Discussion Paper Series

RIEB

Kobe University

DP2022-18

The Biases in Applying Static
Demand Models under
Dynamic Demand

Takeshi FUKASAWA

Revised July 28, 2022

CONOMICS AND

RIEB

SINCE 1919
KOBE UNIVERSITY

oy )
sy notVis

Research Institute for Economics and Business Administration

Kobe University

2-1 Rokkodai, Nada, Kobe 657-8501 JAPAN




The biases in applying static demand models under dynamic demand*

Takeshi Fukasawat

28th July 2022

Abstract

This article analytically investigates the mechanism behind the biases in price elasticities of demand
in applying static demand models under dynamic demand, which has been pointed out by the previous
empirical studies. There are three sources of biases: disregard of state variables (affecting short-run
elasticity), inconsistent utility parameter estimates, and changing expectations of consumers (affecting
long-run elasticity). Disregard of state variables, such as durable product holdings, leads to overestimate of
short-run own elasticities. Especially when the focus is on the large conditional choice probability products,
the first and the third sources of biases might induce large biases in price elasticities.
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1 Introduction

Many markets are characterized by dynamic demand structures, wherein future demand has connections with
current demand. Examples of goods with dynamic demand include durable goods, storable goods, goods
with switching costs, and experience goods. Given the significant presence of these goods in many industries,
empirical analysis of these goods is essential for a deeper understanding of the economy.

So far, to analyze these goods, a large number of studies have applied static demand models, in which the
connections between current and future demand are not explicitly specified. For example, Berry et al. (1995)
(henceforth BLP) applied a static demand model to automobiles, which is one of the typical examples of durable
goods. Many of the studies derived implications on competition, industrial, trade, and environmental policies.
Nevertheless, previous empirical studies specifying dynamic demand models have found that applying static
demand models yields biased estimates of price elasticities of demand, as summarized in Table 1. For example,
Hendel and Nevo (2006), studying storable goods, showed that static demand estimates, which neglect dynamics,
overestimate long-run own price elasticities by 30%, and underestimate long-run cross price elasticities by up
to a factor of 5. Gowrisankaran and Rysman (2012), studying new durable goods, showed that applying a BLP
style static demand model yields price elasticities sufficiently close to zero.

The purpose of this study is to investigate why applying static demand models yields biased price elasticities
under dynamic demand. Even though numerous empirical studies have found the biases in applying static
models, they are limited to empirical contexts. It is not clear whether these results, such as the sign and
magnitude of the biases, are the same in other markets. Furthermore, some of the studies showed the opposite
results. For instance, Chen et al. (2008), analyzing the automobile market, showed that the own price elasticity
of demand computed from a static model is larger than the short-run own price elasticity of demand computed
from a dynamic model. In contrast, Schiraldi (2011), also studying the automobile market, showed that the
own price elasticity computed from a static model is smaller than the short-run own price elasticity of demand
computed from a dynamic model. In this article, I develop a model of dynamic demand and show how biases
arise and in what cases the biases are small or large.

The understanding of the mechanism is important for the appreciation of static demand models. Even
though the estimation and simulation of dynamic demand models are getting easier due to the accumulation of
knowledge and advancement of computational power, analysis with dynamic demand models is time-consuming
and requires greater effort. In addition, for researchers interested in the supply side behavior, the introduction
of dynamic demand structures might not be attractive, since they need to consider firms’ dynamic pricing
setting behaviors to make the models consistent with the theory'. When the dynamics in both the demand
and supply sides are introduced, the problem gets more complicated and computationally burdensome. In that
sense, static demand models would survive even in the future. If we can expect that the biases in applying static
demand models are small for the goods of interest, it can justify the studies that use static demand models. If
not, researchers should be careful about the use of static demand models.

In this study, I classify the biases into three types: disregard of state variables, inconsistent utility parameter
estimates, and changing expectations of consumers. The first source of bias, namely, the disregard of state
variables, causes biased estimates of short-run price elasticity of demand. Here, short-run price elasticity is
defined as the elasticity of the current period’s demand in response to the current period’s temporary price
change, given fixed consumers’ future expectations. The examples of state variables are durable goods holdings.
Especially when using aggregate data, researchers may not have data on the consumers’ inventory?, and existence
of consumer inventory is totally ignored in the standard static demand models. In these static models, it is
implicitly assumed that even the consumers already owning durable goods are highly likely to consider additional
purchases, which might lead to biased price elasticities. I show that applying a static model ignoring state
variables leads to the overestimation of short-run own elasticity®. Further, short-run cross price elasticities are

!Under dynamic demand, current price change affects consumers’ expectations on future outcomes, and indirectly affects current
demand. Furthermore, the current price change affects future demand through the change in current demand. Hence, firms would
consider these dynamic elements when setting product prices.

2In the case of storable goods, individual- level data (scanner data) is typically available, and many previous studies have utilized
them. Nevertheless, data on consumer inventory is not available, and it has been recognized as the one obstacle for studying the
goods.

3By simple calculation, we can easily construct an example where short-run own elasticity is overestimated by over 300%.



underestimated for durable goods with unit inventory, and storable goods with the same package sizes. Note
that one remedy for the problem is the introduction of random coefficients, especially the one on the constant
term, to approximate the distribution of consumers’ state variables. Nevertheless, there is no guarantee that
such “reduced-form” approach works well.

The second source of bias, namely, inconsistent utility parameter estimates, arises due to the failure
to account for consumers’ future expectations and unobserved state variables?. Utility parameters are
inconsistently estimated under static models without controlling for these components, because product
characteristics might be correlated with consumers’ future expectations or the ratio of the consumers in each
unobserved state variable. So far, several articles have proposed remedies for static demand models, such as the
introduction of time and brand dummies. In this article, we discuss under what conditions these remedies yield
consistent parameter estimates or mitigate the problems associated with the use of the static demand models.

The third source of bias, namely, the changing expectations of consumers, causes biased estimates of long-run
price elasticity of demand. Here, long-run price elasticity is defined as the elasticity of the current period’s
demand change in response to the permanent or long-term price change, allowing the changing expectations
of consumers. The difference between the short-run and the long-run elasticity is the changing expectation
of consumers. In the case of short-run elasticity, price change is limited to only the current period, and we
consider the setting where consumers’ expectations do not change. However, in the case of long-run elasticity,
price changes not only in the current period, but also in the future period. Consumers change expectations on
future market conditions, and consequently change current demand®. Even though the direct counterpart of
long-run elasticity does not exist in static demand models, the elasticity is essential for a more precise evaluation
of the consumers’ responses to prices. I show that the sign and the size of the difference between the short-run
elasticity and long-run elasticity are determined by the index representing the connection between current and
future demand under a perfect foresight setting. Using the statement, we can easily guess that long-run own
elasticity is smaller than short-run own elasticity, and long-run cross price elasticity is larger than short-run
cross elasticity for durable and storable goods®.

With these classifications and statements, we can explain the mechanism behind the results of the previous
empirical articles discussing the biases that result from the application of static demand models summarized in
Table 1. Furthermore, the insight presented here can be applied to other settings not explored in the previous
literature. Note that I also show that the first and the third sources of biases are large when the focus is on
the product with large CCPs. Hence, researchers should be careful about the use of static demand models
especially when the focus is on the products with large market shares.

The main contribution of this article is twofold. First, this article provides insight into the biases associated
with the first source of bias: disregard of state variables. Previous literature has paid much attention to the
changing expectations of consumers and inconsistent utility parameter estimates, but not disregarding of state
variables. Consequently, the literature could not fully explain why some studies have shown contradicting
results. This article contributes to the literature by stressing the importance of the biases due to ignoring
consumers’ state variables, such as consumers’ durable product holdings.

Second, this article provides insight on when the biases in applying static demand models are small or large.
Even though introducing dynamic demand models would fully solve the problems, sometimes it is not attractive,
since it makes the supply-side model more complex and sometimes not manageable. I show the conditions when
applying static demand models yield small biases in price elasticities of demand. When the biases are negligible,
applying static demand models causes only minor problems.

The rest of this article is organized as follows. In Section 2, I describe the relationship between this study
and the previous studies. In Section 3, we develop a dynamic demand model and discuss the three sources of
the biases. In Section 4, we extend the discussions in Section 3, and show the magnitude of the biases and
remedies for static demand models. Further, we extend the base model and discuss storable goods. In Section
5 we discuss how the results in this article provide insight into the previous studies’ findings summarized in

4For instance, the existence of product stock corresponds to the consumers’ unobserved state variables in the case of durable
goods.

5For instance, consumers would postpone purchasing durable goods if the price reduction of the product is permanent, rather
than temporary.

6Still, the result is the opposite for goods with switching costs.



Table 1. Finally, Section 6 concludes. All the proof of the statements are shown in Appendix A. In Appendix
B, I show the results of Monte Carlo experiments to demonstrate the effectiveness of introducing time dummies
for utility parameter estimates. In Appendix C, I show the sources of the information on the literature on the
biases in static demand models represented in Table 1 and Section 5.

2 Literature

This study relates and contributes to several strands of literature.

2.1 Literature on dynamic demand models

First, this study closely relates to the recent empirical literature on dynamic demand models”. Many of them
specified Dynamic Discrete Choice (DDC) models as in Rust (1987), estimated consumers’ utility parameters
and derived implications. As summarized in Table 1, many articles have shown that applying static demand
models yields biased price elasticities of demand. This study attempts to explain the mechanism behind the
biases by developing a general model.

Gowrisankaran and Rysman (2020) also develop a general model of dynamic demand, and the framework in
this article is similar to theirs. Their focus is surveying previous studies and clarifying the implicit assumptions
imposed in previous empirical studies, which alleviate the computational burden of solving dynamic demand
models. In contrast to their article, we focus on the difference between the dynamic and static demand models.

Fukasawa (2022) also investigates dynamic demand using a unified framework similar to the current article,
but the focus is different. The existing article focuses on the supply side, and investigates the specific cases
in which a firm’s dynamic pricing behavior can be approximated as static under dynamic demand. On the
other hand, the current article focuses on the demand side, and investigates whether applying a static demand
model yields a good approximation of the true dynamic demand model. So, these articles are complementary.
It is interesting that Fukasawa (2022) shows a firm’s dynamic pricing behavior under dynamic demand can be
approximated as static when CCPs of the firm’s product are small for all consumer types and state variables.
The condition is the same as the condition for small biases in price elasticities shown in the current article. If
the condition holds and utility parameters are consistently estimated, we can argue that applying the “static
model,” namely, the combination of the static demand-side model and the static supply-side model, has valid

implications on firms’ markups and the effects of short-run policy interventions®.

2.2 Literature applying static demand models

Second, this article contributes to the large number of studies applying static demand models to goods with
dynamic demand. For example, since the advent of the Berry et al. (1995)’s BLP method, many studies have
applied static demand models to products with dynamic demand, such as durable goods. To justify the use
of static demand models, several articles have discussed some remedies. For instance, Goldberg and Verboven
(2001), studying automobiles, argued that adding time and brand dummies mitigates the problem. Nevertheless,
these discussions have been limited to informal ones. In this study, I formally show the extent to which these
remedies alleviate the issues.

2.3 Literature on dynamic discrete choice models

Third, this article contributes to the recent literature on Dynamic Discrete Choice (DDC) models, which is
the basis of dynamic demand models. So far, the main focus of the literature has been on the identification of
structural parameters, including the discount factor (e.g. Magnac and Thesmar, 2002; Abbring and Daljord,
2020) and more straightforward estimation methods of DDC models (e.g. Hotz and Miller, 1993; Kalouptsidi

"For a survey of the literature, see Aguirregabiria and Nevo (2013), Gowrisankaran and Rysman (2020), and Gandhi and Nevo
(2021).
8Note that static models cannot deal with long-run policy interventions that largely affect consumers’ expectations.
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et al., 2021b). In contrast to the previous studies, the main purpose of the current article is neither to propose
a new identification strategy nor a new estimation method of DDC models. Instead, we discuss the situations
in which static models yield large biases and when applying dynamic models is essential, which have not been
discussed in the previous literature. In that sense, this study is complementary to the literature on DDC
models®.

3 Model

In general, applying static demand models yields biased price elasticities of demand when the true demand
structure is dynamic. To show the essence of the problem, we develop a standard dynamic demand model in
Section 3.1. Then, using the model, we discuss the three sources of the biases: disregard of state variables,
inconsistent utility parameter estimates, and changing consumer expectations. In this section, we mainly
discuss with durable goods in mind. Nevertheless, we can use the general model for other types of goods with
dynamic demand, such as goods with switching costs. Besides, since we consider the model without the choice
of consumption level, we cannot directly apply the results to storable goods. Nevertheless, we can extend the
model and use some of the results to storable goods, as discussed in Section 4.3.

3.1 Setup
3.1.1 State variables

First, let x; € X; be a consumer’s individual-level state variables at the beginning of time ¢t. X; denotes the set
of individual-level states. For instance, x; indicates whether the consumer already owns durable products, in the
case of durable goods. In this study, we assume that X, is a discrete set, for notational simplicity. Nevertheless,
we can easily extend this to the case where X; is a continuous set. Let Pry(x;) be the ratio of type | consumers
at state x; among type [ consumers at time ¢. Note that th ex, Pry(z¢) = 1 holds by definition.

3.1.2 Choices

Let J; denotes the set of products available at time t. “0” represents the outside option, namely, the option of
not buying any product. Further, let a; € J; U {0} be the choice of a consumer at time t. a; = j means that
the consumer purchases product j, and a; = 0 means that they do not purchase any product.

3.1.3 Utility function

In this study, we assume each consumer purchases at most one product in each period. Let the expected
discounted utility of type [ consumer ¢ whose state is 2; and choice is a; given product prices p; = (pji)jes and
continuation values g = (91t(%t))1,2,.je7,0{0} De Vi (Tt, P, gt, ar). Here, pj; denotes product j’s price at time ¢.
Type [ consumer ¢ maximizes utility v (¢, pt, gi, ar) with respect to a; € J; U {0}.

Utility vt (e, pt, gt, ar) is in the following form:

—aqpjt + fije + Oue(2e) + Bogije(xe) +eije ifag =3 (1)

Vit (Te, Dty ey ) = ;
e oo g1, {fmt(ﬂﬁt) + Begion(@e) + €iot if a; =0

where f;j; denotes the flow utility type [ consumers gain when buying product j. fio:(x) denotes the flow
utility type [ consumers at state x; gain when not buying anything. For instance, it represents the utility
from continuing using previous durable product z; in the case of durable goods. ¢y (x;) denotes the flow
utility for consumers at state z; gains when purchasing product j, which is not captured in f;;. For instance,

In the recent literature on DDC models, Kalouptsidi et al. (2021a) compare “static” and dynamic models to investigate the
identification of counterfactuals. In their discussion, it is assumed that the static model is the right specification when using the
static model. On the other hand, in the current article, we consider the setting where the dynamic model is the correct specification
when applying the static model. Hence, the meaning of the static model in the current article is different from the one in Kalouptsidi
et al. (2021a).



it represents the resell value of old durable products x;. (€jt);jezuf0; denotes the individual-level random
preference shock, and we assume that they follow i.i.d. mean-zero type-I extreme value distribution. B¢
represents the consumers’ discount factor, and E; represents the expectation operator given the information
available at time t. «; represents type [ consumers’ marginal utility of money, and we assume g > 0 holds for
all [. Besides, continuation value g;;(z;) is in the following form:

gljt(l’t) = Et‘/lg_1(xt+17pt+1’xt7pta ay = j) (2)
Note that g depends on the expected path of future product prices {peir}r>1.
Vlf(azt, Dt, g) is the value function of type | consumers given states x; at time ¢ given product prices p; and
continuation values g;, and defined as follows:

VE (@, pty9t) = Eeo| max v (24,1, g1, ar)
at€J:U{0}

where E, denotes the expectation operator with respect to random i.i.d. shocks {€;t};e Jufoy- Under the
assumption that €;;; follows i.i.d. type-I extreme value distribution, the following formula holds:

Vi (w,pigr) = log | > exp (—aupje + fije + dije(xe) + Bogije(e) + exp (foe(we) + Begioe(x)) | (3)
JET:

3.1.4 Choice probability

The CCP that type [ consumer buys product j at time ¢t conditional on being at states x is:

l(;tcm(ﬂﬁtapt,gt) = Pr(vig(ze, pe, 9, ar = J) > vi(@e, 0ty 9o, a0 = k) Yk € T U{0} — {j})
exp (—oupji + fije + duje(xe) + Beogije(xt)) (1)
€Xp (‘/ltc(xhptagt))

The CCP that type I consumer does not buy any product at time ¢ conditional on being at states z; is:

S

(cep

Slof)(ﬂft,pt,gt) _exp (fioe(we) + Bogion (1)) (5)

exp (Vi€ (2, pt, 9¢))
The probability that type [ consumer buys product j at time ¢ is:

sit(Pes gt) = Z Sl(;fp)(iﬂt,ptagt)'PTlt(ﬂﬂt) (6)
T €Xy

The probability that type I consumer does not buy any product at time ¢ is:

s ge) = > s (26,06, gt) - Prig(e) (7)
T €Xt

The market share of product j at time ¢, namely, the fraction of consumers purchasing product j at time ¢
is:

sjt(pe, 9) = /Sljt(pt7gt)dp(l) (8)

where dP(l) denotes the measure of type [ consumers.
The fraction of consumers not purchasing any product at time ¢ is:

sou(prgr) = / st0t(pes 90)AP (1) (9)
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3.1.5 State transition

The transition probability of consumer-level state variables x; is given by ©(z¢41|zt,a¢). It depends on the
previous period’s states x; and choices a;. For instance, in the case of durable goods which depreciate over
time, 11, product holding at time ¢ 4 1, depends on the previous state z; and the product choice a; at time
t. The transition process depends on the depreciation rate of the durable products.

Note that Pry(z;) satisfies the following state transition formula:

Pripi(ze1) = Z Pry(@y) - Z Sl(;fp)(fﬂt,ptagt) “P(Tgr |z, ar = j) (10)
T€Xt JETU{0}

The dynamic demand system is composed of equations (2)-(10).

3.1.6 Price elasticity of demand

In this study, short-run price elasticity is defined as the elasticity of the current period’s demand in response
to the current period’s temporary price change, given fixed consumers’ future expectations. Long-run price
elasticity is defined as the elasticity of the current period’s demand change in response to the permanent or
long-term price change, allowing changing expectations of consumers!'®!!.

Under the specifications above, short-run own price elasticity of product j at time ¢ given product prices
Py = (p?t) jeg, and continuation values g is:

0
 9s5u(p}, 97) Pjt

(short), 0 0O
9
( tr It ) apjt Sgt

jt

95 (4 0. g0 0
= [T Pruag P I | Pt

. 0
Tt€Xt ap]t Sjt
0
p.
- [ [ar X Prutesis st s (1 = s skl fNaPO)| B ()
e €X1t Jt

Here, we define the term s?t = s;1(p?, 97).

Short-run cross price elasticity of product k with respect to product j(# k) at time ¢ given product prices
pY and continuation values g is:

0
8Skt (pg7 gz(t)) @

(short)(? ?)

ikt Opjt S%t

Dspy” (20,1, f p;
= [ Z Pryy(wy) —H é : t)dP(l) =
e X Djt Skt

0

Dit

- [ ar Y Pri(an)si” (e pf g sy (o0, w8, 9P| (12)
Tt€Xt kt

3.2 Disregard of state variables and Short-run price elasticity

In the remaining part of this section, we discuss the three sources of biases in applying static demand models
under dynamic demand: disregard of state variables, inconsistent utility parameter estimates, and changing
expectations of consumers.

10Note that some of the studies have used different terms for these elasticities. In this study, I use the definitions here.
1n this study, we assume that the price changes are not expected by the consumers before the current period. This type of
specification is used by most of the studies in Table 1, except for Hartmann (2006).



In this subsection, we focus on the bias associated with the disregard of state variables. Here, to clarify the
point, we consider the case where no persistent consumer heterogeneity exists in the dynamic model.
First, we can derive a static representation of the dynamic demand model with no random coefficients:'?:

sjt(pe: gt) = oxp(=apje T Jit T (P 90) (13)
S 1+ Zkejt exp(—appt + frt + Cre(pt, 9¢))
1

o _ _ 14
Ot( t gt) 1 + Zkejt exp(—apkt —l— fkt + th(pt7 gt)) ( )

where

t)) . PTt({L’t)

Z exp(@;t () +Bcy;t
rt€Xy exp(VtC(xt,Ptagt
exp(fot(xt)+Bcgot

e €Xt exp(VtC(fL“t,ptvgt

Ej\t(phgt) = IOg (15)

t)) . PTt(.%'t)

(
)
(
)

~N R |~—8

Next, suppose that the value of ¢j; is available at product prices p? and continuation values g¥. Then, we
can construct the following static demand model with market share §j\t13:

exp(—apji + fje + Gi(pf, g7))

= 0 0
8jt(pe; vy 9¢) —~ (16)
! 1+ > e, exp(—apit + fre + e (Y, 97))
1
= 0 0
sot(pespgs9;) = — (17)
et 1+ eq exp(—opp + frr + aa(p?, 99))
S — 0.0 0y — o (0 0y _ 0 :
Note that 5;:(pt = py;pis9¢) = sje(pis g9¢) = sj; holds by construction.
Under the static model, own price elasticity of product j at time ¢ is:
— 0
Tl %) = _ O55(pe = PP 1Y, 97) Pji
) - —
! Opji st (s v, 9f)
th
—~(,0..0 0 =~(.0..0 0 J
= as(p; P, 90) (1 = 550(pys pe 90) =
sit(pfs pf, 97)
P}
0 0
== O(Sjt<1 - Sjt) N % (18)
S5y
Similarly, cross price elasticity of product k with respect to product j(# k) at time ¢ is:
N 0
T, g0 = %= plip? gf) P
’ Opjt see(pY; 07, 97)
o
—~(0.,0 Oy~ 0..0 0 J
= asj(p;pey 9 )5k (P3P 98 ) =05 o~
S T R T T S (0] 0, 97)
0
Dy
0.0 Y
I A (19)
kt
Then, static  elasticities 7, (0, 0f). M (PY,¢f)  and  dynamic  short-run  elasticities

nj(ihort) (Y, "), 77](.2’;0”) (p?, g?) satisfy the following formulas:

28ince only one consumer type exists, we omit 1.
B As we will discuss in the next subsection, we can recover the values of fi; + Cp: from the observed market share data with
product prices p?.



Lemma 1. The following equations hold:

0
_ hort Djt
D09, 90) — 053" 09, 99) = aVarje(s?, gf) - -2
jt
0
_ hort Dji
T (00, 99) — 1 (00, 99) = —aCoujia(p?, ¢f) - é
t
Here, we define the following terms:
Eus$P (@epeg) = Y. Pro(@)sls™ (&, pr, gr)
TreXy
2
Varj(p, gt) = Z Pry(z) [sg-?p)(ft,pt,gt) - Ext8§icp)(xt7ptagt)]
Tr€Xy
Covjie(p, gt) = Z Pr(zy) (S§§Cp)(@,pt79t) - Extsgi(:p) (xtvptvgt)> <3;(;fp) (@t pt, 9t) — Emtsg(:tcp) (ffmpt’gt))
Tr€Xt

Intuitively, Extsgffp ) (@, 0, 9¢), Varj(pe, 9t), Covjie(pe, 9¢) represent the mean, variance, and covariance of
CCPs given product prices p; and continuation values g;. Note that Cov;j; = Varj; holds, and the diagonal
components of the matrix ((Covji); k) correspond to Var;;.

Using the lemma, we can easily obtain the following statement on the short-tun own price elasticities:

0 . —~ h t
Proposition 1. 7;; (p), ¢2) > 0\ (5, g9)

J
Furthermore, equality holds only when séiep) (2,9, 99) = 556 (p?, 6¥) VY € X;.
The proposition implies that short-run price elasticity is overestimated when applying the static demand
model.
The next proposition is on cross price elasticities:

Proposition 2. The following inequalities hold:

<
—, 0 0 hort), 0 0 . 0 0
Mikt(Pe>9¢) § = n,;ztor )(pt v9¢) i Covi(py, 95) § = ¢ 0
< >
Since we cannot determine the sign of Covji; in general, the relative size of the two cross elasticities is
unclear from this proposition. Nevertheless, we can derive a stronger result for durable goods with unit stock
where consumers own at most one durable product:

Corollary 1. Suppose that ¢ji(x¢) = ¢i(x) Vj € Jp. Then, for durable goods with unit stock (inventory),
(short)

Covjia(pt, 97) > 0 and Nja (Pt 97) < gy (07 92)-

The problem of the static model is that the values of ¢;; is treated to be fixed even when product prices
p¢ change. In reality, ¢;; depends on product prices since V,C (¢, pt, g¢) is a function of product prices, and
the static model cannot capture such an effect. Consequently, elasticities based on the static model and the
short-run elasticities based on the dynamic model do not necessarily coincide. Of course, we can allow changing
values of ¢j; if we can compute the derivatives of ¢;; with respect to product prices. Nevertheless, to do so,
we need the knowledge of the distribution of consumers’ state variables (Pr(x;)), and the process is generally
omitted in the standard static models.

Note that when Pri(z:) = 1 (only one state variable; no role of state variables) and o = 0 (myopic
consumers), ¢jz = ¢t — for holds'. Then, ¢j¢ does not depend on product prices p;, and no problem happens
even when applying the static demand model.

14Since only one state variable exists, we omit z; of ¢, (z¢) and for(x¢).
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3.3 Inconsistent utility parameter estimates

The discussion above implies that static models yield overestimated short-run price own elasticities, and
underestimated short-run cross elasticities for durable goods with unit stock. However, the discussion above
hinges on the condition that the static dynamic models share the same price coefficient .. Nevertheless, there
is no guarantee that the estimated « based on the static model coincides with a in the dynamic model. Next,
we discuss the second source of bias: inconsistent utility parameter estimates.

Here, we consider the estimation process using aggregate data. As in the previous subsection, we consider
the static model without random coefficients. Let f;; = X;;0+co+E;¢, where X4, ;+ denote product j’s observed
and unobserved characteristics. Let Zj; be instrumental variables satisfying E[{;;|Z;;] = 0. Additionally, we
impose the following condition as in the static BLP model:

Sj = Sjt jELﬂU{O}

where Sj; denotes the market share data of product j at time 2.
Then, by (13) and (14) we obtain the following linear equation:

log Sjt —log Sot = —apj+ X0 + o + (e

where (j: = &t + ¢j: — El¢jt) and ¢y = ¢o + E[cji].

In general, estimating the linear equation above by treating (j; as the error term and applying GMM does
not yield consistent estimates of a and 6. Since ¢j; is a function of the value function V;C(:Et, Pt, gt) as shown
in (15), it depends on the current product characteristics and prices. Consequently, E[¢j:|Zj:] # 0, and it
implies E[(j¢|Zji] # 0. Besides, correlation between instrumental variables Z;; and consumers’ expectations
gjt(xt) = EtVfrl(xt, a = j), or the correlations between IVs Z;; and Pr(z;) also lead to inconsistent utility
parameter estimates.

Note that when Pry(z;) = 1 (only one state variable; no role of state variables) and 8o = 0 (myopic
consumers), ¢z = ¢t — for holds'®. Further, if ¢t = ¢ for all j € J; and if ¢; and fo; do not change over
time, we can treat ¢;; as a constant term that does not depend on product j, and we can consistently estimate
a and 0. If neither of the conditions above fails, applying the static model leads to the inconsistent estimates
of utility parameters.

3.4 Changing expectations of consumers and Long-run price elasticity

Next, we consider the third source of bias: changing expectations of consumers, which affects long-run price
elasticities. In the static model, there is no counterpart of long-run price elasticities, and we compare long-run
price elasticity based on the dynamic model and short-run price elasticities based on the dynamic model.

To clarify the point, we assume that consumers have perfect foresight on the future price path'®. We consider
the case where the price of product j is expected to be raised from time ¢ to time t + 7. We assume that the
price change is not expected by the consumers before time ¢t. We further assume that the increments of the
price increases are the same for all the periods. To derive statements, we define:

T
At (T, {Ptir fr>0) = Zﬁg)fl [Pr(l choose j at t + T|zy, ap = J,{pt++}r>0) — Pr(l choose j at t + T|xe, {peir}r>0)]
=1

15Since only one state variable exists, we omit x; of ¢; (z¢) and for(x¢).

16Note that many of the previous studies have not used the perfect foresight specification, and specified alternative expectation
formulation (e.g., Expectation with stochastic fluctuations of prices as in Erdem et al., 2003; Expectations with Inclusive Value
Sufficiency as in Hendel and Nevo, 2006, Gowrisankaran and Rysman, 2012). We can derive similar results under the alternative
expectation formation specifications. Nevertheless, the results under perfect foresight are the clearest ones. Even though minor
differences exist between different specifications, the essence of the claims would not be lost even when applying perfect foresight
specification.
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Nkt (X, {Ptsr fr>0) = Z,@’ [Pr(l choose j at t + T|xt, ar = k,{pt+r }r>0) — Pr(l choose j at t + T|x¢, {Pt+r}r>0)]

Here, Pr(l choose j at t + T|x¢, ar = k, {pt4r}r>0) denotes the probability that type | consumers with state x;
and choice k at time ¢ choose product j at time ¢+ 7 given future product prices {psy+}r>0. Pr(l choose j at t+
T|xt, {pe4r}r>0) is defined in a similar way. Intuitively, Ajjxe(z;) > 0 implies that type ! consumers choosing
product k at time ¢ are more likely to choose product j in the future periods.

(lgng ) be the long-run

jt

cross elasticity of product k& with respect to product j at time ¢ given the future price path {pPt4r}r>0. We
further assume that continuation value gf is consistent with the future price path {p? '+ }r>0. Then, short-run
and long-run price elasticities satisfy the following lemma:

Let n(long )({pt 7 }r>0) be the long-run own price elasticity of product j at time ¢, and n;;

Lemma 2. The following equations hold:

( h P}
W o) = 0000 = e [ar 3 Pruen)s{i oo aon, (88 b20)dP)
Jt Tt€Xt
(1 hort pt
njkotng ({pt+7—}7>0) UJ(ZtOT )(ptyg?) = £ 5C/al Z Prlt mt)sl(kt )(xt7pt))\l]]€t(:l:t’ {pt+T}T>0)dP(l)
T €Xy
Then, we can easily obtain the following proposition:
Proposition 3. The following inequalities hold:
(1 < h <
¢ .
njtong)({pt+7'}7>0) = nj(i o )(pgv g?) if )‘ljt(xtv {p?-i-T}TZO) = 0Vl 2 € Xy
> >
(1 ~ h =
¢ .
Ujk?g {plirtr20) S = U§Ztor Y00, 99) if Aijre (e, Py }rs0) § = 90 V2 € X,
< >

In the case of durable goods, generally the current demand for a product implies less future demand for any
product due to the durability of products (A\jj¢(x:) < 0, Njge(2e) < 0 4,k € J). Then, Proposition 3 implies
that long-run own price elasticity is smaller than the short-run own price elasticity, and long-run cross elasticity
is larger than the short-run cross price elasticity!'”. Note that the two elasticities coincide when the consumers
are myopic (8¢ = 0).

4 Extensions

In this section, we extend the results in Section 3 for a deeper appreciation of the static demand model. In
Section 4.1, we consider the magnitude of the biases in price elasticities. In Section 4.2, we discuss some remedies
for static demand models. In Section 4.3, we extend the model to storable goods, which is also an important
product with dynamic demand.

Tn the case of goods with switching costs, in general the current demand for a product implies more future demand for the
product due to the existence of switching costs, but less demand for the other products (Aij(z¢) > 0, Aijre(xe) < 0,k € T, j # k).
Then, Proposition 3 implies that long-run own price elasticity is larger than the short-run own price elasticity, and long-run cross
elasticity is larger than the short-run cross price elasticity.

12



4.1 Magnitude of the biases in price elasticities
4.1.1 Short-run price elasticity

We can derive the upper bound of the biases in short-run price elasticities associated with the disregard of state
variables discussed in Section 3.2. The following proposition shows the statement:

Proposition 4. The following inequalities hold:

—~ hort
0 < Talpd, o2) — 03" @00, ) < ap?, <H1$§XS§§CP)(mt,p?,g?)>

_— hort
T L. 99) — 0\ (0, g? )’

IN

ap, <n§c§x sUP) (ar, 0, g9 ))

The inequalities indicate that the biases in short-run elasticities are small when CCPs sg.fp ) (z4,pY) are

sufficiently small for all the state variables x;.

To understand why the size of the CCPs affects the magnitude of the biases in short-run price elasticities,
consider the simplified setting where ¢j;(x;) = 0 and Sc = 0. Then, the utility function based on the dynamic
model can be reformulated as:

—apjt + fit +eije i ap =

Vit\ Tty Pty @ = .
lt( ty Pt t) {f[)t(xt)—i_eiot lf Q¢ =0

Further, we assume that only one product j exists in the market. Then, by defining the term Awy(zy) =
Vit(xt, pe, ar = ) — vie(xe, pr, ap = 0), the market share sj; based on the static model can be expressed as:

Sjt = Z Pr(vig(z, pr, ar = ) > vie(xe, pr, ap = 0)) - Pry(x)
rr€Xt
S Prluaten > 0) - Pries
Tt€Xt

Next, by (16) and (17), we can specify the “static” utility function based on the static model:

—apji+ fir + e +ee far =
€0t ifa; =0

Vit (pr, ar) = {

By defining the term Avy = vit(pr, ar = j) — Vit (pe, ax = 0), static market share 5;; can be expressed as:

Sit = Pr(vi(pe, ar = j) > vit(pr, ar = 0))
= Pr(Avg >0)

Consequently, market shares and price elasticities are determined by the distributions of Awvg(z:) (in the
case of the dynamic model) and Av; (in the case of the static model).

The real line in Figure 1 shows the shape of the density function of Avy(z;). Here, we assume that {€;;:};c7,
follows i.i.d. type-I extreme value distribution. Since there are multiple types of consumers with different z,
multiple peaks exist. In contrast, in the static demand model, we abstract away the existence of consumer-level
state variables and fit a single distribution of Av;; as in the dashed line in Figure 1. The two distributions take
different shapes, and leading to biased estimates of price elasticities.

Generally, consumers purchasing the small CCP product is located in the right tail of the distribution. In the
tail of the distribution, we can find minor differences between the real line and the dashed line. Consequently,
the difference between static and dynamic models is small when focusing on the small CCP product.
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Figure 1: Distribution of the utilities Avy(x) and Avg
Notes:
The real line shows the density function of Aw;:(z+) based on the dynamic model accounting for the existence of state variables x:.
The dashed line shows the density function of Av;; based on the “static” model.

Example. Durable goods with exogenous replacement timing

To understand the results more clearly, consider the example of durable goods with exogenous replacement

timing, where consumers consider purchases only when they do not have any product. Formally, consider the

following setting;: sg-(fp ) (z¢ #0,p), g?) ~ 0. Here, z; = 0 denotes the state where the consumer does not possess

any product at the beginning of time t¢.
Then, since sj;(pt, 9:) = Pri(z; = 0) - S§§Cp)(

demand based on the dynamic model is:

xy = 0,pg, g¢) holds, by (11), short-run own price elasticity of

hort
(Shor) (9, g9) = ap (1 — s (2 = 0,1, 7))

By (18), the own price elasticity of demand computed from the static model is:

mi7,90) = ap(1—s5:(p7, 97))

Using these simple formulas, we can easily compute the biases in short-run price elasticities when applying
the static demand model. Table 2 shows examples.

Pry(z; = 0) stee) (xy =0)  sj n(Short) nj:  Bias(%)

it it

0.2 0.8 0.16 2 8.4 320%
0.2 0.5 0.1 ! 9 80%
0.2 0.1 0.02 9 9.8 9%

0.2 0.01 0.002 9.9 9.98 1%

0.9 0.8 0.72 2 2.8 40%
0.9 0.5 0.45 5 5.5 10%
0.9 0.1 0.09 9 9.1 1%

0.9 0.01 0.009 9.9 9.91 0%

Table 2: Bias in short-run own price elasticity of demand (Durable goods with exogenous replacement timing)
Notes:

Pri(z; = 0) denotes the fraction of no-stock consumers. n(

j‘:hort) denotes the short-run own price elasticity derived from the dynamic

demand model. 7;; denotes the price elasticity of demand derived from the static demand model. In the table, the terms p? and g
— _, (short)
are omitted to simplify the notation.The biases are calculated as % % 100.
Nt

o= 0.1, pJ, = $100.
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As this table shows, the bias is large when the fraction of consumers currently possessing products is

high (Pri(z: = 0) is small), and consumer’s CCP of the product (sgt )(xt,pt,gt)) is high. For instance,

when Pri(z; = 0) = 0.2 and sS-iCp) (24,99, g?) = 0.8, the bias is 320%. This large bias comes from the implicit
assumption in the static model that even the consumers already possessing any product will consider a purchase
as if they do not own anything. In the true dynamic demand model, consumers already possessing products
will not buy. Note that the bias is small if the value of sg-?p ) (w1, 09, g?) is small, even when Pry(x; = 0) is high.
In that sense, the product’s CCPs and market shares are also important for assessing the biases when applying
static demand models.

4.1.2 Long-run price elasticity

The next proposition shows the upper bound of the biases in long-run price elasticities, which are discussed in
Section 3.4:

Proposition 5. The following inequalities hold:

long (short) 0 (cep) 0 0
‘773 {Pt+r}7>0) Mj¢ (Pt » Ot )‘ < Kjt <l xffa}fx alsljt+r(xt+r7pt+w Giyr)
long (short), 0 0 (cep) 0 0
‘773 {pt+r}7>0) Un (P> 9¢) ’ < Kyt (l xffa)fx alsljt—i-T(xt-‘rT: Pitrs 9t+r>

where Kj; = 2601 ggp]t

The inequalities indicate that the biases in long-run elasticities are small when future CCPs are sufficiently
small for all the state variables and consumer types.

In general, consumers expect that the probability they will purchase the product in the future is small if
the CCP of a product is small. Then, they are less likely to be affected by the future price change of the small
CCP product.

4.2 Remedies for static demand models

In general, applying static models yields biased price elasticities, unless consumers are myopic (8¢ = 0) and only
one state variable exists. Nevertheless, sometimes it is possible to mitigate the problems. In this subsection,
we discuss some remedies for static demand models. In Section 4.2.1, we discuss the remedies for the problems
associated with the disregard of state variables. In Section 4.2.2, we consider the remedies for utility parameter
estimates. Even though these remedies do not work in all cases, it is worth considering based on each empirical
context.

4.2.1 Disregard of state variables

In Section 3.2, we have not introduced any random coefficients in the static model. Nevertheless, by introducing
random coefficients, especially the random coefficient on the constant term, we might be able to mitigate the
bias.

Here, to make the point clear we consider the case where no persistent heterogeneity exists in the dynamic
model as in Section 3.2. Note that a similar argument holds even in the case where persistent consumer
heterogeneity exists in the dynamic model. By introducing random coefficients in the static model, we can
derive a static representation of the dynamic model in an alternative way. The static model is composed of
market shares sj;, type specific choice probabilities Sfl:/jt(pt’ gt), additional terms ¢, and a mapping o from z;

. Ljt
to [ such that:
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exp(—apji + fjt + ¢,(9t))
L+ > peq exp(—apkt + fir + ¢, (9t))

sit(pe, 9t) = /%(pt,gt)dp(i)
P(T: o(xy)) = Pri(z)

Tl = bje(xe) = for(we) + Bogi(er) — Bogor(w) for 1= ()

%t (pt> 9t)

where P denotes the density of type I consumers. Then, we can easily show that the static and dynamic
models are related in the following ways:

Sfl:jt(pt’gt) - 5§§cp)($t,pt,gt) for | = xy
s5t(pe,9t) = s5t(pe Gt)

Then, own price elasticity of product j is:

— av 0 0 0 0
. 055:(p, 9f) P} /38 WPg0) ) . )

0 0 jt\Pt» 9t Jt Lt jt 0 0 0 0yt (short), 0 0
n¢(p, 9¢) Opji Sjt(p?,g?) apje () S?t it(ps 97)( it (Pt t))S?t Mt (> 9¢)
Cross price elasticity of product k with respect to product j is:

— Osu (v}, gf)  Pj Osi, (0, 90) < | Pl __ )

0 0 kt\Pt > 9t Jt Ikt \Pt » It Jt 0 0 0 0 Jt (short) 0 0
Nikt(Pes ) = — = — / dpP(l) = 51t (Pt 9¢ ) skt (Pt 9t ) =M (Pis9¢)
j ty 9t Ipjit Skt(p?,g?) opjt 3275 jt\Pt» Gt ts Gt Skt(p?,g?) ikt s Ot

They imply that we can obtain consistent estimates of the short-run price elasticities, if we can fit the static
(ccp)(
gt

model so that %(pg, ) ~ 5357 (24, pY, gY) for I = o(z;) and « is consistently estimated.

To fit the static model so that s?jt(pg, ) ~ 5§§Cp)

distribution of the term c};t(gt) = ¢ji(xt) — for(xe) + Bogije(xt) — Bogioe(x¢) by random coefficients. For example,
in order to approximate the distribution of the term fo;(x;), which does not depend on product characteristics,
introducing a random coefficient on the constant term is the most straightforward way. Note that such a
“reduced-form” approach might not work in all cases. The distribution of fo;(x;) changes over time based on
the values of Pry(x;), and it is not clear to what extent this type of strategy works well.

(24,9, g0) for | = o(z;), we should well approximate the

4.2.2 Inconsistent utility parameter estimates

The case of static models without random coefficients We continue the discussion in Section 3.3:
We abstract away the existence of persistent consumer heterogeneity in the dynamic model, and we consider
the case where random coefficients are not introduced in the static model. The problem is that the term
> eXP(tb]’t(xtHBcgﬂ(wt))

e1eXy eXP(VtC(Wtngt))

exp(fot (z¢)+Bc 90t (@4))
-Pri(x
CXP(VtC(Itthygt)) ()

-Pri(xt)

it(pe, g¢) = log is not controlled in the estimation process:

T EXy

log Sjt —log St = —ap;; + the + Ej\t(pt,gt) +co + fjt

If we can well approximate the term ¢;; with the variables other than p;; and Xj;, we can obtain consistent
estimates of utility parameter estimates o and 6.
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One strategy for approximating ¢y + ¢;; is the introduction of time / group dummies'®?. Suppose that the
set of products J; can be divided into mutually exclusive groups Jy (9 = 1,--- ,G), and products in the same
group share the same values of co + ¢j; (co + ¢z = ¢t Vj € Jy4t). Then, we can consistently estimate o and 6
by treating ¢, as fixed effect dummies:

log Sj¢ —log Sot = —apji + Xji0 + gt + &t

Note that products in the same group share the same values of ¢j; only when products in the same group
share the same values of gj;(x;) (continuation value given purchasing product j) and ¢;:(z;) (flow utility from
purchasing product j given state x; other than —ap;; + fjt)zo .

The introduction of time and group dummies are informally proposed in Goldberg and Verboven (2001).
In Goldberg and Verboven (2001), automobile brand is the group. If it is plausible to assume that consumers
perceive that future utility from purchasing the same brand automobiles are the same, the strategy works well
and we can obtain the consistent estimate of o and 6.

Note that when the market environment is stable over time, the values of Pr(z;) and Scgji(x¢) are mostly
stable, and ¢;; also take mostly stable values over time. In this case, we can treat the term ¢;; as a constant
term, and we can obtain mostly precise estimate of the utility parameters unless cross-sectional correlations
between Scg;i(z¢) and pj, or Zj; exists.

The case of static models with random coefficients We continue the discussion in Section 4.2.1, and
we abstract away the existence of persistent consumer heterogeneity in the dynamic model. Note that a similar
argument holds even when persistent consumer heterogeneity exists in the dynamic model.

If we can well approximate the term c’l:j/t(gt) = ¢ji(xe) — for(xe) + Begj(xr) — Bogor(xy) with random
coefficients and the variables other than pj; and Xj;, we can obtain consistent estimates of utility parameters
a and 6. As in the case of static models without random coefficients, introducing time / group dummies
would mitigate the problems in some cases, because it approximates the values of continuation values g;:(z¢) to
some extent. Nevertheless, the value also depends on the state variables z;, and the interactions with random
coefficients would be necessary. There is no guarantee that the estimated utility parameters are consistent,
when introducing random coefficients in the static models.

4.3 Storable goods

We can extend the discussion in Section 3 to storable goods, by introducing the choice of consumption level
other than the product choice, which is also the essential component in the storable goods models.
Here, we consider the model where consumers solve the dynamic optimization problem with inventory

represented by the following Bellman equation?®!:

U(Cy) — F(xi +q — Cy) + Z dije (—apje + fijt + €ijt)

Wf(xt,pt) = / max
JET

CitAdujt}jea,

+ﬂCEtV1tC;1($t + @ — Cut, prv1|zt, pe) | p(€)de

Here, z; denotes the inventory of the consumer at time t. d;;;; denotes the number of purchases of product
J. For instance, d;;;; = 1 implies that the consumer purchases a product j at time t. Cj; denotes the amount of

18The effectiveness of the introduction of time / group dummies is quantitatively shown in Appendix B by conducting Monte
Carlo simulation.

9Besides, Lou et al. (2012) proposed to approximate the term associated with the consumers’ expectations by the age of the
product. The strategy works well when the continuation value of each product g;:(z+) is highly correlated with the age of the
product.

20 Gowrisankaran and Rysman (2020) formulated the assumptions as “Constant Continuation Value within Group (CCV)”
Assumption and “Separability of Previous Purchases in Flow Utility SPP-F)” Assumption. They argued that they play essential
roles in reducing the number of state variables when solving dynamic demand models.

*1The model is mainly based on Hendel and Nevo (2006).
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consumption, and U(Cy;) represents the utility from the consumption of storable goods. Here, we assume that
only the quantity of consumption matters (brand does not matter in the consumption stage). ¢ = e, qjtditjt
denotes the purchased quantity at time ¢, where g;; denotes the package size of product j. z; + ¢ — C
represents the quantity of the goods for storage, and F'(z; + ¢ — C};) represents the storage cost. We assume
that Tt4+1 = Tt + qt — Clt holds.

In the following discussion, we assume that consumers purchase at most one product (>
each period. Then, the optimal consumption level given purchasing product j at time ¢ is:

jeg, digt < 1) in

—~—

Chj = arg I%ax U(Cy) — F(ze + gt — Cip) + 5CEtVZtC;L1(3?t + qjt — Cit, pey1|e, pe)
It

The optimal consumption level given purchasing nothing at time ¢ is:
Ciilo = arg max U(Cy) — F(ze — Cu) + Bo BV, (w1 — Cuuy s |2e, pe)
It

Note that Cj;|jezuq0y does not depend on the current product prices p;, given the continuation values

Echgl(:ct + qjt — Cjiljez,0f0), Pr+1|me, pi). In contrast, Cj ;e 7,001 may depend on the future prices {piir}r>1
through the terms on continuation values g;.

Then, by deﬁnigg\;ibljt(xt) =U(C}l;) = F(zi+qje — Cply) for j € Ti, fioe(xe) = U(CLL5) — F(xe + g0 — Cfilj),
and gpje(ze) = EtVlgrl(q:t + qjt — CJi|j, pes1|e, pe), we can specify the utility from choosing the alternative
j € JU{0} asin (1):

vin (e, pos gor ag) = 4 1P + fijt + Qije(we) + Bogije(we) + e ifag =
It ty Mty Yt, Wt) — .
' Jioe(xe) + Bogioe(xe) + €ior ifa; =0

4.3.1 Short-run price elasticity

Since ¢;¢(z¢) and fio¢(z+) does not depend on the current product prices {pyt} ke, , given the continuation values
gt, we can easily show that the same statements in Section 3.2 (Propositions 1 and 2) hold.

In terms of short-run cross price elasticities, the signs of the biases are not clear, as shown in Proposition 2.
Nevertheless, for the “same package size products”, short-run cross price elasticities are underestimated. The
following corollary shows the statement:

Corollary 2. For storable goods j, k € J; with qjt = qre, Covjre(pY, g7) > 0 and M (pY, g7) < n(Z?OTt) (P, g").

4.3.2 Long-run price elasticity

If the future price change does not affect the current consumption level, then the terms ¢ljt(a:t) and fior(z¢) do
not depend on future prices, and we can easily show that the statements in Section 3.4 (Proposition 3) also
holds even for storable goods. In the case of storable goods, in general the current demand for a product implies
less future demand for any product (Ajji(x:) < 0, Ajge(2e) < 0 j,k € J;). Then, Proposition 3 implies that
long-run own price elasticity is smaller than the short-run own price elasticity, and long-run cross elasticity is
larger than the short-run cross price elasticity.

Nevertheless, in reality, future price change may affect the current consumption level. For instance,
consumers expecting higher future product prices may reduce the amount of consumption and increase inventory.
Consequently, Proposition 3 cannot be directly applied to storable goods, and another source of bias, namely,
changing consumption level in response to the future price change exists.

5 Applications of the results to empirical researches

In this section, we discuss how the results so far provide insights into the previous studies’ findings on the biases
in applying static demand models. Here, we focus on the results of four papers in Table 1.
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5.1 Automobiles (Chen et al. (2008) and Schiraldi (2011))

Chen et al. (2008), analyzing the automobile market, showed that a static model overestimates short-run own
price elasticity?? by 14%. In contrast, Schiraldi (2011), also analyzing the automobile market, showed that a
static model underestimates short-run own price elasticity by 73%. We can guess that the difference comes
from the primary sources of the biases: Chen et al. (2008)’s result is mainly due to disregarding state variables,
and Schiraldi (2011)’s result is primarily due to the inconsistent utility parameter estimates.

Chen et al. (2008) considered the market with only one homogeneous new car model and one homogeneous
used car model. Moreover, the model did not incorporate persistent consumer heterogeneity. Since they
introduced new and used car dummy variables in the estimation, the identification mainly comes from time-series
variations. Since they implicitly considered the setting where the market is stationary, Pry(z;) and consumers’
expectations g;;(z;) are mostly stable over time. Even though they used cost-shifters as instruments that may
be correlated with consumers’ expectations over time, static estimates yielded only minor biases. In fact, the
bias of the price coefficient was only 2%. Then, the effect of the bias due to the disregard of state variables
dominated, and the static model overestimated the short-run price elasticity.

In contrast, Schiraldi (2011) considered the market with multiple products. The identification came
from both time-series variations and cross-sectional variations. When focusing on cross-sectional variations,
consumers’ continuation values g;j;(x;) are positively correlated with the product prices pj;, since higher quality
and expensive products would have higher remaining values in the next period. We can suspect that the
positive correlation leads to a large positive correlation between product prices pj; and ¢, and consequently,
an underestimation of the price coefficient?®. Then, since the bias due to the underestimation of the price
coefficient is so large (bias:82%), we can suspect that the effect of the bias dominated the bias due to the
disregard of state variables??, and the static model underestimated the short-run price elasticity.

5.2 New durable goods (Gowrisankaran and Rysman (2012))

Gowrisankaran and Rysman (2012) studied a new durable goods market with replacement demand. They
showed that the estimated price coefficient was sufficiently close to zero when applying a static BLP model. In
their model, we can expect that not only continuation values g;j;(x;) are correlated with product prices pj; as
in Schiraldi (2011), but also Pr;(x; = 0) is correlated with product prices pj;. Here, ; = 0 denotes the state
where consumers do not own any durable product. Especially in the latter periods of the diffusion process, the
decreasing fraction of no-stock consumers Pry(x; = 0) induces lower demand sj;. Product prices pj; decline
over time at the same time, and a static estimate fits the model as if declining product prices induces lower
demand?®.

5.3 Storable goods (Hendel and Nevo (2006))

Hendel and Nevo (2006) argued that applying a static model leads to the overestimation of long-run own
price elasticities and underestimation of long-run cross price elasticities. The biases come from three sources:
disregard of state variables (consumer inventory), inconsistent utility parameter estimates, and changing
expectations of consumers. Disregard of state variables leads to the overestimation of short-run own price

22Note that Chen et al. (2008) considered the elasticity in which changing consumers’ expectations in response to the current
temporary price change is allowed. Hence, it also affected the estimated price elasticity based on the dynamic model. Besides, we
compare the elasticities given fixed used car prices, even though the article also showed the results allowing changing used car prices.

2Gchiraldi (2011) used instrumental variables, including lagged product prices, and assumed that error term ej; satisfies the
moment condition that e;s — Aej:—1 is orthogonal to instrumental variables. Even with this identification strategy, the endogeneity
problem might not be solved under the static specification.

24Note that Schiraldi (2011) did not introduce random coefficients in the static estimation, and the problem of the disregard of
state variables might not be solved in the static specification. Nevertheless, the effect might be smaller than the bias due to the
inconsistent utility parameter estimate.

?Note that Gowrisankaran and Rysman (2012) used standard variables that capture how crowded a model is in a characteristic
space as instruments. For new durable goods, it is natural that these variables increase or decline over time. For instance, more
and more products are introduced in the new durable goods market. Hence, Pr;(z; = 0) and instrumental variables would be
correlated, and the use of instrumental variables might not solve the problem.
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elasticities for all the products, and underestimation of short-run own price elasticities for the same package
size products as discussed in Section 4.3. Changing consumers’ expectations affect the current consumption
level and product choice. If the current consumption level does not change in response to the future price
change, it is plausible to assume that long-run price elasticities are higher than short-run price elasticities, as
discussed in Section 4.3.

Regarding inconsistent utility parameter estimates, Hendel and Nevo (2006) empirically showed that
applying a static model results in the overestimation of the price coefficient. To understand the result, consider
a simplified model in which there are only two states: state with / without inventory (z; # 0 and z; = 0).
Further, we abstract away consumer heterogeneity and assume that consumers do not buy anything at the with

inventory state (z; # 0). Then, ¢j; can be expressed as?6:

exp(¢;t(z¢=0)+Bcgjt(zt)) _
exg(\/;c(wt:(),pt,;t)) Priz, = 0)
_ 2keg, P(—apkit St One (€)+Bogrt (1))
exp(V,C (#:=0,pt,g¢))

Ej\t(pu gt) = log (20)

1 Pr; (.I‘t = 0)

The equation implies ¢;; is an increasing function of Pry(xz; = 0). Generally, consumers are more likely to buy
storables under temporary price reductions and when they are at the no-inventory state. Then, it is plausible
to assume that Pr(z; = 0) and product prices pj; are negatively correlated (Pr¢(x; = 0) is high when product
prices are low, and Pr¢(x; = 0) is low when the product prices are high). Then, negative correlation between
Pri(z; = 0) and product prices pj;; induces negative correlation between product prices p;; and ¢;;. Of course,
other effects, such as the correlation between pj; and gj:(x;) would exist. Nevertheless, these effects might be
dominated by the effect of the negative correlation between Pry(z; = 0) and product prices pjt27.

6 Conclusion

In this article, I investigated the mechanisms behind the biases in applying static demand models when the true
demand structure is dynamic. There are three sources of biases: disregard of state variables, inconsistent utility
parameter estimates, and changing expectations of consumers. The bias due to the disregard of state variables,
which has not been discussed so much in the previous literature, leads to the overestimation of short-run own
price elasticities. The first and third sources of biases are small when the focus is on the small CCP products.

In this study, we assumed that idiosyncratic preference shock ¢;;; follows type-I extreme value distribution as
in most literature. Nevertheless, there is no guarantee that the distributional assumption is correct. Considering
the results in nonparametric settings might be a promising extension of this study.

Besides, we can find an analogy with the limited consideration set models (e.g., Abaluck and Adams-Prassl,
2021, Crawford et al., 2021). For example, in the default specific models, one of the limited consideration set
models, only a fraction of consumers make purchase decisions. Similarly, in the extreme case of the durable
goods model, only a fraction of consumers with no durable goods holdings make additional purchase decisions?®.
However, the fraction of consumers making decisions is generally not observed, and it causes problems in both
cases. It is interesting to investigate how the identification strategies in the recent literature on consideration
set models help mitigate the issues associated with the use of static demand models.

263ee Appendix A for the proof.

2"Note that Hendel and Nevo (2006) didn’t introduce unobserved product characteristics £;+ and estimated the utility parameters
by maximum likelihood estimation, unlike the discussion in Section 3 and 4. Nevertheless, a similar argument holds.

Z8CCPs of purchasing any product are zero for consumers with durable product holdings.
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A  Proof

A.1 Proof of the statements in Section 3.2
A.1.1 Proof of Lemma 1
Own price elasticity:

Proof. By (11) and (18),

(short)( 0 ())

—~0 0
Mie(pes9¢) =y (Pys 9
(ccr) (ccr) P
0 0 c 0
= [asjt(l —sp) —a Z Pry(xy) - St . F (ﬂUtapt,gt) (1 — St v (%h]%))] SLQ
rt€X¢ jt
0
Dy
= — ( Z PT’t(,It)S‘gft:Cp)(xt’p?’gt ) + Z PT‘t xt p)(xt’p?’g?)Q 87.(7)
T €Xy T €Xt Jt
2
) cp) Pgt
= « P cp P )
> Pri(an) sy weplgd) = Y0 Pro@)si P @pt g |
Tt €Xt T E€Xy Jt
0
Dt
= aVarp(},g)) - =5
St
O
Cross price elasticity:
Proof. By (12) and (19),
— 0 hort) , 0 0
ikt (Pt 9 ;) — U](Ztor )(pt 9t )
P
= |as tskt ! Z Pri(xy) - sét p)(xt,pt,gt)slgiCp)(xt Y, g)) Si
rt€X1t kt
= —a | Y Pri(a) | 5P ) g)) — Y Pro(@)s? (@97, 7)
rt€Xt Tr€Xy
(cep) (cep) Pt
sk @opt o)) = D Pr(@)sy™ (@0l.90) | | 5
T €Xy kt
0
P
= —aCou(pi,9) - 5
Skt
O

A.1.2 Proof of Corollary 1

Proof. First, continuation value g;;(z;) does not depend on the state variables z; for durable goods with unit
stock, because current product holdings do not affect future continuation values when they sell or throw away
the old product and purchase a new product.

Next, we define Sj;(ps, g¢) = gt ccp) (z¢,0e,9t)/ (Zmejt s,(f;ip) (a:t,pt,gt)>, which represents the conditional

choice probability of product j given purchasing any product. 5j;(p¢, g:) does not depend on consumers’ state
variables ¢, because:
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Sg‘icp) (wt y Pt gt)

Si(pe, 9t) =
Zme‘,’]t S'Erczltlp) ('rta Dbt gt)
exp (¢t (x¢) —apjt+fit+Bcgj(xt))
eXP(VtC(xupt,gt))
3 exp(¢t(xt) —apmi+fmi+Bogmt (xt))
meJ eXP(VtC(xupt,Qt))
exp (—apjt + fit + Begji(z))

ZmEJi exp (—apmt + fmt + Bogme(2t))

. Then, we can derive:

Covjkt(ptagt> = Z PTt(ft) <8§-§Cp)(ft7pt,gt) - Eztsg-(fp)(xt,%,gt)) (SSCiCP)(@,ptagt) - Emtséi(:p)(xt,pt,gto
rre€Xt
= Z Pry(zt) ((1 — s (i’t,pt,gt)> Sjt(pes gi) — Eg, (1 - S[Sicp)(l'hpt,gt)) @(ptagt)) :
Tr€Xy

((1 - Sé(fp) (T, pe, 9t)> Skt (pes 9t) — B, (1 - SéiCp) («Tt7pt7gt)> STt(pt,gt))

2
= 55¢(pt, 9t)5ke(Dt: 9t) Z Pry(z) (Sé(;Cp)(@,ptagt) - Ewts(()icp)(xtaptagt)>
TreXt

v

0

A.2 Proof of the statements in Section 3.4
A.2.1 Proof of Lemma 2

To prove Lemma 2, we define the term

—aqpjt + fije + duie(xe) + Bogije(xe) if j € T
fiot(xe) + Begior () ifj=0
. Using the term, vy (x4, pt, g, ar = j) = vije(@t, pr, g¢) + €ij¢ holds. For convenience, we further define A; =

J; U{0}. Besides, we omit the terms p - and gy '+ in the following discussion to simplify the notation. First,
we prove the following lemmas:

Q}-l\]-'/t(xtaptagt) = {

Lemma 3. Define the following term:

Vg, (1)

OVhtr—1(Tt47—1)

Cuar(Tir1) = Z Z Pr(l choose j at t + T|T4r—1, atyr—1 = h)

Ti4r—1 h€Aryr—1

fort=2,---,T. Then, the following formula holds:

Grer(@ir1) = B57Pr(l choose j at t + 7ler)
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Proof. First,

Clt+T("L/.—t:-/1)
OV, (i
= Z Z Pr(l choose j at t + T|Ti4r—1, G14r—1 = h) i1 (Ter1)
Tt+r—1 h€Ary 1 8vlht+T—1(mt+T—1)
= Z Z Pr(l choose j at t + T|Ti4r—1,a147—1 = h) -
Ti4r—1 h€Apyr—1
OV r o1 (@4r—1) Z Z Mikrr—2(Tepr—2)  OViS (Th1)

OVintyr—1(Ttgr—1) OVir 1 (Tryr—1) OVirgr—2(Terr—2)

Titr—2 k€A1 r—2(Tt+r—2)

= Z Z Pr(l choose j at t + T|Tiyr—1, at4r—1 = h) -

Tt4r—1 h€EAp4r—1

s (1) DY Bot(@ir [T, a2 = k)

Titr—2 kEAt L2

9 Vltc+1 (Tt41)
Okt r—2(Teyr—2)

Since

Z Z Pr(l choose j at t + T|Ttir—1, Gpr—1 = h)Sl(;C;TT_l($t+771)1/}(33t+7—1 Tiir-2,047—2 = k)

Tt4r—1 hE.AH_q—_l

= Pr(l choose j at t + T|xtyr—2,at4r—2 = k)

holds, we obtain:

G (Te41)

= fc Z Z Pr(l choose j at t + 7 — 1|xpyr—2, Q14 r—2 = k)

Tt4r—2 kEAi4r—_2

= BoCrr—1(Te11)

VS, ()

3Ulkt+7—2(ﬂft+7—2)

By repeatedly applying the equation, we have:

Grer(Tr1) = BE *Cusa(Tri1)

Here,

Ger2(Teg1)

= Z Z Pr(l choose j at t + T|Ti41, ar41 = k)

Tt+1 k€A1

OVE., Th)
OVggt+1 (T41)
Vg1 (1)

= Z Pr(l choose j at t + T|Tiy1, ai41 = k) —
ol Oviktr1(Te1)

= Z Pr(l choose j at t + T|Ti11, G141 = k)sl(;ﬁ)l(@)
k€A1
= Pr(l choose j at t + T|T¢11)

Hence, we obtain:

Grar(@p1) =BG 2Pr(l choose j at t+7|z51)
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Lemma 4. The following equation holds:

OE VS, (w00 = k)

—alﬂgflPr(l choose j at t + 7|z, ap = k)

8pjt—‘,-’r
Proof. Using Lemma 3,
Opjtir
= Z a%(%ﬁ-‘ﬂ') 8‘/21&4-7— Z Z 81)[21;:7_/1(1'“_7_1) 8%%1(@)
Tirr OPjt++ 8vlgt+r r) i1 hedprr 1 8Vlt+7—<xt+7) OVt r—1(Trar_1)
OV (T5)
- Z( al)sl(JHT (@t+7) Z Z Boh(Tipr|Tigr—1, Gtpr—1 = h) 41
Tetr Tttr—1 h€Ap4r—1 8vlht+‘r—l(xt+’r—1)
Ve, (i
= —Bea - Z Z Pr(l choose j at t + T|Tiyr—1,a147—1 = h) 1y (Te1)

Ti47—1 h€EAi4r—1
—BoauCitr(Te1)

— 56—1
Consequently,

OVhtr—1(Tt4r—1)

oy Pr(l choose j at t + T|xi11)

IEV, (2, a0 = k)

8pjt+’r
= > Mw(mtﬁ-l’xtvat = k)
Tor1 Opjttr
= —apy ! Z Pr(l choose j at t + 7|zi1)Y(Ter1|Te, ar = k)
Teyl

_alﬁ(‘fflPr(l choose j at t + 7|z, ap = k)

O
Lemma 5. The sfollowing equation holds:
OBcEVE, (x4, a = m) @s(mp) T ce
Z Z lgrl 85 ((x t)) = _OélﬁCsl(ktp)(xt))\ljkt(xt)
med, =1 Pjt+1 Imt Lt
Proof. First,
Z Z 8,BCEtV2H_1 Tt, Gt = )851(ch) (.Tt)
mEAt — 8p]t+7' 8'Ulmt(xt)
|y |PeEVi e e =) 0" ) g OBeBVia (o ar = m) Doy w0
p— 8p]t+7' avlkt(ﬂft) meA,—{k} 8pjt+7' 8%(%)
T C C
OBcEVig, 1 (xe,a0 = k) (o0 cc OB EVig, (xe, a0 =m) (o0
- Z lg—l Sl(ktp)(xt) (1 Sl(ktp)( t)) - Z lg_ll Sl(mf)(m )Sl(ktp)( t)
= | Pijt+r meA—{k} Piter
T
ce 8Et‘/lt+1 T, Qp = k 0E.V, lt+1 xtyat ) (ccp)
= /BCS( p Smp x
ki ;1 Opjt+r mgt OPjttr mt (1)
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By Lemma 4,

OBV, (xr, a0 =
8pjt+’r

B Z 8EtVlt+1 Ty, ap = m) (ccp)(xt)

Imt
meA, 8p]t+7'

= —alﬂgflPr(l choose j at t + 7|z, ar = k) + alﬁgfl Z Pr(l choose j at t + 7|z, ap = m

meA:
= —aBL ' [Pr(l choose j at t + T|x¢,ar = k) — Pr(l choose j at t + 7|z)]

Then, we obtain:

5 ZaﬁcEt S (2, ap = m) Os\EP) ()

med, =1 3pgt+7 8Ulmt(33t)

) (cep)

“Simt

= —alﬁcslkt Ty Zﬂ [Pr(l choose j at t + 7|z, ay = k) — Pr(l choose j at t + 7|xy)]

T=1

= *Oélﬁcsl(;ip)(%t))\ljkt(%)

Proof of Lemma 2
Own price elasticity:
Proof. 1t follows that:

(long) __(short)
77;t 5t

OBCENVE, (w1, = m) D5\ (2,)

= 11T s

Jt x1€Xy meA; =1 ap]t+T e lt+1(xt’ at = m)

0 OBCEVE. (z, s\ («
- o Z Pry(x) Z Z peti frl (e, = m) Lt () dP(l)

S?t 2iE X med, r—1 Opjt+r OVt ()
p CC;
= Jt < Z Pry(z (—alﬂcsl(jtp)(a:t))\ljt(a:t))> dP(l) (. Lemma 5)
Tt €Xt

= BCp]t /Oél ( Z PT’lt(eTt)Sl(;fp)(mt))\ljt(wt)> dP(l)

T E€Xy

Hence, the statement holds.

Cross price elasticity:
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Proof. 1t follows that:

— m)> dP(l)

8ﬂcEtVltC+1 (1, ar

m) Osiye” (w1 )) aP()

(long) (short)
njkt ]kt
(cep)

- pjt OBCEt‘/l-tJrl Ty, Gt = m) 8Slkt (xt)
(3 e 3 3 e

ke rt€Xt mEAzT 1 )

pgt aBCEt‘/ZH_l T, Ay =
= P?"lt T

Skt (m;{t mét ; ap]tJrT OVimt ()

p,
= %t Z Pryg(z) (*alﬁcsl(gfp)(%)Njkt(%)) dP(l) (. Lemma 5)

Skt T €X,

t€Xy

N _%pﬁ /al ( > Prlt(xt)sz(zgp)(th))\ljkt(iﬂt)) dpP(l)

r€Xy

Hence, the statement holds.

A.3 Proof of the statements in Section 4.1
A.3.1 Proof of Proposition 4

Own price elasticity:

Proof. 1t follows that:

=0 0 hort), 0 0
Nt (P> 9¢) — nj(f - )(pt7gt)

p
= ( Z Pro() s (i, pY, > + Z Pri(ar)s$y™® (x0, 0}, g7)? ?gi
Tt E€EXt Tt €Xt Jt
thEXt Prt(xt)sg'(;cp) (:Ut?p?a g?) ’ (1‘157 pt ) gt 0
< (o Pj
Zz‘tEXt P'I"t (xt)s‘jt (xt’ pt 9 )
< <math Oésgt eep) (xtapgv gz[t))) : theXt PTt(xt) (xtapt ) Gt ) 0
< Pji

S avex, Pri(an)ss® (ze, 0, o0)

= ap, (ngx s (24, 1Y, g9 )>

Cross price elasticity:

(short) (

Mkt 9 g?) > 0 holds,

Proof. When @(pg ) gt)
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_ hort — hort
Tt (00, 99) — " )(p?,g?)‘ = T, g9) — 7 (0, g9)
(ccp) (ccp) Pl
CC, CC;
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— hort — hort
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0
Dji
= [—sjt(p?,g?)skt(p%g?Ha S Pro(ze) - s$P (@ 1Y, 995l (@, 1Y, F) o
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kt
< amax s (2, p), g0)p%
xr  J
Hence, the statement holds. ]

A.3.2 Proof of Proposition 5
Cross price elasticity:

Proof. In the following, we omit p ' and g2 ', to make the notation simpler. It follows that:
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long) (short)

_ P bt g / o 3 Priy(e)s® (@) Nijaaa)| dP(D)
Skt T €Xy
0 foL“tGXt Prlt(xt)s;kt )(xt)dpa)

Skt
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O
Own price elasticity:
Proof. We can prove the statement as in the case of cross price elasticity. ]

A.4 Proof of the statements in Section 4.3
A.4.1 Proof of Corollary 2

Proof. Let Jg be the set of products in the same package size, and let j,k € Jy. Then, ¢ji(x¢) = ¢ge(z¢) holds
for all j € T, because Cf|; = argmaxc, U(Cy) — F (¢ + qjt — Cr) + BoEViEq (we + qje — Ct, prea|we, g¢) takes
common values for all j € Jy (same package size (g;;) products), and ¢y (x) = U(Cf;) — F(xe + g0 — Cfl§)
holds by construction. Moreover, since z411 = ¢ + g — Cy, continuation values g;;(z;) take common values for
all j € Ty

Then, si4+(t; 9t) = s( cep) (¢, 0ty 9t)/ (Zmejgz sgf;p) (:Ut,pt,gt)), the probability that a consumer purchases
product j conditional on purchasmg products in Jg, does not depend on state variables x;, because:

Silge g = suP(@epeg)) | Y sEP (@ pe.ge)

meJgt
exp(¢j¢(xt) —apji+fie+Bogje (xt))
exp(ViE (we,pt,9t) )
Z exp(Pmt (xt) —apmt+fmt+Bc gme (Tt))
meJgt exp(\/tc(xt,pt,gt))
exp(—apjt + fjt)
Zmejgt exXp (_apmt + fmt)
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Hence, we obtain:

Covjki(pt, gt) = Z Pry(z) (8§§0p)(@7pt,gt) - ExtSEECP)(xt,Pt,gt)) (Sl(ggcp)(ﬁfaptagt) - El’tsj(gicp)(xtaptugt)>
TrEX

= Z Pri(zy) Z sSPN (&t prs 9t) 519, (Pts 9t) — B, Z 58P (@, prs 91) $jlg.t(Pts Gt)

ftEXt mEjgt mejgt

Z S%p)(ft,pt,gt) 5k|g,t(ptagt)_Ezt Z sﬁ,‘iﬁ”)(wt,pt,gt) 5k|g,t(ptagt)

mEth mEth
2
= SilgePeg)suiga(erg) D Pro@) | D syl @opn o) — Ba Y syl (e pn o)
Tr€Xt mEJgt mGJgt
> 0
O
A.5 Proof of the statements in Section 5
A.5.1 Proof of equation (20)
Proof. Since we consider the case where consumers do not purchase under the state x; # 0, let ¢ (z¢ # 0) = —o0
(cep) _ exp(dj¢(xt#0)+Bc g (x:#0)) exp(for (@ £0)+Bogor (x:£0))
so that s; " (¢ # 0,pt, g:) = 0. Then, eip(%c(xt¢07pf’gt)) =0 and oo (Vo Oprg)) 1. Hence,
exp(¢;t(z:=0)+Bcg;t(x+=0)) . exp(ése(2:£0)+Bc gt (£:70)) -
S~ log | (Tt re(we=0)+ = Vet pgy) (L~ Lre(2e=0))
gt = exp(fot (¢=0)+Bc got (z:=0)) — oxp(for (2:70) 1 Bogor (@ £0)) —
(VT =tpan) Lt = 0+ T e o gy (L~ Pre(z =0)
exp(P;¢(x¢=0)+Bcg;i(x:=0)) .
= log eip(VtC(rFO,pi,gt)) Pry(z; = 0)
= - — -
- p(fi;((x\zc(g)cjj&szg)t) ))Prt(ﬂft =0)+ (1 — Pri(xy =0))
exp(;t(z:=0)+Bcg;t(z:=0)) .
— o eip(‘éc(xtzo,p;,gt)) Pry(z; = 0)
B & 1— ke, exp(*apkﬁfkﬁmt(wt=0)+ﬁcgkt(mt=0))P (2, = 0)
exp(V,E (21=0,pt,9¢)) Te\de =
O

B Monte Carlo Simulation

To show the effectiveness of introducing fixed effect terms for utility parameter estimates discussed in Section 3.3,
we conduct a Monte Carlo Experiment. We consider the market of durable goods with exogenous replacement
timing, where consumers consider purchases only when they do not have any product. In the model, all the
products share the same continuation values, and the introduction of time dummies yields consistent estimates
of utility parameters under the nonexistence of persistent consumer heterogeneity. We try the static estimation
as in Berry et al. (1995) with and without fixed effect terms and compare the estimation results. In addition,
we estimate the parameters under two market environments: a stationary environment and a nonstationary
environment. Here, “stationary” implies that product holdings and consumer expectations are mostly stable
over time. I show the case where the biases in parameter estimates are not large if the market is stationary,
even when not introducing fixed effect terms.

B.1 Specifications of the Monte Carlo experiment

The Monte Carlo experiments are conducted in the following specifications and procedures.
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Specifications

The synthetic data generated in this study are similar to those in Dubé et al. (2012) and Sun and Ishihara
(2019)%9, except for the introduction of the replacement demand.

Let x; be consumer’s individual-level state variables. We consider the case where consumers consider
purchases only when they do not own any product (z; = 0). Then, type [ consumer i’s present value discounted
sum of utility at time t is specified as:

2
viji(we =0) = 60+ 91X§T) — it + &t + EBEVIE L (@i = 0) + €t
m=1

vior (2 =0) = BBV (241 = 0) + €ior

for j=1,..J,and t = 1,...,T. Here, x;t,pjt, &+ denote the product j’s observed characteristics, price, and
unobserved characteristics. L denotes the lifetime of products.

We assume that all the products follow the same lifetime distribution. Products follow geometric depreciation
with a depreciation rate p. Then, Pr(x;) follows the following process:

Prypi(z1=0) = (1 — Pry(zy = 0)51(8? (2 = 0)) p+ Pry(ze = O)S%f) (z¢ =0)

We consider the case where only one market exists, and we let the values of T and J be T = 100 and
J = 50. In addition, we assume that none of the consumers possess the products at the beginning of t = 1
(Prlt:1($t:1 = 0) = ].)

Observed product characteristics xj; = (X(P (

!/
p ,)q?) follows log-normal distribution:

wo= ()~ ((5) (" or))

Unobserved product characteristic &;; follows the i.i.d. normal N(0,0.5%).
Product price is generated in the following way:

Loigs Xkt

Djt = 70+ YaXjt T V22jt + YwwWse + ekt — Wp 71 jt

where u?t ~ N(0,0.01%2). We consider the environment where product prices decline over time, but finally
converge to stable levels.

wjt and zj; represents cost shifter, and wj; follows standard normal distribution N (0,1?). zj; follows AR(1)
process zjt = A§ + Afzjt—1 + uf;, where ui ~ N(0, 0.012).

The values of the parameters are set as follows:

zjo = 6, [A§, A7) = [0.1,0.9], (72, Yars Vaos Vo Yuos Ve) = [1,0.2,0.2,1,0.2,0.7], 7, = [0.05,0.05]

The values of the product depreciation rate and consumers’ discount factor are set to 0.03 and 0.99.

For estimation, we use the weight matrix W = (Z’Z)~!, where Z is the matrix of instrumental variables.
As instrumental variables, we use polynomial expansions of [X;t, Zjt, Wjt, ) £ Xkt]. There are 35 instrumental
variables.

These studies considered the alternative estimation procedures other than the method relying on the nested fixed-point
algorithm.
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Procedure
I repeated the following process:

1. Generate price and product characteristics data (pj¢, x;¢)

2. Solve V,¥(x¢ = 0) and sl(;f) (x4 = 0)

To solve these values, we assume the following AR(1) transition process of inclusive value V¢ (z; = 0):%
V}tcﬂ(xtﬂ =0) =0 + NV (2 = 0) +ujy  (Euj, = 0)

3. Calculate the path of stock (Pry(z¢ = 0)) and market share (sj;)

4. Using the generated data (pji, xji, sjt), estimate parameters by assuming a static demand model and
applying the BLP method. Static BLP estimation was implemented by using PyBLP (Conlon and
Gortmaker, 2020).

B.2 Results under the dynamic model without persistent consumer heterogeneity

First, I show the results under the dynamic model without persistent consumer heterogeneity. 1 generate
simulated data under the following parameter setting: [0?, 0}, 62, o] = [2,1.5,1,2] Vi.

Before looking at the results of parameter estimates, we look at the environment of the market generated
in the simulation.

Figure 2 shows the fraction of consumers who do not possess any product at the beginning of each period.
As time passes, more and more consumers possess the products in the earlier periods. On the other hand, in
the later periods, the fraction is mostly stable over time. In the later periods, most of the demand comes from
the replacement demand, rather than new purchases. Hence, the demand structure is largely different between
the two ranges of periods.

0.6 1

04r 1

Fraction of No-Stock Consumers

0 20 40 60 80 100
Time

Figure 2: Fraction of no-stock consumers (No persistent consumer heterogeneity)
Notes:
Fraction of no-stock consumers is defined as Pri(z: = 0).
Averages of 20 simulated data are shown.

Figure 3 shows the time trend of average price(% >_;pjt) and demand(}_; sj¢). First, the price declines
gradually, and finally it reaches a stable level. On the other hand, demand increases from time 1 to time 20,

3%Tn this study, inclusive value d;; is defined as follows: 0 = FEe [maxateju{o} vut(xt,at)}. On the other hand, most of the
literature has used the alternative specification of inclusive value equivalent to ;1 = E. [maxq,es viit(e, ar)]. When using the latter
t
specification, we need to specify the distribution of u{; and calculate expectations based on the distribution of uf,. In this case, the
computation gets more complicated. Hence, I use the former specification.
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and declines from time 20 to time 50. From time 50, the demand is at a stable level, even though it fluctuates
over time. Then, we can observe negative correlations between price and demand in time 1-20 and positive
correlations between price and demand in time 20-50. The positive correlation may seem strange, but it is
mainly caused by the declining fraction of no-stock consumers as shown in Figure 2.

6.5 T 0.08
Price
Demand 1 0.07
6 ()
1 0.06
55r |
0.05 e
[0}
(5} o]
= b5 10.04
T §
(]
10.03
45
10.02
4+
1 0.01
35 : : * : 0
0 20 40 60 80 100
Time

Figure 3: Price and demand (No persistent consumer heterogeneity)
Notes:
Price is defined as 5 >_; pjt. Demand is defined as 3, s;:.
Averages of 20 simulated data are shown.

The estimation results are shown in Table 3. Since the environment is largely different between the earlier
periods and the later periods, I divide the data into two parts (¢ =1-50 and ¢t =51-100), and estimate parameters
in each case.

The first and second columns of Table 3 show the estimation results using the data of the nonstationary
market (t =1-50). In the case of the nonstationary market, estimated parameters are largely different from the
true values when fixed effect terms are not introduced. For instance, the average estimated value of « is 0.885,
though the true value is 2.0. On the other hand, when fixed effect terms are introduced, estimated values are
closer to the true values.

Similarly, the third and fourth columns of Table 3 show the estimation results using the data of the stationary
market (¢ =51-100). In this case, both specifications yield parameter estimates close to the true values. From
time 51 to time 100, the market is in a stationary environment: consumers’ expectations and product stock are
mostly stable over time. Hence, the role of controlling the fixed effect terms is limited. Even when estimating
parameters with the static model without controlling fixed effect terms, the biases are relatively small®!.

Nonstationary (¢ =1-50) Stationary (¢ =51-100)

Parameters  True value o)~ em™ (ith FE without FE  with FE

o 1.5 1.268 1.490 1.485 1.495
(0.030) (0.009) (0.013) (0.01)
2 1.0 0.780 0.993 0.988 0.996
(0.023) (0.009) (0.012) (0.008)
a 2.0 0.885 1.970 1.957 1.978
(0.061) (0.027) (0.037) (0.026)

Table 3: Results of the Monte Carlo Experiment (No persistent consumer heterogeneity)
Notes:
Based on 20 simulated data and 5 initial parameter values.
Root mean squared errors are shown inside parenthesis.

31Similar insight was also discussed in Melnikov (2000).
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As discussed in Section 3.2, even when utility parameters are consistently estimated by static specification
under the dynamic model without persistent consumer heterogeneity, estimated short-run price elasticities are
biased. Nevertheless, even though the true model does not include any random coefficients, the introduction of
random coefficients may mitigate the biases in price elasticities by providing more flexible demand structures.
To validate the conjecture, I estimate the utility parameters and price elasticities under the two specifications:
without/with random coefficients.

Table 4 shows the parameter estimates. Columns (1) and (3) are the estimation results without introducing
random coefficients. These results are the same as the ones in Table 3. Columns (2) and (4) are the
estimation results introducing random coefficients. As in Table 3, I divide the samples into two parts:
nonstationary(t =1-50) and stationary(t =51-100) markets. In all the specifications time fixed effects are
introduced. Though the RMSEs get large, estimated parameters are not very close to the true values.

Nonstationary (¢ =1-50) Stationary (¢ =51-100)
(1) (2) 3) (4)

Parameters True value

mean of 0} 1.5 1.490 1.480 1.495 1.492
(0.009) (0.019) (0.010) (0.016)

mean of ¢? 1.0 0.993 0.984 0.996 0.993
(0.009) (0.015) (0.008) (0.014)

mean of oy 2.0 1.970 3.391 1.978 3.789
(0.027) (1.516) (0.026) (1.582)

s.d. of 6] 0 - 0.069 - 0.038
(0.076) (0.061)

s.d. of 67 0 - 0.053 - 0.030
(0.059) (0.055)

s.d. of oy 0 - 0.838 - 1.077
(0.864) (0.881)

with FE Yes Yes Yes Yes

Table 4: Results of Monte Carlo experiment (Parameter estimates; without persistent consumer heterogeneity)
Notes:

Based on 20 simulated data and 5 initial parameter values.

Root mean squared errors (RMSEs) are shown inside parenthesis.

Next, we stack all the samples of 20 simulated data used in the estimation, and compute elasticities. Here,
we do not distinguish between nonstationary and stationary markets. Table 5 shows the summary statistics of
the short-run own price elasticities computed from the true dynamic model. Figure 4 compares the values of own
price elasticities computed from the static demand model and the ones computed from the true dynamic demand
model. Panel (a) shows the results under the specification without random coefficients, which correspond to
columns (1) and (3) in Table 4. Panel (b) shows the results under the specification with random coefficients,
which correspond to columns (2) and (4) in Table 4. To understand when the bias is large, I present the scatter
diagrams between products’ CCPs and biases in elasticities measured by percentage in Figure 4.

As Figure 4(a) shows, the biases are tremendously large especially for large CCP products: For instance,
the bias of the product whose CCP value is roughly 0.9 is over 1,000%32. In contrast, the biases are small for
small CCP products. As shown in Figure 4(b), the introduction of random coefficients partially mitigate the
biases. Nevertheless, negligible magnitudes of the biases remain.

Note that in columns (2) and (4), I did not introduce the random coefficient of the constant term. Even
though the introduction might further reduce the biases, many of the estimations did not converge when
introducing the random coefficient of the constant term.

32 As shown in Table 5, short-run price elasticities are not necessarily close to zero. Hence, we cannot attribute the large biases
to small values of true price elasticities.
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Notes:

Obs Median Mean s.d. Min Max
100000 7.87 811 1.09 0.61 14.44

Table 5: Summary statistics of short-run own price elasticities (Without persistent consumer heterogeneity)

(a) Without RCs (b) With RCs
1500 - - —
400 1
300
@ 1000 1 @
73] 73]
@ @
m 500t m 100
0
0 L | .
0 0.5 1 0 0.5 1
CCP CCP

Figure 4: Biases in short-run own price elasticities (Without persistent consumer heterogeneity)

Bias is calculated by: (static estimate)—(true value) % 100.

(true value)

CCP is defined as s%f)(zt =0).

B.3 Results under the model with persistent consumer heterogeneity

Next, I show the results under the dynamic model with persistent consumer heterogeneity. I generate simulated
data under the following parameter settings:

0? 2 0

6} 1.5 0.52

02 |~ N I 0.5

Y 2 0.252

Figures 5 and 6 show the trend of the main variables of the simulated data.
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Figure 5: Fraction of no-stock consumers (With persistent consumer heterogeneity)
Notes:
Fraction of no-stock consumers is defined as Pry = [ Pry(z¢ = 0)dP(l).
Averages of 20 simulated data are shown.
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Figure 6: Price and demand (With persistent consumer heterogeneity)
Notes:
Price is defined as >_; pjt- Demand is defined as }, sji.
Averages of 20 simulated data are shown.

Table 6 shows the estimation results. As in Table 3, I estimate the parameters with and without time
fixed effect terms. As in the case of the model without persistent consumer heterogeneity, the estimations
without fixed effect terms lead to large biases in parameter estimates when the environment of the market is
nonstationary. We can also observe that even when introducing fixed effect terms, estimated coeflicients are
not very close to the true values, even though the RMSEs are large.
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Nonstationary (¢t =1-50)

Stationary (¢t =51-100)

Parameters — True value oy o™ G FE without FE with FE

mean of 67! 15 1.137 1.348 1.291 1.291
(0.080) (0.041) (0.030) (0.033)

mean of 672 1.0 0.686 0.864 0.826 0.830
(0.051) (0.032) (0.036) (0.035)

mean of of 2.0 1.094 2.491 2.937 3.188
(0.798) (0.238) (0.959) (1.152)

s.d. of g1 0.5 0.388 0.426 0.440 0.446
(0.079) (0.052) (0.025) (0.028)

s.d. of 672 0.5 0.419 0.464 0.457 0.459
(0.054) (0.031) (0.032) (0.031)

s.d. of of 0.25 0.138 0.441 0.675 0.802
(0.448) (0.110) (0.512) (0.619)

Table 6: Results of Monte Carlo simulation (Parameter estimates; with persistent consumer heterogeneity)

Notes:

Based on 20 simulated data and 5 initial parameter values.
Root mean squared errors (RMSEs) are shown inside parenthesis.

Next, as in the case without persistent consumer heterogeneity presented in the previous subsection, we stack
all the samples of generated data used in the estimation, and compute elasticities. Table 7 shows the summary
statistics of short-run own price elasticities computed from the true dynamic model. Figure 7 compares the
values of own price elasticities computed from the static demand model and the ones computed from the true
dynamic demand model. Here, random coefficients and fixed effect terms are introduced in the static estimates.
As in the cases of the model without persistent consumer heterogeneity, the biases are large especially for large

CCP products.

Table 7: Summary statistics of short-run own price elasticities (With persistent consumer heterogeneity)

Figure 7: Biases in short-run price elasticities (With persistent consumer heterogeneity)

Notes:
Bias is calculated by:

Obs

Median Mean

s.d. Min

Max

100000

7.52

7.64

0.76 2.37

11.69

150

100 t

Bias (%)

501

CCP is defined as [ 557 (z: = 0)dP(1).

Overall, the biases in own price elasticities may be large when the products’ CCPs are large. Caution is

0.2

(static estimate)—(true value) % 100.
(true value)

CCP
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required when we use static demand models especially when the CCPs or the market shares of the products we
focus on are large.

C Literature on the biases in static demand models

In this section, I show the source of the information of each article’s estimates summarized in Table 1. In
addition, for some articles I provide additional interpretation of the results based on the discussion in this
article.

C.1 Durable goods
Chen et al. (2008)

Chen et al. (2008) specified both dynamic demand-side model and dynamic supply-side model, and generated
data of automobile market given calibrated parameter values. Besides, both new and used goods exist in the
market, and no persistent consumer heterogeneity exists.
e Price coefficient: Table 3 (N =3, §=0.11, p = 0.10, $;=0.96, B2 = 0.96)
~ represents the static estimates of the price coefficient (marginal utility of money), and « represents the
true marginal utility of money based on the dynamic model.
e Own elasticity: Table 3 (N =3, 6=0.11, p = 0.10, £;=0.96, B2 = 0.96)

7 represents the static estimate of the price elasticity (of the new product). e represents the true price
elasticity of the new product based on the dynamic model. Note that 5 considers the effect of temporary
price change on the current demand, yet it includes the changing future expectations of consumers after
the temporary price change. In contrast to e, n abstracts away the changing price of used car prices under
market clearing conditions of the secondary market.

Prince (2008)

e Price coefficient: Table V (1999 Full Data Estimate”) (dynamic), Table VII (1999 Myopic Model
Estimate”) (myopic) and Table VII (“No Stock Model #1 Estimate”) (static)

We look at the row of “Marginal utility of Money” in the tables. Note that the “Myopic” model corresponds
to the case where state variables (product holdings) are correctly specified, but setting the consumers’
discount factor to zero. “No Stock Model #1” corresponds to the case where state variables are not
specified (researchers assume that consumers do not possess anything). This model corresponds to the
“static model”, in our terminology.

e Own elasticity: Table IX (1999)

Gordon (2009)

e Price coefficient: Table 2

Estimates of Price coefficients under “Myopic” (myopic) model and “Two Segment” (dynamic; Segment 1)
are shown in Table 1 of the current article.

e Own elasticity: Table 5

Estimates of Intel and AMD’s own elasticities of demand under dynamic and static models are presented.

e Cross elasticity: Table 5

Estimates of Intel and AMD’s cross elasticities of demand under dynamic and static models are presented.
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Schiraldi (2011)

Schiraldi (2011) introduced the existence of used goods in the model.
e Price coefficient: Table 4 (“Dynamic Model with Micromoments” / “Static Model”)

e Own elasticity: Table 5 (“Dynamic Model with Transaction Costs and Micromoments, Short run”, “Static
Model”; Small Car)

e Cross elasticity: Table 6 (“Full dynamic model (Short-run)”, “Static Model”; Small Car, New)

Average price elasticities weighted by market shares are shown in the article. Note that Schiraldi (2011)
also considered “long-run price elasticity” (“Dynamic Model with Transaction Costs and Micromoments,
Long run” in Table 5 (own elasticity) and “Full dynamic model (Long run)” in Table 6 (cross elasticity)).
Nevertheless, the elasticity is different from ours, in that Schiraldi (2011) allowed changing used car prices.
For example, the author mentioned in footnote 28 that “I increase the price of a new FIAT compact in
2000, the 1-year-old FIAT compact in 2001, the 2-year-old Fiat compact in 2002, and so on” for computing
long-run elasticities. Under the specification, “price changes” not only affect consumers’ expectations on
future new car prices but also resell values of the cars already owned by consumers. In contrast to the
discussion of the current article, Schiraldi (2011) showed the case where long-run cross price elasticity is
smaller than short-run cross elasticity (0.1558 (long-run, New, Small car) / 0.2564 (short-run, New, Small
car)) in Table 633,

Gowrisankaran and Rysman (2012)
e Price coefficient: Table 1 (“Dynamic Model with Micro Moment”, “Static Model”)

Mean coefficients of “Log price” are reported in Table 1 of the current article.

e Own elasticity: Figure 13

Figure 13 shows the own price elasticity for the product “Sony DCRTRV250”, which had the largest
market share in the median period, and the values of the elasticities are mentioned on page 1206 (2.59
for long-run elasticity and 2.41 for short-run elasticity). Note that industrywide elasticities are reported
to be 2.55 (long-run) and 1.23 (short-run), which is mentioned on page 1206 and plotted in Figure 12.
Besides, the price elasticity derived from the static model are based on the information in footnote 29 of
the article.

Lou et al. (2012)
e Price coefficient: Table 3 (“BLP model” (static), “GR model” (dynamic))

e Own and cross elasticity: Table 5 (“BLP model” (static), “GR model” (dynamic))

In addition to the static and dynamic models, Lou et al. (2012) compared “BLPWP” model proposed in
the article.

C.2 Storable goods

Erdem et al. (2003)

e Own elasticity:

Own elasticities of quantity demanded with respect to Heinz’s price cut are shown. The values of
3.6(long-run) and 4.9(short-run) are shown in Table 11 (short-run; “Heinz”, “Fixed”) and Table 12
(long-run; “Heinz”, “Permanent 10% drop in mean offer price of Heinz” “Purchase quantity”, “Heinz”).

33For larger cars, he showed that long-run cross price elasticity is larger than short-run cross elasticity (0.0797 (long-run, New) /
0.0691 (short-run, New))
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e Cross elasticity:

Cross elasticities of several products are reported. The values of 0.2(short-run) and 0.75~1(long-run) are
shown in Table 11 (short-run; “Hunts / Del Monte / Store Brand”, “Fixed”) and Table 12 (long-run;
“Hunts / Del Monte / Store Brand”, “Permanent 10% drop in mean offer price of Heinz, ¢, “Purchase
quantity”, “Heinz”).

In Erdem et al. (2003), “short-run price elasticity” is defined as the current demand change in response to the
current price change allowing for changing future expectations of consumers. In contrast, in the current article,
“short-run price elasticity” is defined as the current demand change in response to the current price change
given fixed consumers’ future expectations.

Sun et al. (2003)

e Price coefficient: (“Logit with No-Purchase Alternative”(static) and “Dynamic Structural
Model” (dynamic))

“Logit with No-Purchase Alternative” model corresponds to the static model in our setting. Note that
“Logit” model in Table 4 does not include an outside option (buy nothing) as a choice, and it does not
coincide with the “static model” in our setting.

e Own elasticity: Table 5 (“Logit with No-Purchase Alternative”(static) and “Dynamic Structural
Model” (dynamic))

Based on the results in Table 5, under “Logit with No-Purchase Alternative” (static) specification,
“short-run switching elasticity” is 0.346, and its ratio to “short-run promotion effect” is 77%. Then,

the short-run promotion effect is % = 0.449 in this case.

Similarly, under “Dynamic Structural Model” (dynamic) specification, “short-run switching elasticity”
is 0.242, and its ratio to “short-run promotion effect” is 56%. Then, the short-run promotion effect is

8282 — 0.432 in this case.

Hence, the ratio of static estimates of price elasticity to short-run price elasticity based on the dynamic

- 0.449 _
model is 043 = 1.039.

Hendel and Nevo (2006)

Hendel and Nevo (2006) allowed household level heterogeneity, but they did not introduce persistent unobserved
consumer heterogeneity.
e Price coefficient
On page 1665, the authors mentioned that “The price coefficient estimated in the static model is roughly
15 percent higher than that estimated in the first stage of the dynamic model”.

e Own elasticity

The information of “overestimate own-price elasticities by 30 percent” is based on the description of the

results by the authors in the abstract of the article. The result is based on Table VIII.

e Cross elasticity

In the abstract of this article, the authors mention that “underestimate cross-price elasticities by up to a
factor of 5”. The result is based on Table VIII.

Hendel and Nevo (2013)

Hendel and Nevo (2013) considered the model and estimation procedures where utility parameters are not
explicitly estimated. The estimation procedure of price elasticity is largely different from the articles applying
standard discrete choice models.
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e Own elasticity

The authors mentioned on page 2741 of the article that “The own-price elasticity implied by the estimates
from the dynamic model, evaluated at the quantity-weighted price, is 2.16 for Coke and 2.78 for Pepsi.
The elasticities implied by the static estimates are 2.46 and 2.94, respectively. As expected, neglecting
dynamics in the estimation overstates own-price elasticities”.

Wang (2015)

e Own elasticity

The author mentioned in the abstract and introduction of the article that “static analyses overestimate
the long-run own-price elasticity of regular soda by 60.8%”.

Perrone (2017)

Perrone (2017) considered the model where only one product exists. The estimation procedure of price elasticity
is largely different from the articles applying standard discrete choice models.

e Own elasticity: Table 3 (¢570/¢70)

Li (2021)

Li (2021) theoretically investigated the biases in price elasticities under the existence of consumer stockpiling.
Nevertheless, he compared “elasticity of demand for immediate consumption” and “elasticity of demand for sum
of immediate consumption and stockpiling”. Even though the latter elasticity corresponds to either “short-run
elasticity” or “long-run elasticity” discussed in the current article, the former elasticity is different from neither
“short-run elasticity” nor “long-run elasticity” in our terminology.

C.3 Goods with switching costs
Ho (2015)
e Price Coefficient: Table 2 (“Dynamic-1” (dynamic) and “Myopia” (static))

e Own Elasticity
Inequality on the absolute values of the three elasticities (Static<Short<Long) is obtained by comparing
the results in Table 4 and Table 6 of the article.

e Cross Elasticity

Inequality on the absolute values of the three elasticities (Static<Short<Long) is obtained by comparing
the results in Table 4 and Table 6 of the article.

Shcherbakov (2016)

Shcherbakov (2016) did not introduce persistent consumer heterogeneity in the baseline model. The results
in Table 1 are based on the specification. Note that he also showed the results with persistent consumer
heterogeneity as robustness checks.

e Price Coefficient: Table 3 (“Static” and “Dynamic(1)”)

e Own Elasticity: Table 4 ( “Dynamic short run” and “Dynamic long run”)

Price elasticities of cable and satellite are shown. Note that Shcherbakov (2016) also showed static
estimates of own price elasticities for cable and satellite. Nevertheless, since the results (inequalities with
other elasticities) are largely different between the two alternatives, I did not show the result in Table 1
of the current article.
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Yeo and Miller (2018)

Yeo and Miller (2018) introduced random coefficients for static models, but they did not introduce them for a
dynamic model.

e Price Coefficient: Table 6 ((1); dynamic) and Table 7 ((1); static)
e Own Elasticity: Table 9 Panel A (“Myopic” (myopic), “Dyn-1”(short-run), “Dyn-3” (long-run), ¢ = 2006)
Median of the own elasticities are shown in Table 1 of the current article.

e Cross Elasticity: Table 9 Panel C (“Myopic” (myopic), “Forward-looking” (long-run), ¢ = 2006)

The means of the cross elasticities are shown in Table 1 of the current article.

Note that static estimates of own and cross elasticities are shown in Table 9 of the article. Nevertheless, since
(inequalities with other elasticities) are largely different between the ¢ = 2006 and ¢ > 2007, I did not show the
result in Table 1 of the current article.

C.4 Others

Hartmann (2006)

Even though Hartmann (2006) focused on consumption capital, the basic structure of the model is close to the
one for durable goods.

e Price Coefficient: Table 4 (“Static logit Random coefficients” and “Dynamic logit Random coefficients”)

e Own Elasticity:

The value of 2.7789 (long-run elasticity) is mentioned on page 345. The value of 3.0550 (short-run
elasticity) appears in Table 5 of the article.

Osborne (2011)

Osborne (2011) compared the results under the full model (with learning and switching costs) and the partial
models (either with learning or with switching costs). This type of comparison is not intuitive in our model.

Seiler (2013)

Seiler (2013) compared the results under the full model (with inventory and search cost) and the partial model
(with inventory but without search cost). This type of comparison is not intuitive in our model.

Pires (2016)

Pires (2016) compared four types of models: model (with/without) inventory and (with/without) consideration
set. Parameter estimates are shown in Table 5 (model with inventory and consideration set) and Table 7 (other
models).
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