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Introduction

Page 2 of 24



K. Matsuyama & P.Ushchev Constant Pass-Through

Monopolistic competition (MC) under CES
e Strong restrictions on the pricing behavior:
o exogenously constant markup rate common across MC firms
o complete pass-through
e In multi-sector settings (with nested CES):
o markup rates can differ across sectors but not among MC firms within each sector
o pass-through rate = 1 for every MC firm in every sector
e Various types of heterogeneity across MC firms 1somorphic to each other

We propose and characterize parametric families, CoPaTh (and its special case, CoCoPaTh, and its special case, CPE)
o feature a constant pass-through rate as a parameter for each MC firm
e accommodate
o a single measure of “toughness of competition”
o endogenous markup rates/incomplete pass-through/strategic complementarity
o various types of heterogeneity across MC firms, not isomorphic to each other
e CoCoPaTh, with a constant pass-through rate, sector-specific parameter, common across MC firms within a sector
o Tough competition
" has no effects on their relative prices (as the markup rates decline uniformly across all MC firms)
= reduces the relative revenue/profit of those with lower markup rates, not necessarily smaller or less productive.
o Retain much of tractability of CES, a useful building block for a wide range of MC models
the average pass-through rate in the economy changes endogenously through sectoral composition!
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Notes:

Constant Pass-Through

e Our goal is not to propose a model of an economy. Instead, it is to propose a building block, which we hope some

find useful when they construct their models of an economy.

e In some ways, we are motivated by similar considerations that led Arrow-Chenery-Minhas-Solow (ACMS) to
generalize Cobb-Douglas by proposing CES.

Expenditure share Elasticity of Price elasticity Pass-through rate
Substitution under MC under MC
Cobb-Douglas constant 1 Not applicable Not applicable
CES variable constant & common constant & common 1
within sector within sector
sector-specific sector-specific
(with nested CES) (with nested CES)
CPE variable variable constant 1
product-specific
CoCoPaTh variable variable variable constant & common
within sector
sector-specific
(with nested CoCoPaTh)
CoPaTh variable variable variable constant
product-specific
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Three Families of CoPaTh

We characterize parametric families of

e Constant Price Elasticity (CPE)
e Common Constant Path-Through (CoCoPaTh)
e Constant Path Through(CoPaTh)

CES c CPE c CoCoPaTh < CoPaTh

within each of the 3 nonparametric classes of the demand
systems:

e Homothetic with a Single Aggregator (H.S.A.)
e Homothetic Direct Implicit Additivity (HDIA)
e Homothetic Indirect Implicit Additivity (HITA)

studied by Matsuyama-Ushchev (2017)

Constant Pass-Through

CoCoPaTh

Homothetic Demand Systems
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A Frequently Asked Question

In light of some empirical evidence (e.g., Amiti-Itskhoki-Konings, Berman-Martin-Meyer) that larger firms tend to have
lower pass-through rates, how good is the assumption of CoCoPaTh (a constant & common pass-through rate)?

e Large firms may have low PaTh rates due to oligopolistic behaviors (Atkeson-Burstein, Edmond-Midrigan-Xu)
e Even when you want to assume that all firms are MC,

o CoCoPaTh allow sector-specific PaTh rates; the average size of firms may differ across sectors.
o CoCoPaTh are better than homothetic translog, which implies higher PaTh rates among larger MC firms (if
MC firms differ only in productivity).

e We do not believe PaTh rates are literally constant and common among MC firms even within a sector. But
o This assumption is no worse than the assumption that firms are heterogeneous only in productivity.
o CoCoPaTh provides a useful benchmark for those who believe that it is not endogenous markup rate
heterogeneity but endogenous PaTh rate heterogeneity that is important for understanding the data.

In summary, we think
o Oligopoly models are better suited for explaining lower PaTh rates among larger firms within a sector.

e For any situation where you want to assume that some or all firms are MC, assuming a constant & common PaTh
rate among them within a sector is a small price to pay for the tractability.
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General Setup
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A Monopolistically Competitive (MC) Sector (as a Building Block)
A Production Sector consists of

e Competitive firms: produce a single good by assembling intermediate inputs w € (1,, using CRS technology

CRS Production Function: X = X(X) = min {px — fﬂ PuX,dw [P(p) = 1}
p

Unit Cost Function: P = P(p) = min {px = fﬂ PuX,dw [X(X) = 1}
X

Duality Principle: Either X = X(x) or P = P(p) can be used as a primitive of the CRS technology, as long as linear
homogeneity, monotonicity, and quasi-concavity are satisfied.

e A subset of intermediate inputs varieties, OM c Q, produced by profit-maximizing MC firms
Q / QM may be supplied competitively, by oligopolists or by non-maximizing MC firms, etc.

We can also allow multi-product MC firms, as long as they do not produce a positive measure of products.

Page 8 of 24



K. Matsuyama & P.Ushchev Constant Pass-Through

Demand Curve for w dP(p)
X, = X(X)
7y
Inverse Demand Curve for w 0X (x)
Pw = P(p) Fw
w

Market Size of the Sector
px= | putedo = POIX()
Q

Revenue Share of Firm w, dlnP(p) 0 1InX(x)
PwXw PwXw Sw (pa)' p) = T; Sw (xw,x) = T
S = = np, nxg,
px  P(p)X(x)

Price Elasticity of w: - 1-1
i ici yal P (6 lnP(p)) 9n (6 lnX(x))
= o )=1- olnp, c (o (X, %) = 1 — dInx,
@ dInp, 0 Pw P) = dlnp, VYT d1nx,

For general CRS, little restrictions on {,,, beyond the homogeneity of degree zero in (p,,, p) or in (x,, X).
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Three Classes of CRS Production Functions: from Matsuyama-Ushchev (2017)
Homothetic with a Single Aggregator (H.S.A.)

P(p) g Sw(§) = S0 = Sw (Azzi )>' where J S ( Do )da) =1
cA(p) — SXP (T f d¢ fdw P a \A(p)
Q pw/Alp)

or

xw [ s =50 =5 (505 o

X) _ Sw @ TR0\ 4% (x))’ Wherej Sw< )da) =1

A () exp j l j dé|dw 0 A*(X)

Homothetic Direct Implicit Additivity (HDIA): X (x) implicitly additive & linear homogeneous
X4 _ =5, = ——ar qbw( ) . :j ,(xw)
jﬂ Duw (X (x)) dow =1 C* (X) X(x)) where (7(x) = . X0 P X dw

Homothetic Indirect Implicit Additivity (HIIA): P(p) implicitly additive & linear homogeneous
Po ,, ( Pow
0, ( )dw—l = Sw = O ( )' where C EJ 9’( )

with some restrictions on s,, (*) or s;,(*), ¢, (*), 8, (*) to ensure monotonicity and quasi-concavity P(p) and X (X)
H.S.A., HDIA, HIIA are disjoint with the sole exception of CES.
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Appealing Features of the 3 Classes when Applied to Monopolistic Competition

Constant Pass-Through

P(p) or X (X) Revenue Share: s, Price Elasticity: {, For CES
H.S.A. Pw zS,,(2) P(p) A (x)
p Sw w\ 1.5 =1 - — =
cA((pp)) f [ f S0ld) df‘ 0 (A(p)> o (A(p)) ! S0(2) |,_ pu_ > 1 A(p) X(x)
Pew/AP) with [ s, (A( )) dw =1 A(p) oo (o S*:(.g(gl;t.
XG0 f xw/f*(X)S* © §* ( X ) ( ) ) -1 power function
= ©°7 de | dw ?\4*(x) e . . YSw (¥ -1
A - P ; ‘ ‘ with [, 55 (22 doo = \T 6 20 |
HDIA : xwo XS)A ((];? ( Xw ) P (/y,) - (X) C'(x)
Kimball fﬂ bw (X(x)) do =1 C'x) T \X(x) {b (X(X)) /y)d) (y) >1 X const.
with (%) = [, x, b0 ( )) dw (X) & ¢, () is a power
function.
HIIA Dy, j Po_pr (_Po _ 205(2) ¢p) _
J, 8o i) =1 o ) %) = @ |y P~
with C(p) = [, pob0 (Pp(“’)) dw P ®) ;:) 93, (+) is a power
unction.

with further restrictions on s, (+) or s, (*), ¢, (+), 8, () to ensure 1) the gross substitutability and ii) the existence & the

uniqueness of the free-entry equilibrium.

e Revenue share depends on a single aggregator under H.S.A; on two aggregators under HDIA. & HIIA.
e The price elasticity is a function of a single aggregator.
o A single aggregator captures the effect of competition on the markup rate.
o Comparative statics results dictated by the derivative of the price elasticity function.
o Marshall’s 2™ Law < Procompetitive effect < Strategic complementarity, not true in general.
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Another Frequently Asked Question
What is the relative advantage of the three classes?

We believe that H.S.A. has advantage over HDIA and HIIA, because

e the revenue share functions, s, (+), are the primitive of H.S.A. and hence it can be readily identified by typical firm
level data, which has revenues but not output.

e With free-entry, easier to ensure the existence and uniqueness of equilibrium and characterize the equilibrium and
conduct comparative statics under H.S.A., because

o Under H.S.A., one need to pin down the equilibrium value of only one aggregator in each sector.

o Under HDIA and HIIA, one need to pin down the equilibrium values of two aggregators in each sector.
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MC Firm’s pricing behavior; p,, profit-maximizing price; 1,,: marginal cost
In all three classes,

FOC (Lerner Formula)

1
v |1~ gz = e WO > 1
If LHS 1s monotone increasing in p,, Po Yo . -
Markup rate u,, for w € QM _Po _ Yo (Ye/AP))
YT e T P /AD)
dlnp, 0InG,W,/A(p)) d1nu,

Pass-through rate p,, for v € Q¥ Po dlny, oln@,/A(p)) T dlny,
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CoPaTh Pricing formula w € QM

Peo Teo Yo ) Doy 1
AP)Bo <(% = 1) a‘l(p)ﬁw> = Co (u‘l(p)) - 1,

e Product-specific
o g, > 1: markup (substitutability) shifter
o B, > 0: price (quality) shifter
o Y, > 0: marginal cost (inverse of productivity)
o p, < 1:pass-through rate
o Y, > 0: market-size shifter (does not appear in the pricing formula)

e Common across products within a sector
o A = A(p): linear homogeneous in p, common price aggregator capturing " toughness of competition”’
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Complete pass-through case (p, = 1)

CoPaTh Pricing formula w € QM

pa) — ( 0-(1) ) l/)a) — 0-(1)
Uq(p)lgw Ow — 1 Uq(p)lgw
e CPE - Constant product-specific Price Elasticity
e Product-specific markup rate: depends solely on g, not on
o marginal cost i,
o price shifter 5,

o common aggregator A = A(p)

e CES: special case of CPE witho, = o
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Incomplete pass-through case (0 < p, < 1)

CoPaTh Pricing formula for v € QM

Pw
o
» _<( w) & ) = Inp, = (1 - pu)Inp, + p, N,

Uq(p)ﬁw - Oy — 1 C’q(p)ﬁw

Choke price for w € OM

i = B = AP, (2 1)153w <o

w

Ow

Pw
where 8, = S, ( )1_’) “ is the “relative” choke price. (Note 5, = ©,as p,, 7 1.)

0-0)_1

Price of each product w € OM
o strategic complementarity in pricing. A(p) T=>p, T=>p, T
o sector-wide pass-through rate is one, if all firms/products are MC and hit by proportional cost shocks.
o log-linear in marginal cost and choke price
= Under CoCoPaTh (0 < p, = p < 1), common coefficients across all products in O™, as in the standard
pass-through regression (Gopinath-Rigobon 2008; Nakamura-Zerom 2010)
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Under CoCoPaTh (0 <p, =p <1)

Price and markup ratios for w,, w, € QM

e Price ratio for w,, w, € QM

Doy (ﬁw1>1"’ (awl/(awl —1) ¢w1>"
Pw, B :80)2 Gwz/(awz _ 1) 1/’0)2

e Markup ratio for w,, w, € QM

Ho, <Uw1/(0w1 - 1)),0 (ﬁwl/lpwl)l_p
He, B Gwz/(awz —1) ﬁwz/l/)a)z

Note: both independent of A (p)

o A great advantage when studying the GE effects of shocks that change the relative cost across MC firms (e.g., the

exchange rate, the tariffs, the energy prices).
o Under CoCoPaTh, the impact of such shocks on the markup rates and relative prices can be calculated without

worrying about the general equilibrium feedback effect.
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Under CoCoPaTh (0 <p, =p <1)
Sales ratio for w,, w, € QM
Y, = quantity shifter or market size for w € ()

e Incomplete pass-through case (0 < p < 1) for w;, w, € QM

_P_
Po, ol (70, 1ﬁ - (wwl/dez(p)/;m)“pr-p
ParXar  Yor o \90: =1 1= (9, /A®IBG,) "

e Complete pass-through case (p - 1) for w,, w, € QM:

1-0w,
)/ ﬁ 0-(1)1 lp(,()l
Pw,Xw, @1ren Ow, — 1Uq(p),8w1

pwzxwz 'B O_wz l/)wz 1-0y,
Ywobw:\ 5, —1AP)B.,

Note: both are increasing with A(p) & g, < Uy,

o [A(p)]owr™ %@z

MC firms with lower markups (not necessarily smaller firms) suffer more from tougher competition.

Page 18 of 24



K. Matsuyama & P.Ushchev Constant Pass-Through

Under CoCoPaTh (0 <p, =p <1)
Profit ratio for w,, w, € QM
Y. = quantity shifter or market size for w € ()

e Incomplete pass-through case (0 < p < 1):
p

_1
T, Yo, Bos (%1 - 1>ﬁ [1 ~ (Yoo, /ADB,) ]
na)z sz lga)z Uwz -1 1-— (lljwl/cfl(p)ﬂ_wl)l_p

e Complete pass-through case (p — 1):

1-0y
Va)lﬁa)l 0-(1)1 1l)(‘)l e
0-(1)1 - 1 Uq(p)ﬁwl

1-0y
Mo, szﬁwz Ow, 1,bw2 oz
Ow Ow, — 1 Uq(p)ﬁa)z

Tl’-(l)l O-wl

o [A(p)]7wr™ %

2

Note: both are increasing with A(p) & g, < Uy,

MC firms with lower markups (not necessarily smaller firms) suffer more from tougher competition.

Page 19 of 24



K. Matsuyama & P.Ushchev Constant Pass-Through

CoPaTh: Three Classes
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The Three Families of CoPaTh Demand Systems

Homothetic Demand Systems
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Homothetic Demand with a Single Aggregator (H.S.A.); A(p) = A(p) + cP(p)

jﬂ Sw<p“) )dw51 — Cw<pw )El_zs(’u(z)

A(p) A(p) Sw(2) | ,_ o,
A(p
CoPaTh under H.S.A.
W Pw
7 1;Pw 1I—JW ) O 5 1;5‘0 1-py
Sw(Z2) = VB [Gw — (0, — 1) (,8_) N ‘ = VYpBw(0y — 1)1 Po |1 — <,8__>
w w
zS,,(2) 1 1
(w(Z) =1- © - 1—p = 1—p
Sw (Z) . (1 B i) (i) pww . (_i) pwa)
0w/ \Bo B.,
Notes:

e CPE is obtained as p,, = 1, holding 3, fixed, which causes B, — oo.
e These expressions hold for € < z < 8, where € > 0 is arbitrarily small!

Constant Pass-Through
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Homothetic Direct Implicit Additivity (HDIA); A(p) = B(p) # cP(p)

fﬂ bol3) o=t = Bligg)=8 (“’5"‘))_1(329(;)))_ ;c;((@) 5

y=(00) " (5%)
where
Xw Pw ] I \— Pw —
7o~ (59) |, ¢“<(¢“) 1<B(p)>>d“"1'
CoPaTh under HDIA
__Pw
_w 1 e TP
bo) = | (14 =5 () s
bron_ Bu() L (Y\ T
{w(y) = b () =1+ (o, 1)<yw) > 1
Notes:

e CPE is obtained as p,, — 1, holding 8, fixed, which causes 8, — oo.
e These expressions hold for all ¢ > 0!

Page 23 of 24



K. Matsuyama & P.Ushchev Constant Pass-Through

Homothetic Indirect Implicit Additivity (HIIA); A(p) = P(p)

[ eGpe=r = ay)=-ES

Pw
P(p)
CoPaTh under HITA
Pw
= 1-py —Pow
Pw B f " Pw P
0u(8) = uloy D10 [ (=) " -1)
z B
20! (z) 1 1
(({)(Z) = - 6’(‘)( = 1-pyw = 1-py
©(2) 1 Z\ 0P Z\pP
1-(1-=—)(4) " 1-(&) "
( O (ﬁw) (ﬁw)
Notes:

e CPE is obtained as p,, = 1, holding 3, fixed, which causes B, — oo.
e These expressions hold for 0 < z < S,,!
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