Online Appendix for “A welfare analysis of tax struc-
tures with love-of-variety preferences”

A Specific Taxation and Ad Valorem and Results

aw

Proof. Marginal Excess Burden Formula for specific tax 5.

Let the total welfare to be the sum of consumer surplus, profits and government tax

revenues.

W (p(). 1. (1)) = u(Qu(8), I(1) — (p(t) + 0 + p()Qu(t) — Je (QL(”) — JWOF +1Qu()

cs -
Jr
By totally differentiating Wi (t) = W (p(t),t, J(t)) we obtain
dZL _ < Q(QO,JO) (%)) zL ( (Qo, Jo) — c(qo) — F+qocl(q0)> Cfit]
= (o + B0 = a)) dd% + (Ao + 70 — [po — ¢/ (90)] * q0) Ccig}] (1)

where we used the first-order approximation from Chetty, Looney and Kroft (2009) % (Qo, Jo) =
po + Bito, we used our definition of variety effect Ay = %(QO, Jo) and profits my = poqo —

c(qo) — F. When ty = 0, py = ¢(¢*) and Ay = —mp, we get dWL = 0 which is the first-best

outcome. O

Proof. Lemma 1.

Let m = pg — ¢(q) = 0 be the free-entry condition of firms. Then % = 0 implies that(p —

dp
dg _ _ dp p=mec _ _ 4/t g
o = —q and so o= . O

me
) p/t &

Proof. Proposition 1 in general case without Assumption 3.

vq vq :| GDJ(BPJFaJOQqVq)

Let A = [2— "7q+€*f’s;yq7+l - <1+‘€*’33Vq;+1).1 The firm stability
. €S €S €ms

€ms ( (1+7)+t)
2 « _vg )
!This becomes A = [2 - %4 TQ" + EJ} - (p(lfsﬂ)q (1 + efs%qj + %) under Assumption 3 of

parallel demands.
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87” < 0, are respectively equivalent to 1+ D s J - >0and A >0,

where €}, = 5 812;3 p. Here, A and €}, are written in the general form that depends on both

the specific tax rate t and the ad valorem tax rate 7 for convenience, however from Proposition
1 we set 7 = 0.

By Lemma 1, we have df;ts 0. Therefore substituting this into equation (1) we obtain:

aw dJ dp dQ;
o = Mgy~ Qogp Hto5

From the behavioral equation of consumers wip(Q) = p + 6;t, we have

dQ AdJ dp

t J —— +0 2
mutp(Q. 1) G+ 5 = O &)
In addition, from the free-entry condition, (p—mc)% = —q%, and firm’s first-order condition,
p —mc = ms(Q)7F, we have
dg _ dp
(3)

mwtp(Qa J)”‘I dt %

Combining this with the behavioral equation above, and letting mwip(Q, J) = mwtp(Q) for

simplicity, we have

d d ANdJ
mwtp(Q)yqd—(j = mwtp(Q)—Q + od 0,
d dJ AdJ
= muwtp(Q) (J dZ +q— ) od — 0, (4)

where the second line follows from substituting ijt = Jg dq +q¥ dt Therefore,

dg 6, — ( + q % mwtp(Q)) aJ
dt mwtp(Q)(J — v,)
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Using now dq = aq + 33% (note that % = % J) we can get
dJ 0, — (J — uq)mwtp(Q)g‘tJ

dt % + g mwtp(Q) + (J — vy)muwtp(Q) %4 (6)

From Kroft et al. (2020), we have

dq dq 1 SR wkp,

—=— =—- ) —1) = ——— 7

ot dt|, Jmuwtp(Q) (pt o ) Jmwtp(Q) (7)
where pf# = 1 — (1 —wgg) 0, and wsg = — s, where €}, = ((iif;jr)tq) (short-run

14D D J + _J
€S €ms
passthrough is taken from Kroft et al. (2020), for section 3 7 = 0, while for section 4 t = 0,

however wgg and €}, can be written in this general form for convenience).

Finally, fix ¢, and differentiate the first-order confition with respect to J to get:

A
—+muwtp(Q) (q +J—= 37 = 3]

dq 8q_ dq
: o

, 0 0*P
57 ——mwtp(Q)v;—qvmwtp’ (Q) (q +J q)

87 ) 97007

where we have assumed thatg—f; = 0. Further simplifying yields:

2
dq 8L+ Z5 vy + muwitp(Q)q + ¢*vgmuwtp (Q)

07~ (T + vmutp(@Q) = ¢"(q) + Jqvymuwty (Q)

Rearranging equation (8), the denominator is equal to J * mwtp(Q) * (1 + % + s >, and

€ms

so we get:

8(] WSR oP 82]) q Yy ij
4 WSR (2D YT _ 4 124
0]~ T xmuwtp(Q) <8J - aJaQq”q) 7o T T e (9)

Note:

vy oP  O?P ( ( ))
YN — 1— 1—
sk <8J T 9700 wsn
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Substituting equation (9) and equation (7) into equation (6), we get:

dJ_et(l_WSR< —”;))

E N wSR”—jA

dJ

, and substituting % into equation (5), we obtain:

v,
vq
Yq J

dg _ 0 [T — o
a J LA

Finally, from equation (3) and the expression for % we have:

dq

pr =1+ mwtp(Q, J)vg—;

J

_ epJ (0P 9’p Yq
Pt (6] + aJaQqVq) [] +

Yq

eH——
D J _|_

€s

|

v 5 vq
wlos oot -0 (4 - 1)

_end (8P | &P ve | p=F . F
[ (8] + aJaQqVQ> [J T T o

When we impose Assumption 3 (parallel demands). we obtain that g—?(@, J) = % and

2*pP
dJoQ

= 0. Therefore, equation (9) is translated to

dq wsrA q Vg = F
s _ 4 1— 294 J
a7~ JQemuwtp(Q) T SE 7 e

And following the same steps we obtain:

Yq

dg _ _bgep P
d  p+t | vy | =% 4 Aep (v L -2 4
7‘1 (2 o 7‘1 + SSVTq] + ﬂrlw) o (ij)q (; + D€s . + EW]),S>
v | b=F | F
dJ o HtJED J + €s + €ms
dt Iz

ESL €ms
J
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p ;(2_;+Dq]+ J)_(p+gq(;+D€SJ

Yq
J
—I— €ms

(10)

(11)
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* Vg Yq * _ g Yq
vq ‘o™ _ _ Vg _ T _ Nep |vg | DT i
J |:2 + 55”7‘1 (1 et) (J Ems> (p+t)g | J + €s + em5:| (13)
pt — « vq vq * Yq Yq
Vq _ Vg 4 ‘D™ J | _ Aep |Ya 4 DT v
J |:2 J + 55”7‘1 + 6m5:| (p+t)qg | J + €s + em5:|
]

Proof. Corollary 1.
The proof is immediate by setting 8, = 1, Ag = 0 and t; = 0 into the conditions of

Proposition 1. O

Proof. Corollary 2.

First, the overshifting condition is given by:

dp
— >0
dt —
dgq
< muwtp(Q, J)yqa <0
Vg
%~
<:>Vq 2_&_’_637%}_'_1}1 _mfs\ﬁD ﬁ_}_eglﬂ)fy‘?_f_%q 20
J J 63”7‘1 €ms (p+t)g \ J €s €ms
&1 - >0
67’7’LS

where we have used that A > 0 by stability.

Next, note that the second-order conditions imply

g(l—w53<1—(y]q>)—l—q*mwtp(Q) <1—w5R< —?) (1—1(/](1-1—”;)) <0

and 1+ b= + E% > 0. Thus,

€s
< ajy _ . Vg €D F 7
stgn <dt> = —sign ( 7 + . +

and

stgn dq —sin(l —1)
g dt ) g Ems
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It follows that

A da Aepdd
dt — dt = ygp dt
<:>1_61 = AEVDQ[ZQ‘FEEG_?-F;}]
ms qp(#) S ms

Proof. Lemma 2.

From the behavioral equation wip(Q) = P(Q,J) = p + 6t, we can express price as a

function of J and ¢. Then we have

p(J,t) = P(Q(J,t),J) — 6t

Therefore,

dp 0P 0Q
i —l—mwtp(Q,J)aJ
—é—l— * mwtp(Q, J) + t(QJ)*J*@
= 0 q * wip\, mwip\, a7
A p+t J 0q
—|= 14294
[Q Jep ( Tqa) )]
From the proof of Proposition 1, we also have that:
g g tmutp(Q)q+ ¢Prymutp(Q)
oJ  (J+v)muwtp(Q) — " (q) + Jquymwtp (Q)
_ . wseh _a Ve T
JQ * muwtp(Q) JSR (1 J * 6m5>
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Therefore,

Proof. Corollary 3.

Observe that

or  Op dq
a—a@ﬁ‘(p—mc) ot
_Op Vq @

ot T Jer at?

SR
SR vy ppt—1+0
— (pSE _1
(o =1)a+ Ter ! Tmuwtp(Q)

Vg 1
= q@thR (1 - 7 — (,utSR>

oot
J €g

Ems

where the term in parenthesis is the numerator in equation (12). This implies that given the

denominator is positive by stability, then:

. or\ . dJ
sign 5 = sign o

From the behavioral equation wtp(Q) = P(Q, J) = p+ 0t, we can express price as a function

of J and ¢t. Then we have

p(J,t) = P(Q(J,1),]) — 0t
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Therefore, using Lemma 2 for the second line we obtain:

d£ opdJ OJp
dt — aJdt = ot

= (G + muw@.052) G + osn - 1)

which implies that

op dJ
pt—PfR:ﬁ%

Then we can express the difference between long-run and short-trun pass-through as:

A wsgpA v dJ
pt—pr=<Q— 55 +q*mwtp(Q7J)—q*mwtp(Q,J)*wSR(1—q+=’>>

_ ((1 — wsr) g + ijDt (wSR <1 ) - 1>> Z‘Z

1 vy 5 —
= + Vg Iz + J N p +t * ﬁ + GD J dJ
1+ DT + v €g €Ems Q JED J €g dt
€g €

ms

A d
B (“‘“S%‘W et (V” )) W
A 2
- (“‘“SRM; ‘w*”%* (1 ~wsn (1 -3+ m>>> i

Therefore,

, SRy €p — F = A ptt [y, €p — F dJ
szgn(pt Ps )— szgn(( - +€ms>Q JGD* J—i— s * SLgN m

Finally, under the conditions of Corollary 3, we can sign part of the following expression

as follows:
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1+ €s €ms
_ 1 (”f)A_pH*(vq))dJ
1+€;7qs €ms ) Q Jep J dt
<0

which implies

) . on
a7 = o (%)

Proof. Lemma 3.

Let m = pg—c(q) = 0 by the free-entry condition. Then 2—: = 0 implies (p—mc)d—z = —qg—f
p=me _ _a/T P
and so » = i ]

Proof. Proposition 2 with Assumption 3.

We will provide a proof of Proposition 2 under parallel demands and then discuss at
the end how the formulas change without parallel demands. Note that for marginal excess
burden, we do not require Assumption 3.

Consider a change in the tax from 7 to 7. A first-order approximation to the marginal

excess burden of taxation is:

L = o1+ 0.m) — a0 2+ (gm0~ oo — )] # ) o (14)

Quantity effect Diversity effect

Under Lemma 3, the marginal excess burden of taxation is given by:

dW dJ dp dQr,
— = Ay— — Qy— —= 1
s 0= QOdT + 0, 7opo Ir (15)
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Willingness-to-pay with ad valorem taxes takes the form wtp(Q) = p(1+6,7), so mwtp(Q)%—I—

g—’;% = g—f(l + 0,.7) + pf.. With the parallel demands assumption, we have g—]; = % We

also have the free entry-condition (p — mc)g—g = —q%, and the firm’s first-order condition
p—mc= —ﬁmwtp(@)@. Therefore, we have:
dq dp
Vg * mwtp(Q)% =(1+6.7) o (16)

which implies:
dg 0 — (5 +axmutp(Q)) &

da _ : a7)
dr mwtp(Q) (1— %)
Using now % = 94 4 944/ (Jfepe 01 = da ). we get
dJ PO, + (I/q — J)mwtp(@)@ a18)
dr % + ¢ x mwitp(Q) + (J — I/q> o
We also have
% = dg = B (0rmce * wgR)
or dr|, Jmuwitp(Q)
where pSR =1- (1 — wSR@) 0, and wgrp = 1 . Moreover,
P 1+€D€%+%
9 A wsr _WWsk (| Vg F (19)
oJ Q J * mwtp(Q) J J €ms
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Therefore, substituting 37 % and 8‘1 into equation (18)we have

dJ _, p—me*wsr (1-%)
=0, - y § vq
dr %(1_wSR(1_7q))+q*mwtp(Q) (1—WSR(1_;) (1_j+€is>)
6*7’/7‘1 Yq Yq vV,
- 1+t ) (1‘%)@‘?)
I IR Yq -
Al oty 2 +q*mwtp(Q) A Rl A
= _GTJGD ; <1 + 6D *D 65 J Ems)
1+7_ Vq Yq Ygq

_ Y 4 D
7 [2 7T T

_'_ J

6'msj|

Yq Yq

Recall A = {2 — Vj‘l 4+ Dot
€s

(20) into equation (17), then:

Aep  (va o D=F . T
(1+T)10q(u7jL €s +

T | _ __Aep
L ” G1+7) )1 (1+ s

(20)

€ms

* Yq
H—F 1
D J

mi- T+

€
7 ms

>. Substituting equation

Y vq
vy (A0 (13 2) )
dr — Jmuwtp(Q) WsRFA
g v, = Ae 3
L % — Tt on T (1+T€PQ%
— Jmwtp(Q) “A
Finally,
1 147 dq
== t —+1
P pl+06, aimt p(Q)dT *
A (P—mc) + g * mwtp(Q) p—mc Vq n v
Vq 97—(1 + 7_) Q p p €m9
T (1+6,7) N !
v, vg 0-(147) —mc v - Ae Vg 0- (14+7) p—mec
FA = F e (p » — ot e;’m> + @5 (P Ee s )
Yq
Using P=¢ = -, we obtain:
p €D
vy 0, (147) 1 1 Ae vg 0-(1+7) 1
A= FTem (D -1+ ems) T e (Jq(wew)eg)
Pr =
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In the case where Assumption 3 does not hold, analogous results can be derived by

substltutmg with J (22 57 T3700 J@Q 2 qu,). The proof is completely analogous to that of Proposition
1 without Assumption 3. n
Proof. Corollary 4.

This follows immediately by setting 0 = 1, Ag = 0 and 79 = 0 into the conditions of
Proposition 2. ]
Proof. Corollary 5.

Assume that v, € (0, J], 0, € [0, 1], and that mp = 0. We derive each of the results stated

in the Corollary:

1. Overshifting: a small tax increases producer prices if and only if:

dp
x>
dr 0
< pr2>1
Y (1—|—T) lq ﬁ_kl’fj‘ N Aep 9(1—|—T)V" >0
(1+97) en  J 0 €ms (1+6,7)pq J(1+97’)6D
O PR DO N
ED €ms ( +97'7_)pq€D
1 Ay
=1 — >

1
€ms €>|<D p0q0(1 + 977—0)

2. Starting from no tax 7y = 0, introducing a small specific tax, increases welfare if and

only if:
dW dJ d dJ
= No— — Qo b >0 0 >pr—1
d dr dr poQo dT
1 1 A 1 1 H—
Gt — 1> 0D 1 2
€p €ms po(l()jO €D €ms €s To

3. Therefore, if Ay = 0, starting from no tax 7y = 0, introducing a small tax, increases
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welfare if and only if there is no overshifting:

AW d 1
e cpe — 4
dr dr EE €ms

-12>0

Proof. Lemma 4.

The proof is analogous to Lemma 2. The only modification is that the behavioral equation

PQU:t),J)
146,71

implies a rescaling is needed for 22 O

for ad valorem taxation p(J,t) = 55

Proof. Corollary 6.

Note that:
or  Op dq
E—EQ‘F(P—WLC)E

O v, Quuip(Q) 9g
8Tq J 1+0.7 an

_ ( SR 1) D — ﬁQmwtp(Q) %(1 +6:7) + pb;
Pr J 1+0,7 Jmwtp(Q)

= (pr — 1) pq — qufqeﬁ ((pr — 1) (1+0,7)+ 97>

0
- SR_1<_V(1>_V‘1 T
pq[(pT ) 7) " T \1+06,7
mc v v, 1
- (2 1) (1) )
paf l(prR >< AR E:
= —pabrwsr Kl+ DTy J) - (1 - i)
€s €ms D

€
-4 -2 1
= —pqgb,wsr (1/(1 (1—1— ” J 4 D l,qJ +

Vg 0.1
J €h €5 Ems J\1+0.71
and
Ya (1 4 1 qu b7 1
dJ 0.Jep J € €5 es L €ms
dr 1+7 ﬁQ_ﬁ_l_e*D_VUTq_i_yi _ _Aep ﬁ_i_E*D_UTq_i_VTq
J J 557‘1 €Ems (1+7)pg \ J €s €ms

which implies

stgn % = sign ﬂ
g 87'_9 dr



Finally, we also have

dp opdJ Op
dr — 9Jdt = ot

oP 0
S ( + mwtp(Q, J) acj) + 1_:(9

1+6.7\0J
dp
i (aT)

(mwtp(@, J)gf_g — 97p>

B A 0Q
= T(Q—l—mwtp(Q J)6J>

which implies

ro_ o I+7 (A dq\ 1dJ
PLR — PSR = s (Q + g x mwtp(Q, J) + mwitp(Q, J) x J 8J> o
and so
1+7 EE_& Ya \ A p(1+7') v E*D_Lq dJ
pT_pr— 1+9;—7‘ - (( J+J>_*<q_'_ J))
1+€D T4 L €3 €ms ) @ Jep J €s dr
B (4 A_p+t*(uq> dJ
1+ q €ms Q JED J T
€ms <O

which implies that:

B Comparison between Ad Valorem and Specific Tax-
ation

We begin by considering the reduced-form effects of taxes in order to compare ad valorem

to specific taxation. Throughout we will make use of the definitions ep = —%.
* 67'7— v, €7 Yq € e* _rq
€p = ((1117)+t6D’ and A = (2 — Yoy D™ J + ems} o (1ﬁf)’+t)q (1+ EDSUTQJ + 6;) > 0 for

the stability condition:
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A+ (1= 1)
pt - A
vg 0 (1+7) 1 1 Ae o
B A+ J (146,7) (1 €ms + €h ((p(1+T]§+t)q 1)>
pr = A
dg — bep 1 - i
d  pl+7)+t\ A
1 1 Ae 1
@ _ equ€D 1 B €ms o % + (p(1+7—?+t)q%
dr p(l+7)+t A
€H— 1
y _ etJED 1 + EDSVT{JJ + €ms
dt p(l+7)+1t A
13 =F 1
y _ eTpJGD 1+ E*D G*D + GSVTq + €ms
dr p(l+7)+t A
@ _ etQED 2+ SSVTLZJ
dt p(l+7)+1 A
o= A AN
dQ — 0:pQep 2+ fs”Tq] + ((p(1+T])3+t)q J) D
dr — p(l+7)+t A
dW dJ dQ dp
— = A— 40 t— - Q—
dt ar Ot~ @y
dW dJ dQ dp
—=A— 4O 1p— - Q—
dr dr + 0P dr dr
dR dQ
Iainh t—2
i 9Ty
dR dQ dp
dr =p@+7p dr +TQdT
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Proof. Proposition 3. Rewrite p, as:

v = 0141\ (va 3
7 [2+ ?5”74] N (1 - (1+977)) (f N ei)]

- « _ Vg vq x _Vq vq
Vg __ Vg o= 7 7 | _ Aep Vg o7 v
J [2 7T m } w+7)+Dq <J T T ems)

€ms

Ae vg | =3 | F 0. (47 (2)° Ae B
(p(l—&—'r?—i—t)q (J + €s =+ e,is> + (1+0-7) €5, {(p(l-ﬂ'?—i-t)q 1}
vg

* Vq * Yq Yq
_ g DT 7 | _ Aep Vg D=7 7
2 J + €s VTq + :| (p(1+7-)+t)q ( J + €s + €ms )

€ms

Yq
J

Then, observe that for 6, = ?Iiletg (for example if 6, = 0, and 7 = 0) then

0, (147) (4)° { Ap 1}
_ (+6-7) ep  L(p(A+T)+t)g
prop= Yq Yq c0—F 7 Aep Yq e0—F 7
J 2 - J + ESVT‘] €m3:| - (p(147)+t)g |:J + €s + Ems
S0
AGD A
pr > pr S >1< — +gxmwtp(Q) >0
(p(1+7) +1)q Q
We now consider the marginal cost of public funds (MCPF) starting from zero initial
taxes.

R =1pQ + tQ

A 404 - QF
d
Q+t%

AdJ dp

- + -
Qdt ' dt

A
Q dt

MCPF;, =

pr—1

A 4 GTTp% — Z—f
pQ + TP + QL
A dJ

- 7 . —1
deT+p

MCPF, = —
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Furthermore,
1
dJ 0; == @

— = +
dt % + ¢ * mwtp(Q) % + ¢ * mwtp(Q) dt

1

dJ 0, 1= v d
e +(1+6,7) T
T 5tax mwtp(Q) otax mwtp(Q) dt
and when taxes are zero, we get:
1
dJ 0 1=
: . (pe —1)

= = +
dt % + ¢ * mwip(Q) % + ¢ * mwtp(Q)

1
d.J o L=
df = A + A . p(ﬁT - 1)
T 5tax mwtp(Q) oTax mwtp(Q)
and so
MCPF, A b +(p—1) (1 A LTy
- Pt — - —
! Q % + g * mwtp(Q) ! Q % + g * mwtp(Q)
1
A 0 A 1= v
MCPF, = —— T +(pr—1)1== 7
Q%—i—q*mwtp(@) ( ) ( Qg—i—q*mwtp(Q))
A
A 1—% q*mwtp(Q)—i—%
: _ — 4 — _ A 7 — 7 .
Assuming 6; = 6, and 7 =t = 0, note that 1 QB rgrmin@) S grmin@) | Therefore:

K‘§‘©\>

q * mwtp(Q) +
sign(MCPF, — MCPF;) = sign . — Pp) *
gn( t) = sign | (pr — pr) 5w mutn(@

~—

A
= sign (q * mwtp(Q) + Z)
J
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Finally, observe:

sign 1dJ _dJ = sign | (pr — pt) * 1_é
g pdr dt) G %+q*mwtp(@)

Proof. Corollary 7.

There are two cases. As a matter of terminology, we say the stability condition A =
vg  vg

2 — ﬁ + eD;VJJ + eis] — (p(1ff))+t)q (1 + ejjs_uj + €:w> > 0 does not restrict A if and only if
1+ ED + - <0.

Assume A > 0 does not restrict A. Then:

1. If there is overshifting of ¢ (this is the case if 1 — i > 0), then p, > p; implies /;g% > 1

J 6(1 . Vg o L _ AED
and so 5% _WSR{ -7 (1 Ems) (1+r)pq} > 0.

2. If there is no overshifting of ¢ (this is the case if 1 — E:m < 0), then €,s > 0 but

Vq + o7 —l— =z < 0 implies €,,; < 0 so we get a contradiction (this means assuming A > 0

does not restrict A implies overshifting of t).

3. Assume now that A > 0 does restrict A. Then p, > p, implies 1;‘;% > 1. Also
vq vq

Yq =7 7 i i
;P >0 implies

14

.m

€p — &

Aep Vg €p—F =
4 + < 4 +
J €s emj (p(l +7)+1t)q ( J €g
€

* L Vq _ Vg Yq
[Z
€s 7q €s €ms

Rearranging the expression we obtain 1 — 61 > (0 so that specific taxation is overshifted.

14
< 4

9 _
J

0<A=22]p- "
<a=?|
Yy
J

JOog _

Finally oy = —WSR [ -4 (1 — i) — (I/J\ff)’pq} > 0. O
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C Connection to Pass-through Formulas in Delipalla
and Keen (1992)

In this section, we show the connection of our results to Delipalla and Keen (1992). Note

that in Delipalla and Keen (1992), the tax is on firms. The consumer price is defined as P,
and the producer price is P — t.

In Delipalla and Keen (1992), “A” is defined as:

1C..
A= ——
A Py
where \ = jif )
Let usdefine eg = xg’:s

Therefore, we can express “A” as

4— D=3

jes

Next, Delipalla and Keen (1992) define “E” as:
Pxx X
E=_"%X

Px
Using the fact that ms = —Pxs, we can get

1
€m

- = 1 — E. Thus,

1
E=1-

Ems

We then substitute for A and F using the expressions above in the pass-through expression
in Delipalla and Keen (1992), and set 7 = 0

dP 24 B
:E:

Pt

€

@

| |=I>

>

€

S *

2—%+

>

+

X
JEs

€ms

This is the same expression we have for a specific tax when consumers are fully optimizing
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and there are no pre-existing taxes (see Corollary 1).

Next, consider ad valorem taxes. Delipalla and Keen (1992) show the following

ap _ dp
ar Yt

P(14+A
where o = £(tA)+me

54 - lhus, substituting in A yields:

« _A
P(1+ 5—2) +mc

o =

JE€S
er —2
24 B
Jes
Therefore,
X A
P(1 D" 9 ¢D”7J
dj B ( + %e )+mC + %Es
dT_ 2+673% X2_A+€7:>J %
%65 J %6 €ms
P(1+ %B=1) + me
_ J
2+ b= 3

Therefore, the pass-through of ad valorem taxes is

1dP

= Par

e A A
D
FE€S D

- * A A
A, €p—5 5
2_74_12\‘1_’_4

F€s €ms

which is the expression we have for pass-through in Corollary 4.

D Microfoundations for Demand

In this section, we provide the microfoundation for parallel demands. First, we introduce a

class of continuous choice models that are nested by our utility function.
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Preferences. Let the representative consumer’s utility function given by

uJ(Ql7“'aQJ7m) :hJ(QIw--»QJ)"‘m

for any hy : {1,...,J} — R which is symmetric in all its arguments, continuously differen-
tiable, strictly quasi-concave and h(0,...,0) = 0 and where the linear good m is interpreted
as money.

Demand. The consumer’s problem is

max uy(q,-..,q75,m)=hy(q,...,q7) +m (21)

J
subject to m + ijqj =.
j=1

When the consumer is facing symmetric prices p; = p for all j, we can transform the prob-
lem as follows. Define H;(Q) = hy (% o %) where we interpret () as aggregate demand.

The new problem then is given by

u*(p, J,y) = max H;(Q)+y - pQ.

From the first-order condition, we obtain the family of inverse demands P(Q, J) = H(Q).
Furthermore, it is easy to see that given the optimal aggregate quantity Q(p, J) for price p,
the strict quasi-concavity of h; implies the consumer chooses symmetric quantities ¢; = %
for all j in the original problem.

Furthermore, none of the assumptions on utility are too restrictive. We show that for any
family of downward sloping aggregate demands there exists a utility function u; : R/*!1 —
R satisfying the conditions above that rationalize the aggregate demands. Let P(Q,J)
be continuously differentiable and strictly decreasing in ). Let H be any antiderivative

[ P(Q, J)dQ, which exists because P(Q, J) is differentiable. Then, for some p € (0,1), the

following is a strictly quasi-concave direct utility function that rationalizes P(Q, J) for integer
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J when all prices p; in the market are equal:

1

J P
u(qry ..., q,m)=H (Jplzqf) +m.
j=1

Furthermore, we can make sense of J as a continuous variable if we permit a continuum of

varieties ¢ : [0, J] — R and let

us(qg,m)=H ((/OJ Jp—lqp(j)dj) p) + m.

We provide two examples in the following to further illustrate the idea of parallel demands

and its applications.

Example 1. Bulow and Pfleiderer (1981) obtain the following three categories of inverse

demands as the unique curves with the property of constant pass-through:

(Q7 ) = Qg — 6]@6, for 5 > Oa
(Q,J) = ay — Bslog(Q) ,

3. P(Q,J) = ay+ B;QY", for n < 0, which is the constant elasticity inverse demand shifted by
the intercept .

PQ,J
PQ,J

An important case is when 3; = [ for all J, then the inverse aggregate demands are linearly
separable in J and @ and they shift in parallel as J moves.? The fact that these are the
only class of curves for which marginal costs are passed-on in a constant fraction makes
them a tractable benchmark and therefore they have been popular in applied work. Fabinger
and Weyl (2016) generalize Bulow and Pfleiderer (1983) and characterize a broader class of

“tractable equilibrium forms” of the form P(Q, J) = a; + Q"+ vQ* which allow for greater

2For example, for the first class one possible family of utility functions, among many, that rationalize the
inverse aggregate demands is given by

y (Z‘] 5+1
P .

us(qu, .- qsm) =0y (J” 1§qu> A T E

=1
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modeling flexibility. Again, as long as # and v are independent of .J, then we say that the

inverse demands shift in parallel.

Example 2. This example shows that our revealed-preference approach allows for rational
preferences that display hate-of-variety (a’(J) < 0). Imagine there is a marginal cost of
consumption c¢.J for each unit of some good that is consumed; that is, for each unit consumed,
the agent faces a constant cost of evaluating each of J varieties before he chooses. Preferences

are given by

J J
U:H(qu) —cJqu+m

j=1 j=1
where H is concave. The inverse demands are then P(Q,J) = h(Q) — ¢J with h = H’
decreasing, therefore aggregate demand shifts inward as the variety increases (the intercept
being h(0) — ¢J). We can interpret this as the agent displaying a strong degree of thinking
aversion or attention costs. More generally, if the inverse demands are given by P(Q,J) =

a(J) — h(Q) then the sign of a/(J) is unrestricted.

E Formulas in Calibration

Taking logs and rescaling by z% equation (15) we obtain the following expression which we

use in Section 7 of the paper:

dlogW) W - dlog(J) dlog(p) dlog(Qr)

i LSS Ay - OL) 22
dlog(1+ 7) pQ Cdlog(1+7) dlog(1+7) 7o dlog(1 + 1) (22)

where /~\0 = 3—5.

We now show the derivation equation (23) in the paper. Note that the Lerner condition

Yq dlogp
p—mc __ 7 141 dr — p—mc 1 1
pit) = (5078 and the long-run free entry condition 4= = — L, We can identify
T dr
dlogp
Vg 1+6,7 4
7T TP, dem (23)
dr
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We have from Proposition 2, and assuming constant mc, that

v
2
1 J

4 0 Jep [Mtant o
dr — (1+7) A

and

0,(1+7) (2L v - Ae 0, (1+7) =L
IEaiker (‘; -7t i) * Gt ((HGTT)%)
pT - A

WhereAzl—i-[leE%;g] {1—“4}—%/\6717—”4[1— 1}. Then
€s

1-Ya 0-(47) [ 7 117 1 Ae 97(1+7')V:q
A bdep |1F axt g T ( F T ems> + G0 <<1+9TT> %)
(1 + T) % p‘r - 1

And so, using p, — 1 = (1 + )dlog(p then

1—-4
Mep (1 B\ g doglp) |Mran G AT (% Y
pg \(1+0,7)¢} P dr aJ A+6.7) \ep T e
which implies
€ dlog( ) v,

A W dr 1 1— = eh (1 1

== (1+97)d17 I+ —+—2)+0+n) 2 —1+

bq ED Oj; ) €ms €D €D \€p €ms
Now, from i—g = % and equation (23) we get
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A 1486, — LT dioa(g) 1 14 1467 (1 1
= — + T(l—f-@,ﬂ')M 1+ +7JO +(1+T) —:_ T — — 1+

pq 1+7 dl"dgT(J ) Ems i 1+7 \€§ Ems
dlog(q) 1 1 — Vg 1 1
=(1+67) - (1+—+—L )+ (1+6,7)(——-1+
dlodg(J) Ems 6"1‘) E*D €ms

[ diog(q) 1 1— Y 1 1
=(14+6:7) |gZn 1+ —+—2 |+ +— -1
09(J) €Ems €D €p €Ems

dr

_ 1 dlog(q) dlog(q) _ ? 1
= dr dr
=00 | gy T T @ (1 T 6*0> to -1
| ™S dr dr D D
[ [ des(@ dlog(Q) _ dlog(.J) 1_ % 1
= dr dr dr J .
= (1+0.7) e | dog(l) + dlog(7) (1 + o ) + - 1
L dr dr
1[5 0 1_v\
=(1+6.7) ﬁA —i—ﬁA (1—1—*‘])4—‘1—2
| Ems o p7 €D €D
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Online Appendix Table OA.1:
Effect of Food and Nonfood Sales Taxes [Placebo Test]

1) (2) 3) 4)

Dependent variable : Prices (Panel A)

Own tax rate differential 0.187 0.165 0.045
(0.020) (0.018) (0.011)
Other tax rate differential 0.150 0.120

(0.021)  (0.018)

Dependent variable : Quantity (Panel B)

Own tax rate differential -0.849 -0.853 -0.876
(0.258) (0.227) (0.173)
Other tax rate differential -0.132 0.022

(0.257)  (0.227)

Dependent variable : Variety (Panel C)

Own tax rate differential -0.205 -0.215 -0.269
(0.125) (0.115) (0.100)
Other tax rate differential 0.015 0.054

(0.106)  (0.093)

Specification:

Food dummy y y y y
Cell (border pair by year) fixed effects y
N (observations) 8430 8430 8430 8430

Notes: This table reports regressions of prices, quantity and product variety on
average tax rates for food and nonfood products. For each border pair-by-year cell
there is two observations: one for food products and one for nonfood products. All
variables are measured as within-cell differences average difference between the two
contiguous counties. Own tax rate is the average food tax rate differential for food
observations and the average nonfood tax rate differential for nonfood observations.
Other tax rate is the average food tax rate differential for nonfood observations and
the average nonfood tax rate differential for food observations. Standard errors are
clustered at the border pair-by-year cell-level. Each regression includes a dummy
variable for food products. Observations are weighted to reflect the number of
underlying module-by-store-by-year observations in each cell.
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Online Appendix Table OA.2: Sensitivity of parameter estimates to alternative values of demand

elasticity and tax salience parameter

Panel A: Calibrated parameters

Average tax rate, 7 0.034 0.034 0.034 0.034 0.034
Tax salience parameter, 6, 0.528 0.475 0.581 0.528 0.528
Demand elasticity, €p 1.223 1.345 1.101 1.345 1.101
Panel B: Reduced-form estimates
Pass-through of taxes into pre-tax prices, dlog(p)/dlog(1+7) 0.039 0.039 0.039 0.039 0.039
Quantity response, dlog(Q)/dlog(1+7) -0.731 -0.731 -0.731 -0.731 -0.731
Variety response, dlog(J)/dlog(1+7) -0.243  -0.243 -0.243 -0.243 -0.243
Panel C: Model parameters estimated by matching reduced-form estimates
Markup, (p - ¢'(q))/p 0.080 0.080 0.080 0.080 0.080
Implied conduct parameter, v, /J 0.096 0.106 0.087 0.106 0.087
Inverse elasticity of marginal surplus, €, -0.936 -1.003 -0.877 -0.936 -0.936
Variety effect parameter, A, 0.133  0.127 0.191 -0.098 0.416
Panel D: Calibrated welfare formulas
Full marginal excess burden (MEB) formula, dW/dx -0.085 -0.082 -0.100 -0.028 -0.153

Alternative MEB formula benchmarks:
Harberger / Chetty-Looney-Kroft benchmark, 6, *r,*dlog(Q)/dlog(1+7z)  -0.013
Besley(1989)-style benchmark; i.e., full MEB formula with A, =0 -0.052

Notes: This table reports structural parameter estimates by finding parameters that allow the model to match the reduced-form

estimates. The table reports sensitivity to different assumptions on the demand elasticity and the tax salience parameter.

Columns (2) and (3) vary both parameters but hold the product of the tax salience parameter and demand elasticity constant. The

last two columns only vary the demand elasticity.
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Online Appendix Table OA.3: Additional Counterfactual Comparisons of Ad Valorem and Unit Tax Taxes

Large variety

Very large variety

Variety effect parameter, Aq No variety effect effect effect
Baseline variety effect estimate, counterfactual, counterfactual, counterfactual,
Ay =0.133 Ay =0.000 Ay =1.000 Ag = 2.000
Inverse elasticity of marginal surplus, €, € = -0.936 €5 = -20.000 €5 = -20.000 €ms = -20.000 €5 = -20.000
Ad Ad Ad Ad Ad
valorem Specific valorem Specific valorem Specific valorem Specific valorem Specific
tax (dr) tax (dt) tax (dr) tax (dt) tax (dr) tax (dt) tax (dr) tax (dt) tax (dr) tax (dr)
o @ A @ ()] © ()] ® @ ®
Panel A: Pass-through of taxes into pre-tax prices
dlog(p)dlog(1+7) or dlog(p)/dt 0.039  0.058 0.010  0.030 0.006  0.028 0.080  0.069
Difference between ad valorem and specific tax -0.019 -0.020 -0.022 0.011
Panel B: Marginal cost of public funds (MCPF)
MCFP, or MCPF, 0.083 0.067 0.107 0.088 0.017 0.040 1.611 0.880
Difference between ad valorem and specific tax 0.017 0.019 -0.022 0.731
Panel C: Additional Statistics
dlog(p)/dlog(l+z)|J or dlog(p)dt|J 0.013 0.061 -0.040  0.003 -0.040  0.003 -0.040  0.003
Difference between SR and LR pass-through 0.026  -0.003 0.050  0.028 0.046  0.026 0.120  0.066
dlog(J)/dlog(l+z) or dlog(J)dt -0.243  0.024 -0.628  -0.339 -0.578  -0.312 -1.416  -0.765
Olog(z)/dlog(l+7) or Olog(x)or 0.041  0.004  -0.091 -0.048  -0.091 -0.048  -0.091 -0.048
Olog(p)/dlog(J) 0.108 -0.106  -0.084 -0.082  -0.083 -0.082  -0.088 -0.087
Olog(g)/dlog(J) 0.728  0.717  -0.757 0.745  -0.918 -0.903 0.290  0.285
Stability condition (must be >0) 1.812 1.812 1.749 1.749 1.899 1.899 0.080  0.079 -0.348  -0.348

Notes: This table reports counterfactual estimates of reduced-form effects of specific taxes under different assumptions on variety effect and the inverse elasticity of
marginal surplus, providing alternative scenarios reported in Table 5 using the model parameter estimates of Table 3. The final two columns do not report estimates
since the large variety effect leads to a violation of stability condition. By contrast, the stability condition is satisfied for all of the columns in Table 5.
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Online Appendix Table OA.4: Love-of-variety and long-run pass-through

Variety effect parameter, A, Baseline variety effect estimate,

No variety effect counterfactual,

Ay =0.133 Ag =0.000
Inverse elasticity of marginal surplus, ¢, €ms = -0.936 €ms = -0.468 €ms = -0.936 €ms = -0.468
Ad Ad Ad Ad
valorem Specific valorem Specific valorem Specific valorem Specific

tax (dr) tax (dt) tax (dr) tax (dt) tax (dr) tax (dt) tax (dr) tax (dt)
€8] 2) 3) “ () ©) ) ®)
Panel A: Pass-through of taxes into pre-tax prices
dlog(p)/dlog(l+t) or dlog(p)/dt 0.0390 0.0580 0.0670  0.0849 0.0355 0.0584 0.0701  0.0939
Difference between ad valorem and specific tax -0.019 -0.018 -0.023 -0.024
Panel B: Marginal cost of public funds (MCPF)
MCFP, or MCPF, 0.083 0.067 0.061 0.046 0.047 0.070 0.082 0.106
Difference between ad valorem and specific tax 0.017 0.015 -0.023 -0.024
Panel C: Additional Statistics
dlog(p)dc | J or dlog(p)dt |J 0.013 0.061 0.084 0.137 0.013 0.061 0.084 0.137
Difference between SR and LR pass-through 0.026  -0.003 -0.017  -0.052 0.022  -0.002 -0.013  -0.043
dlog(J)/dlog(l+7) or dlog(J)/dt -0.243  0.024 0.133 0.378 -0.244  0.024 0.142 0.418
Olog(m)/dlog(1+7) or Olog(w)/ot -0.041 0.004 0.024 0.073 -0.041 0.004 0.024 0.073
Olog(p)/dlog(J) 0.108 -0.106  -0.139 -0.137  -0.092 -0.091  -0.104 -0.102
Olog(q)/dlog(J) 0.728 0717  -0.691 -0.680  -0.907 -0.893  -0.893 -0.879
Stability condition (must be >0) 1.812 1.812 1.877 1.877 1.801 1.801 1.698 1.698

Notes: This table reports counterfactual estimates of redued-form effects of unit taxes under different assumptions on the variety effect and the
inverse elasticity of marginal surplus, providing alternative scenarios reported in Table 5 using the model parameter estimates of Table 3.

OA-29



Figure OA.1: Year-by-Year OLS Regression Coefficients
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Notes: This figures shows yearly estimates of the effects of sales taxes on price (panel A), quantity (panel B) and product
varity (C). All models are based on equation (22) and estimated by OLS. The black vertical bars indicate 95% confidence
intervals. The dashed red horizontal line indicates the average coefficient estimate across all 9 years, and the red area denotes

the 95% confidence interval around that average.
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Figure OA.2: Year-by-Year 2SLS Regression Coefficients
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Notes: This figures shows yearly estimates of the effects of sales taxes on price (panel A), quantity (panel B) and product
varity (C). All models are based on equation (22) and estimated by 2SLS. The instrument is the average state-level, leave-
county-out average tax rate for each module-year cell. The black vertical bars indicate 95% confidence intervals. The dashed
red horizontal line indicates the average coefficient estimate across all 9 years, and the red area denotes the 95% confidence

interval around that average.
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