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Abstract

This online appendix derives the mathematical proofs, extends the baseline model, explains
our empirical applications in detail and provides additional empirical material. Supplementary
Material S.A extends the baseline model to include the taxation of nonresidents, including
origin-based commodity taxation and non-resident labor taxation. Supplementary Material S.B
establishes the link with Pigouvian tranfers, local MVPF, social MVPF and marginal welfare.
Supplementary Material S.C addresses frequently asked questions about the estimation of MVPFs
in open-economies. In particular, it discusses how to estimate mobility and congestion effects,
welfare weights, and interjurisdictional externalities. Supplementary Material S.D derives a
sufficient statistics approach and shows how it can be utilized in great detail, using the examples
of education spending and property tax cuts. Supplementary Material S.E discusses the relation
between the MCT and hiercharchical government structures. Supplementary Material S.F includes
additional results for the analysis of how state institutions influence the MCT.
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SUPPLEMENTARY MATERIAL S. A

EXTENSIONS

S.A.1. TAXATION OF NONRESIDENTS

The baseline model assumed that consumption and income taxes are sourced to the jurisdiction of
residence. But, in practice, individuals engage in cross-border shopping and commuting between
different jurisdictions. As a result, tax cuts in jurisdiction ¢ may directly affect the willingness to pay
of nonresidents living in j. While we have already seen how property tax changes can directly affect
nonresident landlords, this appendix extends the baseline model and derives the MVPF formulas
to the cases of origin-based commodity taxation (Supplementary Material S.A.2) and non-resident
labor taxation (Supplementary Material S.A.3). Thus, these sections show that the model can be
extended to capture direct spillovers of other taxes policies, beyond those commonly thought of for
public goods.

Of course, there are many localities in the world that use the sourcing rules modeled in the paper.
For example, state and local income taxes in many localities in the USA, and in all jurisdictions
in Spain or Switzerland are residence based. However, in the absence of reciprocity agreements in
the USA, nonresident commuters are taxed in the state of employment (Agrawal and Hoyt 2018).
With respect to consumption taxes, there has been a push toward destination-based taxation of

e-commerce, but physical cross-border shopping often remains origin-based (agrawal2021taxing).

S.A.2. ORIGIN-BASED CoMMODITY TAXATION

The MVPF formulas in the paper are derived assuming that the commodity tax follows the desti-
nation principle. That is, the residents of i pays a tax to i regardless of where the good is purchased
from. While many commodity taxes legally following the destination principle, origin-based taxes
arise in practice. For example, most individuals that cross-border shop in the USA pay the origin
sales tax rate to the jurisdiction of purchase and similar rules apply to the VAT in Europe (Agrawal
and Mardan 2019; Kanbur and Keen 1993). The origin-principle means that a resident of jurisdic-
tion ¢ who crosses the border to consume in (or import a good from) jurisdiction j pays a tax to j.
The distinction between both tax principles is important when studying MVPFs in open economies
because unlike destination-based taxes, origin-based commodity taxation in a given jurisdiction ¢

has a direct external effect on the willingness to pay of non-residents living in 7 who shop and pay a



commodity tax to ¢. It also entails a behavioral effect on the net cost incurred by other governments.

S.A.2.1. Model

The analysis of origin-based commodity taxation requires being able to identify the specific amounts
of goods traded from across pairs of jurisdictions. To this aim, we now assume that the firms of
each jurisdiction produces a specific variety of good z, following many commodity tax competition
contributions (Haufler and Pfliiger 2007; Lockwood 2001). The amount of the variety produced in
jurisdiction j consumed by a resident of jurisdiction 7 is denoted x;;. The representative resident of

jurisdiction ¢ has the following separable utility function:
Ui = Ui(xi, i, hi, g, €;) (S.A.1)

where x; = (241, ..., ;1) is the vector of consumption of a freely tradeable, private numéraire good.!

The budget constraint of a resident of jurisdiction ¢ is:
pihi+ (L+ )@ + > (14 o987 + aft] + ceij)wij = yi + (1 — t)wili — 7 (S.A.2)
J#

where af [ag] is equal to one if jurisdiction k applies destination-based [origin-based| taxation to
purchases from outside the jurisdiction and zero if it does not. The novelty in (S.A.2) compared
to the baseline framework is that the resident of ¢ consumes a certain amount of the numéraire
good in the other jurisdictions and thus she pays commodity taxes to other jurisdictions due to the

origin-principle (if o =1 for some j # ¢). The indirect utility function is then
‘/ti - ‘/;(piuwivyiatiutaiiag7 ei) (SA?))

where t; = (£, 0 t£,17) and t, = (tf,,.. . tf_1,t{1,...,t7). The housing and labor market

17717

equilibria conditions in each jurisdiction ¢, are, respectively:

nihi(pi, wi, vi ti, 87, 8) = Hi(pi),  (S.Ada)  nili(ps, wi, vi, ti, t7;, 8) = mili(wi, z), (S.A.4Db)

Inter-jurisdictional mobility of households [firms| implies that the equilibrium number of residents

1 In the baseline model, the vector x; reduces to x; = Zj x;; because good z is not horizontally differentiated.



[firms] in each jurisdiction i are characterized by:

n; = @”(V}-(pj,wj,yj,tj,tgij,gj) ; Vj € [1,]]), m; = (I)m<(]_ —t}r)ﬂj(wj,z) ; \V/] S [1,[]),
(S.A.5)

Again, the general equilibrium conditions determine the levels, in each jurisdiction %, of the wage,
the rent, the population, the number of firms, the numéraire consumption, the housing consumption,
the labor supply, the numéraire profit and the housing profit as a function of the aggregate policy

instrument set P.

S.A.2.2. Marginal Willingness to Pay

The equilibrium level of the deterministic indirect utility (2) can be written as:

V,=U y; + (1= t5Hw;t; — Z(l +afty + ot e — (L+t))pih; — 7| byl 8

T
1—}—75]- Py

(S.A.6)
Differentiating (S.A.6) with respect to 7; and applying the envelope theorem, we obtain the expres-

sion of the marginal willingness to pay of the residents of each j for 7; € F;,
WTP! = DE], +1EJ. + OEL (S.A.7)

where the direct, disposable-income and ownership effects are as defined in (7), (8) and (9) except

that the direct effects of a marginal increase in the commodity tax in ¢ are now:
DE% = —’I’Lifi X dtf, DE% = —Oé;?njl‘ji X dt?, k 75Z (SA8)

where T; = x5 + oc? > i Tij is the per capita local commodity tax base. The important novelty is
that the external effect DE% indicates that now a change in the commodity tax of a jurisdiction ¢
using origin-based taxation (af > 0) has a direct effect on willingness to pay of non-residents living
in j # 4. Jurisdiction ¢’s commodity tax reduces the disposable income of the residents of j who

shop in 7. This highlights a direct tax spillover.



S.A.2.3. Marginal Net Government Cost

The commodity tax base in a given jurisdiction now includes purchases by residents from their home
jurisdiction, purchases by residents from other jurisdictions subject to the destination principle, and

purchases by nonresidents that are taxed under the origin principle. Jurisdiction j’s NGC is:

local external

NGCJ =¢j (gj, Zj, 1, I’Il) —n; (tfwjﬁj + t?pjhj + t?i:j + t?) — mjt;-rﬂ'j — a?t’f Z NgTk; (SAQ)
ks

Differentiating (S.A.9), we obtain the local/external marginal net government cost in jurisdiction j

resulting from a small change in the policy instrument 7; € P; of jurisdiction ¢:

; « 0x; 0x;j . 0q, , .
NGCEJ_ = MEg._ —njtjqj—j X dTi — aft% E Ny ki X dTi —njthj& X dTZ' —i—ﬂ'Eg__ + LEz_.
¢ ¢ oT; 7 ey’ oT; oT; ¢ ¢

J

i PES
BEZ, E (S.A.10)
where >~<; = (¢; h; x; 1) can be interpreted as the local consumption vector. The mechanical, profit
and locational effects are as defined in (12). However, the mechanical effect of the commodity tax

z

¢, which is consistent with the fact that the local mechanical effect of a

1S now MEftz = —n;x; X dt
household tax is always equal to its local direct effect.

The noticeable novelty in (S.A.10) is the term } -, . ngtjOzy;/07; which indicates that jurisdic-
tion j’s NGC—and thus the fiscal externality on it—is affected by the private consumption behavior

of non-residents due to cross-border shopping.

S.A.3. NON-RESIDENT LABOR TAXATION

Next, we investigate how the MVPF formulas are altered if the jurisdictions are allowed to tax the
labor income of non-residents. While many states and localities around the world tax (e.g., in Spain
and Switzerland) labor according to the residence principle, other countries including the USA may
tax nonresident commuters in the employment state (Agrawal and Hoyt 2018). Such tax exporting
can be observed when jurisdictions tax the income of nonresidents who commute to work in the
taxing jurisdiction or when they tax nonresident teleworkers working for firms in the state. We
assume that each resident of jurisdiction ¢ can either work in ¢ or in another jurisdictions j # 4.
Commuting implies that labor taxation in a given jurisdiction i has a direct effect on the willingness

to pay of non-residents who work and pay a labor tax to jurisdiction ¢. Moreover, as the income



taxpayers of jurisdiction ¢ do not necessarily live in ¢, the net government cost of jurisdiction ¢ will
also be affected by non-residents labor supply decisions and employment location choice.

Beyond commuting, this case illustrates how the open economy MVPFs are calculated if house-
holds are heterogeneous within the jurisdictions. Here, heterogeneity comes from the fact that each
jurisdiction is inhabited by households working in different jurisdictions. However, the results can be
immediately extended to any exogenous heterogeneity (gender, education, abilities). For example,
Appendix D considers heterogeneous households in terms of tenure status (renters and homeowners)

that also requires to aggregate heterogeneous households similarly to what is done hereafter.

S.A.3.1. Model

The representative resident of jurisdiction ¢ working in jurisdiction j has the following utility function
Uij = Uij(xij, ij, hij, 8, €i5), where x; = (xj1,...,x;7) is the consumption of a freely tradeable,
private numéraire good, and e;; is now the idiosyncratic taste for the residence-workplace pair (i, j)
(Ahlfeldt, Redding, Sturm, and Wolf 2015). The budget constraint of a resident of ¢ who works in
7 is:

pihij + (1+ tf)xij =y + (1 — ﬁtﬁ - (1- 5)755)10]'&]' -t (S.A.11)

where y;; = v; — ¢;; in which ¢;; denotes commuting costs of commuting from ¢ to j. Parameter
8 = 0,1 is equal to one if the jurisdictions levy employment-based labor taxes, and zero otherwise
if they levy residence-based taxes. As is the case in practice, all the jurisdictions of a federation are
subject to either the residence principle or the employment principle. The baseline framework of
the paper, considers jurisdictions whose labor taxation is set according to the residence principle,
i.e. 8 = 0. This appendix extends this framework to show how the MVPF formulas are altered

when labor taxes are set according to the employment principle. The indirect utility function is

where t; = (tf,t?,tf,t?). The housing and labor markets equilibria clearing conditions, in each

jurisdiction ¢, are respectively:

J J

in which the local demand for housing and local supply of labor aggregate over all the residents of



jurisdiction ¢ wherever they work. Inter-jurisdictional mobility of households [firms| implies that

the equilibrium number of residents [firms| in each jurisdiction ¢ are characterized by:
Ni; = o" (‘/:i’j’ (pi’7 wir, Yi ti’a t§’7 g]) ; Vi/?j/ € [17 I})v mg; = o <(1 - t;r)ﬂ-](wja Z) ; vj € [17 I])a

Again, the general equilibrium characterizes the levels, in each jurisdiction i, of the wage, the rent,
the population, the number of firms, the numéraire consumption, the housing consumption, the
labor supply, the numéraire profit and the housing profit as a function of the aggregate policy

instrument set P.

S.A.3.2. Marginal Willingness to Pay

The aggregate indirect utility in jurisdiction j can be written as:

> npVie =Y nipU (1+1tx [yjk + (1= Bty — (1= B)tS ) wely, — pihjr — tﬂ s ks ks 8 €5k
) ’ ’ (S.A.14)
where we aggregate all the residents of j regardless of the jurisdiction k in which they work. Dif-
ferentiating with respect to 7; and applying the envelope theorem, we obtain the expression of the
marginal willingness to pay of the residents of each j for 7; € F;,

1k OV

WTP! = = DE/ +1E] + OEZ,

& )‘jk 8’7’1'

where A\, = 0V}, /Oy;i. The first effect that determines the marginal willingness to pay is the direct

effect. Its specific form depends on the policy instrument 7; considered and whether the effect is in
jurisdiction j =i or j # i

P b b

DEy, = — >k By X dty, C N ik UG

DE! =
= Xk g

DEfb, =0, k#i,

where b = x,n indexes the commodity and head tax base, and B}, = n;,2;; and B}) = n;, are the
tax bases. The direct effect of the property tax (7b), that of the profit tax ¢ and that of the public
business services z; are still defined as in (7¢) and (7e). The direct effects in (S.A.15) extend those
derived in the baseline model to the case of heterogeneous households, by summing over all the

residents of a jurisdiction wherever they work. The local and external direct effects with respects



to the labor tax are:
DEif =— (miL“- +(1-75) Zkam> x dt, DE% = —BwiLy x dtt, k#4,  (S.A.16)
k

where Lj;, = njil;, is the amount of labor supplied by the residents of j who work in k. The
important novelty is that the external effect DE]];f indicates that now a change in the labor tax of
a jurisdiction ¢ using employment-based taxa‘cionZ (8 > 0) has a direct effect on the residents’ will-
ingness to pay of another jurisdiction k # i. Specifically, labor taxation in ¢ reduces the disposable
income of the residents of k¥ who work in ¢. This highlights a new direct tax spillover.

The ownership effect OE% is defined as in (9). However, the disposable income effect is altered

by the presence of commuting flows:

1B = <Z (1—Bth —(1- 5)t§)ij88“f — H; g]:?) x dr;, (S.A.17)
k K3 1

The disposable income effect above highlights that due to commuting, the willingness to pay for a
policy of the residents of jurisdiction j is now affected not only by changes in the local wage but
also by capitalization in the wage of other jurisdictions in which the j’s residents commute. Thus,
to estimate the MVPF of local jurisdictions such as municipalities, it is likely that the researcher

would need to get estimates of dwy/07;, for i and k possibly different.

S.A.3.3. Marginal Net Government Cost

Jurisdiction j can raise labor income from residents, but also from non-resident commuters depend-

ing on the sourcing rules, so that its net government cost is:

NGCj = ¢j(gj,2j,n, m)—z [ﬁt?wjnkjﬁkj—knjk ((1 — ﬁ)t?wkfjk + tf:r;jk + t?pjhjk + t?) } —mjt;-rwj,
’ (S.A.18)
which indicates that if labor taxation is employment-based (8 = 1), labor tax revenues are collected
from households that works in j but live possibly in any jurisdictions k. This contrasts with our
residence-based model (8 = 0) in which labor tax revenues are raised from local residents only.

Differentiating (S.A.18), we obtain the local/external marginal net government cost of jurisdic-

tion j resulting from a small change in the policy instrument 7; € P; of jurisdiction i:

NGCI =wmE! +BE! + PE/ + 7Bl +LE/, (S.A.19)



The mechanical effect is still defined as in (12). The behavioral effect is:

Oz oh ot ot
(Z njk< Ik ghy, ajk (1 — B)twy, a]k> —i—ﬁtZwJan] k”) xdr;, (S.A.20)

where the first summation simply extends the baseline case (13) to the fact that j’s residents
have heterogeneous workplaces. The second summation in (S.A.20) is novel. It highlights that if
employment-based labor taxation applies (5 = 1), non-residents are taxed, so that a policy-induced
change in the labor supply of non-residents who commute to work in j affects the tax revenues
collected by j. For example, suppose that jurisdiction j provides a public business service dz; > 0
to its local firms which allows all the workers in j to work less. The behavioral cost of this program
would be larger than the cost imposed by j’s residents because nonresidents also reduce labor supply.

The price effects on government j’s NGC are:

, Opj ow;
i h =YY ‘r j ‘
PE] = <t H;— 8 (1-8)t; E ij +ﬁt an> x d;, (S.A.21)

which simply extends the baseline case (14) to the fact that j’s residents have heterogeneous work-

places. The locational effect is:

; aCj on anjk ¢ on kj 8cj om . 8mj
LE‘g_i = <81’187‘ Z ]k IBt Wj Z&C] X de‘ + aimaiﬂ, — tJﬂ'J 87’7; X dTZ‘,
(S.A.22)

where rj;, = (1 —B)t?wkﬁjk +t?pjhjk +1t7xj,+¢7 is the overall residence-based tax paid by a resident
of j. Compared to (11), the locational effect above simply extends the baseline case to households’

heterogeneous workplaces.

S.A.3.4. Extension: Employment-based Taxation with a Minimum Tax Rule (Tax Credits)

In this subsection, we are interested in a minimum tax rule that usually accompanies employment-
based taxation. The minimum tax rule that we consider follows U.S. state income taxation, as the
resident of a high-tax state who commutes to work in a low-tax state pays not only the tax charged
by the low-tax state, but she also pays to her state of residence, the difference between the tax she
would have paid working in her home state and the tax she actually pays to the state she works in.
This system is achieved by the state of residence offering nonrefundable tax credits for taxes paid

to the source state (Agrawal and Hoyt 2018).



S.A.8.4.1 Model

For notation simplicity, we consider a two-jurisdiction economy in which the jurisdictions i = 1,2
are endowed with a single tax which is an employment-based labor tax tf (i.e. 8 =1) and provide
public services g; to households (exerting no spillover) but no public business services; profits accrue
to absentee owners and households receive no other non-labor income. Suppose that jurisdiction 2

is the high-tax jurisdiction, i.e. § < té. The aggregate utility in jurisdictions 1 is:

Z niEVik = Z niU <(1 — t)wrliy — prhag, Pk, Liks 91, 61k> , (S.A.23)
k=1,2 k=1,2
which is unchanged compared to the case without minimum tax rule, because the commuter residents
of 1 cannot benefit from preferential tax rates elsewhere (recall that jurisdiction 1 is the low-tax
jurisdiction). In other words, (S.A.23) is the standard local welfare with employment based taxation
defined in (S.A.14) for § = 1. The residents of the high-tax jurisdiction 2 who work in 2 directly
pay the tg. Those who work in 1 initially pay lower tax rates in 1. Thus, the minimum tax rule

applies, so that the residents of 2 are subject to the tax rate té wherever they work:

> nopVar = Y nyU ((1 — th)wiLak _p2h2k7h2ka£2kag27€2k> ; (S.A.24)
k=1,2 k=1,2
which shows that the minimum-tax rule transforms the labor tax of the high tax jurisdiction 2 into
a residence-based tax.

The net government cost in the low-tax jurisdiction 1 is not affected by the minimum-tax rule:

NGCl = cl(gl,nl) — t{wl Z nilfﬂ, (SA25)

i=1,2
that is, government 1 simply collects tax revenues from all workers who work in its jurisdiction.
Expression (S.A.25) is that of the standard net cost of a jurisdiction subject to employment-based
taxation (S.A.18) for § = 1. However, the net government cost of the high-tax jurisdiction 2 is

affected by the minimum tax rule:

NGCZ = Cg(gg, ng) — téwz Z nig&‘g — (té — t{)wmglﬁgl, (SA26)
1=1,2



which indicates that jurisdiction 2 collects tax revenues not only from all the workers who work in
2 but also from its residents who commute to the low-tax jurisdiction 1 and who are charged the
differential tax rate té — t{ by jurisdiction 2. Although the residents of jurisdiction 2 perceive the
labor tax as a residence-based tax, this is not the case of government 2 because parts of the tax
revenues paid by its residents accrue to government 1. That is, despite the minimum tax rule, the
labor tax is still an employment-based tax from the view point of all governments: loosing workers

is equivalent to loosing tax revenues.

S.A.8.4.2 Local Effects

Let us start with a tax change dt{ implemented in jurisdiction 1. Expressions (S.A.23) and (S.A.25)
make it clear that the marginal willingness to pay and the marginal net government cost of the

low-tax jurisdiction 1 are, as expected, not affected by the minimum-tax rule:
LWTPtZ = DE# + IEig, LNGCtZ == ME;Z + BEig + PEig + LE#,
1 1 1 1 1 1 1 1
The effects on the marginal willingness to pay of the residents of 1 induced by tf ,1=1,2:

ow 0

1 ¢ 1 o E gy 9P1 ¢

DEt{ = w1L11 X dtl, IEt{ = <;(1 tk’)le at{ H1 8%) X dtl,

which are the standard effects with employment-based taxation (S.A.16) and (S.A.17) for g = 1.
The effects on the net costs of government 1 are:

1
MEtf

= —w1lq x dt?, BE1 = —t?wl Z nilaaiigl X dtti, (SA27)
1

£
tl
i=1,2

ow 0 Ocy On on;
1 Vi 1 h P1 Vi 1 1 1 ? il 0
PE, =— |ty L1—5 +t7H1—5 | xdt;, LE, = | —— — tjw E lii—— | x dt7, (S.A.28
¢ < 11 (’*)tf ! 18tf) 1 tf ony 815{ L li To i Gt‘i b )

7

which are also the standard effects with employment based taxation (S.A.20)—(S.A.22) for § = 1. In
sum, as expected, if a minimum tax rule is implemented, the local MVPF of a low-tax jurisdiction
whose residents do not commute to work to even lower-tax jurisdictions is not altered.

Let us now turn to government 2’s policy. However, expressions (S.A.24) and (S.A.26) indicate

10



that:
LWTP, = DE% + 1E2, LNGC,, = ME% + BE% + PE% + LE%
t3 t5 153 ty t5 153 153 t5’
where the direct effect and the disposable income effect are equal to:

ow 0

2 _ 1 2 _ £ k P2 ?

DEté — ;'I’LQk'UJkEQk X dtQ, IEtf — (g(l - tz)LQkaitg - H28t§> X dtQ,

As discussed above, the compensation mechanism turns jurisdiction 2’s income tax into a residence-
based tax for 2’s residents. This explains why the direct effect is that of a standard residence-based
income tax as in (S.A.16) for § = 0. As expected, we can notice that the disposable income effect

is not affected by the compensation mechanism. The mechanical effect is:
ME% = - <w2L2 + UI1L21) X dté

which differ from the mechanical effect in jurisdiction 1, (S.A.27), by the addition of the term
wngldtg. This extra term captures the fact that the residents of jurisdiction 2 who commute to
work in jurisdiction 1 have to play the marginal tax dté of jurisdiction 2 due to the compensation
mechanism.

The behavioral effect, the price price effect and the locational effects are:

ov; 2 0l
BE% = — [ thws g ni2 g e — t{)wlnzlw x dth
1=1,2 A
ow owq
2 l 2 0 0
PEté = — <t2L28t§ + (t t )n21€21 8752 ) X dt
2 3 l l
LE;, = | —— w E 12 —t))wilor —5~ | x dt
7\ Ong 05 21 = otk wita ot 2

which have the specificity that they account for the marginal tax revenues change for jurisdiction 2

collected from its residents commuting to jurisdiction 1 who each pay (tg — tf)wl to jurisdiction 2.

S.A.8.4.83 Eaxternal Effects

11



Consider a tax change dt{ implemented in jurisdiction 1.
EWTPy =1, ENGCy = ME}, + BE]; + PEj; + LEj,

There is no direct external effect because the residents of jurisdiction 2 are always subject to

government 2’s tax rate. The disposable income effect is:

ow 0

2 0 OWg P2 ¢

IE;, = El—tL H— x dt

which is the standard external disposable income effect due to wage and house price capitalization
generated by any policy. Interestingly, due to the compensation mechanism, jurisdiction 1’s policy

creates an external mechanical effect in jurisdiction 2:
1 _ l
ME,, = wi Loy x dty
1

This effect captures the fact that as the low-tax jurisdiction 1 increases its tax rate, jurisdiction 2
receives a smaller compensation, which is represents a net budgetary cost. The external behavioral,

price and locational effects in jurisdiction 2 are:

Z 0¢; 2 0021
BE?{ = — wQ 7742 ! te te)w1n21w X dt{
1=1,2 1
ow ow
2 y4 2 y4 l
PE% = — <t2L28t{ + (t t )77@1521 EY > X dt
Odco On an on
2 Ocg Ong 12 ¢ 21 ‘
LE;, = Lw g l; —t))wilor—— | x dt

which are, again, standardard to the expection of the tax paid by jurisdiction 2’s commuters.

Let us now turn to government 2’s policy. We have:
EWTP, =DE, + IEtlg ENGCy = BEt,_; + PEt,_; + LE#,
2 2 2

The effects on the marginal willingness to pay of the residents of 1 induced by a change in tg are:

aw 81)
1 _ L 1 _ l k 1 Y
DEtg = —wylq9 X dtQ, IEtg = ( Ek (1 — tk)leité —H té) X dt2,

12



which are the standard effects with employment-based taxation (S.A.16) and (S.A.17) for § = 1.

The effects on the net costs of government 1 are:

Ol
BEL = —t{wl Z nilaitlé X dtg,

th
i=1,2
ow 0 dcy On on;
1 ¢ 1 h P1 ¢ 1 2 2 ¢ il ¢
PEYL = — (01— + " H —— | x dt LEL = | 2222 ¢y b —2 | x dtl,
t4 (1 Vol T 18t§> 2 o\ ong otf ! 1.21:2 ot 2

which are also the standard effects with employment based taxation (S.A.20)—(S.A.22) for 5 =1. In
sum, as expected, if a minimum tax rule is implemented, the local MVPF of a low-tax jurisdiction

whose residents do not commute to work to even lower-tax jurisdictions is not altered.
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SUPPLEMENTARY MATERIAL S.B

LocAL MVPF, SociIAL MVPF AS WELFARE MEASURES

In this appendix, we establish the formal links between the three main measures introduced in
the paper, local MVPF, social MVPF, and welfare. Supplementary Material S.B.2 establishes the
link between local MVPF and local welfare. Supplementary Material S.B.3 demonstrate the link

between social MVPF and social welfare.

S.B.1. MARGINAL CORRECTIVE AND A PIGOUVIAN SUBSIDY

Because the M CT is the subsidy based on the observed policy, in general, it will not be equal
to a Pigouvian tax or subsidy which is determined at the socially-optimal policy, the local policy
that would be chosen by a social planner. However, we wish to show that a property of the MCT
is that it reduces to a Pigouvian transfer at the social optimal policy, 7. First we consider the
case where 7" can be financed via a lump-sum transfer 7; which because they are non-distortionary
have SMV PF;, = 1. As shown in Hendren and Sprung-Keyser (2020), to increase social welfare,
a government will want to fund policy 7" if SMV PF,, > SMV PFr, = 1. Thus, with lump sum

taxes, SMV PF., (1)) = 1.

Proposition S.B.1. Let policy 7;° be such that SWT P, (17) — SNGC, (7)) = 0 or, equivalently,
SMVPF (1) = 1. The MCT evaluated at 7 is MCT = WS&{% =1- W. Then it
follows that Pigouvian taz/subsidy of S, (1)) = EWTP,, (17)—ENGC., (1) is equal to the transfer

($) implied by the MCT (1}").

Proof. We can evaluate MCT (1) at SMV PF (1}) = 1 gives S;, (1)) = LNGC5, (1) —LWTUP,, (1)
Then by adding SWT P, (1) — SNGC, () = 0 to the right side of gives

Sy, (77) = SWTP,, (1) — LWTP,, (17) — (SNGC;, (7) — LNGC,, (1)) = EWTP;, (1) — ENGC;, (])

O

Discussion. In words, the M CT formula reduces to a Pigouvian tax or subsidy at the socially-
optimal policy. More generally, because the M CT |, like the MV PF, is based on the observed policy
and not the optimal policy, the Pigouvian transfer will not equal the marginal correct transfer M CT

when the local policy is not at the social optimum. However, as shown in the prior section, the MCT
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will increase social welfare at the margin. Practically, the advantage of the M CT over Pigouvian
transfer is that the social optimal policy is not observable and the plethora of causal effects estimated
in the empirical literature are the responses policies that are, in general, not socially-optimal.
Now consider when lump sum taxes or transfers are not available. Then for a distortionary tax
policy, T;, SMV PF,, = k(T;) # 1 where k (T;) might be interpreted as the marginal cost of funds
associated with tax 7;. Then if SMV PF, > SMV PFr, a social plan will want to increase 7; and
increase 7T; to finance the policy until the point where SMV PF,, = k* = SMV PFr, where k* is

the marginal cost of funds that equalized the SMV PF of both policies.? Then in this case we have

k*Sy, (1) = SWTP,, (1) — LWTP,, (1) — k* (SNGC,, (1) — LNGC., (1))

= EWTP;, (77) — k*"ENGC,, (7). (S.B.1)

where the optimal policy 7;* is not the same policy as obtain with non-distortionary transfers. As
the Pigouvian transfer is no longer financed with a non-distortionary tax, the transfer associated
with the M CT is adjusted to reflect the cost of raising revenue to finance it and therefore is equal

to k*S;, (1), the Pigouvian transfer adjusted for the cost of raising revenue.

S.B.2. LocAaL MVPF AND WELFARE

One attraction of the MVPF concept is that it can easily be converted from a welfare measure in
monetary terms into a welfare measure in utility terms. To see this, notice that the local welfare
in jurisdiction 7 is n;V; because all individuals receive the same level of deterministic utility in 4.
Denote LMW, as the local marginal welfare with respect to 7;, that is, the effect on local welfare

per dollar of policy d7; on jurisdiction 7. It can be shown that (Supplementary Material S.B.2.1):
LMW} = X\,LMV PF,,, (S.B.2)

where ); is the equilibrium level of the marginal utility of income in ¢. Importantly, A; is indepen-
dent of the small change in policy, d7;; it only depends on the current levels of the different policy
instruments. As a consequence, condition (S.B.2) indicates that in the presence of identical house-

holds in jurisdiction i (as assumed in our model), it is sufficient for government i to compare the

2 Note that it may not always be the case that there exists a tax change that equalizes the SMV PF's of the

two policies. Intuitively this may arise if the spillovers from the tax policy are such that T; actually lowers the
SMVPF;,.
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LMVPF of two different policies to be able to rank their marginal welfare impact on its residents.

Indeed, for two policies A; and B; of jurisdiction i, we have:

Proposition S.B.2. For two policies A and B implemented in locality i, we have:
LMV PF4, > LMV PFp, <= (Jurisdiction i marginally prefers policy A; to policy B;),
(S.B.3)

where “A; is marginally preferred to B;” means that government ¢ would increase the welfare of its
residents by marginally reducing the size of policy B; and marginally increasing the size of policy
A; so as to keep its budget balanced. This result is in line with the approach in Hendren and
Sprung-Keyser (2020) of directly comparing the MVPFs of different policies to rank their welfare

impacts.

S.B.2.1. Proof of LMVPF condition (S.B.2)

Under the assumption of ex ante measures of welfare (Gordon and Cullen 2012), local governments
account for the welfare of the households residing in their boundaries before the policy change, the

local welfare of jurisdiction 7 is:

where 7n; is the exogenous initial population of the jurisdiction. As we are interested in small
policy changes, the initial population n; will ex-post coincide with the equilibrium population.
Differentiating (S.B.4), it follows that the net impact of a change in the policy instrument 7; on the
local welfare is:

OLW; n; OV;

On - AZ)TZ 87}'

= \WTP. (S.B.5)

where ); is the marginal utility of income of the residents of ¢ and WTP%_ is their marginal willingness
to pay for policy dr;. It follows that the local marginal welfare is proportional to the marginal
willingness to pay. Denoting, again, NGC; the local net government cost of jurisdiction 4, the

marginal net government cost of jurisdiction 7 is as denoted previously:

ONGC;

= NG(C!
or; GO,
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Combining equations (S.B.5) and (S.B.2.1), the effect on local welfare per dollar of policy dr; on

policy ¢ is:
OLW,
LMW}, = 50T = \MVPF, (S.B.6)
8’7’1'

which proves condition (S.B.2).

S.B.3. SociaAL MVPF AND WELFARE

The federal planner’s social welfare function is a weighted sum of utilities over all jurisdictions in
the federation given by Zj pin;V; where 1; are positive social weights with unitary mean, i.e.
>_j%;/I =1. Like in the local MVPF case, it is straightforward to convert the social MVPF from
monetary units to social welfare units. To this aim, denote SMW,, the social marginal welfare,
that is, the effect on social welfare per additional dollar spent on policy d7r;. It can be shown that

(Supplementary Material S.B.3.1):
SMW,, = n,,SMV PF,,, (S.B.7)

where 1., = > i V; /\ja% is the social weight of policy d7; which is calculated as the average social
marginal utilities of income, v;A;, of all the jurisdictions’ representative individuals, weighted by
their relative willingness to pay a% = WT Pﬁz/ >k WTP];. A policy dr; conducted in ¢ having
effects on other jurisdictions j has a higher social weight 7, if the jurisdictions which are willing to
pay for policy change (high a%.) are also those with a larger social marginal utility of income (high
1jA;). Intuitively, the planner will value a policy more if the jurisdictions that are willing to pay
more for it are also those for which a dollar represents a high level of social utility. For example,
suppose a municipality makes a $1 marginal expenditure in schooling and other municipalities in
the metropolitan area have positive marginal WTP for this policy of $0.2. Then, the social weight of
this policy will be higher if these municipalities are inhabited by relatively poor residents—relative
to outside the metropolitan area—for whom $0.2 has a high value (high A;) or if the federal planner
values these municipalities more (high ;).

The discussion above makes clear that, in general, the average marginal social utility of income of
two different policies implemented in jurisdiction 4, say A; and B;, need not be equal, i.e. na, # 1B,.
Therefore, to make welfare statements about these policies, the federal planner needs to know not

only the MVPF but also the social weights of both policies, relying on the decision rule:
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Proposition S.B.3. For two policies A and B implemented in locality i, we have:
na,SMV PF4, > np,SMV PFp, <= (The planner prefers marginal policy A;

to marginal policy B;),

which is similar to decision rules established in earlier literature (Hendren 2016; Hendren and
Sprung-Keyser 2020). The statement “socially preferred” is interpreted the similarly to “locally
preferred”, but now taking the viewpoint of the federal planner: by reducing the size of policy B;
and increasing that of policy A; while it maintains a balanced-budget, the planner would increase
social welfare.

Proposition S.B.3 shows that in the absence of available estimates for the social weights 7,
drawing welfare implications from the mere comparison of social MVPFs requires further assump-
tions. However, possible empirical analogs to these weights exist. In Supplementary Material S.C.4,
we discuss possible strategies to empirically estimate the marginal social utility of income in a
multi-jurisdictional economy. Alternatively, it is possible to make direct SMVPF comparisons by
combining the three following assumptions: 1) the federal planner is utilitarian, implying that the
social weights 1); are equal across jurisdictions; 2) utility is quasi-linear in private consumption; and
3) commodity tax rates are similar across jurisdictions. Then, recalling that the marginal utility of
income A; is equal to [1/(1 +tF)] x OU;/0x;, these three assumptions imply that the A’s are equal
across jurisdictions. Under these assumptions, the average social utilities of income, 7,,, are equal

across policies and Proposition S.B.3 becomes:

Proposition S.B.4. For two policies A and B implemented in locality i, we have:

SMV PFy, > SMV PFp, <= (The planner prefers marginal policy A; to marginal policy B;).

Thus, under the three assumptions above, it is possible to make direct social welfare statements by

comparing the social MVPFs of different policies.

S.B.3.1. Proof of SMVPF condition (S.B.7)

The social welfare function is:
SW =" ¢in,V; (S.B.9)
J
Differentiating it with respect to 7;, we obtain:
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85;/1/ Z PiA i nj 8V Z Ui\ WT P} Z YiNjol Z WTPk
(2 J A

where O'TL =WTP. > WT P”C is the share of jurisdiction j in the aggregate willingness to pay of

the economy. Then:
oSW

67’1'

=n, Y WTP] (S.B.10)
j

where the average social marginal utility of the beneficiaries of the policy is denoted:
e, = > iAol (S.B.11)
J

Denoting, again, SG = ) ; NGCj+NGC\ as the aggregation of government costs of all jurisdictions
j plus the net government costs of the federal government budget, the marginal social net government

cost is derived as:

8SG Z ONGC; 8NGC

7 7 =Y NGCJ, + NGCE, (S.B.12)

J

Combining equations (S.B.10) and (S.B.12), the effect on social welfare per dollar of policy dr; on

policy j is:
oSwW

87’1'

=1, SMV PF,, (S.B.13)

87-1-

which proves condition (S.B.7).
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SUPPLEMENTARY MATERIAL S.C

FREQUENTLY ASKED QUESTIONS: FROM THEORY TO PRACTICE

The inclusion of mobility effects in the calculation of the MVPF necessitates care when selecting
what causal estimates to utilize for the MVPF. This appendix provides some guidance. Supple-
mentary Material S.C.1 discusses estimation of mobility and capitalization effects. Supplementary
Material S.C.2 describes how congestion effects have been estimated in the literature. Supple-
mentary Material S.C.3 discusses how fiscal externalities and public services spillover effects can
be estimated. Supplementary Material S.C.4 proposes an approach to estimating social weights

necessary to convert the MVPFs into welfare terms.

S.C.1. How 170 ESTIMATE MOBILITY AND CAPITALIZATION EFFECTS?
S.C.1.1. Can Behavioral and Mobility Effects Be Estimated Jointly?

Initially, consider a case with a single taxing instrument on labor (]|)as in|[|Hendren2020 or al-
ternatively assume that any cross-base effects are negligible. Does the researcher need to esti-
mate labor supply and mobility effects separately or jointly? In the absence of congestible pub-
lic goods, both effects can be used to calculate the fiscal externality. To see this, note that the

mechanical effect, the behavioral effect, the price effect, and the locational effect can be com-

bined into —n;w;¥; — nitfwi% — nitfﬂi %“tj_} — tfwi&%. Applying the product rule, one can eas-

ily see that this is the derivative of labor tax revenues or alternatively of the labor tax base:

% = nywl; + tf % Thus, ignoring the mechanical effect, estimating the denominator
of the MVPF could be done with aggregate data or alternatively, researchers could use disaggre-

(witi)

gated data to estimate 2 i o,

£
ott

and separately. However, in the presence of congestion effects
on the public services, the researcher will need to estimate the effect of the tax on changes in the
number of beneficiaries to the program. This mobility effect will then need to be scaled by the effect
of changes in the number of beneficiaries or population on public service costs.

However, neither using aggregate data to estimate the total effect or using disaggregated data
to separately estimate the effect on mobility and w;¢; will allow the researcher to calculate the
numerator of the MVPF. Here, researchers must estimate the effect of the policy on prices directly.

Later, we discuss how to estimate the willingness to pay of jurisdictions.

The same logic can easily be extended to multiple tax instruments. The fiscal externality on
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other tax bases can be estimated aggregated or disaggregated.

S.C.1.2. Individual Data vs. Aggregate Data

Again, consider the behavioral responses to a labor income tax, although the points we make below
apply more generally. A common way of capturing the behavioral responses to labor income taxes
is by estimation of the elasticity of taxable income, or ETI (Saez, Slemrod, and Giertz 2012).
There are three ways a researcher could estimate this elasticity. First, the researcher could utilize
individual data and estimate taxable income responses holding constant the wage rate faced by the
individual. Second, also utilizing individual data, the researcher might not control for wages in the
specification. Finally, the researcher could utilize aggregate data on hours worked in the economy
to estimate the response.

With respect to the first two approaches, the second approach is preferred because responses
are general equilibrium concepts inclusive of any price adjustments. Using aggregate data also
allows prices to change as well. The first approach is feasible for estimating the MVPF, but when
controlling for wages, the researcher needs to take care to include the additional necessary terms.

Critically, calculation of the MVPF relies on uncompensated elasticites. But, in a federal system,
how these elasticities are estimated determines whether the elasticity includes mobility effects or
not. If using state-level administrative data on taxfilers, it is likely the ETI would be estimated
using individuals who appear in the data before and after the tax reform. Including individuals
who leave the state’s data would require knowledge about whether it was a result of a move, death
of a taxpayer, or simply a result of losing contact with tax administration. In this case, mobility
responses would not be included in the ETI. Now one might expect this problem could be overcome
by accessing federal tax return data. And while this is true, studies of the ETI traditionally drop
movers to avoid complex changes resulting from different state tax systems. Again, the ETI would
exclude mobility responses, necessitating their separate estimation.

This stands in contrast to aggregate data. When using aggregate data on total taxable income
(or labor supply), the researcher is essentially studying the number of taxpayers times average
taxable income. In this way, aggregate data will capture both real labor supply responses and
declines in the number of workers (both extensive and intensive margin effects).

Critically, in the presence of congestion effects, our MVPF formula makes it clear that the
researcher will need to estimate the labor supply and mobility responses separately. Critically,

changes in the number of individuals also influences the congestion costs of providing the local
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public services, while labor supply or price response do not.

S.C.1.3. Do Mobility Effects on Prices Need to Be Estimated Separately?

Calculation of the MVPF also requires separate information on the pricing effect because the will-
ingness to pay depends only on the price and not the quantity effect of the policy. Again, using the
example of labor supply, wages may change for two reasons. First, behavioral effects on labor supply
may changes to labor supply via standard general equilibrium pricing effects. Second, mobility of
workers across jurisdictions may also change wages. Critically, our MVPF makes it clear that price
changes do not need to be decomposed into whether they are a result of mobility or not. In other
words, the reason why prices are changing is irrelevant to determine the fiscal externality or the

change in willingness to pay. As a result, standard reduced form estimates of pricing effects suffice.

S.C.1.4. Should Behavioral Effects Control for Prices or Are They Equilibrium Concepts?

Although the derivatives in (13) are partial derivatives, section 2.5 makes it clear that all of the
equilibrium variables are a function of the policy instrument set. Any behavioral (or mobility)
change can be viewed as an equilibrium concept rather than a standard partial equilibrium elasticity.
In turn, the relevant change in the quantities in (13) are the direct effect of the policy on the choice
variable as well as any indirect effect via price changes in the economy. To correctly estimate the
behavioral responses, when prices are not constant, the researcher need not control for prices. If
controlling for prices, for example, as would be done in a standard log-log estimating equation of
labor supply on the net-of-tax rate and wages, the researcher would obtain only a partial equilibrium
behavioral response. In those cases, the researcher would need to augment this response with a
separate estimation of any indirect effects of prices on quantities. In contrast, if the labor supply
equation is only estimated with the inclusion of the tax or after-tax rate, the coefficient reflects both
the direct effect of tax on labor supply and an indirect effect through general equilibrium wage and
other prices changes. While the difference may be innocuous in some case, in other circumstances,

the equilibrium response and partial equilibrium responses may diverge substantially.
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S.C.1.5. Are Price Effects be Double Counted?

Consider the case of imperfect capitalization and one jurisdiction’s policies affect property values in

other jurisdictions.> With incomplete capitalization |DEZTl| > H;| gf_ : dr;|. Even if there are spillovers,

but all residents in both jurisdictions are homeowners, the price effects cancel in both jurisdictions
as homeowners are both renters and owners of the property. Then as with no spillover effects, the
direct effect is sufficient for both the social and local WT'P. But when one jurisdiction’s policies
affects property values in other jurisdictions similar issues arise when there is cross-jurisdiction
ownership. With property values affected in both jurisdictions and cross-jurisdiction ownership,
price changes in jurisdiction j will now also the WT'P to the extent that residents of ¢ own property
in j. The WTP captures the effects of properties in j and price appreciation in ¢ affecting landlords

owning property there. The direct effect is not sufficient to capture the WTP.

S.C.2. How 10 ESTIMATE CONGESTION COSTS?

Estimates of the effect of population size on the costs of public service production
often follow a structural approach (borcherdingl972demand; bergstrom1973private;
brueckner1981congested; oates1988measurement; duncombel993analysis). These studies
estimate a multiplicative demand function that contains the population of the jurisdiction as one of
its arguments. From the estimated coefficient on population and the price elasticity, the researcher
can then estimate a congestion parameter that measures the effect of the increase in population on
the public service. As a simple example, the relationship between public service consumption and
population might take the form g; = s;n; ™ where s; is the number of units provided by locality i
and g; is a final output of interest to residents or the amount of the good consumed by an individual
(what enters into the utility function). Then, x = 0 for a public good and x = 1 for a private good.
Traditionally, studies, assume that this congestion parameter is the same for all communities, but
not across goods. Obviously, more complex functions and structural approaches might lead to less
bias from a misspecification of the form. The older literature might not be considered as causal, but
this approach could be extended using modern tools of demand function estimation from the 10
literature. Such cost functions have often been omitted from recent structural models. We suggest

that including such congestion may be a critical way to model public services if seeking to utilize

3 A good example of these cross-jurisdiction price effects arises when jurisdictions have “market power,” that is,

they are a significant share of the labor or housing market. In this case, there is incomplete capitalization of
their policies into their own housing prices with housing prices in other jurisdictions affected as well.

23



the MVPF.

As an alternative, assume that public services provided by local governments have a cost function
of the form, ¢(n,z) that depends on the number of residents and the amount of public services
z. Note that many public services have the special form c¢(n,z) = nz so that the marginal cost
of providing services to one additional resident is the same as the others. This constant cost
assumption, allows for an easy interpretation to the marginal congestion cost. For many public

services, such as a per-head subsidy to local residents, might reasonably take this functional form.

S.C.3. How TO ESTIMATE INTERJURISDICTIONAL EXTERNALITIES?
S.C.3.1. Estimating Fiscal Externalities

The literature (Buettner 2003; Agrawal, Foremny, and Martinez-Toledano 2024) has estimated cross-
jurisdiction effects, but more work is needed in this area. Calculating the social MVPF requires
calculating the interjurisdictional fiscal externalities. At first glance, estimating all the necessary
components may seem complicated. Researchers need to know the effect of jurisdiction i’s policy
on every other jurisdiction’s budget individually. One might initially believe that this implies
the researcher needs to estimate the effect of the policy on I — 1 other jurisdiction in the country
separately. But only the total interjurisdictional externality—aggregated to all other jurisdictions in
the system—is needed. Further, in this section and in the section on sufficient statistics approaches,
we argue that one can make reasonable assumptions that allow researchers to estimate the aggregate
effect on other jurisdictions. Of course, as noted in Finkelstein and Hendren (2020), estimating the
effect of a policy that spills over onto non-beneficiaries is challenging, and so too is the case for
cross-jurisdiction effects.

There are two different approaches to estimating fiscal externalities common in the empirical
literature: controlling for other jurisdictions’ policy reactions and not controlling for other jurisdic-
tions’ policy reactions. We believe the latter approach estimating general equilibrium concepts is
simpler, but we discuss both approaches in turn.

First, in cases where mobility is localized to nearby jurisdictions, the researcher can assume that
fiscal externalities on far away jurisdictions are negligible. This might be the case for elementary
schooling if individuals choose from school districts within a common metropolitan area. Notice
that a tax base or expenditure for jurisdiction j can be written as b; = b(7j,7—;, X;), where 7; is

the policy in the jurisdiction, 7_; is the full vector of policies in all other jurisdictions other than j,
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and X are jurisdiction characteristics. If the base is locally mobile, then the researcher can simplify
by noting the base only will depend on nearby policies. In this case, following Buettner (2003), the
researcher might estimate an equation of the form, which because it controls for other jurisdictional

policies, estimates are partial equilibrium effect:

bjt = atj + Z BreTit + Xy + €t (S.C.1)
k#j

where b;; is the tax base in jurisdiction j and year t, and X;; are controls including appropriator
fixed effects. Alternatively, the researcher might use revenue data rather than base data. The
researcher must take care to find a causal identification strategy, perhaps instruments to resolve
endogeneity concerns. Then consider a policy such as education spending, 7j;. By controlling for
own-jurisdiction spending, the researcher accounts for the fact that high-education spending at
home will expand the own jurisdiction’s tax base and revenues (a > 0). Then, keeping in mind that
the researcher has assumed mobility is only among nearby jurisdictions within the metro area, the
summation oy BrTr may be restricted to only the proximate set of towns. A sufficient number of
exogenous sources of variation and a large number of observations may not exist in practice. Then,
assumptions can be made such that ), £ BrTi = BT_j+ where the right hand side denotes the
(weighted) average of education spending in the metropolitan area but not in jurisdiction i. Theory
might provide insight on the weights: if all jurisdictions are equally attractive, then a raw average
suffices. If moving costs increase with distance, then inverse distance weights might be appropriate.
In general form, 7_j; = Z#i wj;7; where wj; are the weights given to each jurisdiction.Then,
an increase in spending of nearby jurisdictions (i # j) will shrink the tax base of jurisdiction j
(i.e., 8 < 0) via an outflow of mobility. If the outcome variable is revenue, then 8 pins down the
interjurisdictional fiscal externality. However, note that because 7_j; is an average, it tells us the
effect of a one unit increase in spending in all nearby jurisdictions. If one wishes to study the
effect of a one unit increase in a single jurisdiction, one must appropriately rescale it by the weights
used to construct the average. Finally, note that if the researcher uses tax base data or prices, the
estimates need to be multiplied by the tax rate of the jurisdiction to determine the fiscal externality.
We need to place an important caveat on such an estimating equation because it estimates partial
equilibrium rather than general equilibrium effects. If competitive forces are at work, researchers
can simply estimate the MVPF using general equilibrium responses to a jurisdiction’s policy. Under

this approach, researchers would not want to control for the competitive jurisdiction tax rates on the
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right hand side of (S.C.1). If controlling for competitor tax rates, then the research would need to

construct the MVPF. Under the general equilibrium approach, researchers simply need to estimate:
bjt = atji + Xty + €jt, (S.C.Q)

which eliminates many of the uncertainties above with respect to specifying spatial weight matrices.
In this case, researchers simply need to estimate the slope of the strategic reaction function to
calculate the additional competitive direct and mechanical effects.

Second, in cases where mobility may be global, one may wish to identify these effects by ex-
ploiting how state-level revenue data in all other jurisdictions changes following a policy change in
one state. Note that the sum of external effects ., EZ. can be rewritten as (I — 1)E,, where E,
is the mean external effect and I is the total number of jurisdictions in the economy. Then, the
researcher needs to simply take care to estimate the average fiscal externality and multiply by the
number of other states to obtain the total fiscal externality. Of course, such a strategy may require
accounting for policy changes happening across multiple states at various points in time.

If the external effects on any one other state are small, a third approach taken in Agrawal,
Foremny, and Martinez-Toledano (2024), exploits the estimation of own-jurisdiction effects to re-
verse engineer the fiscal externality. Here estimation is best explained using their specific example:
following fiscal decentralization of wealth taxes in Spain, the region of Madrid lowered its wealth
tax rate to zero; all other jurisdictions maintained high tax rates. The authors use this salient devi-
ation to causally estimate the migration to Madrid. Then, assuming that Spain is a closed economy
without international flows being altered by the tax, any increase in Madrid’s population caused
by the wealth tax decrease must be a loss elsewhere. If all other regions levied identical tax rates,
then obtaining the fiscal externality is trivial. Given other regional tax rates differ, assumptions
must be made. The authors apportion their causal effect using the pair-specific regional migration
changes (post- minus pre-reform) and then reassign movers randomly back to their home region,
which allows them to calculate the precise loss of in the tax base of each other region. The authors
then use microdata on taxes actually paid, plus a tax simulator to calculate the counterfactual lost
wealth, labor income, and capital income taxes resulting from this mobility. Summing across region
then gives the total interjurisdictional fiscal externality due to mobility necessary for the MVPF.
Under this third approach, the researcher uses the migration into the jurisdiction making the policy

change, and reasonable assumptions on where it originates from, to infer the fiscal externality on
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all other states.

S.C.3.2. Estimating Competitive Effects

Estimating the MVPF in the presence of tax competition or fiscal competition is facilitated by the
plethora of estimates of strategic reaction functions.

However, the elegant expressions of the competitive direct and mechanical effects in the main
text require empirical models that calculate all responses inclusive of general equilibrium effects.
Empirical models that control for taxes in competitor jurisdictions will not satisfy this requirement.
This means that all estimates of fiscal externalities, price responses, or quantity response used to
construct the MVPF should not control for the policies in other competitor jurisdictions. This
is an especially important point, because as noted above, many of the interjurisdictional fiscal
externalities estimated above do control for taxes elsewhere by using (S.C.1) instead of the general
equilibirum variant (S.C.2).

Nonetheless, we can generalize the model to apply to estimates that control for policies in
competitor jurisdictions. However, this approach requires estimation of several additional terms.
Thus, our preferred approach is in the prior subsections. Instead, researchers should empirically
estimate general equilibrium concepts so as to only need to to estimate the competitive mechanical

and direct effects.

S.C.3.3. Estimating Spillover Benefits?

While the existence of spillovers has long been acknowledged in the public finance literature, quanti-
fying these benefits and costs has proven to be a challenge with few examples found in the literature.
What might be an approach to estimating the extent of these spillovers? We suggest the possibil-
ity of employing hedonic estimation. A standard use of hedonics is to relate property values in a

jurisdiction to the taxes and public services in that jurisdiction by estimating equation of the form:

Vi = a+ Bgj +vt; + 0Xnj + €njs (5.C.3a)

where V},; is the value of house h in jurisdiction j or more frequently the log of property value; g;
is the level of public service, t; is the property tax rate; and Xj,; are characteristics of the house.
Then, if the jurisdiction has a small share of the federation’s population its policies will have a

negligible effect on property values in other jurisdictions and the coefficient on g;, £, will provide
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an estimate of the marginal willingness to pay for g;.
We can apply the same procedure to estimate the “spillover” benefits from public goods provided

in neighboring jurisdictions. Then, amend (S.C.3a) to include public goods in other jurisdictions:

Vij = o+ Bjg; +Zﬂkgk+fytj +0Xp; + eny, (S.C.3b)
k#j

In (S.C.3b) the coefficients fj are the estimates of the marginal willingness to pay for the spillover
benefits, DEgk. The summation of neighboring policies could also take a weighted average of the
policies if identifying the effect of many jurisdictions is difficult (Supplementary Material S.C.3.1).
As an alternative to this estimation-based approach, we also outline a model-based approach
that outlines the assumptions necessary to infer the price effects in other regions based on the capi-
talization effects in the jurisdiction enacting the policy. Intuitively, in a metropolitan area, the price
effects in one jurisdiction are negatively related to the price effects elsewhere via the housing supply
elasticities. This approach is especially useful to construct the MCT in cases where the researcher

only has own-jurisdiction price effects and is willing to make mild model-based assumptions.

S.C.4. How TO ESTIMATE THE SOCIAL WELFARE WEIGHTS?

In the text, when deriving the MCT we assumed equal social weights across jurisdictions. But,
there may be circumstances where this does not hold. In these cases, converting the MVPF and
MCT into social welfare (Section 3.3) requires taking a stance on the weight that the federal plan-
ner assigns to each jurisdiction: the jurisdiction-specific marginal social utility of income 7;. As
discussed in Supplementary Material S.C.1.5, even in the absence of direct spillover benefits with
ownership of firms and profits throughout the federation, local policies will affect resident utility in
other jurisdictions via general equilibrium effects on prices and wages. This necessitates assigning
welfare weights for jurisdictions throughout the federation if the social planner cares about different
communities differently.

How might these welfare weights be chosen? Hendren (2020) offers one approach, “inverse-
optimum weights”. Intuitively, Hendren (2020) argues that we might infer the welfare weights
chosen by policy makers via observation of what is presumably an optimal policy.

The logic behind Hendren’s approach to inferring these optimal welfare weights is straightfor-
ward: to determine the welfare weight associated with a particular income y, we need to determine

the cost, g(y), of giving that group a tax cut of $1. Absent any behavioral effects of tax cut the
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cost is simply $1. However, the tax cut is likely to change behavior — those with incomes below y
may increase their labor efforts to obtain the cut while those with income above y may reduce labor
efforts. Then g(y) = 1+ FE(y) where FE(y) is the fiscal externality associated with tax cut. How,
then, are the optimal social welfare weights obtained? From Hendren (2020) (p. 4) the (first order)

conditions for optimal social welfare weights can be expressed as
() =K, Yy (S.C.4)

From (S.C.4) it follows that the social welfare weight associated with income of y, n*(y), is inversely
related to the cost of providing those with income y a tax cut of $1. And the ratio must equal
a constant, k. One approach Hendren follows to operationalize this measure employs estimates of
taxable income elasticities. Following this approach Hendren estimates $1 tax cut for high incomes
has costs about $0.65 while at the lower end of the income distribution a tax cut (expansion in
EITC) cost about $1.15, Then based on (S.C.4), the social welfare weight on low income households
is 1.77 times greater than that for the high income household.

Hendren’s (2020) application determines social welfare weights for households of differing in-
come. Our interest, however, is not in comparing welfare across individuals but across jurisdictions
as required to determine the SMV PF and MCT. One way of extending Hendren (2020)’s approach
to welfare weights for jurisdictions is to assume local populations are relatively homogeneous—as
with Tiebout sorting—and to obtain the welfare weights obtained by Hendren (2020) based on
the average income in the jurisdiction, n; = n* (y;) where 7; is the average income in the juris-
diction. Alternatively, one could determine the average social welfare weight in the jurisdiction,
N = / ’ f(y)n' (y) dy where f(y) is the probability density function of the jurisdiction income dis-
tributigon. This approach requires information on the distribution of income in the jurisdiction, and
thus will be more of a data challenge. embree2023revealing conducts a similar exercise for U.S.

states.

Wildasin (1986) and Mirrlees (1972) demonstrate that individuals with equal incomes and levels of utility may
have different marginal utilities of income (A;(y)). In their models, these differences arise because of spatial
differences, which give rise to rent and commuting costs. More generally, differences in amenities and land rents
will generate differences in A;(y). These differences in \;(y) across jurisdictions is not accounted for in the
approach of Hendren (2020).
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SUPPLEMENTARY MATERIAL S.D
A QUANTITATIVE FRAMEWORK FOR ANALYZING LOCAL POLICIES:

TOWARD A SUFFICIENT STATISTIC APPROACH

This appendix describes how we tailor our general but abstract framework developed in Section 2 of
the main paper to quantiatively analyzing the welfare effects of state and local public policies. Sup-
plementary Material S.D.1 describes precisely the quantiative model we use to obtain the numeric
results reported in the main paper for the K-12 example Section 6.2 and for the porperty tax example
Section 6.3. This quantitative model includes essential realistic features that are not introduced in
the general framework of Supplementary Material 2 but that need to be taken into account to bring
the model to data: differentiation between homeowners and renters, number dependent persons in a
households (e.g. children) affected by the policy, realistic tax instrument sets, etc.. Supplementary
Material S.D.2 reports the resulting MVPF formulas used in these empirical applications. Then, we
determine the minimal set of data and elasticities that are sufficient statistics for quantifying the
local MVPF, the social MVPF and the MCT in Supplementary Material S.D.3. In particular, it
shows that under few reasonable conditions, the housing price elasticity with respect to the policy is
a sufficient statistics for quantifying the MVPFs and the MCT. In addition, Appendix D describes

a reasonable numerical calibration of the model based on this sufficient statistics approach.

S.D.1. FRAMEWORK

The economy consists of a MSA in which ¢ denotes the locality (e.g. school district) conducting a
policy d7; and j, the aggregate of other localities in the MSA. The local policy may be education
spending or a property tax. The MSA is included in state s which is part of a federation F.

To assess the welfare effects of early-life intervention programs like schooling policies, special care
should be given to children’s future earnings. Thus, we consider the following simple two-period
model (Hendren and Sprung-Keyser 2020). In the first period, the households include, without
distinction the parents and the children. They benefit from the policy and respond rationally to it.
In the second period, the children potentially enjoy higher earnings which increase their tax liability
and thus brings additional tax revenue to the governments.

Local policies are specific compared to national policies for two main reasons. First, they trigger

households’ migration responses in the first period. Moreover, in the second period, the grown
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children do not necessarily work, live and pay taxes in the locality where they grew up and studied.
To highlight these specificities, we first introduce the households’ behavior in the first period (section
S.D.1.1). Then, we describe the children’s behavior as adult in the second period (section S.D.1.2).
The taxes paid by the households and the grown children to the localities, the state and the federal

government are summarized in the inter-temporal net government costs (section S.D.1.3).

S.D.1.1. Households

Let us start with the first period. Locality ¢ is inhabited by n; households including a total of n{
children.® Among these n; households, n; are renters and ny are homeowners; these two tenure
types are indexed by k = r,0. As is standard in the local public finance literature (Epple and
Sieg 1999), we assume that households freely choose their location within the metropolitan area
but do not migrate outside of the MSA. The individual housing demand h; and labor supply ¢;
are assumed inelastic, and are normalized to unity so that p! represents the rent of a rental house,
pf is the rental value of a homeowner’s dwelling,% w; is the wage earned by the parents and wy is
the present value of the future labor earnings of a child, which depends on the location of where
the child obtains schooling. As the focus of this appendix is on household policies, we assume the
following simplified numéraire production sector. Following (Hendren and Sprung-Keyser 2020),
we assume that the numéraire good is produced under constant returns to scale in each locality.
Formally, in locality ¢, the numéraire good is produced from the production function f;(n;) = win;
where w; is the exogenous local productivity of a worker in 7. This technology implies that the wage
in locality ¢ is exogenously fixed at the worker’s productivity level, w; = w;.

The public good g; represents school spending per child. We assume that there is no direct benefit
spillover of schooling across school districts, that is, nonresidents cannot attend schools outside
their district. Composite consumption is divided between non-taxable consumption x¥ and taxable
consumption zf. The utility function of a household of type «, living in i is x5 + U;(x;, ;) which
assumes quasi-linearity to get rid of second-order income effects.” The increase in the household’s
utility resulting from an increase in per capita schooling expenditure, OU;/0g; > 0, includes for

example, the expected increase in the children’s earnings.

To avoid redundancies, this section describes the variables in locality ¢, but the variables in j are defined similarly.
Appendix D explains how the rental value of a a homeowner’s house is calculated based on its market value.
We assume that a child’s utility is included in her parents’ utility. Modelling children as a household-specific
public good in their parents’ utility is a common practice in family economics (Browning, Chiappori, and Weiss
2014).
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In the first period, the household pays a local property tax ¢, a local [state| sales tax t¥ [tZ], a
state [federal| income tax on labor income t£ [t], and a state [federal] income tax on housing rental
income ¢ [t}].% Thus, the total tax rates are t¥ = ¥ + ¢¥, ¢ = ¢{ + t{ and t" = ¢" +- b + I The
budget constraint of a renter in 4 is X7 + (1 +t¥)z; + pi = y; + (1 — tY)w; and that of a homeowner
household is x¢ + (1 + t¥)x; + thp¢ = y; + (1 — t)w;. Unlike renters, homeowners pay the local
property tax on the assessed value their house but they do not pay for the rental cost (equivalently,
they pay it to themselves). The individual non-labor income is y; = Y. vy 0% 7" /n; in which
7l = (1 —t")p"HT — c*(HT) is the profit generated by the rental housing sector in jurisdiction J,
and QZ is the share of rental properties in J owned by the residents of 7. Individual income makes

it clear that we assume that all properties in ¢ and j are owned by residents of the MSA, which is

a likely approximation in practice. Thus, the indirect utility of the renter household is:
Vi =y + (1 —tHw; — pf — (1 + 5z + Ui (24, 9i), (S.D.1)

where x; is now the equilibrium value of the taxable consumption that depends on the levels of
the policy instruments in all localities of the MSA. Similarly, the indirect utility of a homeowner
household is V;? = y; + (1 — ﬂf)wi — t?p;-’ —(1+tHz + U; (l‘i, gi). Perfect residential mobility of

households rules out utility differentials, so that in the equilibrium V* = Vi, for k =7, 0.

S.D.1.2. Children

Let us now turn to the second period. As adults, the n children who grew up and studied in juris-
diction ¢ may choose to live and work in any jurisdiction of the MSA or potentially any jurisdiction
outside of it. This mobility in labor supply ensures that the wage the children receive depends only
on the level of education, not where they work and live. In other words, the wage depends only on
the location that their parents choose and thus where they were educated, and does not depend on
their choice of residence. Denote nj; the number of children who live in ¢ as child and settle in j

as adult, so that nj = ng; + nf;. The same is true for the nj children who grew up in j, so that

C

nj = nj; + nj;. The residential location of the children as adult is not related to the particular

policy d7; we are interested. Thus, for all k = 4,5 and k' = 4, j, ny is exogenous to our model.

The effective local property tax rate ¢! is defined as t? = a7}, where 7 is the observed tax rate and « is a
parameter which transforms housing rent into taxable assessed value (Poterba 1992). However, notice that the
observed state and federal income tax rates on rental income, t* and t?, are directly paid out of the rental value
of the house, and thus need not be multiplied by a.
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The future earnings (in present value terms), wg, of a child who studied in 4 is pinned down by
her human capital endowment, which might be increased by a first-period education spending. In
the second period, if she lives in jurisdiction k, the child pays the labor income tax ﬁéwz dollars of
labor income tax and t{z}, dollars of sales taxes, where z{, denotes the present value of her second
period consumption.? To be exhaustive, we should also mention that the child will also pay property
taxes to both jurisdictions. However, we reasonably assume that the second-period housing prices
are not significantly affected by the first-period policy, that is, the migration of the children in older

age does not have additional capitalization effects.

S.D.1.3. Governments

Local government k = 4,5 collects tax revenues from property taxes and sales taxes, so that its

intertemporal net government cost is:
NGCy = c(gk, ny,) — (t’é’(p};nz + ping) + ti(zkny + zing, + $§”§k)> ; (5.D.2)

where c¢(gg,nj) = njgi is the cost of spending g dollars per student on education. The state
government levies tax revenues from income taxes on labor and property income of landlords, and

from sales taxes. Thus, its net government cost is:

NGCs=¢s— <t§<wn_, Fwn®) 4+ thpTnT 4 1 (zym, + x§n§>) : (S.D.3)

I=1,J

where ¢4 is the cost of providing the public services; it is exogenous as the total population of the

state remains unchanged. Similarly, the net government cost of the federal government is:

NGCr=co— Y (tf;(wm wnd) + tgpjng") , (S.D.4)

J=1,j

recalling that the federal government does not levy sales taxes.

®  Following the standard approach of the MVPF literature (Hendren and Sprung-Keyser 2020), we assume that

children’s future earnings will be taxed at the currently observed income tax rate.
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S.D.2. MVPF

We now derive the expressions of the components of the local and social MVPFs. A small policy
reform dr; in jurisdiction ¢, which might be a change in school spending dg; > 0 or a property tax cut
dtzh < 0. In addition to the economic responses of the private economy (housing price, population
location, consumption, etc.), we assume that the policy reform in ¢ can trigger policy reactions in j.
Specifically, government j can change its property tax rate as a response to government ¢’s change
in property tax rate. However, we assume that spending in public j’s public services are exogenous.

This asymmetry reflects the assumption that the Nash game is in taxes and not in public services.

S.D.2.1. Local and External WTP

First, let us consider the local and external marginal willingness to pay. Assume that all govern-
ments account for the utility of the parents, but do not directly account for the future utility of the
children. Thus, a government only accounts for children’s benefits of education through their parents
utility (0U;/0g; > 0), but it does not also count the direct effect of the earning dw§/dg; increase on
the child’s utility. In that sense, the government does not double count this earning benefit which

is likely internalized by the parents’ utility. The local and external marginal willingness to pay are:

LWTP,, =DE, +1E. +0E.L, (S.D.5a) EWTP,, =pEl +cpel +1E. +0EL, (S.D.5b)

where for each jurisdiction k = i, 7, DE’% is the direct effect (7), IE’% is the disposable income effect
(8) and OE’% is the ownership effect (9). Moreover, CDE]}i is the competitive direct effect on j’s
residents due to the policy response of j to i’s policy. In the context of the economy described in
Supplementary Material S.D.1, for the change schooling expenditure dg; > 0 and for the property
tax cut d7; < 0, these effects take the forms described below.

Let us start with the direct effects of the schooling expenditure. First, notice that in the absence
of direct spillovers of schooling, the direct external effect in j, i.e. DE?H = 0. Moreover, as public
services are not used as a strategic policy instrument, there is also no competitive direct effect due
to j’s policy reaction, i.e. CDEgi = 0. Quantifying the local direct marginal benefit of schooling,
DEg, = n;0U;/0g;, is the most challenging part, because estimates of the marginal utility by parents
of schooling policies are challenging to obtain. However, it can be assessed by using the following
revealed preference argument. As households are mobile across districts, any increase in utility due

to an increase in public good in district ¢ needs to be compensated by an increase in the cost of
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living in ¢ or a cut in the cost of living in j. Otherwise households would keep migrating to <.
Formally, from the expression of the indirect utility (S.D.1), differentiating the renters’ migration
condition V;* = V* with respect to g;, we get oUF /0g; = Opl /0gi — (9p57”/8gi and multiplying by n;,

Therefore, we get formula (S.D.6a) below:!0

DE), = > n] (8% = 9 ) <90 (S-D.6a) DE) = CDE} =0,  (S.D.6b)

K=T1,0

In words, condition (S.D.6a) states that the parents’ valuation, OU;/0g;, for a small schooling ex-
penditure is reflected by the local housing rent capitalization Op} /0g; > 0 induced by the attraction
of new families in ¢, net of the housing rent cut in j, Op’ /0g; < 0 generated by the fact that these
families leave j. For the purpose of quantifying the local MVPF, condition (S.D.6a) makes it clear
that the marginal utility of public good can be fully calculated from capitalization estimates only.

The quantification of the local and external direct effects of a property tax cut (S.D.7) is straight-
forward, as it only requires us to observe the rental costs of housing, the population and the shares

of properties in ¢ owned by the residents of k = i, j:
DE}, = —(0upin] + pfn?) x dt!',  (S.D.7a) DEJ, = —0jipjn] x dt}, (S.D.7h)

Expression (S.D.7) states that for a tax cut of |dt?|, the landlords living in & who own 100 x ;%
of the rental housing in i (there are H] = n] units of rental housing in i because each renter
household consumes a single unit of housing) benefit from a direct increase in their property revenue
of Ox;pint x|dt?|. (S.D.7a) shows that the direct benefit of the property tax cut exceeds the landlords’
gains because the tax cut also allows each of the n¢ homeowners in i to save p¢ x |dt?| dollars.
Unlike the direct effects, the competitive direct effect CDEg? induced by j’s tax reaction to ¢’s

policy is not directly observable from the data. Indeed, its expression:

; ot"
CDEiZh = — (0050 + pjnj) x 87?1 dtf, (S.D.8)

indicates that we also need an estimate of the slope Bt? /Oth of the tax reaction function t?(tf)

There are a plethora of empirical estimates of this slope in the tax competition literature. Regarding

10 The changes in non-labor income, y; and y; from (S.D.6a), are absent because we assume that households ignore

changes in the value of their housing asset portfolio as they migrate.

35



local property taxes in the U.S., most studies find positive slopes (Appendix D). In this case, the
competitive direct effect (S.D.8) is interpreted as follows. The tax competition pressure of i cutting
its tax rate by |d¢?| spurs j to also cut its tax rate by (8t§-‘/8t?)|dt?|. By doing so, government j
directly improves the welfare of its residents by 6;;p’n} + pin? for each unit of tax it cuts.

Parents internalize the utility of their children and, consequently, their children’s future wages.
Therefore, the only price effects that we need to consider to estimate the willingness to pay are
those of the parents. As the parent’s wage is fixed as there is productivity level, the disposable
income effect on the willingness to pay of the residents of k = i, j reduces to the effect on housing
rents, the capitalization of the policy. Formally, for both policies dr; = dt? < 0 and dr; = dg; > 0,
the local and external disposable income effects are:

k _ Tap};

By, = —nko

X dTi, (SDQ)

recalling that the individual housing consumption is equal to one. Both policies are likely to increase
[reduce| the rental cost of housing in ¢ [j]. Thus, the disposable income effect (S.D.9) will be negative
in 4 due to the increasing cost for renters of paying more expensive rents. On the other hand, in 7,
this effect is positive as the residents enjoys lower rents there.

With respect to the ownership effect, as landlords benefit [suffer| from the increase |decrease| in

house rents in i [j]. Formally, the ownership effect on WTP of the residents of k =4, j is:

oy’ ap?
ot = [ S -, aifng—th ’;’fng’ x dr;, (S.D.10)
.. (]

J=1,]

As the residents of k potentially own rental properties both in ¢ and in j (i.e. 9121‘ >0 and 9,}% >0),
the policy alters their income due to price changes. Higher initial levels of the property taxes and
of those of the state and federal income taxes on rental property income reduce the impact of the

house rent changes, because it limits the income received [lost] in case of a rent increase [decrease|.

S.D.2.2. Local and External NGC

Now, let us turn to the local and external marginal net government costs. As there are three
different level of governments (local, state and federal), the policy conducted in i has effects not
only on the budget of the other localities of the MSA, but also on the state and federal government
budgets. Section S.D.2.2.1 describes the local effects and section S.D.2.2.2 describes the state and
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federal effects.

S.D.2.2.1 Net Government Cost of the Localities
The local marginal net government cost of locality ¢ which conducts the education spending dr; =

dg; > 0 or the property tax cut dr; = dtzh < 0is:M
LNGC;, = ME. + BE.L + PEL + LE. (S.D.11)

and is composed of a mechanical effect MEL , a behavioral effect BE?

Ti? T

a price effect PE% and a

locational effect LEL . The external marginal NGC of the other individual localities of the MSA is:!!
ENGCE, = cMEL + BEL + PEL + LEZ (S.D.12)

which include the same effects as the local NGC, except that the mechanical effect is now replaced
by a competitive mechanical effect. The interpretation is that the localities in j incur a mechanical
effect only if they respond strategically to i’s policy by changing their own policies. In the case of
i cutting it= tax rate, j incurs a mechanical cost only if it also decide to cut its own tax rate.
Formally, the local mechanical effect and the external competitive mechanical effects induced

by a schooling expenditure dg; > 0 in 7 are:
MEg, = 5, < 490 (S.D.13a) CME), = 0, (S.D.13b)

where, recalling that c;(g;,n§) = nfg;, the marginal cost of of one extra dollar spent per student,
Jc¢;/0gi, is simply the number of students, nf, in i. The mechanical and competitive mechanical

effects for a property tax cut dt? < 01in ¢ are:

h

. , ot
ME;, = —(p;n; + ping) x dt?, (S.D.14a) CMEizL = —(pjn}; + pjnj) x 87;‘ d', (S.D.14b)
i i i

where (S.D.14a) states that a cut in the property tax rate of |d¢/| induces a cost for government i of
pt x |dth| for each of the n” rental properties and a cost of p? x |dt?| for each of the n¢ homeowner

properties. Similarly, the competitive mechanical effect (S.D.14b) states that if jurisdiction j cuts

11 The marginal NGC are obtained by differentiating the expressions of the government costs with respect to 4’s

policy instrument 7;. Specifically, LNGC, is the derivative of (S.D.2) setting k =i, ENGCY, is the derivative
of (S.D.2) setting k = j, ENGC?, is the derivative of (S.D.3), and ENGCY, is the derivative of (S.D.4).
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its tax rate in response to i’s tax cut, the cost for government j is (pin} + pjng) x |dt?! where
dt;‘ = (875?/(%?) x dt? is the tax rate change in j.

As individual housing demands and labor supplies are fixed in standard metropolitan models,
the behavioral effects reduce to the impacts of the policy on taxable composite consumption .
These consumption changes alter net government costs by via changes in sales tax revenues. The
policy possibly affects both the parents’ current consumption and the children’s future consumption.
In particular, schooling expenditure in ¢ may improve the human capital of the children who grew
up and studied in i so that they would earn higher earnings in the future and thus consume more

and pay more sales taxes. Formally, the local and external behavioral effects are, for k = 1, j:12

Ox 0x
k T k c i
BE, = —ti | ng—=— +n; x d7;. S.D.15
Ti k < k aTi ik 87’1) Ti ( )
Sales tax revenues in k change if the policy affects the current household consumption dzy/d7; or
if it alters the future consumption of the children educated in ¢ and settle in k as adults, 0z /07;.

Localities do not to tax labor, so that the price effects on localities’ NGC reduce to the effect of

housing price capitalization on property tax revenues. Thus, the price effects are, for k = 1, j:

apl, ops
k b, r9Pk 0 9Pk
PE] = —t x dr;, S.D.16
i k (nk 873 + ng 8TZ> Ti ( )
that is, if the policy increases the price of each of the ny properties located in k by (9py/07;) x dT;
dollars, then the net government cost of k decreases by —thk(ﬁpk /07;) x dr; dollars.

The local and external locational effects are, for k = 1, j:

dcy, On onf;
LETi = <ank aTi - Z (tkpk + thk) 87’1- ) X dTZ, (SD17>

K=T,0

where, recalling that cx(gx, nf) = nfgr, the marginal congestion cost of hosting a new household
is dc/Ong = gr x Ong/Ony: the per student schooling expenditure of jurisdiction k& multiplied

by the number of children the new households include. The locational effect (S.D.17) states that,

12 Recall that we assume that there is no direct cross-jurisdiction spillover of schooling. In particular, this means

that no child living in j go to school in i. This explains why the effect due to the change in consumption
of children who grew up in j are absent from (S.D.15). Formally, as 0xz5/07m = 0, we have —t{n$;0x$/0m; =
—tin$;0x5/0T; = 0 in (S.D.15). This assumption could be relaxed if the number of students in 4 living in other
localities of the MSA is observed in the data, but practically speaking, in the USA students attend public schools
where they live. Notice that this number from nj; which is the number of children who study in j and worked

in 7 as adults.
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following ¢’s policy, households could be attracted to or repelled from jurisdiction k. Each new
family that settles in k increases the NGC as its children entail additional schooling expenditures
for the locality. This cost is more or less offset by the property tax th}; and sales tax tjx) paid by

these new families.

S.D.2.2.2 Net Government Costs of the State and Federal Planners
To determine the level of its marginal corrective transfer to the localities, an upper government
(state or federal) accounts not only for the benefits and costs of the policy to the localities, but it

also accounts for the effects of the policy on its own (state or federal) budget. The external marginal

net government cost of the state induced by the local policy dr; is:'!
ENGC;. = ENGCY. + BE;, + PE;. + LE}. . (S.D.18)

VES,

It is composed of the external NGC of the localities, ENGC?Z., and of the vertical effect on the state

S
Ti)

S

budget, VES,, which includes a behavioral effect, BE], a price effect, PE7, and a locational effect,

Ti?

LE7 . Similarly, the external marginal net government costs of the federal government is: 11

ENGC], = ENGC;, + PE], + LEL, (S.D.19)
~—
VEL

Ti

which has no federal behavioral effect because there is no federal sales tax, and individual labor
supply is assumed fixed, so it does not distort the income tax revenues via changes in labor supply.

The vertical behavioral effect of the state is:

3} 0z
BE}, = —tg Z nJa—? + ng ;j x dj, (S.D.20)
(2 (2

J=1,j

which, represents the sales tax revenue gains and losses for the state induced by the changes in the

current consumption of the households and the future consumption of the children.'3

13 Notice that as we assume that the future consumption of the children only changes because of increases in wages

from human capital formation due to a schooling policy, dg;, the consumption response of those children dz§/97;
is independent of the locality they settle in as adult. But the tax rates applied to that response may differ.
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The vertical price effects of the state (S) and federal governments (F) are, for X = S, F:

c
c awz

X th 'I‘apgl C
' ’ aTi

n
J 87}'

+tin x d;, (S.D.21)

I=1,j
These price effects on the state and federal net government costs are the change in income tax
revenues—both on labor income and on housing rental income—resulting from the changes in hous-
ing rents and wages induced by the policy. Here the wage changes are a result of human capital
14

formulation rather than changes in prices due to wage incidence.

The vertical locational effect of the state is:

onf
Ll = = 7 (th(ws = wy) + 0F — p) + t (i — 2)) G x dr, (8.D.22)

K=T,0

which states that as households relocate from one locality to another, their state tax liabilities may
change because they may earn higher/lower wages, pay higher/lower rent or consume more/less
in their new localities than in their locality of origin. In practice, the magnitude of these loca-
tional effects may be negligible if localities are similar. The vertical locational effect of the federal

government is similar:

R

on
LE, == ) (tﬁ(wz' —w;) + 5 (pf —p?)) 5 X d7i, (S.D.23)

K=T",0

recalling that the federal government is assumed not to tax sales, as is the case in the U.S.

S.D.3. FROM THEORY TO DATA: A SUFFICIENT STATISTICS APPROACH

This appendix formalizes the discussion in Section 5. Assessing the welfare effects of local policies
based on their local /social MVPFs and MCTs potentially requires us to quantify all terms in equa-
tions (S.D.5)—(S.D.23). A priori, this might seem like a daunting task given the complexity of the
expressions. However, inspecting these expressions, it appears that although they involve numerous
effects, only limited data and a small number of elasticities are necessary to quantify all of these
effects. In this section, we summarize the necessary data (section S.D.3.1) and the required elastici-

ties (section S.D.3.2) that are sufficient statistics for assessing all the local/social MVPFs and MCT.

14 In practice, it is possible the earnings response includes changes in wage and changes in labor supply as individuals

move to better jobs, but we include all these earnings responses in this single term.
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Section S.D.3.3 shows that under a few additional—and reasonable—assumptions, the elasticity of

the housing price of the jurisdiction conducting the policy is the unique sufficient statistics required.

S.D.3.1. Necessary Observable Data

What minimum set of data do we need to assess the components in Supplementary Material S.D.27
First, scaling most of the effects requires population variables. Specifically, we need the numbers of
households, n; [n;], and children, n [nj], in locality ¢ which conducts the policy [in the rest of the
MSA].

Second, data on housing prices/rents are key to assess the housing price/rent responses to the
policy which are present in almost all the terms of the local and social MVPFs. The imputed rent
of a homeowner’s house, p?, is not observed but can be easily assessed based on the observed price
of a homeowner’s house, using Poterba (1992), as practically implemented in Appendix D.

Third, we obviously need data on the initial levels of the policy instruments of all the jurisdictions
at stake. Specifically, for the locality which conducts the policy ¢, we need to observe its per student
schooling expenditure, g;, its property tax rate, tzh and its sales tax rate, tf. The same policy
instruments need to be observed for a representative locality j of the rest of the MSA: g;, t;»l and
t7 may represent the average levels in the other localities of the MSA. We also need to observe the
state sales tax rate, ¢7, its income tax rate on labor income, tg, and its tax rate on rental property
income, t?. The latter two tax rates also need to be observed at the federal level: & and t.

Fourth, assessing locational effects requires to observe households’ taxable consumption, g,
k =1, j, which might be obtained from detailed household survey data. An issue is that these surveys
might not distinguish between taxable and non-taxable consumption. An alternative approach
adopted hereafter, common the to literature on sales taxation, is to use state-level sales tax base
data and divide the states tax base by the aggregate individual income of the state residents. We
obtain the share, 3, of a representative residents’ income devoted to taxable consumption. Assuming
that 5 is constant across individuals allows us to proxy the taxable consumption of a resident of
jurisdiction k as x; = 8Y) where Y}, is the average individual income in k. Thus, the only local-level
data that is necessary is the individual income which is easily accessible from the Census.

Fifth, schooling policies may increase the future earnings of children who then do not necessarily
work in the jurisdiction where they studied. Therefore, in order to assess the price effect of this
type of early-life interventions, we need information on the location of children as adults. In the

context of section S.D.1, we need to know among the n§ children who studied in locality ¢ which
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implemented the policy, how many will work there as adult (ng;), and how many will work in j

(”fj)-w
Finally, to quantify the income ownership effects of any policy and to evaluate the direct effects
of property tax changes, we need information on the housing ownership shares 0. How much of

the housing stock of & = 4, j is owned by the residents of k' = i, 57

S.D.3.2. Four Fundamental Elasticities

To quantify all the effects in (S.D.5)—(S.D.23), which compose the local/social MVPFs and the
MCTs, it is sufficient to have four elasticities often estimated in the literature.

The first one is the elasticity of the local housing price p; (capitalization) with respect to the
policy 7, = gi,t?, denoted €, . Interestingly, as we will prove below, researchers only need to
observe capitalization in the jurisdiction enacting the policy. This estimate can be used to obtained
the price effects in other localities in the MSA. The second elasticity is that of the local housing
stock H; with respect to the policy 7;, denoted ep . The third elasticity is that of children’s
present value of future earning w{ with respect to education spending g;. More precisely, the
literature provides information on the marginal impact Owf/0g; rather than the elasticity itself.
The fourth the elasticity necessary if governments engage in strategic property tax competition is
the responsiveness of another jurisdiction’s property tax rate, t?, with respect to the property tax
rate, t?, of jurisdiction ¢ which implements the policy (slope of the strategic reaction function). Here
also, the literature provides the marginal effects (925? / at?. This tax reaction slope is (exclusively)
used to compute (1) the competitive direct effect (S.D.8) on the willingness to pay of j’s residents
of a tax change in ¢, and (2) the competitive mechanical effect (S.D.14b) on the j’s net government
cost.

Let us show how all the economic responses to the policy in (S.D.5)—(S.D.23) can be obtained
from these elasticities. First, several of the effects above require us to calculate local capitalization
of the policy d7; into the housing rents, dp} /07;. By definition, this response to the policy is equal

to:

on" r
Pi o dr = gp = x dmy >0 (S.D.24a)
Ti T

15 For illustration, Appendix D assumes a uniform distribution of the future workers across jurisdictions. However,

in the higher education application (Section 6.1) we use specific empirical estimates provided in Simon (2021).
However, notice that given that local sales tax rates are usually small, these external behavioral effects are
relatively small and could possibly even be ignored.
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in which the sign follows from the fact that reliable estimates of €, » are positive, recalling that the
policy d7; represents a schooling expenditure or a property tax cut. Therefore, once we have an
estimate for ¢, -, it is sufficient to have data on the housing rent and the initial level of the policy
(e.g. per capita schooling expenditure) to recover dp} /0T;.

To quantify inter-jurisdiction spillovers, we also need to quantify the cross-jurisdiction capital-
ization Op;j/07;. One might initially expect that these external effects need to be directly esti-
mated. Certainly, direct estimation of spillovers using hedonic models is possible (as we proposed
in Supplementary Material S.C.3.3), but the literature only has a limited number of these esti-
mates. However, the standard metropolitan model we have used to motivate this example allows
is to calculate these external price effects directly. To do so, we exploit the general properties of
our model. Specifically, replacing the housing market equilibria n] = H;(p}) and n;" = H;(pg)
into the population constraint n; + nj = N" and differentiating with respect to 7;, we get

(OH] /0p}) x (0p]/07i) + (OH] [Op}) x (Op}/07i) which is equivalent to:

op; €y, D mT Opt ni  p;
o xdr = — L S S s dry = e, =L dr, <0 (S.D.24b)
T €4 Pi Y oT; n; Ti

where the last equality is obtained by inserting (S.D.24a) and by assuming that the elasticity of

J

housing supply with respect to the housing rent is constant across school districts: sﬁp =eg, =

5%1,717. This assumption is common in most empirical models with a log-log functional form. The
negative sign of Op’; /O0T; results from the likely positive sign of €, » discussed above. Intuitively, an
expenditure policy in ¢ makes j less attractive and thus reduces the housing price there. Equation
(S.D.24b) highlights the following useful results for quantifying the social MVPF. By representing
the MSA as a two-jurisdiction economy (i.e. the local jurisdiction which implements the policy
and the rest of the MSA), the housing rent spillover ap; /OT; can be assessed using only the own-
jurisdiction price elasticity in the jurisdiction enacting the policy, €, -, of the local housing rent p;
with respect to to the local policy 7;. The literature offers plenty of estimates of this elasticity for
numerous policies.

Quantifying the locational effects on the net government costs requires us to assess the migration
responses On;/0t; and On;/0T;. As the individual housing demand is assumed to be inelastic, the
elasticity of the population ny is equal to that of the housing stock Hy(py). Formally, differentiating

n, = Hy(px) with respect to 7;, we obtain for each jurisdiction k = i, j:
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onl n; Op;

L dr = EHp— xdr; >0 , o
873 g ,szfl' 87'1' ) anj - 7] p] |
(S.D.25a) o7, x dr; = EH,pp;T o x dr; <0, (S.D.25b)

which can be directly computed from the existing estimates of the housing supply elasticity with
respect to the housing price, assuming that dpj,/07; has already been quantified from (S.D.24). The
signs in (S.D.25) come from the likely positive sign of the housing supply elasticity estimate, g,
and from the signs in (S.D.24). Intuitively, an expenditure policy in i attracts households from j to
i.

The congestion cost on the locational effect can be directly inferred from the above locational
responses and by assuming that each household of the MSA has ¢ children. Indeed, the cost of
providing gy, dollars per child in & is ¢(gg, n%) = grnf, = gk X dnk = gr X ¢(n}, +ng). It follows that
the congestion cost in k£ induced by policy dr; is:

T
ony,

)

which is likely positive in ¢ and negative in j. Indeed, by the expenditure policy in ¢ attracts new
residents which exert congestion costs in ¢, while by leaving j they reduce congestion there.
Finally, the behavioral effects on the net government costs require us to assess the effects of
the policy on taxable consumption. As explained in section S.D.3.1, this can be made particularly
easy by assuming that taxable consumption of the household is a constant share, 3, of its income,

r; = B(w; + ;) = BY; where ¥; is the before tax non-labor income (i.e. y; with t? = 0), and that

the future consumption of the children is also a constant share of its future earning, and z{ = Swy.
Recalling that the metropolitan wage is exogenous and differentiating, we obtain:

8xf 8’(1]10 o eh on"

. dr; = 8 3 dr;, (S.D.27a) ﬂ xdr=8Y" ﬁi{m x dr;  (S.D.27b)

where (S.D.27b) represents the marginal impact of the policy on the non-labor income of an infra-
marginal household living in k. Again, all the terms can be quantified given the the elasticity of

the housing price and of the children’s future earnings with respect to the policy.
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S.D.3.3. The Housing Price Elasticity as a Sufficient Statistic

Now, we argue that under additional mild assumptions, these four sufficient statistics can be reduced
to a single one—namely, the elasticity of the local housing price/rent with respect to the policy—if
one only needs to compute the the local MVPF and the external effects on other local governments.
If one wants to capture the effects on federal revenues, researchers additionally need a program
evaluation of the policy (the effect of additional schooling on wages).

Let us proceed by elimination and explain why or under which assumptions the three other
elasticities are not necessary for assessing the local MVPF or the external effects on other localities.
We will need (1) The property tax to fund the bulk of local revenues so that local sales/income taxes
are a negligible share of revenue, (2) marginal costs of attracting new houses offset the taxes paid
by the household, which follows if local governments raise revenue from primarily taxing residential
households, and (3) governments do not set fiscal policies strategically.

First, consider the housing supply elasticity, g ;. It allows to assess the locational response,
On;/0T;, in (S.D.25), necessary to quantify the locational effect in i’s (S.D.17). However, under
the assumption that the marginal cost of attracting a new household exactly offset the sales and
property tax revenues paid by this marginal household, the local locational effect is zero, whatever
the value of the elasticity ey . Under what conditions does the marginal households generate no
net cost? This typically occurs if the schooling expenditures are initially completely financed by the
household taxes paid by residents, i.e. ¢n;g; —t?pmi —tfx;n; = 0. In this case, marginal households,
dn; > 0, do not generate net government costs. If this assumption holds for i, then it also holds for
A

Second, consider the children’s future earning response, dw{/07;. First, notice that this effect
is specific to schooling expenditure, d7; = dg;, and can legitimately be ignored for most other local
policies, including property tax cuts, dr; = dt?. Now, focusing on schooling expenditure, in which
case can Jw§/0dg; be ignored in the computation of the local MVPE? Inspection of the all the effects
in (S.D.2) indicates that given that localities do not tax labor income, the future earning response
is only necessary to compute the local behavioral effect (S.D.15). Indeed, higher earnings spur the
children to consume more as adult and thus pay more sales taxes, which reduces the intertemporal
net government cost. However, in practice, the sales tax rates of localities are usually particularly
low (often zero) in the U.S. and in most other countries sales are not taxed at the local level. Most

localities in the U.S. also do not have access to an income tax. It follows that if the interest is on
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one of these numerous localities with no sales tax, the earning response, dw$/07;, does not enter the
computation of the local MVPF. Again, this also holds for the external effects on other localities.

Last, obviously, the property tax rate reaction in 7, at? / Ot?, is an external effect which therefore
does not enter the computation of the local MVPF.

In sum, the local housing price elasticity with respect to the policy is a sufficient statistics for
assessing the local MVPF and the external effects on other localities if (1) the local taxes paid by
the households fully finance the public services they use, and (2) the locality does not tax sales.

But, to calculate the social MVPF, we also need to know the effect on state and federal income
tax revenues. Obviously, states and federal governments rely more heavily on these taxes, breaking
the link with house prices and tax revenues. Thus, to calculate the federal fiscal externalities, one
also needs a program evaluation of the effect of school policies on earnings. The literature is filled
with numerous examples and the recent literature has also identified the mobility patterns of college

graduates in order to precisely determine the appropriate average tax rate.

S.D.4. A FRAMEWORK FOR HIGHER EDUCATION SCHOLARSHIP PROGRAMS

The higher education spending application (Section 6.1) differs from the K-12 application (Sec-
tion 6.2) in two significant dimensions.

Firstly, unlike the K-12 application which is interested in a spending directly affecting the
amount of provided public goods/services (e.g. increase in the size of a school or hiring of new
teachers), the higher education spending is a cut in tuition fees provided to students. Although
these two spendings may induce many similar indirect effects: on housing prices, on earnings, and
consequently on government budget, their direct effects are substantially different. The effect of
the K-12 public good provision on the WTP is not directly observable and needs to be deduced in
directly from housing price capitalization as described in Supplementary Material S.D.2. In contrast,
the effect of a cut in tuition fee on the beneficiaries’ willingness to pay is directly observable: the
amount of dollars saved per student.

Secondly, while our K-12 application does not apply to a particular geography or historical
reform, the higher example described in Section 6.1 represents a the specific cut in tuition fee that
occurred in the community college of Austin in Texas. As we have access to a detailed school-district-
level dataset for the treated and non-treated districts, we do not need to assume a two-jurisdiction
economy as in the K-12 application. Instead, adapting our general framework, we are able to

compute local MVPFs, social MVPFs and MCTs that account for this stong heterogeneity. More
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generally, this higher education application shows how our MVPF and MCT formulas can easily be
taken to real datasets incorporating a lot of heterogeneity.

Thus, the theoretical framework described in Supplementary Material S.D.1 cannot be applied
to this higher education spending program directly. Hereafter, we describe in detail how our general
framework (Section 2) must be adapted to study the effect of a cut in tuition fees like the one that

occurred in Texas. We also explain how each subeffect is quantified.

S.D.4.1. The Economy

The districts in the MSA are indexed by k& € A, where A is the set of districts in the MSA. Let £
denote the set of treated districts which benefit from the cut in tuition fee, indexed by ¢ € £, and
denote £ the set of non-treated districts of the MSA, indexed by j € £. In the annexed districts,
i€ L, nf is the total number of students, dngq is number of students induced to go to community
college by the policy, dan is the number of students induced to go to college by the policy and who
stay and work in the annexed areas after graduation.

Like in the K-12 application, we assume that rental properties are owned according to the shares
Ozhj described in Table D.1. We have explored sensitivity to the assumptions of polar cases including
all absentee landlords outside of the MSA and all owner-occupied housing in the MSA.

Hereafter, we investigate the effects of a dollar cut in the tuition fee. We assume that each
student in the treated school districts benefited from a tuition reduction of d7 = dr/ 3, n?. In
Denning (2017), the causal effects estimated are for a $1000 change, but the change in tuition
in Austin (after accounting for financial aid) was large. Thus, we let d7 be the estimate $1,540
reduction they received (Table E.2), which we rescale so that the total mechanical cost of the policy
is normalized to one dollar. Again, this rescaling does not alter the values of the MVPFs, MCTs

and match rate, it only aims at making the different sub-effects comparable to other applications.

S.D.4.2. Local MVPF

The local MVPF of the treated districts from a cut in tuition fee of d7 dollars is:

LWTP Y c.(DE' +IE' 4 OE')

LMVPF = = . A A
LNGC % .. (ME' 4 BE' 4 PE?)

(S.D.28)

in which the numerator is the sum of the willingness to pay of the treated districts ¢ € £ and the

denominator is the sum of their net government costs. The different effects are described below.
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S.D.4.2.1 Local Marginal Willingness to Pay

The local marginal WTP includes the direct effect on each treated school district ¢ € L:

S

A d
DE' = n¥ x d7 + (dw — f) ;z x d7 (S.D.29)
T

which includes two direct benefits. The first is the saved tuition fees for the n? students living in
the treated district already involved in college. Aggregating over all the treated districts, this effects
is > icr nf x d7 = $1 which is equal to the direct expenditure of the program, as expected. The
second benefit is the wage gain for the dnf students involved in college because of the program:
(dw—1) >, (dnF /d7) x d7 = $2.72, where dw is the wage gain and f is the student’s contribution to
tuition. This wage change is a change in earnings from the treatment of marginal individuals, this is
not the incidence on wages in our income effect. In sum, the local direct effect is 3, DE* = $3.72.

Given, we have included the direct benefit of the program, including all of the capitalization
effects would be double counting. However, as the rise in rents is a loss of income to renters, we
must account for this portion. The disposable income effect in district i € L is:

. dpr
t=—n;—t xdT .D.
IE nj - xdr (S.D.30)

which is the reduction in the n} renters’ disposable income effect due to the increase in the rent,
dp] /dr, resulting from the greater attractiveness of the treated districts. Aggregating over all the
treated districts, we obtain: ), . IE° = —$1.371. In other words, higher rental prices—prorated
for the share of renters—erodes some of the direct benefits of the program.

The ownership effect in district ¢ € L is:

O’ = (Z O (1 — 0 — t;‘)n};% — t?nfdp?> x d7 (S.D.31)
= dr dr
recalling that 6; is the share of housing in any district & owned by the residents of district i,
the ownership effect states that a change in the housing price of k& changes the values of all nj
rental properties and thus the income of the landlords who live, in part, in district . The fed-
eral government taxes rental income under the personal income tax but it does not tax increases
in homeowner’s house values. However, the districts tax both rental and homeowners properties
based on their assessed values (included in our definition of the property tax rate t'). We obtain

Yicr OE! = —$0.949. This negative ownership effect reflects the fact that as the price of their prop-
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erty increase, homeowners have to pay more property tax. Some of this effect arises from ownership
of properties in external-—not annexed districts. As the ownership of properties becomes more ab-
sentee, such as by out of state commercial firms, this effect declines in magnitude. In sum, the local

marginal willingness to pay of the annexed districts for the cut in tuition fee is LWTP = $1.399.

S5.D.4.2.2  Local Marginal Net Government Cost

We assume that the costs of the program for students from the annexed district accrue to these
communities, via the tax program linked to annexation. If we did not make this assumption and
assumed that the costs accrue to the community college district (perhaps the special district is
viewed as a higher level of government), then local communities should also want to be annexed
as there is no direct cost to them. This is unrealistic, as the cost is passed on via the local taxes

raised. The local marginal NGC includes the mechanical effect in district 7:

i s a= dnd
ME' =n7 X dT + ¢ 1 x d7 (5.D.32)
T

which has two sub-effects. The first is the direct expenditure due to cutting the tuition fees. It is
the $1 initial expenditure, ), . n? x d7 = $1, which is equal to the direct effect on the local WTP.
The second part of the mechanical effect is the direct costs due to increased educational attainment,
including both the direct costs of the program and the added costs of community college educating
another student, ¢, (dnj /dr) x d7 = $1.339.16 The mechanical effect is Y, ME’ = $2.339.

The behavioral effect in district 7 is:

dn?
% x d7 (S.D.33)

BE' = —t¥dx
-

which is the additional local sales tax revenue generated by the program. Indeed, the additional
students enrolled in college earn higher wages in the future, and thus consume more taxable goods.
Aggregating these effects, we obtain ), - BE! = —$0.0021.

The price effect in the treated district 7 is:

. dp” dp?
PE! = —t! (n;“dp; +ng dlﬁ) x d7 (S.D.34)

16 The ¢ term has similarities to the congestion of public services, but we include it in the direct effect here because

it is due to added take-up of the program, rather than migration necessarily.
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which is the additional property tax revenues collected from the capitalization of the housing prices
of both rental properties and homeowners’ ones. Aggregating, we obtain ), . PE! = —$1.715.

Summing all these effects, we obtain LNGC = $0.622 and LMV PF = 2.249.

S.D.4.3. Social MVPF and MCT

We consider the social MVPF of the state government of Texas, TX, and that of the federal govern-

ment, F, which are respectively defined as:

' LWTP+ EWTP™™ . LWTP+ EWTPF
SMVPE™ = TNGe T ENGO™ SMVPE = TNGe T ENGCT (8.D.35)

S.D.4.3.1 FExternal Marginal Willingness to Pay
The external marginal willingness to pay is the sum of the marginal WTP of all the residents living

in non-treated areas in Texas and of those living elsewhere in the federation which are, respectively:

EWTP™ = (1) + or/) 4 o™ EWTP* = EWTP™ 4 OE* (S.D.36)
JEE

The disposable-income and ownership effects in the non-treated district j € £ are respectively:

1B = —n;(iff x d7, OE’ = <Z 01 (1 — ) — tﬁ)d—zf‘n” — t’-ld]jfn‘?> x d7. (S.D.37)
ke A
Aggregating over all non-treated districts of the MSA, we obtain ) ;¢ 15/ = $1.132 and > jes OE’ =
$0.532. Naturally, the sign of the disposable income is now positive because the house rents globally
decrease in the non-treated districts. The sign of the external ownership effect is the opposite
as the sign of the local ownership effect, because the house prices decrease in the non-treated
districts, so that the homeowners have to pay lower property tax rates. Some properties of the
MSA are also owned by landlords living elsewhere in Texas who also benefit from an ownership
effect OE™ = $0.0051. Similarly, landlords living elsewhere in the federation benefit from an
ownership effect of OE" = $0.0165. In sum, EWTP™ = $1.66854 and EWT P" = $1.68502. As in

Simon (2021) we assume no external effects on municipalities outside of the MSA.

S.D.4.8.2 External Marginal Net Government Cost
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The external marginal net government costs of Texas and of the federal government are respectively:

ENGC™ = ) pe/ + pE™, ENGC" = ENGC™ + BE® 4 PE® 4 PEF, (S.D.38)
Je€ F
—— VE™ VE
ENGC*

where PE/ is the price effect on property tax revenues of the non-treated district j of the MSA, VE™
is the vertical fiscal externality of the program on the state of Texas; it only includes the behavioral
effect BE™ on the sales tax base and not any revenue from higher wages because there is no personal
income tax in Texas. In addition to ENGC of Texas, the ENGC of the federal government includes
its own vertical fiscal externality VEF on federal income tax revenues from higher wages. In addition,
we assume higher level governments care about local governments, so this terms also includes fiscal
effects in other states, including income tax changes from newly induced college students moving
there as well as added sales tax revenue from those movers.

The first component of the marginal NGC of Texas is the marginal NGC of the non-treated
districts of the MSA, ENGC", which is the effect of house price changes on their tax revenues.

Specifically, the price effect on a non-treated district j € £ in the MSA is:

, Ldpi o dp? _
PE = —t;‘ <anT] + nde]> x d7 (S.D.39)

that is, the property tax revenues district j looses because of the cut in property values there.
Aggregating, we obtain: ) jes PE/ = $1.12057 which is a positive government cost.
In addition to the external marginal NGC of the districts of the MSA, the program allows the

state of Texas to collect sales tax revenues as stated in:

TX __ z q dn;SA x d dnETX¢A d7 S.D.40
BE _—Z tTXxdT +tTX¢AwT x dT (S.D.40)
€L
which results from some of the students who took up the program—and thus enjoy an increase in
their earnings—also moving outside of the Austin area, consuming da more, and paying local and
state sale taxes. They also pay the local sales taxes to those other municipalities. Of course, those
individuals who stay in the metro area also pay sales taxes. Thus, each of the dan students who
stay and work in Austin pays t%.dx to the state of Texas. Similarly, each of the dnfog 4 students

who work in Texas outside of Austin pays tf“x% 4dz to the state of Texas and the locality she settles
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in. We compute that this behavioral effect amounts to BE™ = —$0.05995, so that the external
marginal NGC of the state of Texas is ENGC™ = 1.06062. It follows that the social MVPF of the
Texas is SMV PF™ = 1.82291, MCT™ = —22.7% and its match rate is M™ = —0.185.

Let us now turn to the federal government. The federal vertical fiscal externality of the pro-
gram includes the same behavioral effects from added sales tax revenue in states other than Texas,

resulting from people induced to go to college moving there:

ns

==Yt da ”¢TX x d7 (S.D.41)
ieL

which have the same interpretation as the behavioral effect of the state of Texas above; only the tax
rates and number of students differ. We measure a small behavioral effect of BE®S = —$0.0151385,
because only few students leave Texas.

Unlike Texas, other states levy income taxes, so that they will be able to tax the earning increase,

dw, of the ), dn? students who benefited from the program and will locate there as workers.

1,8¢TX

This gives rise to the following price effect:

ns

= =) tigaedw Zsé” x dr (S.D.42)
€L
which is equal to PE® = —$0.026341. Similarly, the federal government also taxes these additional

labor earnings. However, in addition, it will collect tax revenues from its income tax t’; on rental

income even if those landlords live in Texas. This is summarized in the price effect:

dn? d
PEF = —) (t{:idw 1 thn? de) x d7 (S.D.43)
€L

which amounts to a price effect of PE" = —$0.662904. The external marginal NGC of the federal
government is ENGCT = 0.35624, its social NGC is SNGCF = 0.978433. The social MVPF of the
federation is SMV PF™ = 3.15, its MCT is MCT" = 28.66% and its match rate is M* = 0.4018.
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SUPPLEMENTARY MATERIAL S.E

MCT AND HIERARCHICAL GOVERNMENTS

This appendix discusses the relationship between the marginal corrective transfer and other com-
mon transfers. Supplementary Material S.E.1 discusses multi-level transfers in hierarchical federal

systems.

S.E.1. MuLTI-LEVEL TRANSFERS

The empirical applications in Section 6 often assume that either the state or the federal government
unilaterally provide the MCT to the locality. The presence of a single higher level government
might be reasonable for state-federal relationships, but when local governments set policies they
may receive transfers from both the state and federal government. However, as each of these higher
government levels have specific interjurisdictional externalities to internalize, it is likely that these
two governments will both provide different MCTs to the locality. Thus, if both the state and federal
government provide simultaneously MCTs to the locality without accounting for each others’ MCTs,
the locality would clearly not be provided with the correct incentive to internalize the state or federal
externalities. Formally, this sub-optimal pattern can easily be understood. Denote ST as the grant
provided by the federal government to the locality and denote S7 the grant from the state to the

locality. These two grants are characterized respectively by:

LWTP,
LNGC,, — St

LWTP,

— SMVPFF o
LNGC;, — S5

= SMV PF?, (S.E.1)

where SMV PF} is the MVPF of the state and SMV PFy is the MVPF of the federation. By
choosing their subsidies according to (S.E.1) the state and the federal government each erroneously
believes it is the only grant provider to the locality. Yet, the locality receives two grants and its

corrected MVPF is actually:
LWTP;,
LNGC;, — St — S5t

(S.E.2)

which will, in general, differ both from SMV PF; and SMV PF}

FL SL
5, as S7U and SP- are chosen

according to (S.E.1). This transfer pattern is clearly a sub-optimal outcome both for the state and
for the federal government as it does not induce the locality to set the policy such that the MVPF

is equal to either the state or federal social valuation; it is represented in Figure S.E.1a.
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In particular, this double subsidy scheme is socially (i.e. federally) sub-optimal. However, there
is no reason for the federal government to systematically ignore the state’s transfer to the locality
when setting its policy. Instead, the federal government could provide the state with a transfer that
induces the state to provide a socially optimal transfer to the locality. In this appendix, we describe
two such configurations that achieve this goal.

The first configuration is depicted in Figure S.E.1b. The federal government can let the state
be the only level of government that directly provides the MCT to the locality, but the federal
government provides the state with a federal-to-state MCT which spurs the state to choose a socially
optimal level of state-to-local MCT. For example, the federal-to-state MCT could be designed as a
match rate on the state-to-local match rate. In other words, the federal MCT is a match on the
state match rate.

The second configuration is depicted in Figure S.E.lc. The federal government can choose to
mute the state, by providing it with a federal-to-state transfer which induces it to not provide any
funds to the local government. Then, the federal government can provide the socially optimal MCT

directly to the local government.

(a) Sub-optimal transfer (b) Optimal transfer pat- (c) Optimal transfer pat-
pattern: double transfer to tern: (1) from the federal to tern: from the federal gov-

the locality. state and (2) from the state  ernment (1) to the state and
to the locality. (2) to the locality.

Figure S.E.1. Different transfer patterns in a hierarchical federal system.

S.E.1.1. Chain Transfers: MCT* and MCT5s"

Consider the transfer pattern represented in Figure S.E.1b which represents a “chain transfer” in
which the federal government provides a MCT to the state, MCT:®, and the state provides a
MCT to the locality, MCTZ". To determine the expressions of these MCTs, let us denote by S7¢
the transfer from the state to the locality, which equalizes the local MVPF to the state MVPF
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(inclusive of the federal-to-state subisdy). And, let us denote by ST° the transfer from the federal
government to the state, which equalizes the state MVPF to the federal MVPF, SMV PFf. In
sum, the marginal subsidies (or taxes) S5 and S are characterized by:

LWTP, SWTP:
LNGC,, — 85~ SNGCs, — St

= SMV PFE. (S.E.3)

That is, the federal-to-state transfer, S7°, is chosen by the federal government so that the federal
MVPF, SMV PF}. is equal to the state corrected MVPF, SWTP; /(SNGC;, — S7°). And the
state-to-local transfer, S3, is chosen by the state (after accounting for the federal-state transfer) so
that the local corrected MVPF, LWTP,, /(LNGC;, — S5), is equal to the state corrected MVPF,
SWTP; /(SNGC3, — S5¥).

Equations (S.E.3) allow us to immediately determine the expressions of the state-to-locality

MCT, MCT®", and that of the federation-to-state MCT, M CT"5. From equation (S.E.3), we have:

LWTP,, SeL LMV PF,,
i — M PFF M TSL _ T4 Ti
INGC, — 55 St SMVPF;, <= MCT,

" LNGC,, = SMVPFE (SE4)

This indicates that the state-to-local MCT is induced to become the standard federal-to-local MCT
defined in the paper. This is not surprising because the federal government’s transfer to the state
precisely aims to spur the state to provide the socially optimal MCT by implicitly providing the
state with appropriate fund to induce it to choose this transfer.

Moreover, from equation (S.E.3), we also have:

SWTP . . SEs SMVPF
m :»9]\4‘/13.}?7.Z < MCTTZ — . :

= SNGes T SMVPEE’ (5.£:5)

which reveals a new particularly intuitive formula. In a hierarchical system, the optimal transfer
from the federal government to the state government is simply the relative “wedge” between the

social MVPF of the federation and the social MVPF of the state.

Federal match rate on the state match rate. In practice, there may be a strong institutional
link between MCT:" and MCT;®: the match rate of the federal-to-state subsidy is based on the

match rate of the state-to-local subsidy. Let us see how to define such a federal match rate on the
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state match rate, denoted m"®. From equation (22) (Section 4.1), we know that:

MSL _ MCTEZL

Ti - WCT’EZ.L’ (S.E.6)

is the expression for the match rate of the state to the local government: for each dollar spent by the
local government, the state gives M*®" extra dollars to finance the project of the locality. Similarly,
we have:

MFS _ MCT:;S

T3 —_— WCT/;;S’ (S.E.7>

as the expression for the match rate of the federal government to the state: for each dollar spent
by the state government the federal government gives M ® extra dollars to finance the project of
the locality. It follows that the match rate of the federal government on the match rate of the state

government, m}?, is denied as:

MS MEs — MZE
(I mi) =T e S = 207 (S.E.8)
Ti M,%L T M,TS-ZL

In other words, under this system of hierarchical transfers, the federal-state transfer can be viewed
as a match on the state’s match that induces the state to set the socially optimal transfer rather

than the one that is in the interest of the state.

S.E.1.2. Mute the State: MCT* and MCT*"

Now, consider the transfer pattern represented in Figure S.E.1c which represents a two-part federal
transfer. The first part is a federal-to-local subsidy, ST, which is simply the socially optimal MCT
to the locality. And the second part is a federal-to-state subsidy, S7°, which aims at muting the

state so it has no incentive to provide any state-to-local transfer. Formally, these two marginal

subsidies are respectively defined by:

LWTP,
LNGC,, — S

LWrp,  SWTP;
LNGC;, — St~ SNGCg, — SEs°

= SMV PFE, (S.E.9)
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Interesting, these transfers are quantitatively equivalent to those derived in the above chain-transfer

case. To make this clear, notice that (S.E.9) is equivalent to:

Lwrp,  SWTP;
LNGC,, — S SNGCs, — Srs

— SMV PFE. (S.E.10)

This is identical to (S.E.3) with the exception that, as expected, the state-to-local transfer is simply
replaced by the federal-to-local transfer. Notice that these two alternative transfers are equal, which
reflects the fact that the transfer received by the locality is socially optimal both in the chain-transfer
case and in the two-part-transfer case.

Finally, by analogy, the MCT formulas (S.E.4) and (S.E.5) can also be directly extended as:

SEL LMV PF,
FL __ T — 1 _ Ti
MOT = ot SMVPE (S.E.11)
Merrs = _Sn __y _ SMVDPE, (S.E.12)
T SNGC:  SMVPFE’ o

Interestingly, compared to the chain-transfers MCTs, the federal government provides the exact
same MCT to the state: indeed, (S.E.5) and (S.E.12) are strictly identical. The only distinction is
in terms of the distribution of the public resources involved by each government. In both cases, the
state receives the same grant from the federal government and the locality receives the same grant
either from the state (chain-transfer case) or from the federal government (two-part-grant case).

Thus, the only difference is who the locality receives its grant from, that is, who pays for it.

S.E.1.3. An Example

To make these two different schemes transparent, let us consider a numerical example. in which
LWTP;, =10, LNGC;, = 30, SNGC}, = 10, , SWTP; = 30, and SMV PF} = 30. It follows

that under chain-transfer the case, we have:
Sy =0, Sor=29.7, S =09,

so that for each unit of marginal policy dr;, the locality receives $29.7 among which $9 are simply
transferred by the state from the federal budget to the locality; and 29.7 — 9 = 20.7 dollars are

direct expenditure from the state budget to the locality.
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However, under the two-part-grant case, we have:

ST =129.7, S2h =0, S =09,
so that the locality still receives $29.7 however it receives it directly from the federal budget. Now,
the state receives a positive subsidy of $9 from the federal budget to make sure the state does not
distort the locality’s incentive with a state subsidy. In this second scenario, the large expenditure
from the federal government ($29.7) suggests that residents outside of the state are more likely
to contribute a significant amount to the local program. The example makes it clear that the two
different approaches have different distributional effects in terms of who pays for the transfers (state

residents vs. out-of-state residents).
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SUPPLEMENTARY MATERIAL S.F

STATE INSTITUTIONS

In this section, we show additional results from our state institutional analysis. Supplementary

Material S.F.1 describes intergovernemntal transfers in the U.S.

S.F.1. StTYLIZED FACTS REGARDING INTERGOVERNMENTAL TRANSFERS

Intergovernmental transfers are an important part of federal and state spending. In particular,

states and localities obtain substantial resources from other levels of government. Using the 2017
Census of Governments, we construct measures of intergovernmental transfers as a share of revenue.

Figure S.F.1a shows intergovernmental grants as a share of total revenue and Figure S.F.1b shows

federal transfers to the states as a share of total state revenues.
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Figure S.F.1. Importance of Intergovernmental Grants.
Notes: This figure uses Census of Government data to calculate federal grants to the states as a share of state revenue and total

grants to localities from the federal or state governments as a share of local revenue.
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S.F.2. STATE INSTITUTIONS AND THE MCT

Figure S.F.2 shows how the state level MCT differs if we perturb only one tax rate within a state,
holding constant all other taxes at the national average. We first adjust the state income tax rate
applied to the life-cycle of increased earnings from spending more on K-12 education, as calculated
using NBER TAXSIM. Next, we change the (weighted) average property tax rate in the state. To
do this we use U.S. Census data to calculate the effective property tax rate by dividing aggregated
property tax payments by aggregated reported house valuations in the state. It is well-known that
households generally over-report the valuation of their properties in the U.S. Census, so we use the
adjustment factors in Twait and Haveman (2015) to adjust these effective tax rates upward. In both

of these figures, we hold constant all other taxes and prices across states.
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Figure S.F.2. How the K-12 MCT Changes if One State Tax Policy Changes
Notes: The first panel shows how the MCT for K-12 education spending varies by state depending on the observed income tax
rate in the state, holding constant all other taxes. The second panel shows how the MCT for K-12 education spending varied

by state depending on the observed property tax rate in the state, holding constant all other taxes in the state. We assume the
property tax rate applies to all municipalities in the state.

Next, Figure S.F.3, shows the states ranked by the MCT calculated if all state institutions (local
sales taxes, state sales taxes, local property taxes, and state income taxes) are allowed to vary. The

left panel plots the state MCT, while the right panel plots the federal MCT. Recall that because the
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LMVPF varies, the federal MCT will also vary because it is the wedge between the federal MVPF
and the local MVPF of the jurisdiction enacting the policy. For most states the federal MCT is
greater than unity, implying no finite match rate exists to internalize the spillovers. However, as
noted in the main text, if the ratio EWTP/LWTP is constant, the MCT can be used to prioritize
policies, in this case, the state to which the federal government can earmark education funds toward.
In this case, the EWTP/LWTP is approximately constant—differing slightly across states due to
the after-tax income effects of landlords differing due to differences in state taxes. Given that this
variation in WTP is dwarfed by that of net government costs, the ranking in the figure can be used

by the federal government to determine which states should receive more or less education funding.
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Figure S.F.3. How the K-12 MCT Changes if All State Tax Policies Change

Notes: This figure allows all state policies on income, sales, and property taxes to change simultaneously. The left panel then
plots the state MCT while the right panel plots the federal MCT.

An important thing to note is that high-income tax rates should not be conflated with progres-

sivity of the state tax system. Although some states have very progressive tax rates, they may still

have relatively low tax rates applied to the added wages from additional education spending. The

reason is that state income taxes apply to the typical student receiving K-12 educational benefits
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and not necessarily to the highest earning workers. Thus, the shape of the tax function lower in the
income distribution and not at the top of the distribution is critical.

Figure S.F.4 is analogous to the binned scatter plots in the main text, showing the correlation
of the state level MCT with the state sales tax rate and the local sales tax rate. Higher state taxes
are again positively correlated with the MCT. Generally, local taxes and negatively correlated with
the MCT but there is no relationship here. In part, this is because local sales taxes are low and
apply only to a small share of consumption. As a result, and small negative effect on the MCT is

likely not apparent because the local sales tax may be positively correlated with the state rate.

MCT and state sales tax MCT and local sales tax

-~ ¢ [ ] (\I‘- 1 Y
0 02 04 06 08 0 o1 02 03 04 05
sales tax sales tax
(a) State MCT and State Sales Taxes (b) State MCT and Local Sales Taxes

Figure S.F.4. MCTs and Observed Higher Level Government Subsidies

Notes: The first panel shows the correlation between the state MCT and observed state sales tax rates. The second panel shows
the correlation with the local sales tax rate.
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