical Extensions

D.1 Elastic Factor Supplies

Property owners are assumed to supply a fixed amount of land; workers, a fixed amount of labor.
Relaxing these assumptions has no effect on equations (4a), (4b), and (4c), determining price
differentials across cities — a result of duality theory. These assumptions do affect quantities in the
model: variable supply of either land or labor increases the responsiveness of employment to taxes
given in €. Denoting the elasticity of land supply to an increase in rents as €, , and the elasticity of
labor supply to an increase in real wages as €;,,, then the elasticity of local employment to taxes is
given by

15 =€— —€L, — Suw — oL — ON—

variable 1 (SI + ST) QL + Sy (0N¢L - QLQZSN) eL QL
2 + Sy gh’w
SR (sr)” (82 + s7) On On

where ¢ is the elasticity from the previous formula (A.14). Higher taxes lower land supplies, de-
creasing the available supply of land to produce with and live on, lowering the number of workers.
Higher taxes also increase pre-tax real wages by increasing the nominal wage and lowering the
price of home-goods. Workers respond by increasing their labor supply, so that firms have to hire a
smaller number of workers to achieve the same labor input, lowering the amount of needed work-
ers. Workers consume more in home-goods per capita, so that with a fixed or diminishing supply
of land, worker density must decrease. Since the calibration already relies on a direct estimate of
g, these types of deviations are accounted for in the simulation.
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D.2 Imperfect Mobility

Imperfect mobility can be modeled by assuming that individuals have different tastes for living in
different cities. For a given city, say Chicago, let the taste for living in Chicago be given by &, so
that the expenditure function for a potential resident ¢ is given by

e(pa U, Qa gz) = e(pa U’)/(ng)

where &; represents a taste parameter for living in Chicago. For the marginal entrant

e(p,u)/(Q) =m —T (A.21)

where £ indexes the marginal individual, and @ is the reservation utility, which is equal across
workers. Fully differentiating (A.21),

. . dTr .
Sww—SyP:E—fk

Assume that &; follows a Pareto distribution with parameter 1/

¢ 1/4
F(&'):l—(g) ;&> €

A larger value of ¢ implies a thicker tail to the distribution; the larger v, the more tastes for living in
Chicago vary across the population. Each city could in principle have a different ¢) value. For some
given constant, y, the population in Chicagois N = uPr(§ > &) = u[1—F (&) = u (é/fk)l/w,

thus 1
log N' = log j1 + E[logé — log &]

Totally differentiating, N = —f x/, so that the worker-mobility condition in (A.21) can be rewrit-
ten as

ar .
R (A.22)

1 represents the elasticity of a workers’ marginal willingness to pay to live in the given city, as
a fraction of total income. In other words, if the population of the city is artificially lowered by
one percent, the marginal willingness to pay rises by v percent. This is indicative of a downward
sloping demand curve to live in Chicago. Equation (A.22) also produces an upward sloping supply
curve of workers to Chicago.

Using this condition to replace (A.8a) and solving as before, the elasticity of workers with
respect to taxes is now a function of ¢/, with

) -(0)
141 [5—2( L_H_L¢N> —5(0)]

N

e(y)

(A.23)

where £(0) is the elasticity given in (A.14), which assumed homogenous tastes, i.e. ¢V = 0. Thus,
1/1) may be interpreted as a mobility parameter, as a higher 1) represents lower mobility, from
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1 = 0 for perfect mobility, to 1) = oo for perfect immobility, as (co) = 0.
The effects of taxes on prices depends on the product of ) and the elasticity £(v))

g — LT ve()dT
SR m
g = LT ¥e) 0 dT

SR QN m

p :_1+w€(w) <¢L—3—L¢N) dT
N

SR m

>

It is straightforward to show that the product ¢)c(¢)) must fall between —1 and 0, and is decreasing
in 7, so that the impact of taxes on local prices is reduced by greater immobility. However, even
with complete immobility the price effects are non-zero and have the same sign as the case with
perfect mobility as

. (0)
lim Ye(y) =
R PR R

is strictly greater than —1. Because £(0) < £(1), equation (A.23) implies an upper bound for

¥ of [j—; (qu — g—]ngbN) — s(w)} , which according to the main calibration is [17/32 + 6] ' =
32/209 = 0.15. The product 1e(1)) is then bounded above by (32/209) x 6 = 192/209 = 0.92,
so that price effects are bounded below by 8 percent of the values posited in equations (A.9a) to
(A.9¢c). Unfortunately, without a concrete value of ¢ it is hard to say whether the true effects on
prices lie closer to 8 percent or 100 percent of these values. Given the persistence of federal tax
differentials, it may be reasonable to assume that mobility is fairly perfect in the long run, so that
the effects are closer to 100 percent.

With less than full capitalization into prices, a local tax on workers falls not just on land, but
on workers who do not move. The welfare change of these non-moving inframarginal workers,
expressed as a compensating variation divided by total income, is given by their change in real
income

1 dT
S dfw— = sydiv — s,dp — 2
p- [w — e(p,u)] = syudw — s,dp p-

dT

= e () —

m

The effect on local land prices and welfare together add up to the local burden of the tax, i.e.
Ld[w — e(p,u)] + spdf = dT'/m. Thus, if local prices do not fully capitalize federal tax differ-
ences, the remainder is borne by local "infra-marginal" workers, who are more attached to their
city. Thus the differential tax burden is split between local labor and land, with the ratio given by

Ldfw — elp,u)] ye(0)
srdf L+ 02 (61— fon)
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which increases with 1 and lies between 0 and £(0)/ S—Iz ( L— 3—;¢N>.

s

D.3 Multiple Worker Types

Assume there are two types of fully mobile workers, referred to using ”a” and ”b” as superscripts,
and that each type is employed in every city. For simplicity and brevity assume that ¢; = 1 so that
p = r/Ay. The three equations defining the system are

e(r/Ay,u")/Q" = w* + R* — 1¢ (A.24a)
e’ (r/Ay, ") /Q" = uw’ + R* — 7° (A.24b)
cx (W w,r) = Ax (A.24c¢)

This is very similar to the model in Roback (1988), although she assumes that s = sb = 1,

that AY = 1 everywhere, and does not include taxes. Let the share of total income accruing to
a-worker be u* = N*m®/ (N ‘m*+ N bmb), with ;® = 1 — p®. Log-linearizing and solving the

system reveals the wage differential for a type a worker

1 . dre . .
0 = {sgsxAX + 5.0, ( T _Oo- sgAy> } + (A.25)
m

SRSS @
b a b
% b dr Aa a dr Ab
wr G @) - (@)}

where an analogous expression holds for ©°. Comparing this equation with (6), a new effect is
given by the term beginning with 1°: a-type wages are higher in cities where a-types pay higher
taxes or receive fewer quality-of-life benefits relative to b-types.

Define the following income-weighted averages

. a_a b b . a_a b b
Sx_usx+”sm> Sy_lusy_l_l’bsy

N aAa bAb dT_a/aaAa b_tb b ~b
Q= pn'Q +“Q’E_MT Sp W + (TS, W

The rent differential and the average wage differential, weighted by wage-income shares, are

1 /. . A d

F=— (Q + 8. Ax + s, Ay — —T) (A.26)
SR m
1 1 ; i dr A

= — (st + slpla’) = o— [SyAX — s, Ay + 0, (i - Q)] (A27)
Suw NSR m

which are analogous to the previous expressions given in (9a) and (6) with homogenous types,
except that now the quantities in the model refer to income-weighted averages. Thus, aggregat-
ing multiple worker types does not substantially alter overall price effects, however differential
taxation does have some interesting quantity effects.
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The relative wage difference

1 st s o
wa—wb:—{<—y——§) s$Ax}+
SR s S
1 sy \ 1 (dr ., sg\ 1 (dr*
- Sx9L+Sw_ “a _Q - Sx6L+5w_ b\ b _Q
SR st ] s \ me s2 ) sb \ mb

determines the relative levels of employment. In the CES case, workers paid higher wages are
employed in fewer numbers, with the amount determined by the elasticity of substitution.

N?— N = —ox (0" — ) (A.28)

If workers have similar tastes, receive equal shares of income from labor, and pay the same mar-
ginal income tax rates, so that s¢ = s, 5% = s, Q* = @, and 7 = 7", then ¥* = @" and
N = N*: workers simply supply different "efficiency units" of labor to each city.

Relative tax differentials paid depend on both the relative wage and on relative employment.

( N “Wm“

—Ndeb/mb> = N+ sew — N — st = (52 — ox) 0 — (sb — ox )W’

It is unclear whether workers receiving a higher relative wage in a city pay a higher relative tax
burden, as fewer of those workers will live in the city. If ox > min {sg,, sfu} then sorting effects
dominate wage effects, so that workers receiving a lower wage in a city pay a larger relative share
of its income tax burden because they are more numerous.

A number of conclusions can be drawn by assuming workers are equal in all but one dimension.
First, workers who put greater value on quality-of-life (@“ > QP Sy = s’;, and s¢ = sb ) will take
relatively lower wages and be more populous in nice cities; because they are paid less and sort
disproportionately into low-wage cities, these workers pay lower taxes, and are relatively better off.
Workers who receive more of their income in non-wage form (sg, < s’, s¢ = s, and Q= QY
find it advantageous to live in nice cities and to avoid productive cities. Although within a given
city, these workers pay the same tax differentials as other types (s%w® = sbw?), as they sort
disproportionately into low-tax cities they pay less total taxes. Workers with a strong taste for the
home good (s > s, st = s, Q® = Q") are paid higher wages and are less populous in nice or
productive cities: the overall effect on their tax burdens is indeterminate.

Finally, workers facing higher marginal tax rates (7' > 7'°) respond more strongly to the
incentive to avoid productive cities and seek nicer cities. Workers with different skills and incomes
often face different marginal tax rates. Although income tax rates rise with income, unskilled
workers with families may face effective marginal tax rates as high as 90 percent because of the
earned income tax credit and means-tested welfare programs, such as Medicaid (Blundell and
MaCurdy 1999). As a result unskilled workers may have a greater incentive to leave high-wage
areas than skilled workers, which could cause a shortage of low-skilled workers in high-wage
cities.
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If productivity differences affect only one type of worker equation (A.24c) becomes
( a/ AX ) w T) 1

Log-linearized this is A
050" + 050" + 0,7 = 0% A%

the price differentials in (A.26) and (A.27) remain unchanged once Ay is replaced with 9?\,14%(, the
effective cost-reduction from an increase in type-a’s productivity. The level of relative employment
in (A.28) must be amended to

N — NY = —oy (0" — 0) + (ox — 1) A%

If ox > 1 then cities with 121%( > 0 hire relatively more type-a workers than wage differentials
alone imply.

D.4 Mobile and Immobile Workers

In the short-to-medium run, unskilled workers are generally less mobile than skilled workers
(Bound and Holzer 2000). For greater insight, consider the case where a-types are mobile and
b-types are fully immobile, distributed according to some pattern across cities. Furthermore, let
Ay =1, ¢, = land 0 = 0k = 0, so that the following equations hold

e% (7"7 ﬂa) /Qa = w4+ R* — 1@
ex (w? /A%, w’/A%) =1
Naya+Nb b _ L
dex [Ow®  AGN®
Ocx [Owb A% Nb

The welfare of b-types is given implicitly by e’(r, u®)/Q° = w® + R — 7° where u® is endogenous.
Log-linearizing these conditions, we have

sa” — sif = —Q" + dT*" /m" (A.29a)

0% + 0%0° = 0%, A% + 05 A% (A.29Db)

N+ o (1 = 0") = (ox — 1) (A = A") (A.29¢)

N psid® — [utsiol + i (s, + spop) | 7 = ptQ* + pbdT” fm” (A.29d)

The left-hand side of the (A.29d) can be rewritten as u*N® + st i + (u%s® — |%|) # where

nt = —[p (sg + s%0%) + (S +s2oh)]
is the uncompensated own-price demand elasticity for home-goods.
To simplify further assume tastes are homogenous (s; = sg = s,) that each type of worker gets
the same share of income from wages (5%, = s = s,) and that productivity differences are neutral
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(A% = A% = Ax) Solving the above conditions then yields

— 7| Q% + s, (eb ox + Sm) Ax + (|T7 |+ s,0%) 95 — 5,0% 2

W = (A.30a)
Sz |77 | + SZ/ OX
Qe + (52 + 5, (o - 1>) Ax = (] + 5,0%) T+ s, 0425
b= (A.30Db)
S%‘eu 1| + syox
. 2
b OoxQ 4o (Bhox +OR) Ax — 08 (R + o) 2 -5 (R) S5 4
S O% T+ sy0%0x '
a a b
Na — |77 |Q + Sz |77 |AX - (|T] | + Syeb ) dT Sye?\/% (A30d)

saOf 1] + sy0%0x

Similar to the case with two mobile-worker types, an improvement in the quality-of-life for mobile
workers, ()%, draws in more of these workers, lowering their wages, and raising the wages of
immobile workers as well as local prices. However, the quality-of-life for immobile workers, Q°,
has no impact on prices. Higher overall productivity, Ay, draws in more workers and raises rents
and wages for both types, unless s, [n"| < s,0% (1 — 0x), which seems unlikely: even if ox = 0,
this would require 6%, > |n"| s,/s,, where the left-hand side is bounded above by one, while the
right-hand side is calibrated at two.

Higher taxes on mobile workers, d7%, causes them to leave, with the remaining mobile workers
paid more in equilibrium, while immobile workers are paid less. A subtle effect occurs with higher
taxes on immobile workers, dT7, as this lowers rents in the city, attracting mobile workers who are
willing to take lower wages, thus raising the wages of immobile workers.

The welfare of mobile workers is set nationally by the outside reservation utility «*, but the
welfare of immobile workers is set locally by their change in real income:

dm® — e(r,ub; Q)] Ay (820t = sy0x) 7\/@& + (82 "] — sy) Ax
b - Q + b u a
m s 0% "] + sy0%0x

a b
(syox — 80 1°]) 0% 2 — (520% |n°| + 5,0%0x) 2x
$:0% In*| + s,0%0x

These results show that immobile types are not necessarily made better off by improvements in
overall productivity or by an improved environment for mobile workers, as these raise both rents
and wages of immobile workers. Above-averages taxes on immobile workers, which should occur
in cities where Ax or Q° is high or Q" is low, will certainly make immobile workers worse off,
with only a fraction of these taxes being passed on to land. If productivity differences are large, so
that Ay tends to vary more than Q°, or substitutability of labor, oy, is high, then wage differentials
of mobile and immobile will be highly correlated.

Taxes on mobile workers lower the welfare of immobile workers if s, || > s,0x in which
case wage losses dominate the reduction in local prices. When mobile workers leave, immobile
workers’ wages typically fall, although so do home-good prices. It is possible for the real incomes
of immobile workers to rise if mobile and immobile workers are sufficiently substitutable in pro-
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duction. However, if these workers are highly substitutable, immobile workers” wages will be high
where mobile workers’” wages are high, meaning that they too will pay higher federal taxes. Since
these taxes are only partly capitalized into home-good prices, immobile workers are likely worse
off in high-wage areas.

The main results in the text hold if workers are identical (cx — ©00) but only a subset of
workers are fully mobile. This case yields 0® = 0’ = Ay, with # = (Q + s, Ax — ) /Sy, t
appropriate simplifications of the formulas in (5) and (8a).

D.5 Agglomeration Economies

Returning to the one-worker type case, suppose that because of agglomeration economies, pro-
ductivity depends on the number of workers producing the traded good: Aﬂ( = Agg (N7)?, where
~v measures the percent increase in productivity from a percent increase in a city’s population.
Amending condition (4b) to include these economies

0]\[12)%’0[/72 :Ag( ‘I”YNX

Introducing an endogenous quantity differential, Ny, into the initial system of equations (4) deter-
mining price differentials, makes the model considerably harder to solve. To make matters simple,
assume 0 = 1, ¢, = 1 and consider only the effects of a head tax, sop = r, and w = Ax. In this
case, the wage and price differentials are

R vszop dT
di> = P P
SR — VYS:0p M
1 dT
dr = —

Sp—YS20p m

Stability requires s > ys20p. Comparing these to the case where v = 0, agglomeration effects
imply that higher tax burdens lower local wages as local productivity falls when workers leave.
Even if 6, > 0, if v is sufficiently larger than 6, this productivity loss can dominate the wage
increase due to substitution towards land. Land rent and home-good price changes are still negative
and even larger with agglomeration economies.?’

D.6 Heterogeneous Export Goods

The model assumes that all traded goods are homogenous, when in fact cities may specialize in
different types of export production. If exported goods are not perfect substitutes in consumption,
cities may not be price-takers in their own exported good, and differential taxes may raise the
relative price of goods produced in high-wage cities. In this way, higher differential taxes may be
passed on to consumers across the country.® For example, if firms in Detroit exclusively provide
cars to the rest of the country, they may be able to raise the price of cars to pass on the costs of

29 As agglomeration economies come from externalities, cities in the absence of taxes may not be of optimal size.
Depending on the type of externality and how the market operates, federal taxes may help or hinder cities from
attaining their optimal size.

30A related analysis with local taxes is found in Wildasin (1986, pp. 103-105).
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having to pay their workers higher wages because of taxes. By changing relative prices, federal
taxes may induce consumers to overconsume goods produced in low-wage, under-taxed areas.
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TABLE A2: LIST OF STATES BY ESTIMATED TAX DIFFERENTIAL

Federal Tax Differential

Adjusted Differentials Deduction Effects Total
Hous Fed Wage Partial QOL Total Tax
Population Wage Cost QOL Spend Effect Index Income Federal Rank
New Jersey 8,416,753 0.190 0.351 0.023 -0.002 0.049 -0.0054 0.0008 0.045 1
Connecticut 3,408,068 0.154 0.244 0.004 -0.006 0.040 -0.004 0.000 0.036 2
California 33,884,660 0.133 0.435 0.083 0.001 0.035 -0.007 0.003 0.031 3
District of Columbia 571,753 0.130 0.165 -0.011 0.006 0.034 -0.003 0.000 0.031 .
Maryland 5,299,635 0.111 0.129 -0.014 0.008 0.029 -0.002 -0.001 0.026 4
Massachusetts 6,353,449 0.103 0.277 0.043 -0.001 0.027 -0.004 0.002 0.024 5
New York 18,976,061 0.094 0.166 0.009 0.000 0.024 -0.003 0.000 0.022 6
Nevada 2,000,306 0.064 0.079 -0.007 0.003 0.017 -0.001 0.000 0.015 7
Alaska 626,187 0.051 0.128 0.018 0.044 0.013 -0.002 0.001 0.012 8
Delaware 783,216 0.049 -0.002 -0.027 0.002 0.013 0.000 -0.001 0.012 9
Illinois 12,417,190 0.045 0.013 -0.020 0.002 0.012 0.000 -0.001 0.011 10
Michigan 9,935,711 0.034 -0.080 -0.047 -0.006 0.009 0.001 -0.002 0.008 11
Washington 5,894,780 0.030 0.166 0.043 -0.002 0.008 -0.003 0.002 0.007 12
Rhode island 1,048,463 0.022 0.049 0.005 0.001 0.006 -0.001 0.000 0.005 13
New Hampshire 1,234,816 -0.001 0.062 0.023 0.002 0.000 -0.001 0.001 0.000 14
Colorado 4,300,832 -0.011 0.157 0.062 -0.008 -0.003 -0.002 0.002 -0.003 15
Georgia 8,186,187 -0.015 -0.125 -0.036 -0.008 -0.004 0.002 -0.001 -0.003 16
Virginia 7,080,588 -0.015 -0.051 -0.010 -0.005 -0.004 0.001 0.000 -0.004 17
Hawaii 1,211,717 -0.013 0.431 0.160 0.010 -0.003 -0.007 0.006 -0.004 18
Ohio 11,353,531 -0.023 -0.148 -0.040 -0.006 -0.006 0.002 -0.001 -0.005 19
Minnesota 4,912,048 -0.026 -0.147 -0.038 -0.004 -0.007 0.002 -0.001 -0.006 20
Pennsylvania 12,275,624 -0.027 -0.161 -0.043 0.001 -0.007 0.003 -0.002 -0.006 21
Arizona 5,133,711 -0.030 0.036 0.029 0.002 -0.008 -0.001 0.001 -0.007 22
Texas 20,848,171 -0.034 -0.155 -0.037 -0.001 -0.009 0.002 -0.001 -0.008 23
Indiana 6,081,521 -0.039 -0.185 -0.045 -0.002 -0.010 0.003 -0.002 -0.009 24
Oregon 3,424,928 -0.043 0.089 0.055 -0.001 -0.011 -0.001 0.002 -0.011 25
Wisconsin 5,357,182 -0.056 -0.133 -0.017 -0.003 -0.015 0.002 -0.001 -0.013 26
Utah 2,230,835 -0.063 -0.047 0.017 0.002 -0.016 0.001 0.001 -0.015 27
Florida 15,986,890 -0.064 -0.019 0.028 -0.005 -0.017 0.000 0.001 -0.015 28
North Carolina 8,047,735 -0.071 -0.115 -0.003 0.006 -0.019 0.002 0.000 -0.017 29
South Carolina 4,013,644 -0.096 -0.177 -0.011 -0.001 -0.025 0.003 0.000 -0.023 30
Tennessee 5,688,335 -0.100 -0.231 -0.028 0.001 -0.026 0.004 -0.001 -0.024 31
Louisiana 4,469,586 -0.103 -0.251 -0.034 -0.001 -0.027 0.004 -0.001 -0.024 32
Kentucky 4,040,856 -0.111 -0.321 -0.055 -0.004 -0.029 0.005 -0.002 -0.026 33
Alabama 4,446,543 -0.111 -0.309 -0.050 0.002 -0.029 0.005 -0.002 -0.026 34
Missouri 5,595,490 -0.111 -0.245 -0.028 0.001 -0.029 0.004 -0.001 -0.026 35
Kansas 2,687,110 -0.139 -0.301 -0.032 0.007 -0.036 0.005 -0.001 -0.033 36
New Mexico 1,818,615 -0.143 -0.119 0.034 0.014 -0.037 0.002 0.001 -0.034 37
lowa 2,923,345 -0.147 -0.300 -0.027 0.009 -0.038 0.005 -0.001 -0.035 38
Idaho 1,294,016 -0.148 -0.209 0.005 0.004 -0.038 0.003 0.000 -0.035 39
Mississippi 2,844,004 -0.164 -0.403 -0.055 0.006 -0.043 0.006 -0.002 -0.038 40
Vermont 608,387 -0.166 -0.068 0.065 -0.002 -0.043 0.001 0.002 -0.040 41
Maine 1,275,357 -0.170 -0.188 0.024 -0.005 -0.044 0.003 0.001 -0.040 42
West Virginia 1,809,034 -0.172 -0.444 -0.065 0.014 -0.045 0.007 -0.002 -0.040 43
Arkansas 2,672,286 -0.185 -0.346 -0.023 0.011 -0.048 0.005 -0.001 -0.044 44
Oklahoma 3,450,058 -0.187 -0.365 -0.029 0.011 -0.049 0.006 -0.001 -0.044 45
Nebraska 1,709,804 -0.188 -0.329 -0.016 0.024 -0.049 0.005 -0.001 -0.044 46
Wyoming 493,849 -0.193 -0.270 0.008 0.026 -0.050 0.004 0.000 -0.046 47
North Dakota 642,412 -0.234 -0.464 -0.039 0.054 -0.061 0.007 -0.001 -0.055 48
South Dakota 753,887 -0.254 -0.402 -0.006 0.024 -0.066 0.006 0.000 -0.060 49
Montana 902,740 -0.255 -0.242 0.051 0.012 -0.066 0.004 0.002 -0.061 50






