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A.1 Introduction

This online appendix contains technical derivations and the proofs of propositions. Section A.2 derives the
forward, backward and geometric mean differences of the unit expenditure function. Section A.3 shows that
all of our results in the paper are invariant with respect the choice of units in which to measure appeal
(the cardinalization of utility). Section A.4 proves our main aggregation result for CES preferences. Section
A5 provides condition under which the forward and backward appeal indexes are equal to one another.
Section A.6 shows that the forward and backward appeal indexes are equal to one another up to a first-order
approximation. Section A.7 characterizes the asymptotic properties of the OLS demand system estimates
under the assumption of CES preferences and log normally distributed price and appeal shocks. Section A.8
shows that the forward-backward (FB) and reverse-weighting (RW) estimators are consistent estimators of
the elasticity of substitution as appeal shocks become small for each good. Section A.9 characterizes the
properties of the FB and RW estimators for the case in which price and appeal shocks are joint log normally
distributed and correlated with one another. Section A.10 shows that our results for CES preferences also

hold for logit preferences, because of the well known result that idiosyncratic discrete choice decisions of



individual consumers aggregate across these individual consumers to yield CES preferences at the aggregate

level.

A.2 Derivation of Differenced Unit Expenditure Functions

Forward Difference We start with the forward difference for the change in the unit expenditure function

from period f — 1 to t from equation (3) in the paper:

1
1

, (A.42)

1 Pkt 1=o
P < As >a1 Ykeqy (@)

P i 1-0
t—1 t—1 Zkeo ((Pkt 1)

which can be re-written as follows:
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which corresponds to the forward difference of the unit expenditure function using initial-period expenditure

share weights in equation (8) in the paper.

Backward Difference We next turn to the backward difference for the change in the unit expenditure

function from period ¢ to t — 1, which from equation (3) in the paper can be written as:
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which can be re-written as follows:
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Re-arranging this relationship, we obtain the backward difference of the unit expenditure function using

(A.47)
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end-period expenditure share weights in equation (9) in the paper:
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Geometric Mean Difference Re-arranging the common goods expenditure share at time ¢ from equation
(6), we obtain the following expression for the unit expenditure function for common goods at time ¢ (P;):
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Taking the geometric mean across common goods k € ()}, we obtain:
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where recall that a tilde above a variable denotes a geometric mean across common goods, such that %; =
1/N;
(HkGQ? xkt> , where N;* = |Q)}| is the number of common goods.
Re-arranging the common goods expenditure share at time f from lagged equation (6) on period, we obtain

the following analogous expression for the unit expenditure function for common goods at time ¢ — 1 (P;"_;):
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Taking the geometric mean across common goods k € ()}, we obtain:
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Taking the ratio of equations (A.50) and (A.52), we obtain the change in the unit expenditure function for

common goods:
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Substituting equation (A.53) into the overall change in the unit expenditure function in equation (3) in the

paper, we obtain the geometric mean difference of the unit expenditure function in equation (11) in the paper:
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A.3 Invariance With Respect to Units for Appeal

In this section of the online appendix, we show that appeal for each good can be recovered from observed
prices and expenditure shares up to a multiplicative constant. We show that all of our results in the paper
are invariant with respect to the choice of this this multiplicative constant, because we express appeal for
each good as a ratio to its geometric mean (¢k;/ ¢;), such that this multiplicative constant cancels from the
numerator and denominator of this ratio.

From equation (6) in the paper, the share of individual common good in all expenditure on common goods

(spy) is:
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Prices and expenditure shares are observed in the data, but the appeal shifters are not observed. Noting
that the CES expenditure share system is homogenous of degree zero in prices and appeal, the appeal shifters

can be recovered (up to a multiplicative choice of units) from solving the following fixed point system:
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which provides a system of equations for the N goods in the N unobserved appeal shifters.

This system of equations (A.56) only determines the appeal shifters up to a multiplicative constant, be-
cause this multiplicative constant cancels from the numerator and denominator of the fraction on the left-hand
side. This multiplicative constant corresponds to a particular choice of units in which to measure appeal and
hence a particular cardinalization of utility. Noting that the denominator of the fraction on the left-hand side
of equation (A.56) is a power function of the common goods unit expenditure function ((Pt*)lfg), we can

write appeal as:
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where ¢; depends on the choice of units in which to measure appeal and hence the cardinalization of utility.
Taking the geometric mean across goods in equation (A.57), we also have:
~ ﬁt 1
Gt = o ()71 &, (A.58)
t
. . , _ N 1/N;
where a tilde above a variable denotes a geometric mean across common goods, such that x; = (Hk 21 xkt>

Using equation (A.58) to substitute for ¢; in equation (A.57), we can equivalently write appeal for each

common good:

1
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which holds for any multiplicative choice of units in which to measure appeal (and hence for any cardinal-

ization of utility).

A.4 Proof of Proposition 1 (CES Aggregation)

Forward Difference of the Unit Expenditure Function We start with the forward difference of the unit

expenditure function from equation (8) in the paper, which can be written as:
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which can be re-written as follows:
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where @F is a forward aggregate demand shifter that is defined as:
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Note that the common goods expenditure share in equation (6) in the paper implies:
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Using this result, we can re-write the forward aggregate demand shifter in equation (A.62) as follows:
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Note that the common goods expenditure share in equation (6) in the paper also implies:
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Using this result, we can re-write the forward aggregate demand shifter in equation (A.64) as follows:

(A.64)
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which simplifies to:
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Using this result in equation (A.61), we obtain the expression for the forward difference of the unit expenditure

function in Proposition 1 in the paper:
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Backward Difference of the Unit Expenditure Function We next turn to the backward difference of

the unit expenditure function from equation (9) in the paper, which can be written as:
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which can be further re-written as follows:
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where @F is a backward aggregate demand shifter that is defined as:
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Note that the common goods expenditure share in equation (6) in the paper implies:
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Using this result, we can re-write the backward aggregate demand shifter in equation (A.70) as:
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Note that the common goods expenditure share in equation (6) in the paper also implies:
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Using this result, we can re-write the backward aggregate demand shifter in equation (A.72) as:

e

(A.72)

1
1-0

1_

.5 Skr—1 (Pt*—l) v
* *

Yikeo; Sksi \ B

Y g* S ((Pig 1=e Pre —(1-0)
ke “kt Py Pit—1

:
Skt

©)
o

Il
N

(A.74)

which simplifies to:

1
1-0o 1

c=1]|1-¢
oF = L = [Z S <%> ] . (A.75)

—(1-0)
. s¥ Prt ke Pkt—1
Zkeﬂt Skt—1 <(Pkt—l) '

Using this result in equation (A.69), we obtain the expression for the forward difference of the unit expenditure

function in Proposition 1 in the paper:
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A.5 Proof of Proposition 2 (Appeal Indexes)

Assume that price and appeal shocks are independently distributed across varieties and uncorrelated with

one another and initial-period expenditure shares, such that the following moment condition holds:
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Note that the common goods expenditure share in equation (6) in the paper implies:
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Using this result, we can re-write equation (A.76) as follows:
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Note that the common goods expenditure share in equation (6) in the paper also implies:
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Using this result, we can re-write equation (A.78) as follows:
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which simplifies to:
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A.6 Proof of Proposition 3 (First-Order Approximation)

Backward Appeal Index From the proof of Proposition 1, the backward appeal index can be written in

the following two equivalent forms:
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Taking logarithms in the second of these expressions, we have:
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Taking a Taylor-series expansion of log Q)f* ({ % }keQ*> around (ps/ pri—1) = 1and (@it / @i—1) = 1,
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where bold math font denotes a vector; and O3 (s¢_1, pt, pr—1) denotes the second-order and higher terms,

such that:
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where these second-order terms depend on the covariance of price and appeal shocks; and O% (St—1, Pt, Pt-1)

denotes the third-order and higher terms.



Forward Appeal Index From the proof of Proposition 1, the forward appeal index can be written in the

following two equivalent forms:
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Taking logarithms in the first of these expressions, we have:
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Taking a Taylor-series expansion of log ®f* <{ % }keﬂf> around (py;/ prr—1) = 1 and (@it / @i—1) = 1,

we obtain:
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where 012; (St—1, pt—1, pt) denotes the second-order and higher terms, such that:
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where 013: (St—1, pt—1, pt) denotes the third-order and higher terms. Therefore, from equations (A.85) and

(A.89), the forward and backward appeal indexes are equal to one another up to a first-order approximation:
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A.7 Proof of Proposition 4 (Consistency OLS Demand Systems)

From CES demand in equation (12) in the paper, we have:
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where, in general, log ((x/ ¢t) / (¢kt—1/ Pr—1)) and log ((pkt/ Pt) / (Pi-1/Pr—1)) are correlated. From

the joint log normality of appeal and price shocks in equation (15) in the paper, we have:
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where log (vy; /vx—1) is orthogonal to log ((pxt/ Pt) / (Pki—1/ Pr—1)) by construction. Using equation (A.93)
to substitute for appeal shocks in equation (A.92), we obtain:
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We can represent equation (A.94) as the following reduced-form regression that can be estimated using OLS:
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where p = (1 —0) (1 — ) andlog (uy /ug) = 6 (0 — 1) log <v:,ki1
by construction. From the normal equations, the OLS estimated slope coefficient is:
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As the number of common goods becomes large (N} — o0), the sample covariance of log sales and prices
in the numerator and the sample variance of log prices in the denominator converge to their population
counterparts. Using these consistency properties of OLS and equation (A.94), we obtain:
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which establishes the first part of the proposition. Using this result (A.97) and equations (A.94) and (A.95), as
the number of common goods becomes large, the estimated OLS residual converges to its population coun-

terpart:
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Using this result (A.98) and noting that log (vk;/vk;—1) has an independent standard normal distribution,
0 (0 — 1) can be consistently estimated from the standard deviation of the OLS residuals:
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and the marginal appeal shocks log (vk¢/vy—1) can be consistently estimated from the standardized OLS
residuals:
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which completes the proof of the proposition.

A.8 Proof Proposition 5 (Consistency Small Appeal Shocks)

Forward-Backward Estimator From equations (8) and (9) in the paper, we have the following equality

between the forward and backward differences of the unit expenditure function:
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where the variety correction terms have cancelled from both sides. We can rewrite this equality as:
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Using the common goods expenditure share (6), we can further re-write this equality as:
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where we have divided both sides of equation (A.102) by ¢;/¢;_1 and p;/ p;—1 to make clear that this rela-

tionship is invariant to the units in which prices and appeal are measured. Taking the limit as appeal shocks

become small for each good (¢ / ¢x;—1 — 1 for each k), we have:

I ) W o [P/ Pt Rl 1 ou/gr -
R B kZ ((Pkt 1/ Pt 1) B ES’“ ! ((Pkt /Pt 1) -0

{ore/ pr1—1hL

Using this result in equation (A.102), we obtain the forward-backward moment condition:
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Therefore, as appeal shocks become small for each good (@ / @x;—1 — 1 for each k), the forward-backward

estimator consistently estimates the elasticity of substitution (o).

Reverse-Weighting Estimator From equations (8), (9) and (11) in the paper, we have the following equal-
ities between (i) the forward difference and geometric mean difference of the unit expenditure function and

(ii) the backward difference and geometric mean difference of the unit expenditure function:
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where the variety correction terms have cancelled from both sides of the equality. We can rewrite these

equalities as:
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Using the common goods expenditure share (6), we can further re-write these equalities as:
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= S _ S , A.104
<§Z‘_1> k_zl S\ pre—1/ P Z S pre—1/Pra ( )

o _L
( § )”11 _ Z s ( Pt/ Pt >0_1 o % o < Pt/ Pt )_(1_0) '
CHISY M @1/ P = M\ Pri1/ e ’

where prices and appeal in each period are both scaled by their geometric means in each period, and hence

this relationship is invariant to the units in which prices and appeal are measured. Taking the limit as appeal

shocks become small for each good (@k:/ @x—1 — 1 for each k), we have:

1
Nf ~ —(c—1)] T-¢
lim [Z Skt <W> ] =1,
k=1

{§0k1/¢kt71ﬁ1};&1 Pri—1/ P11

1
N;k ~ c—17 T-¢
lim [Zs,’gH(W) ] ~1.

{¢kt/¢kt—1—>1}£’i1 k= Pt—1/ Pr-1

Using these results in equation (A.104), we obtain the reverse-weighting moment conditions:

1
1—0| 1-¢ . 1
. Pt/ Pt > < 5 )”1 _
lim lo S —lo - =0, A.105
{oxt/ P11} & [Z ki (Pkt 1/Pt 1 ] g{ S;ﬁ_l ( )

1
1

~(1-0)] T s\ o1
: it/ Pt > < 5 )" L
lim lo S —lo - =0.
{Pr/ pre1—1} & [Z o (Pkt 1/ Pt ] g{ St

Therefore, as appeal shocks become small for each good (¢x;/ ¢x:—1 — 1 for each k), the reverse-weighting

estimator consistently estimates the elasticity of substitution (o).

A.9 Joint Log Normal and Correlated Price and Appeal Shocks

Forward-Backward Estimator From equations (8) and (9) in the paper, we have the following equality
between equivalent ways of writing the change in the unit expenditure function:

1 1

* — - _ o s _ (1 - (e I —
%S* < pi/ B )1 ( Pt/ P )” L %S* ( pie/ P ) « ”)( it/ G ) @ ' (A.106)
2= pri1/ P Pri—1/ Pr—1 E M preo1/ i Pre—1/ Pr-1
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Using the assumption of joint log normally distributed price and appeals shocks from equation (15) in the
paper, we can further re-write this equality as:

1 1
3 —0)(1— _1)| o * (o) (1— Y jerd
S5 (e )“ o ”( o )‘“" L NZ< P/ P )“ 7 ”( o) O
S a1/ P Vkt—1 Z7M\ pr—1/ P Ukt—1

We can re-write this equality as:

k=1

1
N 5\ (1-0)(1-7) se-1)] 7
* Pre/ Pt v .
|:k21 %kt <p"’*1r/ﬁ‘*1 ) <v“i1 ) } Ni it/ Pt (1-o)1-) |
« 1 Y sk <W>
Vg (map N0 | 1/ P
Ys 4
Pl (r’kt—l/l’t—l)
1
b 5\~ (1-0)(1-7) ~se-1)] T
* Pkt /Pt vy, .
L;l Skt (Pkt—{/ﬁtJ) (vk,,tl) =

N} 5 \-(-00-n] 7
- . [2 st <7”’“/ Pt ) } . (A108)
k=1

. -7 Prt-1/ Pr—1
%s* ( Pie/ P )*(1*7)(1*7) !
= K\ -1 /P

From the common goods expenditure share in equation (6) in the paper, we have:

( Pit/ Pt )(10)(17> _ Skt /St _1( Ukt >5<01) (A.109)
Pri—1/ Pi-1 C\sh /8 Vg1 ' .

Using this relationship, we can re-write equation (A.108) as:

1
Nf . (1—=0)(1—7) Se-1)| 7
* Pr/ Pt Yk, ~
LZ1 Skt-1 <pkt—lt/ﬁl—1) (vkt—tl) [% e/ P (10)(1@} =
Ske—1 ( )

= Prt—1/ Pr—1

1
N V1] T
Zr o pu/p\ 17007
o=y k=1 \ P/ P

1

T 5, \-0-00-n] ™7
1 Lo /
- 1 Z%(pkti/’ft) , (A110)
N M o \90@-1) =0 |k=1 Prt—1/ Pr—1
g Skt—1 (ﬁ)
and hence:
1
N[* = (1-0)(1—7) 5(o—1) ==
: 2 r 1
Lzlsktl (l’k:ﬁ/ﬁiq) (%) ] %*: et/ Pt (1-0)(1—7) | T
: ' Sltt—l <7~>
%s* ( Pt/ Pt )(170)(1—7) %s* (&)5@71) = o1/ P
iy 1 NP1/ W& k=1 B

=1 Prt-1/Pr—1

1
N 5.\ (1-0a-n| =07
- {Z st <M> } . (A1)

Since log (%) is an independent standard normal random variable, the expectation of the product of price
shocks and this independent standard normal random variable is equal to the product of their expectations:

Nf . (1—0)(1=7) 5(o—1)
1 Pkt /Pt Yk
|:N? kgl (Pkt—lt/ﬁt—l > (%; ) }

Ny — _ Ny _
B i ( Pi/ P )(1 DA=N| | Xf: ( - )5(<r 1)
NE 2 \Pra-1/ P NF 2 \ ke

Noting that common goods expenditure shares at time t — 1 (s;,_;) are pre-determined at time , we can
replace the unweighted expectation in equation (A.112) by the weighted expectation using initial expenditure

1
(1=0)(1=7)

=1 (A112)

plimy ¥ 00 [
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share weights to obtain:

1
Nf 5\ (1= (1-7) d(r—1) I=0=
* it/ Pt Ukt
i ()™ ()

Prt—1/Pr-1 Vg1
Ny 5 (=)= | [N 8(c—1)
* / *
LE *kt-1 (pkﬁf/%]) } Lg Ski-1 (vkv,kil)
Using this result in equation (A.111), we have:

1 1
Ny 5\ (1—o)(1—y) | 0907 Nf 5\ -(1-o-y| TI07
. . Pt/ Pt ) _ " < pxt/ Pt )
limpys o Siq | ————— = s _— . A.114
plimpyy_, { |:k21 kt—1 (pkt—l/]gt—l } |:1<X:1 oo /i ( )

Taking logarithms, we obtain:

1 1
N 5\ (1—0)1-y) | T Nf 5\ -(-0-y| T00=
. . Pxt/ Pt ) . < Pie/ Pt ) _
limy« o ¢ 1O Sppq | ———— —lo s _— =0.
PN~ { g{ LZ; k=t (pkt—l/ptfl } } g{ LZ; M\ pri—1/ P

(A.115)

plime*Hoo =1 (A.113)

Comparing equation (A.115) to the moment condition for the FB estimator in equation (19), we see that
when price and appeal shocks are joint log normally distributed and correlated, the FB estimator estimates
(1 —0) (1 — 7) rather than (1 — ¢). Noting that BOL° = (1 —¢) (1 — v), it follows that when price and
appeal shocks are joint log normally distributed and correlated, the FB estimator exhibits similar properties

as the OLS estimator.

Reverse-Weighting Estimator From equations (8), (9) and (11) in the paper, we have the following two

equalities between equivalent ways of writing the change in the unit expenditure function:

1
I

s ~ [ N} 1—0¢7] I-¢
pr/pPr—1 (8 71 Pt/ Pri—1
i/ p <S> _ Z () ] , (A116)

@t/ Pr—1 \8;_4 Pkt/ Prt—1

—_
i

1

P/ Proa < 5 > _ i <pkt/pkt 1>“") o
@t/ Pr—1 \ 554 — Pt/ Prt—1 ’

which can be written as:

=
|

1

<§r>v”_ NZ ( pus/ P >1< P/ G >“ o )
Si1 - Prt—1/ Pr—1 Pr—1/ Pr—1 ’ '
1

(s:: )“: e ( pulb )‘”) (W)“’” o
St =1 N\ pr-1/Pr Pri—1/ Pr—1

Using the assumption of joint log normally distributed price and appeals shocks from equation (15) in the

paper, we can further re-write these equalities as:

1
T

( 5 )a-l B NZ < pie/ P >(1")(”)< Ukt >5(”1) - (A.118)
Y - Pri—1/ Pr-1 Ukt—1

1

(s?:f )“Z i ( it/ P )“0')““”( Ok )‘““) o
5?,1 — Prt—1/ Pr-1 Okt—1
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We can now re-write these expressions as:

. (A119)

Ny — — — -0
X Lo it/ P (1=0)(1-7) o 4(r—1) )
(2)" [ ()" (20) ; jre

Y s Pri/ Pt
N; (1-0)1-7)] 7 o
L« Pre/ Pr —OU=r
|:k21 Skt-1 (Pkrfkl/ﬁtfl ) :|

Pri—1/ P
Ng 5 \—(1-0)(1-7) ~§e-1)] T
* Pf/P ( ¢
< 5 >"11 Lglsk*<f’kfkl/ﬁfl> (s2) } [NZ b/ \~10=N] T
- i Skt <7> } .
1-c

]g s <Pkf7/ﬁr)’<1"’)<1*7> k=1 Pt—1/ Pr—1
—1 kt pkt—l/ﬁf,1

k=1

k=

From the common goods expenditure share in equation (6) in the paper, we have:

(parm ) ( sl ( s )" (A120
Pri—1/ Pr-1 oSt /8 Ukt—1 ' '

Using this relationship, we can re-write equation (A.119) as:

1
N/ _ _ _ (1-0)(1=7)

1 )f g* ( it/ Pi >(1 7)(1-7) ( Ukt )5(0 1 o
P kt=1 \ pre—1/Pi1 Vkt-1

* ﬂrl =
5 (e=D(-7) _ sz o ( pie/ P )(10)(17) T=0)T=7)
St N pa/pr ) (1m0 (1=7) = 1/ B ’
kgl Skt-1 (Pk:—l /P >

(A.121)

1 1
¢ \Erm [N o\ )] T [N T e e ) I
| Lt () . si (5200 :
St | k=1 Okt-1 k=1 Pt—1/Pr—1

Note that (1 — ) (1 — ) log (M) and 6 (o — 1) log (7};1—"7‘1) are jointly normally distributed and un-

Pre-1/ Pr—1
_ pespe 17 (1=7) o, \90=1) .. )
correlated with one another. Therefore ( m) and (ﬁ) are joint log normally dis-
tributed and uncorrelated:

Pt/ Pt (1=0)(1-7)
(pkr—l /Pt )

(U%y(gq)

1 1 _
o —ew{Je-0P -2} wm—ee{38e-17), =, -0

~ LogNormal <[ ey ] , [ T,::W i’yv ]

Hev

> , (A.122)

A [exp {(0— 1) (1- 'y)z;(%} - 1} , B = A X [exp {(52 (o — 1)2} - 1} .
Recall that the sum of normally distributed random variables is also normally distributed. Therefore, it follows
5\ (1=0)(1-7) 6(o-1)
that log adjusted price shocks (log (M> (&> ] ) are also normally distributed, and

Pt-1/Pt—1 Ukt—1
the level of adjusted price shocks is log normally distributed:

> (1=o)(1=7) 5(o—1)
((pkf/pt> ( Okt ) ) ~ LogNormal (Uer, Eer) , (A.123)

Pri—1/ Pr—1 Ukt—1

Her =e><p{§ (0 —1)° ((1—7)2?@”2)}'
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Eer = exp {((T— 1)? ((1 - 7)2X§+52)} [exp {(‘7_ 1)* <(1 _7)2)(120—“52)} - 1} '

Using these results for a joint log normal distribution with zero correlation, we obtain:

I
o 3 ( _PulPr >(1 7)(1=7) < - )5(%1) =) T=7)
Nf k1 \Pr= 1/ P U1 ) m
plimp« o = {exp {7 (o — 1)2 52}} . (A124)
t 1 P/ P >(1_‘7)(1_7) 2
Ny k 1 sz 1/ Pi—1

1
Nf 8(c—1)] T 1
) 1 & Ukt _ 1 2 2] | 907
plimy; —eo { [Nt* kZ:1 (Uktq) } } - {eXp{Z (c=-1)¢ '

Noting that common goods expenditure shares at time £ — 1 (s;,_;) are pre-determined at time f, we can
replace the unweighted expectation in equation (A.124) by the weighted expectation using initial expenditure

share weights to obtain:

1
N N _ _ _ (1-0)(1-7)

ZI S* ( Pkt/f’i >(1 U)(l 7) ( Ukt )5(0 1)

] kt—=1 \ pre—1/pPi—1 Ukt—1 !

- = [exp {1 (0 —1) 52}} e (A.125)
N; * Pre/ Pr (1-0)(1-7) 2
kgl Ski-1 (pkt—l/ﬁt—l >

1
Ny 5(r—1)] T=)T) S
. Ukt 1 2 9| | 090
limpp o S5 ( ) = [ex {7 c—1)%6 H .
plimy; {[z p{3-1

Using these results in equation (A.121), we obtain:

1 1

N ot yi N; < (1-0)(1—7) | T=000=7)

plimy;: {1og{<§itl> }log{{exp{;(vl)wzH T=0)(T=7) [Z (%) } }} =0,
8 L /P

(A.126)

P 1 ==
o [(Ca ) oo | M 5 —(=0)(1=7) | =907
plimy: 0 {log{<§it]> } log{{exp{;(JQZ(;ZH T |:25;t (%) _o
t— k=1 - -

Comparing equation (A.126) with the reverse-weighting moment condition (22), we see that when price and

pthf —00

appeal shocks are joint log normally distributed and correlated, the RW moment condition is in general not
satisfied. Furthermore, the RW estimator in general differs from the FB estimator, because it is affected by
standard deviation of appeal shocks () in equation (A.126), whereas the FB estimator in equation (A.115) is
unaffected by the standard deviation of appeal shocks.

A.10 Logit

In this section of the web appendix, we show that our family of estimators for CES preferences also can
be applied for logit preferences. Following McFadden (1974), we suppose that the utility of an individual

consumer i who consumes ¢;; units of product k at time ¢ is given by:

Uit = gy + Zikt, Uy = log @y + log cix (A.127)
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where @y; captures product appeal that is common across consumers; z;;; captures idiosyncratic consumer

tastes for each product that are drawn from an independent Type-I Extreme Value distribution:
G(z)=e """, (A.128)

where v is the scale parameter of the extreme value distribution and ¥ ~ 0.577 is the Euler-Mascheroni
constant.

Each consumer has the same expenditure E; and chooses their preferred product given the observed
realizations for idiosyncratic tastes. Therefore the consumer’s budget constraint implies:
E;
Pikt

Cikt = (A.129)

The probability that individual i chooses product k at time f is:

Xikt = Prob (Ui + zike > Uipr + zigr, V0 # k),
= Prob (zjp < Zikt + Vit — Vigr, VL # k) .

Therefore, using the distribution of idiosyncratic tastes (A.128), we have:

_ ozt —usp ) /vt
xl‘kt|Zl‘kt —_ He e ( ikt ikt M) )
14k
Integrating across the probability density function for z;;;, we have:
(o]
oy ) Ivtx 1 _ _ o (=yv+x)
Xikt = / [Ie i) —eTY/viKeme T gy,
—oo \ 1k v
Noting that u;;; — u;; = 0, this expression can be re-written as:
[e0]
_ o yHujp—upp ) /vt 1 _
Xikp = / H e e ( ikt zét) Ze y/y+1<dy,
—® EEQ[» v
which can be in turn re-written as:
i 1
Xikt = / exp — Z ef(y+uikt7uié‘t)/v+7( 7efy/V+Kdy,
—oo (e0y v

and hence:

(o]
Xikt :/ exp _e Y/ vtx Z o~ (Mike—tig) /v lefy/wrxdy‘
- ey v

Now define the following change of variable:

h=exp(-y/v+x),

where

—%exp (—y/v+x)dy =dh.
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Asy — oo, we have h — 0. Asy — —oo, we have h — oo. Using this change of variable, we have:

0
Xikt :/ exp (—h Z e_(”ikt—u,'gt)/v> _dh,

ey

or equivalently:

Xikt :/ exp (—h Z e(”iktllim)/l/> dh,
0

LeQy
which yields:
exp (—h Yrco, 37(uikt7um)/v> i
Xikt = _ Zéth e~ (ik—ige) /v . ’
and hence:

1
Yrco, e~ (ixe—tigr) /v*

The probability that individual i chooses product k at time t is therefore:

Xikt =

euikt/V
Yreq, eV’

which from the definition of u;;; in (A.127) and the consumer’s budget constraint in (A.129) becomes:

Xikt =

(Pkt/(Pkt)il/V

Yreq, (Pét/q’ét)_l/w

Sikt = Skt = (A.130)

As shown in Anderson, De Palma and Thisse (1992) and Train (2009), the expected utility of consumer i at

time f is:
E [Uj] = E [max {uj1¢ + zi1t, - - -, Uine + zine }] = v1og LZ(; exp (Lzzgt)] . (A.131)
/ey
Using the definition of u;;; in (A.127) and the consumers budget constraint in (A.129), expected utility can be
written as:
E [Uj] = log [IE’j (A.132)
where P is the unit expenditure function:
—v
P, = [ ) (pkt/qokt)‘”"] : (A.133)
keQy

Total expenditure on product k across all consumers i at time f is:
Et =Y Eiut =) suEir = sy, (A.134)
i i

where we have used the fact that each consumer has the same expenditure E;. Combining equations (A.130)

and (A.134), total expenditure on product k at time ¢ can be written as:
-1 1
Ew = (pu/@u) """ P/VEs, (A.135)
where P; is again the unit expenditure function (A.133).
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Comparing equations (A.130) and (A.133) for logit preferences to equations (2) and (1) in the paper for
CES preferences, the predictions of logit demand for aggregate expenditure shares and the unit expenditure
function are the same as those of CES demand, where 1/v = ¢ — 1. Therefore, our FB and RW estimators
can be applied to estimate the dispersion of idiosyncratic tastes (v) in the logit model, using this relationship

that1/v =0 —1.
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