
Economies of Scale and International Business Cycles

Daisoon Kim*
London Business School

November 22, 2018
(Lastet version)

Abstract

This paper analyzes whether economies of scale are important in industrial and aggregate interna-
tional business cycles when those economies arise from sloping marginal cost curves. I first pro-
vide a method to estimate the slopes of marginal cost curves and show that industry’s international
business cycle patterns vary systemically by the slopes. In line with these findings, I introduce slop-
ing marginal cost curves and their variations across industries in an open economy macroeconomic
model. It delivers endogenous export gains/losses and within-firm links between domestic and export
markets which generate two attractive features of the model: (i) it raises model-implied cross-country
aggregate GDP comovements which are close to the data, and (ii) it reproduces observed industrial
international business cycle patterns. In industries with decreasing marginal costs, output, imports,
and exports are all more correlated with aggregate GDP than in industries with increasing marginal
costs. My results suggest that sloping marginal cost curves and their heterogeneity are informative
to understand the international business cycle.
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1 Introduction

Although fixed costs are typically considered the only source of economies of scale in international

macroeconomics, there are good reasons to introduce sloping marginal cost curves to the model. First, the

introduction of upward sloping marginal cost curves can explain why some industries face diseconomies

of scale shown in the data. Second, the sloping marginal cost curves cause within-firm interdependence

between domestic and export markets. Firm’s decisions in one market change its marginal costs of

production that have impacts on its decisions in the other market. Third, they affect a firm’s export

decision through export gains or losses. For example, decreasing marginal costs cause that some firms

export to lower their marginal costs even if their export market profit is negative.

This paper provides direct evidence of the sloping marginal cost curves in the data. Further, it

investigates their role in international business cycles empirically and theoretically. These are where the

paper attempts to make a contribution.

Canonical new trade models and open macro models such as Krugman (1979, 1980), Melitz (2003),

and Ghironi and Melitz (2005) do not take an interest in their origins determined by fixed and marginal

costs even though they have long recognized the importance of economies of scale.1 Because of mod-

eling tractability, they use a linear cost function. Thus, fixed costs solely generate economies of scale

because the firm’s marginal costs of production do not depend on how much it produces. This flat

marginal cost curve causes the domestic and export profits to be linearly separable. Thus, the individual

firm’s decisions in an export market are independent of their decisions in a domestic market, and vice

versa. However, recent international trade studies such as Vannoorenberghe (2012), Soderbery (2014),

Berman et al. (2015), and Almunia et al. (2018) cast doubt on the firm-level separability of two markets

and document the within-firm level interdependence between the markets.2 They give evidence for the

necessity of sloping marginal cost curves.
1A wide range of international trade literature such as Tybout (1993), Harrigan (1994), and Antweiler and Trefler (2002)

study empirical patterns between economies of scale and trade. They conclude that introducing economies of scale contribute
to a better understanding of international trade. However, they are not interested in a source of economies of scale, too.

2Their results, especially the direction of the relationship, are rather mixed. First, Berman et al. (2015) conclude that an
exogenous increase in foreign sales causes increases in domestic sales in French data. di Giovanni et al. (2016) document
that internationally connected firms generate a positive relationship between an individual firm and the foreign economy. In
contrast, some papers find that sales access markets are substitutes. Vannoorenberghe (2012) constructs a Melitz (2003) type
trade model with increasing marginal cost to explain firm-level volatilities. Soderbery (2014) and Rho and Rodrigue (2016)
assume constant returns to scale with capacity constraints, which induces increasing marginal costs in the short run. Both at
the theoretical and empirical levels, the relationship between exports and domestic sales is not clear-cut. My empirical findings
of industry heterogeneity of slope of the marginal cost curves suggest complementary relationships for some industries and
substitute relationships for some industries.
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The key feature of this paper, sloping marginal cost curve, is important for the generation and

propagation of international business cycles through intensive and extensive margins. First, the slop-

ing marginal cost curve endogenously generates the within-firm interdependence between domestic and

export markets, which contributes aggregate comovements across countries. For example, a firm exports

more during a foreign boom because of its high demand. If the firm faces a decreasing marginal cost

curve, the fall in marginal costs by the increase in exports will augment its supply and profit but decrease

its price in the domestic market. Thus, the downward (upward) sloping marginal cost curve generates

positive (negative) within-firm market interdependence between domestic and export markets. Second,

the sloping marginal cost curve also plays a crucial role in extensive margins of exports. A sloping

marginal cost curve generates efficiency gains or losses from exporting. Fixed export costs force less

productive firms not to export. A firm with a flat marginal cost curve only exports when its profit (ex-

cluding fixed export costs) in the export market is higher than the fixed export cost because its domestic

market profits are linearly separable to the export market profits, and vice versa. However, export gains

or losses arising from a sloping marginal cost curve cause this rule to fail. When marginal costs are

decreasing in an individual firm’s production level, some firms export even if their profit in the export

market is negative, because their export gains from lower marginal costs increase profits in the domes-

tic market. Conversely, increasing marginal costs cause some firms to forgo entry in the export market

despite positive export market profits.

I find empirical evidence that sloping marginal costs curves are (i) a more important source of dif-

ferent economies of scale across industries, and (ii) more closely related to different properties of in-

ternational business cycles across industries than nonproduction costs are. To show them, I develop an

empirical framework allowing for estimating the slope of marginal cost curves. My approach relies on

cost minimization and free entry condition with frictions. I first show that the estimated slopes vary

considerably across industries.3 Second, they are more strongly associated with economies of scale than

nonproduction costs are. Third, in industries with decreasing marginal costs, (i) output is more volatile

while imports and exports are less so, and (ii) output, imports, and exports are all more correlated with

aggregate GDP than in industries with increasing marginal costs. However, I cannot find a statistically
3A wide range of literature have documented significant heterogeneity in economies of scale across industries, for examples,

Basu and Fernald (1997), Chang and Hong (2006), and Basu et al. (2006). Chang and Hong (2006) and I use NBER CES
database that tends to estimate relatively larger economies of scale than estimates based on KLEM data in Basu and Fernald
(1997) and Basu et al. (2006). Their results are robust in the firm-level empirical studies such as Lee (2007). However, their
results do not directly mean heterogeneity in marginal cost structures.
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robust association between the industrial international business cycle and economies of scale derived

from the nonproduction costs.

My empirical findings address the following question whether economies of scale arise from sloping

marginal cost curves and their heterogeneity across industries can account for industrial and aggregate

international business cycles. With this question in mind, I construct a two-country two-industry dynamic

stochastic general equilibrium model with industry heterogeneity of cost structure along the line of the

new trade open economy macroeconomic model introduced by Ghironi and Melitz (2005): monopolistic

competition with endogenous entry and heterogeneous firms with an endogenous export decision. The

monopolistically competitive market allows downward sloping marginal cost curves and fixed costs. The

distinct feature of my model is allowing different curvature and intercept of cost curves across industries.

In terms of aggregate and industrial international business cycle properties, there are two attractive

features of the model generated by the within-firm market interdependence and export gains/losses that

arise from the sloping marginal cost curves. While holding the aggregate marginal cost curve flat, the

benchmark model with different sloping marginal cost curves performs better than the conventional

model with same flat marginal cost curves across industries to match observed strongly positive cross-

country comovements of GDP and labor. Also, the model qualitatively performs well at matching the

observed heterogeneous patterns of international business cycles across industries.

In my benchmark model, different slopes of the marginal cost curves endogenously generate het-

erogeneous properties of business cycles across industries. There are two industries, upward sloping

marginal cost curve (UMC) and downward sloping marginal cost curve (DMC), in the home and foreign

countries. Thus, the DMC industry faces larger economies of scale when both industries have the same

nonproduction costs.4 Suppose that a home favorable productivity shock is realized. The following two

mechanisms propagate the shock. The first channel is through intensive margins by economies of scale

arose from sloping marginal cost curve. An expanded domestic market increases the size of home firms,

which decreases marginal costs in the DMC industry but increases marginal costs in the UMC indus-

try. The home DMC and UMC industries face cost advantages and disadvantages, respectively. Also,

the DMC industry becomes more profitable than the UMC industry. Thus, output and exports are more

procyclical in the home DMC industry than in the home UMC industry. The second channel is through
4UMC and DMC generate diseconomies of scale and economies of scale, respectively. To focus on the marginal cost

structure, I assume identical fixed costs structure across industries. For convenience, I assume decreasing and increasing
marginal cost curve. A relatively negative slope of the marginal cost curve for the DMC industry is enough, for example, a
constant and positive slope for DMC and UMC, respectively.
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extensive export margins by export gains and losses. The DMC industry has export gains, but there are

export losses in the UMC industry. The gains and losses are more important in the foreign country than

in the home country because of the small domestic market and profits in the foreign country. Thus, an

individual foreign firm is more willing to export in the DMC industry to enjoy large export gains. That

causes industry reallocations from the UMC to DMC industry in the foreign country: more firms and

exporters in the foreign DMC industry. In contrast, the home country is concentrated and exports more

than before in the UMC industry. In sum, that channel generates less procyclical output and exports in

the home DMC industry than in the home UMC industry, which is the opposite to the first.

I find that industrial international business cycle properties of the model crucially depend on a speed

of firm entries because they determine the relative size of the propagation mechanisms in the previous

paragraph. In the long run, the first channel disappears because the continuing entry of firms cause the

firm size to be determined by entry costs. During a home boom, large profits in the DMC industry

promote firm entries, which increase the number of firms although this increases slowly over time. A

large number of firms implies the declines in individual firm’s output (size), so cost advantages shrink in

the home DMC industry. Thus, a substantial level of friction in firm entry – slow changes in the number

of firms – makes the first channel strong relative to the second channel. Hence, the relative size of the

channel hinges on the firm entry friction quantitatively. Under empirically plausible parameters, the first

channel is larger than the second channel. Thus, output, exports, and imports are more procyclical in

industries with decreasing marginal costs than in industries with increasing marginal costs.

Further implications of introducing different slope of marginal cost curves pertain to international

business cycle comovement. Backus et al. (1992) point out international real business cycle models

generate significantly low comovements that are empirically implausible.5 A large number of studies

have introduced various structures to bridge the gap between model predictions and empirical patterns.6

This is where this paper attempts to make a contribution in international business cycle research.

While holding the aggregate marginal cost curve flat, the benchmark model reproduces stronger

cross-country output correlations than a model with a homogenous flat marginal cost curve across indus-
5See Ambler et al. (2004) for the recent international business cycle empirical findings related to the quantity anomaly. See

Rebelo (2005) for low comovements across multi-regions. Fattal-Jaef and Lopez (2014) show that the quantity anomaly is
robust in new trade open macro models.

6For example, Heathcote and Perri (2002) and Kehoe and Perri (2002) investigate the role of capital market structures in
international co-movements. Baxter and Farr (2005) and Ambler et al. (2002) introduce factor utilization and intermediate
goods to generate strong positive cross-country output correlations, respectively. Head (2002) investigates impacts of national
and international returns to scale on business cycle comovements. Recently, Bhattarai and Kucheryavyy (2018) study various
externalities and their impacts on international comovements in a wide range of general equilibrium models.
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tries does. A downward sloping marginal cost curve generates positive within-firm market interdepen-

dence between domestic and export markets. In other words, domestic and export sales are complements

for individual firms, which implies more strongly positive output comovements across countries. Thus,

the DMC industry contributes to mitigating the quantity anomaly. In contrast, there is negative within-

firm market interdependence in UMC industry. Thus, it lowers (aggregate-level) cross-country output

comovements that worsen the quantity anomaly. I calibrate parameters that the aggregate level marginal

cost curve is flat, and two industries have the same size. Does the UMC industry’s negative impact

exactly offset the positive impact of the DMC industry on business cycle output comovements? The

answer is no. Because of export gains and losses, the DMC industry’s volume of trade is larger than

that of the UMC industry. Thus, the positive within-firm market interdependence in DMC industry is

quantitatively more massive than the UMC industry’s negative within market interdependence.7 Hence,

the model generates positive aggregate level within-firm interdependence despite its aggregate marginal

cost curve being flat.

This paper is organized as follows. Section 2 provides an empirical framework to study economies

of scale, their sources, and industry heterogeneity. Section 3 applies the estimation methods developed

in Section 2 to understand relationships between industry-level cost structures and international business

cycles. In Section 4, I investigate an individual firm’s problem with a sloping marginal cost curve and

illustrate the analytical mechanism behind the results of the following sections. Section 5 develops a

two-industry two-country dynamic stochastic general equilibrium model based on Section 4. Section

6 presents a quantitative analysis of international trade and macro dynamics. These results guide my

interpretation of international business cycles associated with cost structures and their heterogeneity.

The last section concludes.
7The theoretical prediction is also consistent with the data. The ratio of trade volume to an output of the U.S. manufacturing

industries tends to increase with economies of scale and a sloping marginal cost curve coefficient (the inverse of marginal cost
curve slope).
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2 Empirical Framework: Cost Structure from Data with Production and

Nonproduction Inputs

2.1 Firm-level Economies of Scale

Consider firms that produce goods given the production function that transforms inputs into the quantity

of output y by the technology y = Z [f (xy)]
α where α > 0. The function f (·) is twice continuously

differentiable and homogeneous the first degree. The productivity Z is non-negative and Hicks-neutral.

The vector of production inputs with the corresponding price vector px = [px,1, · · · , px,J ]T ∈ RJ+

is xy = [xy,1, · · · , xy,J ]T ∈ RJ+. Further, operating a firm requires nonproduction inputs xfc =

[xfc,1, · · · , xfc,J ]T ∈ RJ+ in amount fc = Z1/αf (xfc).8 The nonproduction costs px
Txfc are mostly

classified as overhead or fixed costs. xy,j and xfc,j are in terms of efficient unit. Thus, they have the

identical price px,j in the competitive factor market j. Then, a vector of the total inputs is given by

x = [x1, · · · , xJ ]T = xy + xfc.

Let tcost, pcost, and npcost be an individual firm’s total, production, and nonproduction costs,

respectively. The cost functions RJ+ → R+ are

tcost = pcost + npcost where pcost = c̄ (px, Z) y1/α and npcost = c̄ (px, Z) fc, (1)

where the function c̄ (px, Z) is twice continuously differentiable and homogenous of the first degree

with respect to the input prices. In this specification, the nonproduction input j is not fixed. When its

price of input j – px,j – is high relative to other inputs, a firm substitutes the input j to other inputs for its

operation. This specification follows Krugman (1979), Melitz (2003), and Bilbiie, Ghironi and Melitz

(2012). On the other hand, Hornstein (1993), Rotemberg and Woodford (1995), Devereux, Head and

Lapham (1996), and Kim (2004) assume tcost = c̄ (px, Z) (y + fc)1/α: y + fc = Z [f (x)]α. In this

case, it is hard to separate nonproduction inputs from total inputs..

The inverse elasticity of production costs with respect to output is the constant as α, which determines

the curvature of the total cost curve. Then, the marginal cost function satisfies mc = (αy)−1 pcost. The

8Alternatively, fc
′

= Z [f (xfc)]α Since fc and fc
′

are exogenously given, the benchmark and alternative form are isomor-
phic.
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output elasticity of marginal costs is constant as follows.

∂ ln mc

∂ ln y
=

1

α
− 1 (2)

When α = 1, the marginal cost is constant in how much the firm produces, in other words, a flat

marginal cost curve. Also, α > 1 or α < 1 implies the downward or upward sloping marginal cost

curve, respectively. The inverse elasticity of total cost measures economies of scale (returns to scale),

denoted eos.9

eos =
tcost

y

1

mc
= α

(
1 +

npcost

pcost

)
(3)

There are two sources of economies of scale, the sloping marginal cost curve and the nonproduction

costs: α and npcost/pcost.

In each period, an individual firm’s cost minimizing can be represented by the following Largangian.

L (xy,xfc, λy, λfc) = px
Txy + px

Txfc + λy {y − Z [f (xy)]
α}+ λfc

{
fc− Z1/αf (xfc)

}
, (4)

where the Lagrangian multiplier is λy that equals to the marginal cost. The value of nonproduction is λfc

that that equals to c̄ (px, Z).

The firm’s markup denoted µ is is the ratio between its price p and marginal costsmc. The first order

condition of xy,j is px,j = λy (∂y/∂xy,j) = p (∂y/∂xy,j) /µ because λy = mc = p/µ. Thus, I obtain

µ =

[
xy,j
y

∂y

∂xy,j

]
py

px,jxy,j
, for j = 1, · · · , J, . (5)

The Euler’s homogeneous function theorem implies that

µ = α
py

pcost
=

α

1− sπ

(
1 +

npcost

pcost

)
=

eos

1− sπ
, (6)

where π and sπ are the profit and the profit share, respectively. Thus, the markup approaches to firm’s

economies of scale when its profit goes to zero.
9 Alternatively, I can derive the relationship as follows. Let ∆ be the growth rate. ∆y = ∆Z + α∆cxy where ∆cxy is the

cost share weighted growth rate in production inputs. Also, tcost∆cx ≈ pcost∆cxy + npcost∆cxfc where ∆cx and ∆cxfc

are the cost share weighted growth rate in total inputs and nonproduction inputs, respectively. ∆cxfc is independent of output
growth ∆y in the firm level. Thus, I obtain that ∂∆y

∂∆cx
= α (1 + npcost/pcost).
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2.2 Industry-level Economies of Scale: Role of Entries

Endogenous entry yields a difference between industry- and firm-level production functions because the

changes in the number of firms endogenize the nonproduction cost in the (aggregated) industry level.

Consider monopolistic competition. Then, the profit excluding nonproduction costs is (1− α/µ) py

when a firm produces. The condition for the non-corner solution is µ > α. µ < α implies a natural

monopoly. µ = 1 and α ≤ 1 in a perfectly competitive market.

The industry output (value of shipments) is Y =
∑
py. The number of firms in the industry is

denoted by N . Then, the identical firms imply that Y = Npy = Nµy because p = Nµ−1. The

individual and industry profits are π and Π = Nπ, respectively. The industry total, production, and

nonproduction inputs are X = Nx, Xy = Nxy, and Xfc = Nxfc, respectively.

The entry condition depends on a degree of competition (the number of existing firms or varieties).

In line with this, I introduce the wedge or friction in the firm entry denoted by ε. The following modified

entry condition is

1 =

(
1− SΠ

1− α/µ

)ε( N
N0

)1−ε
, (7)

where SΠ = Π/Y is the profit share. The share is constrained by 1−α/µ representing the profit divided

by the production costs. The parameter ε ≥ 0 represents the wedge or friction in the firm entry. If ε = 1,

the firm entry is fully flexible. The above condition is equal to the traditional free entry condition (or

zero profit condition: SΠ = 0), which determines the number of firms. If ε = 0, the number of firms is

fixed as the arbitrary number N0.

The (industry) aggregate production and nonproduction costs are PCOST = Npcost = px
TXy and

NPCOST = Nnpcost = px
TXfc, respectively. Equation (6) implies SΠ = (1− α) TCOST/PCOST.

Thus, I can rewrite the modified entry condition as follows.

(µ
α
− 1
) PCOST

NPCOST
=

(
N

N0

)1/ε−1

, (8)

where at the aggregate industry level, the nonproduction costs are not anymore fixed because of the

endogenously determined number of firms.

The industry output is Y = Npy = Nµ−αZ [f (Xy)]
α. Since

(µ
α − 1

)
[f (Xy)/f (Xfc)] = (N/N0)1/ε−1,
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the output is given by

Y = Npy = Z̃β [f (Xy)]
α+ ε

1−ε (µ−α) [f (Xfc)]
− ε

1−ε (µ−α), (9)

where Z̃β = ZN
− ε

1−ε (µ−α)

0 . Thus, the marginal output elasticity of production inputs is α+ ε
1−ε (µ− α).

Equivalently, I obtain

Y = Z̃γy [f (Xy)]
εµ+(1−ε)α , (10)

where Z̃γy = [(µ/α− 1) /fc]ε(µ−α) Z1+ε(µ−α)/αNµ−α
0 . The output elasticity of production inputs is the

combination of returns to scale and markups.

Suppose that f (·) is a Cobb-Douglas function. The growth rate of output is denoted by ∆Y that

can be represented by the output elasticity multiplied by the cost share growth rate of total, production,

nonproduction inputs (∆f (X), ∆f (Xy), and ∆f (Xfc), respectively) as follows.

∆Y = ∆Z̃β + βy∆f (Xy) + βfc∆f (Xfc) (11)

∆Y = ∆Z̃γy + γy∆f (Xy) (12)

∆Y = ∆Z̃γ + γ∆f (X) , (13)

where βy = α + ε
1−ε (µ− α), βfc = α − βy − ε

1−ε (µ− α), and γy = εµ+ (1− ε)α. Since

TCOST∆f (X) ≈ PCOST∆f (Xy) + NPCOST∆f (Xfc), the output elasticity of total costs is

EOS = γ =
TCOST

PCOST + εNPCOST
[εµ+ (1− ε)α] , (14)

which is a degree of economies of scale at the (aggregated) industry-level. The nonproduction costs

and ε 6= 1 break the equality of the markup and economies of scale. If ε = 1, the entry condition

implies that the degree of economies of scale equals the markup as Rotemberg and Woodford (1995) and

Basu and Fernald (1997) point out. In the case, µ ≥ 1 implies that the industry-level returns to scale

must be either constant or increasing, which is inconsistent with the empirical findings of industry level

estimation. However, my empirical framework suggests that a significant amount of the wedge (ε > 0)

and the small output elasticity of production input (α < 1) can generate significantly diminishing returns

(diseconomies). Furthermore, if the number of firms is fixed, ε = 0, the relationship among EOS, α and

9



NPCOST/NPCOST equals the relationship in the firm level as in Equation (3).

2.3 Data-consistent vs Welfare-based Price Indices

As discussed in Ghironi and Melitz (2005), real variables in data are based on consumer price index

(CPI), and they do not count variety effects. Thus, they define the data-consistent (aggregated) industry

output as YR = N1−µY . Then, I obtain that

∆YR = ∆Z̃β,R + βy,R∆f (Xy) + βfc,R∆f (Xfc) (15)

∆YR = ∆Z̃γy ,R + γy,R∆f (Xy) (16)

∆YR = ∆Z̃γ,R + γR∆f (X) . (17)

The coefficients are

βy,R = α+
ε

1− ε
(1− α) and βfc,R = α− βy,R (18)

γy,R = ε+ (1− ε)α and γR =
TCOST

PCOST + εNPCOST
γy,R. (19)

The above result implies that a degree of economies of scale with CPI-based output measure depends on

the marginal cost curve (inverse elasticity of production costs) and on the nonproduction costs as follows.

EOSR =
TCOST

PCOST + εNPCOST
[ε+ (1− ε)α] (20)

As EOS, EOSR equals to the elasticity of variable cost α without the firm entry (fixed number of firms:

ε = 0). If ε = 1, then the observed industry-level economies of scale is close to one. Without the variety

effect, frictionless free entry yields no aggregate-level scale effect. A sharply upward sloping marginal

cost curve (small α < 1) with ε ∈ (0, 1) generate diseconomies of scale.

Because µ ≥ 1 and ε ≥ 0, the CPI-based measure of economies of scale is smaller than the welfare-

based measure of economies of scale. The difference between welfare- and CPI-based economies of

scale measurements converges to zero in the fixed number of firms (no firm entry).

EOS− EOSR =
TCOST

PCOST + εNPCOST
ε (µ− 1)→ 0 as ε→ 0

10



Moreover, the perfectly competitive market yields EOS = EOSR, because µ = 1 implies perfect sub-

stitutes across products, in other words, homogenous products. Since people do not care about varieties,

the average price (CPI) is welfare-consistent.

2.4 Methodology

This section describes estimation of the cost structure. Section 3 will be applying the estimation method

using data. As the benchmark, I use Equation (15) which permits estimation of many parameters repre-

senting industry level cost structures. As the first step, I estimate

∆YR = constant + βy,R∆f (Xy) + βfc,R∆f (Xfc) + εβ. (21)

Then, I obtain that α = βy,R + βfc,R. Additionally, ε =
βfc,R

βy,R+2βfc,R−1 . I can calculated the implied

output elasticity of production and total inputs, γy,R and γR, respectively.

Alternatively, combining the regressions based on the following two equations allows for estimating

α. As in the previous literature, I estimate

∆YR = constant + γR∆f (X) + εγ (22)

which gives the measure for economies of scale. Also, I consider the following.

∆YR = constant + γy,R∆f (Xy) + εγy , (23)

In each regression, I cannot estimate the sloping marginal cost curve coefficient α and the wedges in the

firm entry ε. The ratio of two estimators is given by

γR
γy,R

=
1 + NPCOST/PCOST

1 + εNPCOST/PCOST
. (24)

If ε ∈ [0, 1), the ratio is greater than one because the total costs are less flexible than the production

costs due to nonproduction inputs. Thus, a large amount of nonproduction inputs increases the ratio.

When the firm entry is excessively flexible, ε > 1, the ratio can be smaller than one, which case is

rarely observed in my data. Equation (24) is the alternative method for calculating ε because TCOST,

PCOST, and NPCOST are directly observable. Finally, for given ε I obtain the implied α by using
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γy,R = ε+ (1− ε)α.

3 Cost Structure and Industrial International Business Cycles

This section documents the stylized facts of cost (or production) structure and the international business

cycle of U.S. manufacturing industries. First, I describe cost structure heterogeneity across manufactur-

ing industries. Second, I illustrate how international business cycle fluctuations vary with a cost structure.

My empirical business cycle research is based on annual data.

3.1 Cost Structure

3.1.1 Data and Estimation

The six-digit North American Industry Classification System (NAICS) industry data used in this study

are taken from the NBER-CES Manufacturing Industry Database (annual from 1958 through 2011).10

These data provide each industry’s value of the shipments, value-added, inputs (labor, capital, and mate-

rials), and their deflators. The major advantage is that these data collect production and nonproduction

labor inputs and costs. Appendix A illustrates how to construct the cost share-weighted growth rate

in total, production, and nonproduction inputs, and it also describes the details of data sources, sample

construction, variables, and measurements.

Figure 1 displays correlations among output, cost share-weighted production and nonproduction

inputs for the narrowly defined industry level. My specification predicts that the production and nonpro-

duction input growth rates are perfectly correlated when firm entry is fully flexible (no friction: ε = 1).

Oppositely, the fixed number of firms (no entry: ε = 0) implies that they are orthogonal: zero correlation.

Figure 1 shows the descriptive evidence of heterogeneous degree of entry frictions across industries. The

unweighted and weighted median of correlations are 0.472 and 0.560 in the short run (1 year), respec-

tively. In the long run (10 year), they are 0.808 and 0.831, respectively.11

To estimate an industry-level production function, I consider both instrumented and uninstrumented

regressions by using Generalized Method of Moments (GMM) estimator.12 Production function esti-
10Link to http://www.nber.org/nberces/. The six-digit NAICS corresponds to the four-digit Standard Industrial

Classification (SIC).
11See Table A1 in Appendix E for the details.
12I calculate standard errors with heteroskedasticity and autocorrelation consistent (HAC) estimator. HAC weight matrix

using the specified kernel, and the lag order is selected using Newey and West’s (1994) optimal lag-selection algorithm.

12

http://www.nber.org/nberces/
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Figure 1: Correlations: Short- and Long-run Growth Rates of Outputs and Cost Share-weighted Inputs

Notes: The red lines are the 45 degree line. The number of observations is 467 industries. The short-run and long-run growth
rates are 1 and 10 years, respectively.

mates obtained by the uninstrumented method are biased by the association between productivity and

input demands. To control for endogeneity, demand-side instruments such as oil price shocks, the presi-

dent’s party, government defense spending, and monetary policy shocks are widely used. (See Appendix

B for the details.) According to Basu and Fernald (1997), the demand-side instruments are not com-

pletely exogenous and are weakly correlated to regressors. In this case, Nelson and Startz (1990) point

out that IV estimates can be more biased than ordinary least squares estimates. Thus, I focus on the

uninstrumented results. Also, I am interested in the cost-structure heterogeneity across industries. Thus,

uninstrumented GMM estimation serves the primary purpose of this study.

3.1.2 Estimation Result: Cost Structure

My data covers 467 six-digit NAICS manufacturing industries. Theoretically, economies of scale, output

elasticity of production inputs (marginal cost coefficient), and firm entry wedge have to be non-negative.

Thus, I dropped the estimates when they have negative values. Their contribution in the economy is

negligible. For example, the estimated α with the benchmark method is one industry: NAICS 311920

13
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Figure 2: Estimated Economies of Scale, Sloping Marginal Costs, and Nonproduction Costs

Notes: The red lines are the fitted values by using OLS regressions.

— coffee and tea manufacturing industry. Thus, allowing negative estimates has no significant impact

on all final results. See Appendix C for the details of the dropping procedure.13

The data show that the important pattern is the wide range of economies of scale and marginal costs

rather than it of nonproduction costs. Figure 2 illustrates the estimated cost structures for each industry,

which shows significant heterogeneity of cost structure across narrowly defined industries. Economies

of scale have a weaker positive relationship to nonproduction input ratios than to the marginal cost

coefficients. These patterns imply that sloping marginal cost curves are important to understanding

economies of scale.

I define two groups of industries, LEOS and SEOS. An industry in LEOS exhibits economies of scale

at 1 % significance level for each regression method (instrumented vs uninstrumented × benchmark

vs alternative). The SEOS industries form the remainder. Table reports the lists of six-digit NAICS

industries for the four methods.

Table 1 reports the estimated cost structures for each industry based on the benchmark and alternative

methods. Even though my alternative estimation follows Basu and Fernald (1997), Table 1 indicates sta-
13See Table TA2 for the dropped estimates.
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Table 1: Estimated Cost Structures

Total SEOS LEOS
Mean Median Obs. Mean Median Obs. Mean Median Obs.

Panel A: Uninstrumented GMM
Benchmark: Equation (21)

NPCOST
PCOST 0.692 0.549 467 0.709 0.567 233 0.674 0.535 228
γR 1.124 1.160 461 0.962 0.995 233 1.381 1.355 228
γy,R 0.989 1.058 458 0.889 1.005 225 1.145 1.137 228
α 1.068 1.113 466 0.923 1.017 233 1.303 1.285 228

Alternative: Equations (22) and (23)
NPCOST
PCOST 0.692 0.549 467 0.751 0.590 216 0.625 0.516 250
γR 1.101 1.194 466 0.903 0.987 216 1.325 1.297 250
γy,R 0.901 0.965 466 0.729 0.755 216 1.095 1.125 250
α 1.177 1.051 401 0.868 0.717 168 1.436 1.266 233

Panel B: Instrumented GMM
Benchmark: Equation (21)

NPCOST
PCOST 0.692 0.549 467 0.759 0.590 247 0.626 0.519 200
γR 1.347 1.237 447 1.259 1.029 247 1.500 1.390 200
γy,R 1.170 1.084 450 1.038 1.002 241 1.217 1.166 200
α 1.135 1.157 461 0.991 1.031 247 1.401 1.347 200

Alternative: Equations (22) and (23)
NPCOST
PCOST 0.692 0.549 467 0.799 0.590 174 0.622 0.519 290
γR 1.171 1.265 464 0.845 0.926 174 1.387 1.350 290
γy,R 1.006 1.076 463 0.763 0.735 172 1.171 1.159 290
α 1.280 1.254 385 0.943 0.800 135 1.456 1.339 250

Notes: An industry in LEOS exhibits economies of scale at 1 % significance level. The SEOS industries form the remainder.
In Panel B, I use GMM with the demand side instruments to estimate cost structure. (See Appendix B for the details.) All
results are weighted by using the over-time average of industry’s fraction of unfiltered nominal value of shipments:
weightsPY = (1/T )[

∑
t(P

s
t Y

s
t /
∑
s′ P

s′
t Y

s′
t )]. I report the weighted results in Table A2. See Table TA2 for the results for

each six-digit NAICS industry.

tistically significant economies of scale in overall manufacturing industries, which is contrary to the find-

ings in Basu and Fernald (1997) and Basu et al. (2006) based on two-digit SIC industry level estimations.

(See Table A2 for the unweighted results.) The result is robust on instrumented and un-instrumented re-

gressions. The reason for the difference between my results and those of Basu and Fernald (1997) and

Basu et al. (2006) is that the NBER CES database tends to yield larger economies of scale estimates than

the KLEM data does in Basu and Fernald (1997) and Basu et al. (2006).14

14See Basu et al. (2006) and Chang and Hong (2006) for the difference between results based on KLEM and NBER CES
database. They report estimated returns to scale and utilization parameters for two-digit manufacturing industries: Table 1 in
Basu et al. (2006) and Table 5 in Chang and Hong (2006). Chang and Hong (2006) follow Basu et al. (2006)’s estimation
method, but their estimates tend to be larger than estimates in Basu et al. (2006).
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Table 2: Estimation Results: Correlation among Cost Structures

Panel A: Uninstrumented GMM
Benchmark Alternative

γR γy,R α γR γy,R α
Benchmark: Equation (21)
γy,R 0.794 1.000

(453) (458)
α 0.898 0.788 1.000

(461) (458) (466)
Alternative: Equations (22) and (23)
γR 0.885 0.763 0.946 1.000

(461) (458) (466) (466)
γy,R 0.720 0.624 0.684 0.715 1.000

(461) (458) (466) (466) (466)
α 0.673 0.576 0.635 0.665 0.922 1.000

(399) (396) (401) (401) (401) (401)
NPCOST
PCOST 0.112 0.023 0.146 0.106 -0.229 -0.245

(461) (458) (466) (466) (466) (401)

Panel B: Instrumented GMM
Benchmark Alternative

γR γy,R α γR γy,R α

0.783 1.000
(441) (450)
0.785 0.798 1.000
(447) (450) (461)

0.686 0.668 0.815 1.000
(447) (450) (461) (464)
0.563 0.526 0.647 0.737 1.000
(447) (450) (460) (462) (463)
0.458 0.426 0.494 0.598 0.808 1.000
(374) (379) (383) (385) (385) (385)
-0.024 -0.097 0.008 -0.017 -0.218 -0.209
(447) (450) (461) (464) (463) (385)

Notes: I report Spearman’s rank correlation coefficients rather than Pearson correlation coefficients. Thus, the results are
invariant to positive monotonic transformation of the variables. The correlations are among the estimates with non-negative
values. The numbers of observations are in parentheses.

In Table 1, LEOS industries do not tend to have a higher ratio of nonproduction input to production

input than SEOS industries even though LEOS industries exhibit larger economies of scale than SEOS

industries. However, marginal cost coefficients of LEOS industries are greater than SEOS industries

robustly, which implies that marginal costs are quantitatively more important than nonproduction costs

as sources of economies of scale.15 The Spearman’s rank correlation coefficients in Table 2 support these

results. The marginal coefficients are strongly correlated with economies of scale, but, the nonproduction

to production input ratios are not.

3.2 The International Business Cycle of the U.S. Manufacturers

To investigate the international business cycle of the U.S. Manufacturers, I use Hodrick and Prescott

(1997)’s high-pass filtered cyclical components of logarithmic annual output, export, and import data.

Also, I consider the HP filtered with a various range of smoothing parameter, the growth rate of the

variable minus its average. The results are robust to the choice of them.16 NBER-CES manufacturing

industry database does not provide international trade flows. I collect them from Schott (2008)’s annual
15These patterns hold after controlling for durables and non-durables.
16I set the smoothing parameter to be 6.25, 100, and 400 that are widely used for annual frequency business cycle studies.
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Figure 3: Output and Trade Shares of LEOS

Notes: The red lines and the blue dashed lines are the output and trade (exports plus imports) share of LEOS industries in the
total, respectively.

data that is available from 1989. See Appendix A for the details.

3.2.1 Descriptive Evidence: International Business Cycles Vary with Industry Cost Structure

To show how international business cycles vary with economies of scale, I classify industries into two-

by-two categories. First, I consider SEOS and LEOS industries by using estimated EOS by benchmark

OLS as in Section 3.1.2. LEOS and SEOS industries represent industries with large and small economies

of scale, respectively. Second, I consider durable and nondurable industries.17 A wide range of empirical

research has reported that durables exhibit larger returns to scale than nondurables, which is consistent

with my results. Also, durables are more pocyclical than nondurables.18 For these reasons, I introduce

the two-by-two classification to check counterfactuals. Roles of economies of scale do not depend on

the type of goods industries produce.

LEOS is more trade intensive than SEOS because economies of scale motivate export by decreasing

average costs. Define the output and trade share of each group as follows. Let xst be the nominal value

17See Table TA1 for the NAICS code for durables and nondurables.
18See Stock and Watson (1999) for the literature review.
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Table 3: Summary Statistics: Volatility

Total SEOS LEOS
output export import output export import output export import

Panel A: HP-filtered series
Nondurable mean 4.758 2.218 2.231 4.254 2.417 2.452 6.782 1.349 1.390

median 4.309 1.777 1.748 3.733 1.836 1.840 6.063 1.273 1.152
obs. 194 149 149 120 97 97 69 48 48

Durable mean 8.015 1.797 1.844 7.291 1.998 2.203 8.648 1.641 1.563
median 7.660 1.305 1.488 7.346 1.394 1.699 7.882 1.200 1.350
obs. 273 228 228 113 96 96 159 131 131

Total mean 6.477 1.998 2.029 5.503 2.257 2.357 8.173 1.576 1.525
median 6.070 1.505 1.617 5.303 1.763 1.748 7.658 1.200 1.276
obs. 467 377 377 233 193 193 228 179 179

Panel B: Growth rate
Nondurable mean 8.041 2.369 2.227 7.147 2.601 2.473 11.609 1.408 1.262

median 7.605 1.738 1.731 6.278 2.444 1.978 10.784 1.238 1.127
Durable mean 12.615 1.886 1.869 11.535 2.086 2.191 13.561 1.731 1.619

median 11.938 1.313 1.501 10.942 1.401 1.628 12.486 1.260 1.371
Total mean 10.456 2.117 2.040 8.951 2.404 2.365 13.064 1.659 1.539

median 9.639 1.489 1.554 8.676 1.778 1.739 12.463 1.257 1.276

Notes: The numbers of industries in Panel B are equal to the numbers in Panel A. All results are weighted by using the
over-time average output share of industry defined in Equation (25). Unweighted results are reported in Appendix E (Table
A3). Volatilities of output are measured by standard deviations in terms of percentage. Volatilities of imports and exports are
measured by standard deviations relative to output.

of shipments or the trade volume (exports plus imports) in industry s in year t. Then, for group = SEOS

and LEOS,

Share of group =
1

T

∑
t

∑
s∈group

weightsx,t, (25)

where weightsx,t = P st x
s
t/(
∑

s′∈Total P
s′
t x

s′
t ). Figure 3 illustrates that the trade shares are larger than

the output shares. On average, the output shares of SEOS and LEOS are 0.615 and 0.385, respectively.

But, the trade shares of SEOS and LEOS (based on the benchmark method) are 0.510 and 0.490, re-

spectively.19 Thus, LEOS industries are more trade intensive than SEOS industries. After 2000, LEOS

industries have shrunk in terms of both output and trade. However, the key pattern does not change over

time. The trade shares of LEOS industries are consistently larger than their output shares.
19By using the alternative method, the output shares of SEOS and LEOS are 0.464 and 0.536, respectively. But, the trade

shares of SEOS and LEOS are 0.531 and 0.469, respectively.
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Table 4: Summary Statistics: Cylicality

Total SEOS LEOS
output export import output export import output export import

Panel A: HP-filtered series
Nondurable mean 0.348 0.158 0.382 0.323 0.092 0.337 0.459 0.367 0.531

median 0.306 0.171 0.427 0.227 0.124 0.260 0.470 0.395 0.505
obs. 194 149 149 120 97 97 69 48 48

Durable mean 0.554 0.393 0.549 0.486 0.289 0.507 0.613 0.474 0.581
median 0.652 0.445 0.612 0.554 0.283 0.583 0.681 0.541 0.649
obs. 273 228 228 113 96 96 159 131 131

Total mean 0.512 0.311 0.530 0.390 0.167 0.402 0.574 0.451 0.570
median 0.512 0.311 0.530 0.404 0.171 0.428 0.655 0.521 0.625
obs. 467 377 377 233 193 193 228 179 179

Panel B: Growth rate
Nondurable mean 0.360 0.156 0.369 0.334 0.091 0.319 0.469 0.366 0.549

median 0.342 0.186 0.334 0.332 0.163 0.226 0.476 0.392 0.544
Durable mean 0.532 0.363 0.523 0.467 0.256 0.470 0.588 0.448 0.565

median 0.615 0.372 0.572 0.519 0.210 0.539 0.641 0.501 0.608
Total mean 0.451 0.264 0.450 0.388 0.154 0.376 0.558 0.430 0.561

median 0.501 0.293 0.512 0.369 0.163 0.376 0.635 0.473 0.601

Notes: The numbers of industries in Panel B is equals to the numbers in Panel A. All results are weighted by using the
over-time average output share of industry defined in Equation (25). Unweighted results are reported in Appendix E (Table
A4). Cyclicalities are correlations to the aggregated business cycle component of outputs that is the average of individual
industry’s business cycle component of the real value of shipments, which is weighted by using the unfiltered real output share
in each year.

Tables 3 and 4 summarize the U.S. industry-level volatility and cyclicality of output, exports, and

imports for each group and in total. There are 273 durable and 194 non-durable industries, of which

durables have larger economies of scale than non-durables. Among 228 LEOS industries, 69 are non-

durable and 159 are durable. Volatilities of output are measured by standard deviations of the detrended

outputs from 1958 to 2011 in terms of percentage. Volatilities of trade flows are measured by stan-

dard deviations relative to standard deviations of industry output from 1989 to 2011.20 Cyclicalities are

measured by Pearson correlation coefficients to aggregated cyclical deviations of real outputs of manu-

facturing industries. Alternatively, I use Pearson correlation to cyclical deviations of real GDP.21 As in
20NBER CES data cover 1958 – 2011, but exports and imports data by Schott (2008) (and his update) start in 1989. When

I calculate relative standard deviations of trade flows, I use standard deviations of the cyclical deviations of outputs with the
same sample periods (1989 – 2011).

21I measure cyclicalities of output by using the data from 1958 – 2011. When I calculate cyclicalities of exports and imports,
I use filtered output or real GDP in the sample periods 1989 – 2011 because my trade flow data start in 1989. Different sample
periods generate different HP filtered output and real GDP series. However, the difference from choosing the periods has no
significant impact on my all results.
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the previous empirical literature, the trade flows are more volatile than outputs. Exports and imports are

both procyclical, although imports are more strongly so.

The differences between SEOS and LEOS industries give a rough indication of how industry macro

and trade dynamics vary with economies of scale. LEOS industries tend to have more volatile output

but less volatile export and import flows than do SEOS industries. Output, export, and import are more

strongly correlated to aggregate GDP in LEOS industries than in SEOS industries. After considering

durables and non-durables, these patterns hold generally in Tables 3 and 4. Moreover, these patterns are

robust on the estimation methods.

3.2.2 Methodology

For more accurate investigation of the statistical relation between industrial international business cycles

and industry cost structures, I consider regressions as follows. To investigate the net impacts of each

source of economies of scale – sloping marginal costs and nonproduction costs –, I consider the following

relations.22 For s industry,

ln EOSs ≈ lnαs + ln

(
1 +

PCOSTs

NPCOSTs

)
. (26)

I define economies of scale derived from marginal and nonproduction costs by EOSsMC = lnαs and

EOSsNC = ln (1 + NPCOSTs/PCOSTs), respectively. Let bcsy, bcsex, and bcsim be a measure of

volatility or cyclicality for output, exports, and imports, respectively. The three regression equations are

bcsr = (xs)T br + εsr where r = y, ex, im. (27)

The vector of coefficients corresponding to independent variables xs is br. I use the seemingly unrelated

regression equations (SURE) method with three equations for each industry rather than the equation by

equation estimations. Breusch-Pagan test of independent equations is rejected at the 1 % significant

level.

As regressors, their vector is denoted by br, I consider the cost structure parameters: EOSsMC ,

EOSsNC , and εs. Also, I control for goods classifications. First, the durable dummy variable is one

22There are two ways to obtain the decomposition of economies of scale into marginal and nonproduction costs. First, in
Equation (6), the firm level economies of scale with tiny profits. Second, the industry level economies of scale ignoring the
entry friction effects in Equation (20).
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(Ds = 1) if s industry produces durable goods. It is zero (Ds = 0) if s is a non-durable industry. I divide

manufacturing industries into non-durables.23 Second, I use the ratio of material costs to the value of

shipments, denoted by θsm, as an indicator of intermediate and final goods industries. In the following

sections, I focus on coefficient estimates on economies of scale derived from the sloping marginal cost

curve and the nonproduction costs. I leave these issues related to coefficient estimates on other regressors.

As I mentioned in Section 3.2.1, the cost structure characteristics of durable and nondurable indus-

tries are significantly different. It is possible that the impacts of industry characteristics on the business

cycle patterns are not identical. Thus, the regression coefficients would be different. To test this hypoth-

esis, I use the product of the durable dummy and each regressor.

3.2.3 Estimation Results: International Business Cycles

Tables 5 – 7 and 8 – 10 show significant evidence that industry cost-side characteristics play a funda-

mental role in the volatility and cyclicality of international trade and macroeconomic flows, respectively.

All regression results are weighted by the industry size, which is measured by the value of shipments. In

Columns (1) – (4), the volatility and cyclicality are measured based on detrended series with HP filter.

In Columns (5) – (8), I use the log difference time series (growth rates). The regression in Columns (1)

contains only the cost structure variables: EOSMC , EOSNC , and ln ε. In Column (2), I add the share

of material costs: ln θm. The regressions in Columns (3) and (4) control for durability of products in

addition to the regressions in Columns (1) and (2), respectively.

Tables 5, 6, and 7 present regressions of a volatility (a standard deviation of industry output and

trade flows’s standard deviations relative to output) on economies of scale from marginal cost coefficient

and nonproduction costs. In Table 5, the estimated b̂1 in all columns are positive at the 1% significance

level. Industries with larger economies of scale derived from a sloping marginal cost curve tend to

have more volatile output than smaller industries with large economies of scale derived from a sloping

marginal cost curve. All columns in Tables 6 and 7 report that b̂1 is negative at the 5% significance level.

Exports and imports are less volatile when industries have large economies of scale from marginal costs.

My benchmark regression reported in Column (2) indicates that a one percent increase in economies of

scale derived from marginal costs is associated with a 0.73 increase in the industry’s standard deviation

(%) of output. Further, a one percent increase in economies of scale derived from marginal costs is
23See Table TA1 for the NAICS code for durables and nondurables.
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Table 5: Regression Results: Volatility of Output and Market Structures

Log Percent SD of HP-filtered Series Log Percent SD of Growth Rates
(1) (2) (3) (4) (5) (6) (7) (8)

b1 : EOSMC 0.762∗∗∗ 0.730∗∗∗ 0.497∗∗∗ 0.465∗∗∗ 0.710∗∗∗ 0.703∗∗∗ 0.501∗∗∗ 0.461∗∗∗

(0.079) (0.069) (0.084) (0.083) (0.073) (0.068) (0.083) (0.081)
b1,D : D × EOSMC 0.473∗∗∗ 0.581∗∗∗ 0.384∗∗∗ 0.516∗∗∗

(0.135) (0.137) (0.132) (0.133)
b2 : EOSNC -0.124 0.177∗∗ -0.313∗∗ -0.378∗∗∗ -0.032 0.224∗∗∗ -0.284∗∗ -0.393∗∗∗

(0.077) (0.073) (0.124) (0.128) (0.071) (0.072) (0.122) (0.125)
b2,D : D × EOSNC 0.611∗∗∗ 0.732∗∗∗ 0.645∗∗∗ 0.847∗∗∗

(0.138) (0.153) (0.136) (0.150)
b3 : ln ε -0.092∗∗∗ -0.092∗∗∗ -0.077∗∗∗ -0.139∗∗∗ -0.081∗∗∗ -0.083∗∗∗ -0.068∗∗∗ -0.118∗∗∗

(0.032) (0.026) (0.025) (0.037) (0.029) (0.026) (0.025) (0.036)
b3,D : D × ln ε 0.103∗∗ 0.073

(0.050) (0.049)
b4 : ln θm 0.684∗∗∗ 0.696∗∗∗ 0.472∗∗∗ 0.581∗∗∗ 0.587∗∗∗ 0.287∗∗∗

(0.080) (0.077) (0.109) (0.078) (0.076) (0.107)
b4,D : D × ln θm 0.398∗∗∗ 0.555∗∗∗

(0.153) (0.149)
b5 : Constant -2.813∗∗∗ -2.672∗∗∗ -2.395∗∗∗ -2.538∗∗∗ -2.362∗∗∗ -2.219∗∗∗ -1.938∗∗∗ -2.108∗∗∗

(0.048) (0.058) (0.076) (0.087) (0.044) (0.056) (0.075) (0.084)
b5,D : D 0.295∗∗∗ -0.070 0.169 0.208∗∗∗ -0.164∗∗ 0.129

(0.034) (0.079) (0.107) (0.034) (0.077) (0.104)

Observations 351 351 351 351 351 351 351 351
R2 0.241 0.483 0.527 0.542 0.240 0.414 0.463 0.487

Notes: Robust standard errors are in parentheses. ∗ p < 0.10, ∗∗ p < 0.05, ∗∗∗ p < 0.01. All results are weighted by using
the over-time average output share of industry defined in Equation (25). Volatilities are measured by the percent standard
deviation of industry’s real value of shipments.

associated with 0.521% and 0.693% decreases in the relative standard deviations of exports and imports,

respectively.

Qualitatively, these association between volatilities and sloping marginal costs are robust on goods

classification. According to Column (3), (4), (7), and (8), durable industries have the stronger relation-

ship between the marginal cost coefficients and output volatilities than nondurable industries. b̂1,D is

positive at the 1% significance level. The volatilities of exports and imports decrease in economies of

scale from sloping marginal costs. These impacts are larger in durables than in nondurables, but it is

statistically insignificant.

It is hard to find a clear and robust relationship between nonproduction costs and international busi-

ness cycles. Impacts of nonproduction costs on industrial business cycles depend on industry goods

classification. b̂2 in all Tables 5, 6, and 7 indicates the estimates for economies of scale derived from
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Table 6: Regression Results: Volatility of Export and Market Structures

Log Percent SD of HP-filtered Series Log Percent SD of Growth Rates
(1) (2) (3) (4) (5) (6) (7) (8)

b1 : EOSMC -0.440∗∗∗ -0.521∗∗∗ -0.459∗∗∗ -0.404∗∗ -0.454∗∗∗ -0.519∗∗∗ -0.453∗∗∗ -0.400∗∗

(0.130) (0.136) (0.174) (0.169) (0.131) (0.137) (0.175) (0.171)
b1,D : D × EOSMC -0.228 -0.427 -0.251 -0.446

(0.277) (0.276) (0.279) (0.280)
b2 : EOSNC -0.070 -0.190 -0.377 -0.434∗ -0.129 -0.224 -0.457∗ -0.495∗

(0.127) (0.144) (0.255) (0.259) (0.127) (0.145) (0.257) (0.262)
b2,D : D × EOSNC 0.280 0.372 0.344 0.403

(0.285) (0.311) (0.287) (0.314)
b3 : ln ε 0.074 0.083 0.083 0.351∗∗∗ 0.066 0.072 0.073 0.320∗∗∗

(0.052) (0.052) (0.052) (0.074) (0.052) (0.052) (0.053) (0.075)
b3,D : D × ln ε -0.489∗∗∗ -0.449∗∗∗

(0.102) (0.103)
b4 : ln θm -0.270∗ -0.290∗ -0.033 -0.214 -0.237 0.030

(0.158) (0.159) (0.221) (0.159) (0.160) (0.224)
b4,D : D × ln θm -0.334 -0.367

(0.309) (0.312)
b5 : Constant 0.547∗∗∗ 0.383∗∗∗ 0.464∗∗∗ 0.754∗∗∗ 0.616∗∗∗ 0.485∗∗∗ 0.587∗∗∗ 0.869∗∗∗

(0.078) (0.114) (0.157) (0.175) (0.079) (0.114) (0.158) (0.177)
b5,D : D 0.080 -0.036 -0.466∗∗ 0.065 -0.082 -0.503∗∗

(0.068) (0.162) (0.216) (0.068) (0.163) (0.219)

Observations 351 351 351 351 351 351 351 351
R2 0.042 0.053 0.057 0.119 0.045 0.052 0.057 0.110

Notes: Robust standard errors are in parentheses. ∗ p < 0.10, ∗∗ p < 0.05, ∗∗∗ p < 0.01. All results are weighted by using
the over-time average output share of industry defined in Equation (25). The relative standard deviation of business cycle
components of industry’s real exports is relative to the business cycle components of industry’s real value of shipments during
the equal sample periods.

nonproduction costs. Only some b̂2 in Columns (1) – (2) and (5) – (6) of Tables are statistically signif-

icant. However, these results are not robust after controlling for the ratio of value added to output and

the nondurable vs durable. Many b̂2 in Columns (3) – (4) and (7) – (8) are insignificant at the 10% level.

When they are significant, the nondurable and durable industries have different signs of coefficients in

Tables 5 and 7: b̂2 and b̂1 + b̂2,D. According to Columns (4), (7), and (8) in Table 6, b̂2 is negative, but

b̂1 + b̂2,D is zero at the 10% significance level.

Tables 8, 9, and 10 display the relationship between cost structure and cyclicality. As a measurement

of cyclicality for each industry, I use correlation to the aggregated business cycle component of outputs

that is the average of individual industry’s business cycle component of the real value of shipments,

which is weighted by using the unfiltered real output share in each year. Tables A5, A6, and A7 reports

23



Table 7: Regression Results: Volatility of Import and Market Structures

Log Percent SD of HP-filtered Series Log Percent SD of Growth Rates
(1) (2) (3) (4) (5) (6) (7) (8)

b1 : EOSMC -0.511∗∗∗ -0.693∗∗∗ -0.576∗∗∗ -0.536∗∗∗ -0.517∗∗∗ -0.687∗∗∗ -0.538∗∗∗ -0.495∗∗∗

(0.128) (0.130) (0.165) (0.163) (0.126) (0.129) (0.164) (0.162)
b1,D : D × EOSMC -0.261 -0.408 -0.323 -0.476∗

(0.264) (0.267) (0.262) (0.265)
b2 : EOSNC -0.111 -0.422∗∗∗ -0.249 -0.289 -0.147 -0.408∗∗∗ -0.158 -0.176

(0.124) (0.137) (0.243) (0.250) (0.123) (0.136) (0.241) (0.248)
b2,D : D × EOSNC -0.204 -0.140 -0.302 -0.278

(0.272) (0.300) (0.269) (0.298)
b3 : ln ε 0.129∗∗ 0.149∗∗∗ 0.143∗∗∗ 0.338∗∗∗ 0.131∗∗∗ 0.149∗∗∗ 0.140∗∗∗ 0.322∗∗∗

(0.051) (0.050) (0.050) (0.072) (0.050) (0.049) (0.049) (0.071)
b3,D : D × ln ε -0.357∗∗∗ -0.330∗∗∗

(0.098) (0.098)
b4 : ln θm -0.700∗∗∗ -0.710∗∗∗ -0.520∗∗ -0.588∗∗∗ -0.599∗∗∗ -0.380∗

(0.151) (0.151) (0.214) (0.149) (0.150) (0.212)
b4,D : D × ln θm -0.251 -0.316

(0.299) (0.296)
b5 : Constant 0.627∗∗∗ 0.235∗∗ 0.131 0.345∗∗ 0.646∗∗∗ 0.296∗∗∗ 0.149 0.368∗∗

(0.077) (0.108) (0.150) (0.169) (0.076) (0.107) (0.149) (0.168)
b5,D : D 0.147∗∗ 0.281∗ -0.035 0.161∗∗ 0.351∗∗ 0.021

(0.064) (0.155) (0.209) (0.064) (0.153) (0.208)

Observations 351 351 351 351 351 351 351 351
R2 0.070 0.132 0.136 0.169 0.075 0.125 0.132 0.163

Notes: Robust standard errors are in parentheses. ∗ p < 0.10, ∗∗ p < 0.05, ∗∗∗ p < 0.01. All results are weighted by using
the over-time average output share of industry defined in Equation (25). The relative standard deviation of business cycle
components of industry’s real imports is relative to the business cycle components of industry’s real value of shipments during
the equal sample periods.

the results with the alternative cyclicality measure: the correlation to the business cycle component of

real GDP.

According to all Tables 8, 9, and 10, industrial output, exports, and imports are strongly correlated

with aggregate GDP when industries have large economies of scale derived from marginal costs. In

Columns (1) – (8), the estimated coefficients b̂1 are significantly positive at the 1% level. The benchmark

results are reported in Column (2). A 1% increases in economies of scale derived from sloping marginal

costs are associated with 0.229, 0.369, and 0.261 increases in correlations of industry output, exports, and

imports with aggregate GDP, respectively. To check the robustness of the regression results, I investigate

impacts of non-durables and durables on my benchmark regression coefficients. Columns (3) – (4)

and (7) – (8) illustrate the robustness of impacts of cost structure on industry-level international business
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Table 8: Regression Results: Cyclicality of Output and Market Structures

Correlation to the Aggregated Business Cycle Component of Outputs
HP-filtered Series Growth Rates

(1) (2) (3) (4) (5) (6) (7) (8)
b1 : EOSMC 0.217∗∗∗ 0.229∗∗∗ 0.285∗∗∗ 0.287∗∗∗ 0.205∗∗∗ 0.226∗∗∗ 0.304∗∗∗ 0.302∗∗∗

(0.055) (0.057) (0.069) (0.069) (0.049) (0.052) (0.063) (0.063)
b1,D : D × EOSMC -0.001 -0.002 -0.065 -0.055

(0.111) (0.114) (0.101) (0.103)
b2 : EOSNC -0.417∗∗∗ -0.333∗∗∗ 0.137 0.186∗ -0.392∗∗∗ -0.333∗∗∗ 0.127 0.152

(0.053) (0.060) (0.102) (0.107) (0.048) (0.055) (0.093) (0.097)
b2,D : D × EOSNC -0.636∗∗∗ -0.725∗∗∗ -0.615∗∗∗ -0.661∗∗∗

(0.114) (0.128) (0.103) (0.116)
b3 : ln ε -0.043∗ -0.045∗∗ -0.053∗∗ -0.095∗∗∗ -0.049∗∗ -0.052∗∗∗ -0.061∗∗∗ -0.095∗∗∗

(0.022) (0.022) (0.021) (0.031) (0.020) (0.020) (0.019) (0.028)
b3,D : D × ln ε 0.083∗∗ 0.064∗

(0.042) (0.038)
b4 : θm 0.190∗∗∗ 0.206∗∗∗ 0.250∗∗∗ 0.134∗∗ 0.145∗∗ 0.153∗

(0.066) (0.063) (0.091) (0.060) (0.058) (0.083)
b4,D : D × ln θm -0.114 -0.036

(0.127) (0.115)
b5 : Constant 0.696∗∗∗ 0.760∗∗∗ 0.522∗∗∗ 0.516∗∗∗ 0.673∗∗∗ 0.733∗∗∗ 0.497∗∗∗ 0.478∗∗∗

(0.033) (0.047) (0.063) (0.072) (0.030) (0.043) (0.057) (0.065)
b5,D : D 0.038 0.362∗∗∗ 0.358∗∗∗ -0.000 0.321∗∗∗ 0.341∗∗∗

(0.028) (0.065) (0.089) (0.026) (0.059) (0.081)

Observations 351 351 351 351 351 351 351 351
R2 0.192 0.217 0.281 0.290 0.211 0.222 0.295 0.301

Notes: Robust standard errors are in parentheses. ∗ p < 0.10, ∗∗ p < 0.05, ∗∗∗ p < 0.01. All results are weighted by using
the over-time average output share of industry defined in Equation (25). The aggregated business cycle component of outputs
is the average of individual industry’s business cycle component of the real value of shipments, which is weighted by using the
unfiltered real output share in each year. Table A5 reports the results with the alternative cyclicality measure: the correlation to
the business cycle component of GDP.

cycles for durable and nondurable industries. In all cases, b̂1,D is statistically zero at the 10% significance

level. Thus, my previous results showing, the impacts of economies of scale from marginal costs on

volatility and cyclicality of macroeconomic and trade flows, are robust.

I consider impacts of nonproduction costs on cyclical patterns of output, exports, and imports. Ac-

cording to Columns (1) – (2) and (5) – (6) in Tables 8, 9, and 10, associations between nonproduction

costs and cyclicality of output, exports, and imports tend to be statistically negative or zero. However, af-

ter controlling for different slopes between nondurable and durable industries, the impacts in nondurable

industries, represented by the coefficients b̂2, are statistically positive or zero. However, the impacts of

nonproduction inputs on cyclicalities of outputs and imports in durable industries, represented by the
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Table 9: Regression Results: Cyclicality of Export and Market Structures

Correlation to the Aggregated Business Cycle Component of Outputs
HP-filtered Series Growth Rates

(1) (2) (3) (4) (5) (6) (7) (8)
b1 : EOSMC 0.372∗∗∗ 0.369∗∗∗ 0.348∗∗∗ 0.349∗∗∗ 0.355∗∗∗ 0.358∗∗∗ 0.323∗∗∗ 0.322∗∗∗

(0.065) (0.068) (0.086) (0.087) (0.057) (0.060) (0.076) (0.077)
b1,D : D × EOSMC 0.069 0.066 0.102 0.105

(0.138) (0.142) (0.122) (0.125)
b2 : EOSNC -0.191∗∗∗ -0.108 -0.069 -0.049 -0.088 -0.050 -0.028 -0.008

(0.063) (0.071) (0.127) (0.133) (0.055) (0.063) (0.112) (0.117)
b2,D : D × EOSNC -0.061 -0.096 -0.041 -0.077

(0.141) (0.159) (0.125) (0.141)
b3 : ln ε -0.062∗∗ -0.063∗∗ -0.063∗∗ -0.076∗∗ -0.061∗∗∗ -0.062∗∗∗ -0.061∗∗∗ -0.082∗∗

(0.026) (0.026) (0.026) (0.038) (0.023) (0.023) (0.023) (0.034)
b3,D : D × ln ε 0.027 0.041

(0.052) (0.046)
b4 : ln θm 0.190∗∗ 0.195∗∗ 0.218∗ 0.087 0.094 0.107

(0.078) (0.079) (0.114) (0.069) (0.070) (0.100)
b4,D : D × ln θm -0.053 -0.038

(0.158) (0.140)
b5 : Constant 0.384∗∗∗ 0.429∗∗∗ 0.414∗∗∗ 0.416∗∗∗ 0.321∗∗∗ 0.347∗∗∗ 0.342∗∗∗ 0.335∗∗∗

(0.039) (0.056) (0.078) (0.090) (0.034) (0.050) (0.069) (0.079)
b5,D : D 0.069∗∗ 0.092 0.084 0.023 0.032 0.038

(0.033) (0.081) (0.111) (0.030) (0.071) (0.098)

Observations 351 351 351 351 351 351 351 351
R2 0.127 0.154 0.155 0.156 0.133 0.139 0.141 0.143

Notes: Robust standard errors are in parentheses. ∗ p < 0.10, ∗∗ p < 0.05, ∗∗∗ p < 0.01. All results are weighted by using
the over-time average output share of industry defined in Equation (25). The aggregated business cycle component of outputs
is the average of individual industry’s business cycle component of the real value of shipments, which is weighted by using the
unfiltered real output share in each year. Table A6 reports the results with the alternative cyclicality measure: the correlation to
the business cycle component of GDP.

sum of coefficients b̂2 + b̂2,D, are negative at the 5% significance level. The values of b̂2 + b̂2,D for

exports are statistically zero at the 10% significance level. Because of such inconsistent and insignificant

estimation results about both volatilities and cyclicalities, I leave these issues related to nonproduction

costs for future research.
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Table 10: Regression Results: Cyclicality of Import and Market Structures

Correlation to the Aggregated Business Cycle Component of Outputs
HP-filtered Series Growth Rates

(1) (2) (3) (4) (5) (6) (7) (8)
b1 : EOSMC 0.232∗∗∗ 0.261∗∗∗ 0.268∗∗∗ 0.299∗∗∗ 0.194∗∗∗ 0.224∗∗∗ 0.225∗∗∗ 0.235∗∗∗

(0.061) (0.062) (0.079) (0.078) (0.056) (0.058) (0.073) (0.073)
b1,D : D × EOSMC 0.032 -0.064 0.062 0.037

(0.127) (0.127) (0.117) (0.119)
b2 : EOSNC -0.303∗∗∗ -0.151∗∗ 0.007 0.164 -0.202∗∗∗ -0.111∗ 0.091 0.186∗

(0.060) (0.066) (0.116) (0.119) (0.054) (0.061) (0.108) (0.112)
b2,D : D × EOSNC -0.218∗ -0.505∗∗∗ -0.281∗∗ -0.453∗∗∗

(0.130) (0.143) (0.121) (0.134)
b3 : ln ε 0.001 -0.003 -0.005 -0.037 -0.027 -0.031 -0.034 -0.089∗∗∗

(0.025) (0.024) (0.024) (0.034) (0.022) (0.022) (0.022) (0.032)
b3,D : D × ln ε 0.079∗ 0.113∗∗∗

(0.047) (0.044)
b4 : ln θm 0.343∗∗∗ 0.351∗∗∗ 0.637∗∗∗ 0.204∗∗∗ 0.215∗∗∗ 0.337∗∗∗

(0.072) (0.072) (0.102) (0.067) (0.067) (0.096)
b4,D : D × ln θm -0.581∗∗∗ -0.275∗∗

(0.142) (0.133)
b5 : Constant 0.645∗∗∗ 0.768∗∗∗ 0.690∗∗∗ 0.802∗∗∗ 0.580∗∗∗ 0.667∗∗∗ 0.569∗∗∗ 0.590∗∗∗

(0.037) (0.052) (0.072) (0.080) (0.034) (0.048) (0.067) (0.076)
b5,D : D 0.053∗ 0.160∗∗ -0.058 0.006 0.142∗∗ 0.082

(0.031) (0.074) (0.099) (0.029) (0.069) (0.093)

Observations 351 351 351 351 351 351 351 351
R2 0.096 0.162 0.169 0.211 0.074 0.098 0.113 0.138

Notes: Robust standard errors are in parentheses. ∗ p < 0.10, ∗∗ p < 0.05, ∗∗∗ p < 0.01. All results are weighted by using
the over-time average output share of industry defined in Equation (25). The aggregated business cycle component of outputs
is the average of individual industry’s business cycle component of the real value of shipments, which is weighted by using the
unfiltered real output share in each year. Table A7 reports the results with the alternative cyclicality measure: the correlation to
the business cycle component of GDP.

4 Theoretical Framework: Sloping Marginal Cost Curve and Within-

firm Market Interdependence

This section presents an individual firm’s problem with a sloping marginal cost curve. Monopolistic

competition implies that an individual firm’s decision does not affect aggregate variables such as total

demands, wages, price indices, and exchange rate. The individual firm’s maximization problem is time

separable. Each industry can be indexed by its marginal cost coefficient. Thus, I drop the industry (s)

and time index (t) in Section 4. The section focuses on individual firm’s decisions without general equi-

librium effects. Thus, all aggregate variables are exogenously given. Section 5 will construct a dynamic
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general equilibrium model. There are two countries, home and foreign. I denote foreign variables by an

asterisk.

4.1 Heterogeneous Firms with Sloping Marginal Cost Curve

There is a continuum of firms in each country and each industry. The mass of firms is given in this

section. Home firms are heterogeneous in firm-specific productivity denoted by z ∈ [zmin,∞) where

zmin ≥ 1. There is the industry’s productivity denoted by Z > 0. Thus, a firm’s productivity is Zz.

Each firm produces a different variety ω ∈ Ω. An individual firm decides the quantity of supply to the

domestic and export market denoted by yD ≥ 0 and yX ≥ 0, respectively. An exporter should ship τyX

units of the good for yX units to reach the export market where τ > 1 represents the iceberg export costs.

The real total cost function in terms of the home consumption basket is

tc (y;w,Z, z) =

[
w

(Zz)
1
α

]
y

1
α + fX

w

αZ
1
α

I {yX ∈ R+}, (28)

where y = yD + τyX ≥ 0 is the total quantity produced, w is the real wage, and fX > 0 is the fixed

export costs in unit of efficiency labor. I {·} is the indicator function.24 Allowing a sloping marginal cost

curve is a key feature of my model, which is represented by the marginal cost coefficient, denoted by

α, in Equation (28). Conventional new trade and open macroeconomic models introduced by Krugman

(1979, 1980), Melitz (2003), and Ghironi and Melitz (2005) fix α = 1.25

The marginal cost coefficient indexes the firm’s marginal cost structure. The marginal cost function

is decreasing, constant, or increasing in y when α > 1, α = 1, or α < 1, respectively. If the marginal

cost curve is sloping (α 6= 1), each firm’s decisions in one market have effects on the profitability and

decisions in other markets. When each firm’s marginal cost does not vary with production level (α = 1),
24The indicator function of A ⊂ X is a function I {x ∈ A} : X → {0, 1} defined by

I {x ∈ A} =

{
1 if x ∈ A
0 if x /∈ A .

25More precisely, the cost function with α = 1 is the same as it of Ghironi and Melitz (2005). In Krugman (1979, 1980),
there are no fixed operating costs in all markets. Thus, all firms sale in all markets. Economies of scale are from the sunk
entry costs. In Melitz (2003) and Ghironi and Melitz (2005), there are fixed operating costs in an export markets. Thus, least
productive firms do not exports. The difference between two papers is that firms in Ghironi and Melitz (2005) do not pay fixed
operating costs in a domestic market. Thus, sunk entry costs solely generate economies of scale in Ghironi and Melitz (2005).
Most open macroeconomic models including this paper use the cost function of Ghironi and Melitz (2005) rather than it of
Melitz (2003) because adding fixed operating costs in a domestic market does not play a crucial role in international business
cycles.

28



the decisions in each market can be separated because the marginal cost is unchanged. α > 1 causes

positive within-firm market interdependence: large export sales lower the marginal cost, which leads to

large domestic sales due to high productivity, and vice versa. Inversely, α < 1 yields negative within-

firm market interdependence: large export sales raise the marginal cost, which diminishes domestic sales

due to low productivity, and vice versa.

A firm indexed by its firm-specific productivity z chooses its prices and quantities of supply to

maximize its profit:

max ρDyD +QρXyX − tc (y;w,Z, z)

subject to y = yD + τyX ,

where ρD and ρX are real prices relative to the price index in the destination market. Q is the real ex-

change rate. In each monopolistically competitive market for each industry, the firm faces the following

individual demands in home and foreign markets, respectively.

yD = (ρD)−θD, and yX = (ρX)−θD∗,

where D and D∗ are the effective home and foreign real demand for the industry in terms of destination

consumption basket. To focus on within-firm level channel, this section model assumes a partial equi-

librium. Thus, there are no changes in relative prices (sectoral and international). Thus, D and D∗ are

fixed. I will extend the model to a general equilibrium in the next section. The elasticity θ is constant and

larger than one, so its markups in both markets are identical and constant: µ = θ/ (θ − 1). To generate

the existence of a unique equilibrium in a firm’s maximization problem, I assume that the marginal cost

coefficient is smaller than the markup: µ > α.

4.2 Exporter’s and Non-exporter’s Profit Maximization

I begin by solving a firm’s profit maximization for given its export decision (mX = I {yX ∈ R+}). For

convenience, define the effective world demand by ED (mX) = D+mX (τ/Q)1−θQD∗. Then, a non-

exporter’s effective world demand is EDN = ED (mX = 0) that is equal to the domestic demand. An

exporter’s effective world demand is EDX = ED (mX = 1). EDX increases in the real exchange rate

but decreases in the iceberg trade costs. An exporter sell in both markets, thus its effective world demand
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is always larger than it of a non-exporter: EDX > EDN . If they have the same productivity, exporters

enjoy more demand and higher revenue than non-exporters. There is a revenue side export motivation

for all firms.

Taking as given the firm’s export decision, its real marginal cost is given by

mc (z;mX) =

[
w

α (Zz)
1
α

]
[y(z;mX)]

1
α
−1 =

1

µ

{
µ

[
w

α (Zz)
1
α

]
[ED (mX)]

1
α
−1

} αζ
θ−1

, (29)

where y (z;mX) is the quantity produced for given export decision, and ζ = 1/ (µ− α) is positive by

assumption (µ > α). Thus, a non-exporter’s real marginal cost is mcN (z) = mc (z;mX = 0), and

an exporter’s real marginal cost is mcX (z) = mc (z;mX = 1). The optimal prices are equal to firm’s

markups multiplied by its marginal cost. Thus, the prices for a given export decision are given by

ρD (z;mX) =

{
µ

[
w

α (Zz)
1
α

]
[ED (mX)]

1
α
−1

} αζ
θ−1

, (30)

ρX (z;mX) =

(
τ

Q

)
ρD (z;mX) if mX = 1. (31)

If α = 1, a firm’s price in a domestic market does not change wether it exports or not because there is

no impact of effective world demand on prices under constant marginal cost. With α > 1 , a firm can set

lower prices if it exports, due to export efficiency gains derived from the decreasing marginal costs. The

opposite holds for α < 1.

In the equilibrium, the domestic and export sales in terms of home consumption are

ρD (z;mX) yD (z;mX) = [ρD (z;mX)]1−θD (32)

ρX (z;mX) yX (z;mX) = [ρX (z;mX)]1−θQD∗ if mX = 1. (33)

Thus, each individual exporter’s domestic and export sales are complements if α > 1 but are substitutes

if α < 1. When a firm exports,

∂ρDyD
∂QD∗

T0 if and only if αT1,

∂ρXyX
∂D

T0 if and only if αT1.
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In other words, the constant marginal cost causes no within-firm interdependence. The decreasing and

increasing marginal costs imply positive and negative within-firm interdependence, respectively.

4.3 Profit Curve and Export Decision

The firm’s maximized profit for a given export decision is

π (z;mX) =
1

ζ
[ρD (z;mX) yD (z;mX) +QρX (z;mX) yX (z;mX)]−mXfX

w

αZ
1
α

=
1

ζµ

[
µ

w

α (Zz)
1
α

]−αζ
[ED (mX)]1+(α−1)ζ −mXfX

w

αZ
1
α

, (34)

where it is an increasing function of the effective world demand (ED (mX)) because ζ = (µ− α)−1

and θ > 1 guarantee 1 + (α− 1) ζ = (µ− 1) (µ− α) > 0. Further, the profit is convex, linear, or

concave in effective world demand if and only if α > 1, = 1, or < 1. The profit is decomposed into the

domestic market profit (πD (z;mX)) and export market profit (πX (z;mX)) as follows.26

πD (z;mX) =
1

ζµ

[
µ

w

α (Zz)
1
α

]−αζ
[ED (mX)](α−1)ζD (35)

πX (z;mX) = mX

{[
πD (z;mX)

D

](
τ

Q

)1−θ
QD∗ − fX

w

αZ
1
α

}
(36)

The previous assumption (µ > α⇔ ζ > 0) guarantees that all firms participate in the domestic market.

If a marginal cost function is flat (α = 1), the domestic profit is independent of the export decision.

The profit function is linearly separable in the domestic and export market demands, so there is no firm-

level market interdependence. In contrast, the decreasing marginal cost curve (α > 1) causes positive

interdependence between firm’s decisions in the domestic and export markets. Similarly, the increasing

marginal cost curve (α < 1) implies negative interdependence between two markets at the firm level.
26Since the quantities supplied in the domestic and export markets are not linearly separable in the total cost function, it is

hard to distinguish between the domestic and export profits. However, it is easy to separate the domestic and export revenues
(sales). I assume that the ratio of variable costs in the domestic market to them in the export market equals to the ratio of the
domestic market revenue to the export market revenue. Further, that way of decomposition implies that firm’s marginal costs in
production do not vary a destination of markets. Excluding the iceberg and fixed export costs, there is no reason that the firm’s
production and cost functions change because it sell the same good in the domestic and export markets.
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For mX = 1,

∂πD
∂QD∗

T0 if and only if αT1,

∂πX
∂D

T0 if and only if αT1,

because marginal costs depend on the total quantity produced when the cost curve is not linear.

A firm’s profit with firm-specific productivity z is π (z) = max {π (z;mX = 0) , π (z;mX = 1)}.

Since its profit strictly increases along with its firm-specific productivity, more productive firms export.

An export decision can be represented by the export productivity cutoff, denoted by zX . The cutoff level

satisfies the indifferent condition as follows.

π (zX ;mX = 0) = π (zX ;mX = 1)

A firm exports when its firm-specific productivity is higher than the cutoff: z > zX .

If there is no firm-level market interdependence derived from a marginal cost curve, then the condi-

tion can be expressed by πX (zX ,mX = 1) = 0, because the total profit function is linearly separable

in the domestic market profit and export market profit. Thus, the flat marginal cost curve implies that

a firm only export when its profit is positive in an export market. However, with a decreasing marginal

cost curve, some firms export despite negative profits in the export market. By exporting, firms increase

their output and lower their marginal costs, which increases profits in the domestic market.

πX (zX ,mX = 1) S 0 if and only if α T 1

For the marginally exporting firm (z = zX ), export profit is positive, zero, or negative if the marginal

cost is increasing, constant, or decreasing, respectively.

The export decision is represented by mX (z) = argmaxmX∈{0,1} π (z;mX). The export decision

and cutoff are

mX (z) =


1 if z ≥ zX where zX =

[
µζfXw/

(
αZ

1
α

)
ED

1+(α−1)ζ
X −ED1+(α−1)ζ

N

] 1
ζ [
µ w

α(Zz)
1
α

]α
0 otherwise

. (37)
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Figure 4: Profit Curves with the Flat and Sloping Marginal Cost Curve

Notes:

The assumptions µ > α and θ > 1 guarantee that zX and z∗X are nonnegative and finite, but they can be

less than zmin. Thus, the cutoff is max {zX , zmin}. I assume no corner solution for the cutoff levels:

zX and z∗X are in (zmin,∞). Then, the cutoff always increases in the iceberg cost, fixed cost, and wage

but decreases in the real exchange rate and foreign demand as in Melitz (2003) and Ghironi and Melitz

(2005). The interesting part is that the cutoff depends on the cost structure if α 6= 1. The decreasing and

increasing marginal cost makes negative and positive relationships between the home demand and cutoff

level, respectively.
∂zX
∂D

S 0 if and only if α T 1

If the marginal cost function decreases in quantity produced, a high home demand augments home firms’

supply in the domestic market and lowers their marginal costs. Thus, the cutoff level falls, and more

firms export. However, the cutoff level is higher if the marginal cost is an increasing function due to

complementarity of domestic and export profits and sales.

Figure 4 shows the impacts of allowing a sloping marginal cost curve. Under the flat marginal

cost curve, exporters and non-exporters have the same slope of domestic market profit curve. Thus, an
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individual firm’s decision to export or not is simply determined by its profit in the export market. The

firm exports if the export market profit is positive. However, a sloping marginal cost curve makes the

domestic profit curve different for exporters and non-exporters. If α > 1, some firms export despite

negative profit in the export market because exporting decreases their marginal costs in both markets and

increases their domestic profit. Conversely, some firms in the industry with α < 1 do not export even

though their export market profit is positive due to export efficiency losses. Additionally, in conventional

models based on Melitz (2003), the profit is associated with the (θ − 1)-th moments of firm-specific

productivity zθ−1, but here this result is be generalized that the profit depends on the ζ-th moment of

firm-specific productivity zζ . For the case with a constant marginal cost curve, α = 1, the firm’s optimal

decision rule equals that in Ghironi and Melitz (2005).

4.4 Market Size, Export Efficiency Gains, and Cost Advantages

Export efficiency gains (or losses) can be measured by eg (z) = mcN (z) /mcX (z), where mcN (z)

and mcX (z) are marginal costs, depending on whether a firm with z does not export or exports, re-

spectively. In Equation (29), the marginal costs can be decomposed into the firm-specific and aggre-

gate parts: mcm (z) = mcmz
−ζ
θ−1 for m = N,X . Thus, that ratio is independent of firm-specific

productivity z: eg (z) = eg = mcN/mcX . By using Equation (29), the measure is given by eg =

(EDN/EDX)(1−α)ζ/(θ−1).

Exporting decreases individual firm’s marginal costs if and only if eg > 1. Thus, the efficiency gains

or losses are eg > 1 or eg < 1, respectively. The slop of marginal cost curve is associated with export

gains and losses.

egT1 if and only if αT1,

because EDN < EDX . With economies of scale derived from the decreasing marginal cost, exporting

lowers the firm’s marginal cost. Thus, exporters enjoy efficiency gains. In other words, the decreasing

marginal cost curve generates a cost-side export motivation, a firm exports to reduce its costs.

To investigate the impact of market size, I consider home export efficiency gains (or losses) relative

to the foreign country.

eg

eg∗
=

{
1 + (τQ)1−θ [D/ (QD∗)]

1 + (τ/Q)1−θ [(QD∗) /D]

} (1−α)ζ
θ−1

, (38)
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where the term in braces increases in the home market size relative to the foreign market size: D/ (QD∗).

Therefore,
∂eg/eg∗

∂D/ (QD∗)
S0 if and only if αT1.

If a marginal cost curve decreases in output, home export efficiency gains relative to the foreign ones

decreases in the home market size relative to the foreign country. During a home boom, a large market

size makes exporting less attractive for a home firm if its marginal cost curve decreases in its production

level. This mechanism causes inter-industry resource shifts to industries with small economies of scale

from industries with large economies of scale in a more productive country. The opposite holds for an

increasing marginal cost curve.

In contrast to the above export efficiency gains channel, a large market size makes the more pro-

ductive economy concentrated in industries with large economies of scale because declines in home

production costs – by definition of economies of scale – imply cost advantages.

∂mcN/mc∗N
∂D/ (QD∗)

S0 if and only if αT1

∂mcX/mc∗X
∂D/ (QD∗)

S0 if and only if αT1

If α > 1, home marginal costs relative to the foreign marginal costs for both exporters and non-exporters

decreases in the home market size relative to the foreign ones. The opposite holds for α < 1.

5 Dynamic Stochastic General Equilibrium Model

Based on Section 4, this section outlines the construction of a two-country two-industry dynamic stochas-

tic general equilibrium model to investigate the effects of economies of scale derived from marginal costs

on industry-level international trade and business cycles. The key feature is that the model allows for

two industries, indexed by s = A and s = B, with different slopes of marginal cost curves that generate

economies of scale and within-firm market interdependence.

There are two symmetric countries, home and foreign. All parameters are identical across countries.

As in Section 4, I denote foreign variables with an asterisk. In each country, there is a continuum of

identical households in a unit interval [0, 1]. In each country and industry, there is a continuum of firms

that is endogenously determined.

35



5.1 Preference and Demand: Representative Household and Capital Producer

In each country, there is a continuum of identical households in a unit interval [0, 1]. The preference of

the representative home household is represented by the time separable utility as follows. At time t0,

Et0

[ ∞∑
t=t0

βt−t0U (Ct, Lt)

]
,

where Ct ≥ 0 and Lt ∈ [0, 1] are the home overall consumption basket and the total labor supply,

respectively. β ∈ (0, 1) is the subjective discount factor.

In an industry s, an individual firm produces a differentiated good indexed by ω ∈ Ωs. The industry

s consumption basket is defined over a continuum of goods Ωs. In each period t, only Ωs
t ⊆ Ωs is

available. I assume the constant elasticity of substitution across industries and across products in each

industry for the consumption basket. Then, the aggregate and industry consumption basket is specified

as

Ct =

[(
φA
) 1
ψ
(
CAt
)ψ−1

ψ +
(
φB
) 1
ψ
(
CBt
)ψ−1

ψ

] ψ
ψ−1

and Cst =

{ˆ
ω∈Ωs

[cst (ω)]
θ−1
θ dω

} θ
θ−1

.

The share parameter of each industry denoted by φs ∈ (0, 1) satisfies φA + φB = 1. ψ and θ are

the constant elasticity of substitution across industries and goods, respectively. To focus on impacts of

economies of scale, I assume that elasticities are identical across industries.

The price of individual good ω ∈ Ωs
t is denoted by pst (ω) ≥ 0. The corresponding overall and

industry welfare-based price indices (WPIs) are denoted by Pt and P st , respectively:

Pt =
[
φA
(
PAt
)1−ψ

+ φB
(
PBt
)1−ψ] 1

1−ψ and P st =

{ˆ
ω∈Ωst

[pst (ω)]1−θ dω

} 1
1−θ

.

The welfare-based real exchange rate is defined by Qt = εtP
∗
t /Pt where εt is the nominal exchange

rate. The real price of good ω is defined by ρst (ω) = pst (ω) /Pt. Similarly, the real industry price is

defined by ρst = P st /Pt. Hence, the home demand function of each good ω in industry s is given by

cst (ω) =

[
pst (ω)

Pt

]−θ (P st
Pt

)θ−ψ
φsCt = [ρst (ω)]−θ (ρst )

θ−ψ φsCt. (39)
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Table 11: Firm’s Optimal Decisions in Each Industry

Export Decision
ms
t (z) = 0 if z < zsX,t

ms
t (z) = 1 if z ≥ zsX,t

Effective world demand
EDs

t (z) = EDs
N,t = (ρst )

θ−ψ
φsCt if z < zsX,t

EDs
t (z) = EDs

X,t = (ρst )
θ−ψ

φsCt + (ρs∗t )
θ−ψ

(
τst
Qst

)1−θ
Qstφ

sC∗
t if z ≥ zsX,t

Prices

ρsD,t (z) =

[
µ wt

αs(Zst )
1
αs

]αsζs
θ−1

[EDs
t (z)]

−(αs−1)ζs

θ−1 z
−ζs
θ−1 for all z

ρsX,t (z) =
(
τst
Qst

)
ρsD,t (z) if z ≥ zsX,t

Sales
ρsD,t (z) yD (z) =

[
ρsD,t (z)

]1−θ
(ρst )

θ−ψ
φsCt for all z

Qtρ
s
X,t (z) yX (z) = 0 if z < zsX,t

Qtρ
s
X,t (z) yX (z) =

[
ρsX,t (z)

]1−θ
Qt (ρs∗t )

θ−ψ
φsC∗

t if z ≥ zsX,t
Profit in Each Market

πsD,t (z) =
(

1
ζsµ

)
ρsD,t (z) yD (z) for all z

πsX,t (z) = 0 if z < zsX,t

πsX,t (z) =
(

1
ζsµ

)
Qtρ

s
X,t (z) yX (z)− fsX,t

wt

(Zst )
1
α

if z ≥ zsX,t
Export Cutoff

zsX,t =

{
µζsfsX,twt/

[
αs(Zst )

1
αs
]

(EDsX,t)
1+(αs−1)ζs−(EDsN,t)

1+(αs−1)ζs

} 1
ζs [

µ wt

αs(Zst )
1
αs

]αs

5.2 Heterogeneous Firms and Their Averages

A firm is born with its specific productivity z that does not change over time. The firm’s total cost

function is

tcs (yst ;wt, Z
s
t , z) =

[
wt

(Zst z)
1
αs

]
(yst )

1
αs + fsX,t

wt

αs (Zst )
1
αs

I
{
ysX,t ∈ R+

}
,

where Zst is the aggregate productivity of s industry. fsX,t is the fixed export cost in efficient labor units.

In each period, a firm with firm-specific productivity z chooses its prices and quantities of supply to
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maximize its profit: for each s = A and B,

max
{ρsm,t≥0, ysm,t≥0}

m=D, X

ρsD,ty
s
D,t +Qtρ

s
X,ty

s
X,t − tcs (yst ;wt, Z

s
t , z)

subject to yst = ysD,t + τty
s
X,t,

ysD,t =
(
ρsD,t

)−θ
(ρst )

θ−ψ φsCt, and ysX,t =
(
ρsX,t

)−θ
(ρs∗t )θ−ψ φsC∗t ,

where ρsD,t = psD,t/Pt and ρsX,t = psX,t/P
∗
t are real prices relative to the aggregate price index in the

destination market. Table 11 summarizes the firm’s solution to the maximization problem for given its

firm-specific productivity z.

In each period t, a mass N s
t of firms produce in the home country for each industry s. To focus

on heterogeneous marginal cost structures, I assume that industries A and B have identical distribution

functions for firm-specific productivity, denoted by G (·) with support on [zmin,∞). As in the partial

equilibrium model, the fixed export costs cause least productive firms not to export. Only firms with

high productivity z > zsX,t become an exporter. Among firms there are N s
X,t =

[
1−G

(
zsX,t

)]
N s
t

exporters. The rest of the firms N s
N,t = G

(
zsX,t

)
N s
t sell only domestically. To summarize all the

information on the productivity distributions relevant for all aggregate variables as in Melitz (2003),

define average productivity levels for different groups as follows. For each s = A and B,

All firms: z̃sD =

[ˆ zmax

zmin

zζ
s
dG (z)

] 1
ζs

,

Non-exporters: z̃sN,t =

ˆ zsX,t

zmin

zζ
s dG (z)

G
(
zsX,t

)
 1
ζs

,

Exporters: z̃sX,t =

ˆ zmax

zsX,t

zζ
s dG (z)

1−G
(
zsX,t

)
 1
ζs

.

Then, these satisfy

(z̃sD)ζ
s

=

(
N s
N,t

N s
t

)(
z̃sN,t

)ζs
+

(
N s
X,t

N s
t

)(
z̃sX,t

)ζs for s = A, B. (40)

I assume that the distribution of z has finite ζs-th moments for every industry: (z̃sD)ζ
s

= (z̃s∗D )ζ
s

<∞.

In line with Melitz (2003), the productivity averages are constructed in such way that πsD,t
(
z̃sN,t

)
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and πsD,t
(
z̃sX,t

)
are the average domestic market profit of non-exporters and exporters, respectively. The

average export market profit of exporters is πsX,t
(
z̃sX,t

)
. The export market profit of non-exporters is

zero: πsX,t
(
z̃sN,t

)
= 0 because z̃sN,t < zsX,t. The average profit of all home firms is given by

π̃st = G
(
zsX,t

)
πst
(
z̃sN,t

)
+
[
1−G

(
zsX,t

)]
πst
(
z̃sX,t

)
. (41)

For each industry, the average relative price of firms in their domestic market is

ρ̃sD,t =
{
G
(
zsX,t

) [
ρsD,t

(
z̃sN,t

)]1−θ
+
[
1−G

(
zsX,t

)] [
ρsD,t

(
z̃sX,t

)]1−θ}1/(1−θ)
, (42)

which does not equal ρsD,t (z̃sD) if αs 6= 1. The average relative price of firms in their export market is

ρ̃sX,t = ρsX,t
(
z̃sX,t

)
, (43)

in the destination consumption basket. By the definition of welfare based industry price index, the

relative prices satisfy that

(ρst )
1−θ = N s

t

(
ρ̃sD,t

)1−θ
+N s∗

X,t

(
ρ̃s∗X,t

)1−θ for s = A, B. (44)

5.3 Firm Entry and Exit

As in Ghironi and Melitz (2005), I assume a one period time-to-build lag for entrants. Entrants at t start

to produce at t + 1. Additionally, every firm faces exogenous death shocks with a constant probability

δ ∈ (0, 1) at the end of each period. Thus, the law of motion for the number of firms in the home industry

s is given by N s
t = (1− δ)

(
N s
t−1 +N s

E,t−1

)
where N s

E,t−1 is the mass of entrants at t− 1.

Forward looking behavior and rational expectations imply that domestic firm entry is decided based

on the present value of the expected future stream of profits. The value of entry ν̃st is

ν̃st = Et

[ ∞∑
i=t+1

[β (1− δ)]i−t
(
∂Ui
∂Ci

/
∂Ut
∂Ct

)
π̃si

]
for s = A, B. (45)

Then, the free entry condition is represented by

ν̃st = fsE,t
wt

(Zst )
1
α

for s = A, B, (46)
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Entry occurs until the average value of the firm on the left hand side of Equation (46) equals the entry

cost on the right hand side of Equation (46).

The entry costs in units of efficient labor depend on the number of firm entry as follows:

fsE,t = fE + ηE
[
exp

(
N s
E,t −N s

E,t−1

)
− 1
]

for s = A, B, (47)

where ηE ≥ 0 is the entry adjustment costs parameter. A large entry increases the costs. There are three

reasons why I introduce it. First, it is consistent of my empirical framework represented in Equation

(7). Second, the parameter decreases the volatility of the number of entrants. The model without entry

frictions is too volatile regarding firm entry than the data. Lastly, the entry friction hinder cross-industry

resource allocations. In the model, the main path of reallocations is changes in the number of firms

(firm entry). Thus, ηE plays the role as resource reallocation costs across industries, which reduce the

reallocations in the short run. Under ηE = 0, the model generates unrealistically drastic resource shifts

across industries.

5.4 Household Budget Constraint and Choices

The representative household holds two types of asset: shares in mutual funds of domestic firms and risk-

free bonds with real returns. Each country has mutual funds that own all domestic firms and finance entry

of new firms. As in Ghironi and Melitz (2005), the household only buys shares of domestic mutual funds.

The mutual fund pays a total profit in each period that equals the total profit of all home firms: N s
t π̃

s
t in

terms of the home consumption. The household buys xst+1 shares in the mutual fund of N s
t +N s

E,t home

firms in s industry. Home entrants in period t will produce and pay dividends in the future period t+ 1.

Each household in two countries can trade risk-free bonds domestically and internationally.27 Home

(foreign) bonds are issued by the home (foreign) household with the home (foreign) consumption real

interest rate. In period t, the home household’s home and foreign bond holdings are Bt and B∗,t, re-

spectively. At the end of the period, their home and foreign bond holdings are Bt+1 and B∗,t+1, respec-

tively. There are adjustment costs for bond holdings, which prevents the indeterminacy problem. The

home household pays quadratic adjustment costs for home and foreign bond holdings of 0.5ηBB
2
t+1 and

0.5ηBQtB
2
∗,t+1, respectively.

27 The assumption is not crucial. The financial autarky, meaning bonds are only traded domestically, shows slower adjustment
in impulse responses to asymmetric shocks, but there is no qualitative difference between the two bond trading structures.
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The aggregate GDP is defined byGDPt = wtLt+
∑

s=A,B N
s
t π̃

s
t . Then, the period budget constraint

(in units of home consumption) is written as

Bt+1 +QtB∗,t+1 + Ct +
∑
s=A,B

ν̃st
(
N s
t +N s

E,t

)
xst+1

= (1 + rt)Bt +Qt (1 + r∗t )B∗,t +GDPt +
∑
s=A,B

ν̃stN
s
t x

s
t −

ηB
2

(
B2
t+1 +QtB

2
∗,t+1

)
+ T ft , (48)

where ν̃st is the price (in terms of home consumption basket) of claims to future profits of home firms in

industry s. rt+1 and r∗t+1 are the real interest rates of domestic and foreign bond from t to t+ 1 in terms

of domestic and foreign consumption unit, respectively. The adjustment costs transfer to the household:

T ft = 0.5ηB
(
B2
t+1 +QtB

2
∗,t+1

)
.

The home household maximizes its expected intertemporal utility subject to Equation (48). The

intertemporal decision rules for home and foreign bonds and share holdings are

1 + ηBBt+1 = β (1 + rt+1)Et

[
∂Ut+1

∂Ct+1
/
∂Ut
∂Ct

]
(49)

1 + ηBB∗,t+1 = β
(
1 + r∗t+1

)
Et

[(
∂Ut+1

∂Ct+1
/
∂Ut
∂Ct

)(
Qt+1

Qt

)]
(50)

ν̃st = β (1− δ)Et
[(

∂Ut+1

∂Ct+1
/
∂Ut
∂Ct

)(
ν̃st+1 + π̃st+1

)]
for s = A, B. (51)

There is no arbitrage in holding shares of mutual funds, domestic, and foreign bonds. The intratemporal

labor supply decision rule is given by

−∂Ut
∂Lt

/
∂Ut
∂Ct

= wt. (52)

The labor market is cleared as follows:

Lt =
∑
s=A,B

αsζs
N s
t π̃

s
t

wt
+ (1 + αsζs)N s

X,tf
s
X,t

1

α (Zst )
1
α

+N s
E,tf

s
E,t

1

α (Zst )
1
α

. (53)

The financial market clearing requires Bt+1 + B∗t+1 = 0, B∗,t+1 + B∗∗,t+1 = 0, and xst+1 = xs∗t+1 = 1

for every period t. In the equilibrium. the aggregate accounting equation can be written as

Bt+1 +QtB∗,t+1 + Ct + It = (1 + rt)Bt +Qt (1 + r∗t )B∗,t +GDPt, (54)
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where It =
∑

s=A,B I
s
t and Ist = N s

E,tν̃
s
t are the aggregate and industry investments, respectively.

Internationally traded bonds allow the model to accommodate trade imbalance.

6 Quantitative Analysis

6.1 Calibration

I use following preference (henceforth, GHH preference) introduced by Greenwood et al. (1988), which

give a constant Frisch elasticity of labor supply denoted by % > 0.

Ut (Ct, Lt) =

(
Ct − χL

1+1/%
t

1+1/%

)1−σ
− 1

1− σ
,

where σ > 1 governs relative risk aversion.

For calibration, I follow Ghironi and Melitz (2005). Each period represents a quarter calendar year.

Set values of β = 0.99 and σ = 2, which are standard choices for business cycle models. The bond

adjustment cost is ηB = 0.0025, which is sufficient to induce stationarity. Empirical studies report that

the aggregate macro Frisch elasticity, %, is between 1 and 2. I choose the middle: % = 1.5. χ is chosen

to match the steady state labor supply, which is equal to 1/3 for the model. The elasticity of substitution

between the two industries is close to one: ψ = 1.1. Thus, the expenditure share of each industry does

not fluctuate very much over the business cycle.

The group criteria are based on U.S. data. The two industries A and B correspond to industries

SEOS and LEOS from Section 3, respectively. Based on my empirical results, I allow different slopes

of marginal cost curves but assume identical nonproduction costs: sunk entry and fixed export costs. In

Table 1, the aggregate marginal cost curve is slightly downward sloping. Since I want to focus on cost

heterogeneity, I choose
(
αA, αB

)
= (0.85, 1.15) for my benchmark model. I set φA = φB = 0.5 so

that the economy exhibits a flat marginal cost curve at the aggregate level.

To investigate the effects of heterogeneous sloping marginal cost curves, I also consider a comparison

with the model in which industries are identical: homogenous flat marginal costs αA = αB = 1. Thus,

economies of scale are only from the sunk entry and fixed export costs. The comparison model (denoted

by GM) represents the conventional new trade open macro model introduced by Ghironi and Melitz

(2005). The main differences between my conventional model and Ghironi and Melitz (2005)’s model
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are endogenous labor supply with GHH preference and firm entry frictions.28

To focus on cost structure heterogeneity across industries, I assume that remaining parameters are

identical across industries. I set δ = 0.025 and θ = 3.8 to match the U.S. plant and macro trade data.

The entry and export costs are identical across industries. The steady-state level of fixed entry cost is

normalized by 1: fsE = 1. A wide range of studies use an iceberg trade cost between 20% and 50%. As

the benchmark, I set these costs at 30% as in Ghironi and Melitz (2005): τt = 1.3. The steady state level

of fixed export cost is fsX = 0.3f sE [1− β (1− δ)] / [β (1− δ)], which implies the fraction is 25% for

the given τt = 1.3.29 I choose the entry friction parameter ηE to match the volatility of the numbers of

entrants.

In line with Axtell (2001), the firm-specific productivity in each industry follows a Pareto distribution

with shape parameter k and support on [1,∞). Industries A and B have identical distribution functions

given by G (z) = 1 − z−k on the support. For the existence of ζs-th moments, k should be larger than

ζs. In other words, αs < µ − 1/k. In the previous section, I assumed that 1/ζs = µ − αs > 0 for an

inner solution to the firm’s problem with positive profits. In sum, the restriction is given by

0 < αs < min

{
µ, µ− 1

k

}
= µ− 1

k
.

I set the shape parameter of the Pareto distribution to be k = 5.5, which implies that the heavy tail index

of firm sales is 1.14.30 Axtell (2001) documents that the index is close to 1 in the U.S. Census data: the

range from 1.06 to 1.10. In Bernard et al. (2003) and Ghironi and Melitz (2005), the index is around

1.25.

6.1.1 Aggregate and Industry-specific Shocks

I consider the aggregate and industry-specific shocks. Let At and Ast be the home aggregate (common)

and industry-specific productivities, respectively. Their steady state values are normalized by one. There

are no idiosyncratic shocks in a firm-specific productivity. Then, the industry’s total productivity exclud-
28The original model in Ghironi and Melitz (2005) assumes inelastic labor supply and no friction (ηE = 0).
29For the comparison model (GM), I set fsX = 0.425fsE [1− β (1− δ)] / [β (1− δ)] to match 25% of exporters.
30I assumed that k/ζs > 1 for both Industries A and B. Then, the aggregated level density function of firm-specific

productivity can be represented by

1− CDF (z) = z
−min

{
k
ζA

, k
ζB

}
L (z) for z ≥ 1, (55)

where L (·) is a slowly varying function: limx→∞ L (cx) /L (x) = 1 for any constant c > 0. Thus, the heavy tail index is
k/ζB because ζs is increasing in αs.
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ing a firm-specific productivity is Zst = AtA
s
t . The home and foreign economies are symmetric. The

home and foreign aggregate and industry-specific productivities follow multivariate AR(1) process:



lnAt+1

lnA∗t+1

lnAAt+1

lnAA∗t+1

lnABt+1

lnAB∗t+1


=


Ξ 02×2 02×2

02×2 Ξ 02×2

02×2 02×2 Ξ





lnAt

lnA∗t

lnAAt

lnAA∗t

lnABt

lnAB∗t


+



eA,t+1

e∗A,t+1

eAS,t+1

eA∗S,t+1

eBS,t+1

eB∗S,t+1


, where Ξ =

 ξAA ξAA∗

ξAA∗ ξAA

 .

(56)

The shock innovations that are denoted by eA,t, e∗A,t, e
A
S,t, e

A∗
S,t, e

B
S,t, and eB∗S,t are multi-normally dis-

tributed with zero mean and variance-covariance matrix Σ. The cross-country transmission matrix Ξ is

identical between the aggregate and industry-specific shocks. There is no transmission between aggre-

gate and industry-specific shocks.

To investigate the net impacts of cost structure heterogeneity on propagation mechanisms of aggre-

gate and industry-specific shocks, I assume that industry shock innovations are exchangeable. Also, the

aggregate and industry-specific shocks are orthogonal. The variance-covariance matrix takes the form

Σ =


σ2
AΣC 02×4

04×2 σ2
S

 ΣC ρSΣC

ρSΣC ΣC


 where ΣC =

 1 ρC

ρC 1

 . (57)

ρC and ρS are the cross-country and cross-industry correlations of innovations, respectively. σA and σS

are the cross-country and cross-industry standard deviations of innovations, respectively.

According to Foerster et al. (2011), the cross-industry correlation of innovations is low in the U.S.31

Based on their results, I set ρS = 0.15. I choose the variance of the shock innovation as 0.0052 to match

GDP volatility in the U.S. data. The shock innovation can be represented by the sum of aggregate and

industry-specific innovations: et = eA,t +
∑

s=A,B φ
sesS,t. Then, the variance of shock innovation is

var (et) = σ2
A+2φAφB (1 + ρS)σ2

S . Let the size of aggregate and industry-specific shocks be 1−ωS =

σ2
A/var (et) and ωS , respectively. The standard deviations of aggregate and industry-specific shock

31Foerster et al. (2011) report 0.19, 0.27, and 0.11 during the 1972 – 2007, 1972– 1983, and 1984 – 2007, respectively.
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innovations depend on ρS and ωS as follows.

σA = 0.005
√

1− ωS and σS = 0.005

√
ωS

2φAφB (1 + ρS)
.

As my benchmark calibration for impulse responses, I set ωS = 0. There is no industry-specific

shocks. The reason is that I want to focus on propagation mechanisms endogenously derived from

the slopping marginal cost curves and their variations. According to Foerster et al. (2011), the size of

industry specific shocks is relatively small. They report ωS = 0.11 and 0.13 during the 1972 – 1983

and 1984 – 2007, respectively. Thus, I set ωS = 0.12 for simulated moments. There are no meaningful

changes in all my results when I allow ωS > 0 in the reasonable range.

6.2 Impulse Responses: Cross-country and Cross-industry Resource Allocation

To investigate the cross-country and cross-industry resource allocation by international trade, this section

shows the dynamic path of model variables based on numerical simulations in response to transitory

shocks to productivity. To illustrate the model implications for sloping marginal costs and industry

heterogeneity, I consider a transitory shock without spillover: ξAA = ξA∗A∗ = 0.9 in Equation (56).

Also, I set zero cross-country and cross-industry correlations: ρC = ρS = 0. There is no industry

specific shock: ωS = 0. 84 % of the initial increase in productivity has been reabsorbed ten years after

the shock approximately. The one-time transitory shock is favorable to home: 1% increase in eA,t.

We consider the two models with heterogeneous and homogenous marginal cost structures denoted

by Benchmark (the red lines) and GM (the blue lines), respectively. The benchmark model follows my

benchmark calibration: αA = 0.85 and αA = 1.15. Industries A and B exhibit negative and positive

within-firm market interdependence, respectively. The GM model has an identical flat marginal cost

curve: αA = αB = 1 and represents the conventional new trade open macro model introduced by

Ghironi and Melitz (2005). In both models, the entry friction is ηE = 2.5.

Figures 5 and 6 describe the impulse responses of aggregate and industrial variables to the home

aggregate productivity shock, respectively. The impulses responses converge to the original steady states

slowly because of endogenous firm entry with time to build and costs. After a favorable shock to the

home country, Figure 5 shows that heterogeneous marginal costs generate more correlated business cy-

cles. Increases in home and foreign GDP are smaller and larger in the Benchmark model than in the

GM model, respectively. Further, Figure 6 indicates that industry outputs are more correlated across
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Figure 5: Impulse Responses to 1% aggregate shock in the Home Country: aggregate variables

Notes: The number of periods after the shock is on the horizontal axis. The percentage deviations from the steady state is on
the vertical axis. The red lines and the blue dashed lines are the benchmark (αA = 0.85 and αB = 1.15) and GM
(αA = αB = 1) models, respectively.

countries in IndustryB than in IndustryA. The home country is more concentrated in IndustryA than in

Industry B. The output, entry, and exports in the home Industry A increase more than them in the home

Industry B. Since there is only aggregate shocks, the heterogeneous impulse responses of Benchmark

model across industries are endogenous,and the responses of GM are identical across industries.

There are two main mechanisms generating the different responses between Industries A (circles)

and B (squares) in Figure 6. First, economies of scale generate cost advantages for the home country in

Industry B for both exporters and non-exporters. Since the number of firms is slowly changing, in the

short run individual home firms expands after the shock occurs. Thus, Industry B with its decreasing

marginal cost curve endogenously becomes more productive relative to Industry A, and Industry B

expends more than Industry A. However, that scale channel disappears over time due to the large entry

of home firms. An increase in the number of home firms implies that individual firm size decreases
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Figure 6: Impulse Responses to 1% aggregate shock in the Home Country: Industrial variables

Notes: The number of periods after the shock is on the horizontal axis. The percentage deviations from the steady state is on
the vertical axis. The red lines and the blue dashed lines are the benchmark (αA = 0.85 and αB = 1.15) and GM
(αA = αB = 1) models, respectively. The circles and squares are Industries A and B, respectively.

due to high competition, which means that home firms lose their cost advantages. Thus, the channel

is negatively related to the speed of firm entry dynamics. The second channel works in the opposite

direction. There are export losses and gains in Industries A and B, respectively. During a home boom,

export gains are more important in the foreign country than in the home country due to low domestic

demand in the foreign country relative to it in the home country. Thus, there are industry reallocations

from Industry A to Industry B in the foreign country: more firms and exporters in Industry B. That

channel is positively associated with the speed of firm entry dynamics.

The firm entry frictions play a crucial role in determining the size of these two channels. The first

is more intensive and second more extensive. As the previous paragraph discussed, the first and second

channel have a negative and positive association with firm entries, respectively. Slow changes in the

number of firms strengthen the first channel but weaken the second channel. Under empirically plausible
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parameters, the first channel is larger than the second channel in the short run, but as time passes, the

second channel overwhelms the first one. Thus, home Industry B expanses more than home Industry A

at first. After one year, however, Industry A has a larger output than Industry B in the home country.

Figure 5 indicates that allowing heterogeneous marginal costs generates more correlated aggregate

GDP comovements across countries. In Figure 6, the Benchmark model has larger cross-country dif-

ferences in Industries A than the conventional model represented by GM, while the opposite is true for

Industry B. Thus, Industry B contributes to mitigating the quantity anomaly. Conversely, Industry A

worsens the quantity anomaly because within-firm market interdependence in Industries A and B are

negative and positive, respectively. Positive within-firm market interdependence in Industry B is quanti-

tatively larger than Industry A’s negative interdependence because export gains and losses derived from

marginal costs cause Industry B to trade more intensively than Industry A. Thus, industries with large

economies of scale have larger impacts on international business cycles than industries with smaller

economies of scale.

6.3 International Business Cycles

This section presents the international business cycle properties of the model. To calculate model-

generated moments, I use HP filtered variables with a smoothing parameter of 1600 proposed by Hodrick

and Prescott (1997).

For simulation, I define data-consistent variables using consumer price indices (CPIs) as in Ghironi

and Melitz (2005). The data-consistent version of variables xt and xst (with welfare price indices, WPIs)

are denoted xR,t and xsR,t, respectively. In my empirical analysis, I construct real variables for industries

with industry-level price indices rather than the aggregate CPI. Thus, the industry’s real variable with

CPI is defined by

xsR,t =
(
N s
t +N s∗

X,t

) 1
1−θ xst .

xsR,t ignores the love-of-variety effect from changes in the number of domestic and imported goods.32

32 Alternatively, the industry’s real variables can be defined by xsR,t =

[
φA
(
NA
t +NA∗

X,t

) 1−ψ
1−θ + φB

(
NB
t +NB∗

X,t

) 1−ψ
1−θ

] 1
1−ψ

xst ,

which is based on the aggregate price index rather than the industry price index. There are no qualitative changes in my main
simulation results between two methods constructing industry-level real variables.
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The aggregate real variable with CPI is defined by

xR,t =

[
φA
(
NA
t +NA∗

X,t

) 1−ψ
1−θ + φB

(
NB
t +NB∗

X,t

) 1−ψ
1−θ

] 1
1−ψ

xt.

The recent open economy empirical papers have documented a very persistent shock (near unit root)

with zero transmission across countries.33 Thus, I use following very persistent process without spill-

over: ξAA = 0.99 and ξAA∗ = 0 in Equation (56). Since there is no productivity spill-over, cross-country

comovements are due mainly to endogenous mechanisms. With spill-over as in Backus et al. (1992),

foreign households expect increases in foreign productivity after home positive productivity shocks.

Thus, the shock process with zero transmission ξAA∗ = 0 generates lower consumption correlation

between home and foreign countries than the shock process with spill-over: ξAA∗ > 0.

Based on Ambler et al. (2004), I consider two cases. Case I represents twenty industrialized coun-

tries. Case II represents the U.S. and nine other countries – Australia, Austria, Canada, France, Germany,

Italy, Japan, Switzerland, and the United Kingdom which I call the BKK sample. (Backus et al. (1992,

1995) use the sample.) International business cycles are more correlated in Case II than in Case I regard-

ing GDP, consumption, labor, and productivity. Appendix A documents the details of the data set. In the

models, there are only two industries. Thus, to match the coefficients b̂1 in Column (2) of Tables 5 – 6 and

8 – 9, I calculate slopes as follows. For variable x, its slope is defined by
(
xA − xB

)
/
(
lnαA − lnαB

)
that quantifies the impacts of the sloping marginal cost curve on the variable x. In Cases I and II, the

models with ηE = 2 and ηE = 3 approximately replicate the volatility of number of entrants in the U.S.

data, respectively. Thus, I consider ηE = {2, 2.5, 3}.

The conventional international business cycle models assume the low correlation of shock innova-

tions, which is 0.25 – 0.3. However, the recent empirical studies have found that the correlation is much

lower than 0.25. Ambler et al. (2004) document the unweighted average of the BKK sample countries’

correlation of the ”Solow residual” measure of productivity (using only labor) with the U.S. as 0.25.

Baxter and Farr (2005) document that the median of sample countries’ correlations is 0.18 where they

use both labor and capital.34 I choose ρC = 0.2 in Case II. The unweighted average of pairwise cross-

country correlations of productivity among twenty industrialized countries is 0.16 (using only labor) and

0.09 (using both labor and capital when available). I set ρC = 0.1 in Case I.
33See Baxter (1995) and Baxter and Farr (2005) for the details.
34Their sample countries are 10 OECD countries.

49



0 0.05 0.1 0.15 0.2 0.25
0.14

0.16

0.18

0.2

0.22

0.24

0.26

0.28

Case I: ρC = 0.1

Size of industry−specific shocks: ω
S

G
D

P
 c

om
ov

em
en

t

0 0.05 0.1 0.15 0.2 0.25
0.14

0.16

0.18

0.2

0.22

0.24

0.26

0.28

Case II: ρC = 0.2

Size of industry−specific shocks: ω
S

G
D

P
 c

om
ov

em
en

t

 

 

Bench
GM
Data

0 0.05 0.1 0.15 0.2 0.25

0.05

0.1

0.15

0.2

0.25

Case I: ρC = 0.1

Size of industry−specific shocks: ω
S

La
bo

r 
co

m
ov

em
en

t

0 0.05 0.1 0.15 0.2 0.25

0.05

0.1

0.15

0.2

0.25

Case II: ρC = 0.2

Size of industry−specific shocks: ω
S

La
bo

r 
co

m
ov

em
en

t

 

 

Bench
GM
Data

Figure 7: Cross-country GDP and Labor Comovement with Industry-specific Shocks

Notes: The red lines, the blue dashed lines, and the black lines are Benchmark (αA = 0.85 and αB = 1.15), GM
(αA = αB = 1) models and the data of Ambler et al. (2004), respectively. The shaded area is the range of observed ωS in
Foerster, Sarte and Watson (2011). The friction of entry is ηE = 2.5.

6.3.1 Cross-Country Business Cycles

Canonical open macro models need additional positive interdependence channels to solve the quantity

anomaly. Positive home productivity shocks directly promote new firm entry (or more investments in

capital) in the home country due to high profits. The large entry with costs (or more investments in

capital) induces cross-country resource shifts from the foreign country to the home country. The strong

incentive for resource allocation to the more productive economy is why both standard international real

business cycle model and new trade open macro models have low GDP comovements problems.
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Figure 7 describes the impacts of marginal cost curve heterogeneity on cross-country correlations

of GDP and labor. In both Case I and II, the models with heterogeneous sloping marginal cost curves

better reproduce observed international comovements than the models with homogeneous flat marginal

cost curves. As discussed in Section 6.2, industry heterogeneity of marginal costs yields more correlated

GDP and labor across countries through within-firm market interdependence channels.

I consider the following range of industry-specific shocks: ωS ∈ [0, 0.25]. The shocks directly

make a more productive economy more concentrated in industries where a favorable industry-specific

shock is realized. Thus, the industry-specific shocks can dampen our model’s propagation mechanisms

generating GDP comovements. Figure 7 describes the relationship between GDP comovements and

industry-specific shocks. My shock process are constructed in such a way that the size of industry-

specific shocks have no effect on the second moments of model with identical industries. Thus, the blue

dashed lines (GM model) are straight. The red lines illustrate that introducing industry-specific shocks

in the model with different cost structures across industries worsen discrepancy between theory and data

related to cross-country comovements of GDPs. However, the benchmark model is better than the model

with homogenous flat marginal cost curves even though there are sizable industry-specific shocks.

Figure 8 illustrates the impacts of the aggregate slope of marginal cost curves on GDP comovements.

According to my estimation results, the weighted average of α in the US manufacturing industries is

between 1.068 and 1.254.35 In the US economy, the size of manufacturing industries is around 12%

(valued added % of GDP). If the other industries face no economies of scale (constant returns to scale),

then the aggregate US economy’s marginal cost coefficient is between 1.01 and 1.03. To get these

number in my model, the range of the size of Industry B, φB , is 0.53 – 0.61. Decreasing and increasing

marginal cost curves generate positive and negative within-firm level interdependence, which increase

and decrease comovements across domestic and export markets, respectively. Thus, a large size of

Industry B implies strongly correlated GDPs and labors across countries.

6.3.2 Within-country International Business Cycles

The results of my simulations are summarized in Table 12. Panel A and B report my model’s aggregate-

and industry- level international business cycle properties, respectively. In each case, I report the low,

medium, and high entry frictions for both conventional (GM) models with identical flat marginal cost

curves and Benchmark models with heterogeneous sloping marginal cost curves. The results of Cases
35See Table 1 and A2 for the results of i) instrumented vs uninstrumented and ii) benchamrk vs alternative.
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Figure 8: Cross-country GDP and Labor Comovement over Economies of Scale

Notes: The horizontal axis is the size of industry with downward sloping marginal cost curves: φB . Since αA < αB ,
φB > 0.5 causes the aggregated marginal cost curve to be downward sloping, which implies economies of scale in the
aggregate economy. The red lines, the blue dashed lines, and the black lines are Benchmark (αA = 0.85 and αB = 1.15), GM
(αA = αB = 1) models and the data of Ambler et al. (2004), respectively. The size of industry-specific shocks is ωS = 0.12.
The friction of entry is ηE = 2.5

I and II are indistinguishable except for cyclicality of exports, which implies that cross-country shock

correlations have limited effects on aggregate variables’ dynamics and second moments.

The first and second parts of Panel A in Table 12 describe the volatilities of the aggregate macro

and trade flows, where allowing industry cost heterogeneity plays a minor role. The model overpredicts

the standard deviation (relative to aggregate GDP) of consumption and labor and underpredicts that of

exports and imports. Although the model successfully generates less volatile consumption than GDP,
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Table 12: International Business Cycle (within-country): Data and Simulated Moments

US Data
Case I: ρC = 0.1 Case II: ρC = 0.2

GM Benchmark GM Benchmark
ηE 2 2.5 3 2 2.5 3 2 2.5 3 2 2.5 3

Panel A: Aggregate-level International Business Cycle
Volatility: standard deviation %

GDP 1.54 1.57 1.56 1.55 1.51 1.50 1.50 1.57 1.57 1.56 1.52 1.51 1.51
Volatility: standard deviation relative to GDP

Consumption 0.82 0.97 0.97 0.97 0.96 0.96 0.97 0.96 0.97 0.97 0.96 0.96 0.96
Investment 4.20 3.81 3.68 3.57 3.60 3.48 3.36 3.62 3.50 3.39 3.42 3.30 3.19
Labor 0.62 0.73 0.72 0.72 0.74 0.73 0.73 0.72 0.72 0.71 0.73 0.73 0.73
Export 2.64 1.91 1.87 1.83 1.67 1.64 1.61 1.87 1.84 1.80 1.65 1.62 1.60
Import 3.14 1.81 1.78 1.75 1.57 1.54 1.52 1.78 1.76 1.73 1.56 1.54 1.52
# of Entrants 3.28 3.83 3.70 3.59 3.59 3.48 3.38 3.64 3.52 3.40 3.41 3.31 3.22

Cyclicality: correlation to GDP
Consumption 0.86 1.00 0.99 0.99 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Investment 0.91 0.78 0.78 0.77 0.79 0.79 0.78 0.77 0.77 0.77 0.78 0.78 0.78
Labor 0.81 1.00 1.00 0.99 0.99 0.99 0.99 1.00 1.00 1.00 1.00 1.00 0.99
Export 0.29 0.06 0.09 0.12 0.14 0.18 0.21 0.15 0.18 0.21 0.24 0.27 0.30
Import 0.75 0.89 0.90 0.90 0.93 0.93 0.93 0.90 0.91 0.91 0.94 0.94 0.94
# of Entrants 0.58 0.78 0.77 0.77 0.79 0.79 0.79 0.77 0.77 0.77 0.79 0.79 0.78

Panel B: Industry-level International Business Cycle
Volatility: Slope of log percent standard deviation

Output 0.73 0.21 0.30 0.37 0.24 0.32 0.38
Volatility: Slope of log standard deviation relative to industry output

Export -0.52 -6.68 -6.74 -6.75 -6.50 -6.55 -6.54
Import -0.69 -6.12 -6.08 -6.01 -5.92 -5.88 -5.82

Cyclicality: Slope of correlation to GDP
Output 0.23 0.44 0.41 0.38 0.38 0.35 0.33
Export 0.37 0.02 0.12 0.20 0.04 0.13 0.20
Import 0.26 0.35 0.27 0.20 0.32 0.24 0.18

Notes: All variables are HP filtered. The aggregate US data statistics are quarterly and seasonally adjusted. The
aggregate-level US quarterly data is from Federal Reserve Economic Data except for the number of entrants. The sample
period is from 1960:q1 to 2000:q4, that is the same as in Ambler et al. (2004). The number of entrants data are from private
sector establishment births in Bureau of Labor Statistics database. The sample period is from 1993:q2 to 2016:q4. The relative
standard deviation of number of entrants is relative to standard deviation GDP from 1993:q2 to 2016:q4. The industry-level
data are from Section 3. The slopes are the coefficients of economies of scale derived from marginal costs in regressions. (See
Column (2) in Tables 5 – 6 and 8 – 9 for the details.)

the standard deviation (relative to aggregate GDP) of consumption is larger than in the data. That is

because a near-unit root shock without spill-over and GHH preference lowers consumption smoothing.
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Thus, consumption becomes very persistent and volatile.36 In the model, exports and imports have very

similar standard deviations, and they are smaller than in the U.S. data. As in Ghironi and Melitz (2005),

an individual firm’s export decision depends on fixed export costs. For tractability, I omit sunk export

cost. While Alessandria and Choi (2007) find that the export cost structure in models plays a limited role

in business cycle patterns of net exports, introducing sunk export costs would generate more persistent

export and import flows. Thus, adding sunk export costs would be helpful to correct the low volatilities

of trade flows. More importantly, the model fails to reproduce the larger volatility of imports than that

of exports. In the model, extensive margins are more important in exports than in imports, but intensive

margins are more important in imports than in exports. Since the number of firms changes slowly, the

export process is more persistent than the import process. Thus, exports have a relatively large standard

deviation in the model.

The last part of Panel A reports cyclical properties within a country. All models successfully repro-

duce the observed patterns that imports are more procyclical than exports in which cost heterogeneity

and entry frictions play a vital role. First, allowing industry cost heterogeneity enhances the model’s

ability to reproduce quantitatively better cyclical patterns of export. In both Cases I and II, the models

with homogeneous industries tend to generate weakly procyclical exports, which is one of the problems

in GM models. Heterogeneous sloping marginal cost curves in Benchmark models make exports more

procyclical – more consistent with the data – than in models with a homogeneous linear cost function

through a within-firm market interdependence channel. Second, models with larger entry frictions repro-

duce more procylical exports and imports than models with smaller entry frictions. During a boom, great

firm entry implies large terms of labor appreciation (high costs in the more productive economy). Thus,

firms loose their competitiveness in both domestic and export markets due to high production costs. Firm

entry frictions mitigate these extensive margin channels. This mechanism explains why entry frictions

increase the procyclicality of trade flows in new trade open macro models regardless of cost structure.

In the data, consumption and labor are strongly procyclical. In Panel A, all models generate more

strongly correlated consumption and labor to GDP than the data. Indeed, correlations with GDP are near

perfect in the model. As discussed above, a near unit root shock lowers consumption smoothing. Thus,

consumption moves in the same direction as income (GDP). For tractability, a representative household

supplies labor. This and the GHH preference imply that labor supply depends only on wages. Hence,
36See Ghironi and Melitz (2005) for differences between a near-unit root shock without spill-over and a persistent shock with

spill-over introduced by Backus et al. (1992). See Raffo (2008) for details of GHH preference in international business cycle
models.
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labor is very strongly correlated to GDP.

Panel B in Table 12 illustrates how properties of heterogeneous international business cycles across

industries change when I vary the firm entry friction. My models with plausible entry frictions capture

the qualitative patterns in the six-digit NAICS U.S. manufacturing industries. Section 3 documents that

volatility of exports and imports decreases, but that of output increases in economies of scale derived

from marginal costs. Further, industry output, exports, and imports are more procyclical in industries

with large α than in industries with small α. The results of Case I and II are quantitatively very similar

and qualitatively equivalent, which implies that cross-country shock correlations have no major effect

on industry-level business cycle properties. Despite success at reproducing the qualitative patterns of

the industry-level business cycle, the models are less successful from the quantitative perspectives. My

empirical analysis reported in Column (2) of Tables 5 – 7 and 8 – 9 indicate that the models with ηE = 2.5

and 3 succeed in generating the slopes of cyclicality measures of output, exports, and imports. However,

all models fail to generate the slopes of volatility measures within the 99% confidence intervals. These

quantitative failures could be caused by the simplicity of the model. The model contains only two

industries, and uses only aggregate productivity shock.

During a home boom, cost advantages due to economies of scale increase Industry B’s output more

than Industry A’s output. Thus, industries with large α have more volatile and procyclical output than do

industries with small α. In industries with decreasing marginal costs (Industry B), world demands are

relatively more important than in industries with increasing marginal costs (IndustryA) because domestic

and export market demands are complements and substitute in industry B and A, respectively. Thus,

international goods trade dampens demand channels of domestic shocks in Industry B, but amplifies

in Industry A. Hence, exports and imports are fluctuated less in Industry B than in Industry A. That

channel serves to lower the slope of the output volatility measure in the models.

Section 6.2 explains why Industry A has less procyclical production than Industry B. The models

reproduce the empirical observation that the slope of the export cyclicality measure increases in entry

frictions. As I discussed in Section 6.2, there are two channels: cost advantages and export gains. During

a home boom, the cost advantage channel increases exports in Industry B relative to Industry A, and is

large when firms enter slowly. The export gain channel generates incentives for the home country to

be concentrated in Industry A rather than Industry B, which depends on reallocations of firms across

industries. Hence, increasing entry frictions causes the first channel to dominate the second channel.

These channels affect imports in the opposite way. The slopes of the cyclicality of exports and imports
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increases and decreases in entry frictions, respectively.

7 Concluding Remarks

An important question in international trade and macroeconomics has been a role of economies of scale.

However, formal international macroeconomy models generally neglect their sources. This paper distin-

guishes economies of scale into sloping marginal cost curves and nonproduction costs. I find that they

are differently associated with aggregate and industrial international business cycle fluctuations. These

results are intuitive because a flat marginal cost curve makes the domestic and export profits to be linearly

separable. Thus, there is no within-firm link between domestic demand and exports even a firm serves

in both domestic and export markets. However, a sloping marginal cost curve breaks the separability.

It causes that firm’s decisions in one market change its marginal costs of production that have impacts

on its decisions in the other market, which play a role as cross-industry and cross-country transmission

mechanisms.

I provide, first, a method to estimate the slopes of marginal cost curves. My approach relies on

cost minimization, free entry condition, and frictions. In the U.S., the slopes are related to the business

cycle properties of output, exports, and imports across narrowly defined industries. Second, I provide a

framework to study the marginal cost heterogeneity and its implications for the industry- and aggregate-

level dynamics. The within-firm market interdependence across domestic and export markets that arises

from different slopes enhances the internal propagation mechanisms of the model. The calibrated model

reproduces the industry-level business cycles that are consistent with the U.S. industry-level data. Also,

it delivers more strongly correlated business cycles across countries I interpret these findings as evidence

that sloping marginal cost curves and their variations across industries improve our understanding of the

international business cycle.
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Appendix

A Data and Measurement

A.1 Cost Share-weighted Growth Rate in Total, Production, Nonproduction Inputs

I construct the cost share-weighted growth rate in total inputs as in the previous literature. The zero profit
implies that the value of the shipment is the total cost. The capital input is real in the data. The material
input is the material cost divided by the price index. The total labor input is measured as the total hours
for production and nonproduction workers. Because the database does not cover hours for nonproduction
workers, the value for total hours is estimated following the method used in Baily, Hulten, Campbell,
Bresnahan and Caves (1992). I use averaged production labor and material cost shares in the total cost
over the beginning and ending years of the period of change. The capital cost share is calculated by the
remaining part of the sum of production labor and material cost shares. Also, I construct the cost share-
weighted growth rate in production and nonproduction inputs. The total hours for production workers
measure the production labor input. The ratio of nonproduction input to production input for labor is
calculated by the ratio of payroll for nonproduction workers to payroll for production workers. The data
contain the real capital and material but do not distinguish the production and nonproduction capital.
Thus, I assume that the ratio of nonproduction inputs to production inputs for capital and material equals
the ratio of nonproduction labor to production labor. The total production cost is the sum of costs of
production labor, capital, and material inputs. As in the above way constructing the cost share-weighted
growth rate in total inputs, the capital cost share in the total cost is constructed by as the remaining part
of the sum of production labor and material cost shares in the production cost.

A.2 Industry-level Macro and Trade Data: U.S. Manufacturers

A.2.1 Cost Structure Estimation

A data frequency is annual. I collect industry-level data in NBER-CES Manufacturing Industry Database
from 1958 to 2011.(See Bartelsman and Gray (1996) for the details.) I use the NAICS version.

Output I use the value of shipments deflated by the shipments deflator from the BEA.

Capital Input I use the real capital stock.

Labor Input The labor input is not actually correlated. The benchmark follows Baily et al. (1992). The
alternative uses the production workers’ hours.

Material Input I use the cost of materials deflated by the material cost deflator calculated using data
from the benchmark use-make (input-output) tables and the GDP-by-Industry data of the BEA.

A.2.2 International Business Cycle Estimation

A data frequency is annual. All variables are logarithmic and HP-filtered with parameter 6.25.
I construct the six-digit NAICS level U.S. export and import flows from following bilateral trade

data between the U.S. and its trading partners. I correct the bilateral trade data in Schott (2008). Schott
(2008) provides HS-level U.S. imports and exports data from 1989 to 2011. I convert the data to six digit
NAICS by using Pierce and Schott (2009).

62



Exports I use the exports deflated by the shipments deflator from the BEA.

Imports I use the c.i.f imports deflated by the shipments deflator from the BEA.

The delator is corrected from the NBER-CES Manufacturing Industry Database, which does not cover
the following industries: their six digit NAICS codes are 31131X, 31181X, 31511X, 32531X, 33631X,
and 33641X. In these case, I use the average price deflator of industries with the same five digit NAICS
group. 31131X: average of 311311–3. 31181X: average of 311811–3. 31511X: average of 315111 and
315119. 32531X: average of 325311–2 and 325314. 33631X: average of 336311–2. 33641X: average
of 336411–5 and 336419.

A.3 Aggregate U.S. Variables

The data frequency is quarterly. I use seasonally adjusted variables. All variables are logarithmic and
HP filtered with a smoothing parameter of 1600.

I collect aggregate GDP, consumption, investment, exports, imports, and labor data in Federal Re-
serve Economic Data (FRED). The sample period is from 1960:q1 to 2000:q4 to match Ambler et al.
(2004).

GDP GDPC1: Real Gross Domestic Product, Billions of Chained 2012 Dollars, Quarterly, Seasonally
Adjusted Annual Rate

Consumption PCECC96: Real Personal Consumption Expenditures, Billions of Chained 2012 Dollars,
Quarterly, Seasonally Adjusted Annual Rate

Investment GPDIC1: Real Gross Private Domestic Investment, Billions of Chained 2012 Dollars, Quar-
terly, Seasonally Adjusted Annual Rate

Exports EXPGSC1: Real Exports of Goods and Services, Billions of Chained 2012 Dollars, Quarterly,
Seasonally Adjusted Annual Rate

IMPGSC1 EXPGSCA: Real imports of goods and services, Billions of Chained 2012 Dollars, Quar-
terly, Seasonally Adjusted Annual Rate

The number of entrants data is from private sector establishment births in BLS database. The sam-
ple period is from 1993:q2 to 2017:q4. When calculating its standard deviation relative to GDP and
correlation to GDP, I use the real aggregate GDP from 1993:q2 to 2017:q4.

Number of Entrants I use private sector establishment births.

A.4 Cross-country Correlations

The data frequency is quarterly. International comovements data in Table ?? are from Table 5 and 1 in
Ambler et al. (2004). First, Data I is from the first column of Table 1 in Ambler et al. (2004) that is
the average cross-correlation for 20 countries during the sample period from 1960:q1 to 2000:q4. The
twenty countries in the sample are Australia, Austria, Canada, Denmark, Finland, France, Germany,
Greece, Italy, Japan, the Netherlands, New Zealand, Norway, Portugal, South Africa, Spain, Sweden,
Switzerland, the United Kingdom and the United States. Second, Data II is from the results for the
unweighted average of nine countries in Table 5 in Ambler et al. (2004) where the nine countries are:
Australia, Austria, Canada, France, Germany, Italy, Japan, Switzerland, and the United Kingdom. The
sample is from 1960:q1 to 2000:q4.
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B Instruments: Production Function Estimation

I use the following variables and their one-year lags.

Oil price shocks I collect monthly spot crude oil price: West Texas Intermediate (WTI) from FRED. As
in Hamilton (2003), I construct the proxy of oil shocks by using the value of the oil price at time t
relative to its largest value over the preceding 12 months: max

{
0, ln Oil pricet − ln Oil pricemaxt−12,t−1

}
where Oil pricemaxt−12,t−1 is the highest price of oil from t−12 and t−1. I use the real price of WTI
(based on CPI). The annual oil price shocks are the sum of the monthly shocks.

Growth rate of government defense spending A489RA3A086NBEA from FRED: Real federal gov-
ernment consumption expenditures: Defense consumption expenditures: Gross output of general
government: Intermediate goods and services purchased: Services (chain-type quantity index),
Index 2009=100, annual

Monetary policy shocks The measure of monetary shocks is based on a monthly VAR model including
the following log variables and 12 lags: the industrial production, the unemployment rate, the log
of the CPI, and the log of a commodity price index, the federal funds rate, and M1. All data are
from FRED. The error term from the fitted policy rule is the measure of the monetary shocks.
The annual shocks are the sum of the monthly shocks. Exogenous time dummies, excluding the
unemployment, and using T-bill interest rate instead of the federal fund rate have no impact on the
results.

President’s party

C Dropping Procedure

When I estimate the cost structure of industries, I drop some industries as follows. I drop 315211 and
315212 because calculated capital costs are negative in many years.37 I remove industries (311811,
326212, 334611, and 339116) that have zero value of shipments (no observation) at least once across the
sample period: making the balanced sample.

For each estimation, I drop negative value of γR, γy,R, α, and ε. Additionally, I drop the estimated
value as follows.

• Benchmark

– α is negative: I drop γR, γy,R, and α.

• Alternative

– γR is negative: I drop γR, α, and ε.

– γy,R is negative: I drop γy,R, α, and ε.

– I remove when α is larger than 5, which only happens when I use the alternative method.
The main drawback of the alternative is that α is sensitive when ε is closed to one.

37Data do not provide the capital costs, thus I use total costs minus other costs.
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Figure A1: Benchmark and Alternative Methods

Notes: The red lines are the fitted values by using OLS regressions.
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E Tables

Table A1: Relationship between Production and Nonproduction Inputs

Short-run: 1 Year Growth Long-run: 10 Year Growth
Unweighted Weighted Unweighted Weighted

Correlation Mean Median Mean Median Mean Median Mean Median
∆f (Xy) and ∆f (Xfc) 0.418 0.472 0.468 0.560 0.705 0.808 0.729 0.831

Notes: The number of observations is 467 industries. For the weighted results I use the over-time average of industry’s
fraction of unfiltered nominal value of shipments: weightsPY = (1/T )[

∑
t(P

s
t Y

s
t /
∑
s′ P

s′
t Y

s′
t )].

Table A2: Unweighted Estimated Cost Structures

Total SEOS LEOS
Mean Median Obs. Mean Median Obs. Mean Median Obs.

Panel A: Uninstrumented GMM
Benchmark: Equation (21)

NPCOST
PCOST 0.645 0.540 467 0.663 0.525 233 0.629 0.543 228
γR 1.208 1.237 461 1.061 1.078 233 1.359 1.338 228
γy,R 1.086 1.081 458 1.025 1.027 225 1.141 1.127 228
α 1.160 1.198 466 1.023 1.061 233 1.304 1.287 228

Alternative: Equations (22) and (23)
NPCOST
PCOST 0.645 0.540 467 0.654 0.521 216 0.636 0.546 250
γR 1.182 1.223 466 1.017 1.059 216 1.324 1.309 250
γy,R 0.952 0.992 466 0.812 0.845 216 1.073 1.085 250
α 1.158 1.031 401 0.876 0.780 168 1.361 1.194 233

Panel B: Instrumented GMM
Benchmark: Equation (21)

NPCOST
PCOST 0.645 0.540 467 0.668 0.543 247 0.620 0.534 200
γR 1.363 1.269 447 1.286 1.080 247 1.458 1.408 200
γy,R 1.135 1.094 450 1.061 1.028 241 1.205 1.164 200
α 1.199 1.201 461 1.054 1.071 247 1.404 1.351 200

Alternative: Equations (22) and (23)
NPCOST
PCOST 0.645 0.540 467 0.692 0.546 174 0.617 0.529 290
γR 1.248 1.267 464 0.994 1.016 174 1.400 1.358 290
γy,R 1.043 1.064 463 0.855 0.877 172 1.157 1.142 290
α 1.265 1.167 385 0.932 0.754 135 1.444 1.274 250

Notes: In Panel B, I use GMM with the demand side instruments to estimate cost structure. (See Appendix B for the details.)
See Table TA2 for the results for each six-digit NAICS industry.

66



Table A3: Unweighted Summary Statistics: Volatility

Total SEOS LEOS
output export import output export import output export import

Panel A: HP-filtered series
Nondurable mean 6.267 1.982 1.903 5.696 2.217 2.222 7.404 1.525 1.284

median 5.846 1.386 1.204 5.417 1.552 1.414 7.049 1.163 1.031
Durable mean 7.779 1.613 1.768 7.035 1.736 2.013 8.285 1.529 1.597

median 7.188 1.269 1.468 6.807 1.337 1.539 7.727 1.223 1.419
Total mean 7.151 1.759 1.821 6.345 1.978 2.118 8.019 1.528 1.513

median 6.697 1.320 1.395 6.092 1.403 1.487 7.449 1.222 1.258

Panel B: Growth rate
Nondurable mean 10.486 2.070 1.866 9.389 2.328 2.200 12.644 1.566 1.210

median 9.651 1.452 1.241 8.825 1.550 1.415 11.963 1.244 1.021
Durable mean 12.307 1.681 1.804 11.247 1.804 2.011 13.029 1.599 1.660

median 11.189 1.336 1.449 10.632 1.401 1.565 11.823 1.263 1.414
Total mean 11.551 1.835 1.828 10.290 2.067 2.106 12.913 1.590 1.539

median 10.674 1.384 1.380 9.755 1.496 1.501 11.849 1.260 1.289

Notes: The numbers of industries are equal to the numbers in Table 3. Volatilities of output are measured by standard
deviations in terms of percentage. Volatilities of imports and exports are measured by standard deviations relative to output.

Table A4: Unweighted Summary Statistics: Cylicality

Total SEOS LEOS
output export import output export import output export import

Panel A: HP-filtered series
Nondurable mean 0.351 0.241 0.429 0.333 0.218 0.389 0.389 0.276 0.509

median 0.360 0.244 0.495 0.352 0.244 0.474 0.421 0.242 0.528
Durable mean 0.533 0.410 0.552 0.470 0.340 0.504 0.576 0.462 0.586

median 0.574 0.465 0.622 0.505 0.401 0.574 0.641 0.534 0.667
Total mean 0.457 0.343 0.503 0.400 0.279 0.447 0.520 0.412 0.565

median 0.505 0.386 0.573 0.438 0.326 0.518 0.570 0.456 0.625

Panel B: Growth rate
Nondurable mean 0.365 0.244 0.432 0.345 0.226 0.393 0.407 0.270 0.514

median 0.358 0.265 0.473 0.357 0.260 0.448 0.381 0.284 0.550
Durable mean 0.512 0.372 0.523 0.452 0.308 0.473 0.554 0.420 0.559

median 0.549 0.396 0.595 0.475 0.328 0.537 0.594 0.469 0.619
Total mean 0.451 0.322 0.487 0.397 0.267 0.433 0.509 0.380 0.547

median 0.487 0.342 0.555 0.419 0.278 0.499 0.550 0.403 0.607

Notes: The numbers of industries are equal to the numbers in Table 4. Cyclicalities are correlations to the aggregated business
cycle component of outputs that is the average of individual industry’s business cycle component of the real value of
shipments, which is weighted by using the unfiltered real output share in each year.
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Table A5: Regression Results: Alternative Cyclicality of Output and Market Structures

Correlation to the Business Cycle Component of GDP
HP-filtered Series Growth rates

(1) (2) (3) (4) (5) (6) (7) (8)
b1 : EOSMC 0.214∗∗∗ 0.211∗∗∗ 0.266∗∗∗ 0.269∗∗∗ 0.228∗∗∗ 0.233∗∗∗ 0.295∗∗∗ 0.287∗∗∗

(0.055) (0.056) (0.069) (0.069) (0.050) (0.052) (0.063) (0.063)
b1,D : D × EOSMC -0.002 -0.007 -0.010 0.019

(0.110) (0.113) (0.100) (0.103)
b2 : EOSNC -0.438∗∗∗ -0.351∗∗∗ 0.110 0.160 -0.380∗∗∗ -0.319∗∗∗ 0.175∗ 0.173∗

(0.053) (0.060) (0.102) (0.106) (0.049) (0.055) (0.092) (0.096)
b2,D : D × EOSNC -0.625∗∗∗ -0.715∗∗∗ -0.668∗∗∗ -0.664∗∗∗

(0.113) (0.127) (0.103) (0.115)
b3 : ln ε -0.028 -0.028 -0.037∗ -0.074∗∗ -0.032 -0.033∗ -0.042∗∗ -0.073∗∗∗

(0.022) (0.022) (0.021) (0.030) (0.020) (0.020) (0.019) (0.028)
b3,D : D × ln ε 0.075∗ 0.056

(0.042) (0.038)
b4 : ln θm 0.197∗∗∗ 0.213∗∗∗ 0.265∗∗∗ 0.137∗∗ 0.154∗∗∗ 0.107

(0.065) (0.063) (0.091) (0.060) (0.057) (0.082)
b3,D : D × ln ε -0.126 0.072

(0.126) (0.115)
b5 : Constant 0.668∗∗∗ 0.715∗∗∗ 0.482∗∗∗ 0.482∗∗∗ 0.600∗∗∗ 0.641∗∗∗ 0.391∗∗∗ 0.349∗∗∗

(0.033) (0.047) (0.063) (0.072) (0.030) (0.043) (0.057) (0.065)
b5,D : D 0.074∗∗∗ 0.393∗∗∗ 0.378∗∗∗ 0.036 0.377∗∗∗ 0.442∗∗∗

(0.028) (0.065) (0.089) (0.026) (0.059) (0.080)

Observations 351 351 351 351 351 351 351 351
R2 0.194 0.233 0.294 0.303 0.196 0.214 0.299 0.304

Notes: Robust standard errors are in parentheses. ∗ p < 0.10, ∗∗ p < 0.05, ∗∗∗ p < 0.01. All results are weighted by using
the over-time average output share of industry defined in Equation (25). The real GDP data are from the Penn World Table 9.0.
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Table A6: Regression Results: Alternative Cyclicality of Export and Market Structures

Correlation to the Business Cycle Component of GDP
HP-filtered Series Growth rates

(1) (2) (3) (4) (5) (6) (7) (8)
b1 : EOSMC 0.362∗∗∗ 0.363∗∗∗ 0.338∗∗∗ 0.341∗∗∗ 0.341∗∗∗ 0.333∗∗∗ 0.302∗∗∗ 0.296∗∗∗

(0.064) (0.067) (0.086) (0.087) (0.054) (0.057) (0.072) (0.072)
b1,D : D × EOSMC 0.088 0.080 0.112 0.134

(0.137) (0.142) (0.115) (0.118)
b2 : EOSNC -0.163∗∗∗ -0.101 -0.037 -0.021 0.041 0.032 0.128 0.120

(0.063) (0.071) (0.126) (0.133) (0.052) (0.060) (0.106) (0.111)
b2,D : D × EOSNC -0.097 -0.125 -0.143 -0.128

(0.141) (0.159) (0.118) (0.133)
b3 : ln ε -0.067∗∗∗ -0.068∗∗∗ -0.068∗∗∗ -0.074∗ -0.067∗∗∗ -0.066∗∗∗ -0.066∗∗∗ -0.083∗∗∗

(0.026) (0.026) (0.026) (0.038) (0.022) (0.022) (0.022) (0.032)
b3,D : D × ln ε 0.012 0.029

(0.052) (0.044)
b4 : ln θm 0.141∗ 0.148∗ 0.174 -0.020 -0.010 -0.050

(0.078) (0.079) (0.113) (0.066) (0.066) (0.095)
b3,D : D × ln ε -0.053 0.068

(0.158) (0.132)
b5 : Constant 0.331∗∗∗ 0.370∗∗∗ 0.343∗∗∗ 0.351∗∗∗ 0.151∗∗∗ 0.136∗∗∗ 0.094 0.065

(0.039) (0.056) (0.078) (0.090) (0.032) (0.047) (0.065) (0.075)
b5,D : D 0.044 0.083 0.066 0.011 0.071 0.119

(0.033) (0.080) (0.111) (0.028) (0.067) (0.093)
Observations 351 351 351 351 351 351 351 351
R2 0.123 0.136 0.138 0.139 0.140 0.141 0.146 0.148

Notes: Robust standard errors are in parentheses. ∗ p < 0.10, ∗∗ p < 0.05, ∗∗∗ p < 0.01. All results are weighted by using
the over-time average output share of industry defined in Equation (25). The real GDP data are from the Penn World Table 9.0.
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Table A7: Regression Results: Alternative Cyclicality of Import and Market Structures

Correlation to the Business Cycle Component of GDP
HP-filtered Series Growth rates

(1) (2) (3) (4) (5) (6) (7) (8)
b1 : EOSMC 0.212∗∗∗ 0.247∗∗∗ 0.263∗∗∗ 0.291∗∗∗ 0.119∗∗ 0.138∗∗ 0.175∗∗ 0.175∗∗

(0.061) (0.062) (0.078) (0.077) (0.053) (0.055) (0.070) (0.070)
b1,D : D × EOSMC 0.009 -0.079 -0.017 -0.012

(0.125) (0.126) (0.111) (0.114)
b2 : EOSNC -0.343∗∗∗ -0.173∗∗∗ -0.015 0.136 -0.159∗∗∗ -0.073 0.185∗ 0.233∗∗

(0.060) (0.065) (0.115) (0.118) (0.052) (0.059) (0.103) (0.107)
b2,D : D × EOSNC -0.216∗ -0.491∗∗∗ -0.347∗∗∗ -0.433∗∗∗

(0.129) (0.142) (0.114) (0.128)
b3 : ln ε 0.000 -0.005 -0.008 -0.043 -0.012 -0.015 -0.020 -0.066∗∗

(0.025) (0.024) (0.024) (0.034) (0.021) (0.021) (0.021) (0.031)
b3,D : D × ln ε 0.086∗ 0.091∗∗

(0.046) (0.042)
b4 : ln θm 0.385∗∗∗ 0.391∗∗∗ 0.658∗∗∗ 0.196∗∗∗ 0.204∗∗∗ 0.238∗∗∗

(0.071) (0.072) (0.101) (0.064) (0.064) (0.091)
b3,D : D × ln ε -0.546∗∗∗ -0.097

(0.141) (0.127)
b5 : Constant 0.669∗∗∗ 0.809∗∗∗ 0.730∗∗∗ 0.831∗∗∗ 0.560∗∗∗ 0.633∗∗∗ 0.502∗∗∗ 0.487∗∗∗

(0.037) (0.051) (0.071) (0.080) (0.032) (0.046) (0.063) (0.072)
b5,D : D 0.056∗ 0.164∗∗ -0.034 0.025 0.204∗∗∗ 0.212∗∗

(0.031) (0.073) (0.099) (0.027) (0.065) (0.089)
Observations 351 351 351 351 351 351 351 351
R2 0.108 0.188 0.195 0.234 0.040 0.069 0.093 0.106

Notes: Robust standard errors are in parentheses. ∗ p < 0.10, ∗∗ p < 0.05, ∗∗∗ p < 0.01. All results are weighted by using
the over-time average output share of industry defined in Equation (25). The real GDP data are from the Penn World Table 9.0.
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F Technical Appendix

F.1 Steady State Export Cutoff

In the steady state, all factor prices are identical across industries because the adjustment cost structures

imply fully flexible cross-industry reallocations of factors in the long run. For convenience, Define Υs
N

and Υs
X as follows.

Υs
N =

(
EDs

X

EDs
N

)(αs−1)ζs+1

− 1

Υs
X =

(
EDs

X

EDs
N

)−(αs−1)ζs

Υs
N =

(
EDs

X

EDs
N

)
−
(
EDs

X

EDs
N

)−(αs−1)ζs

egs = Υs
N/Υ

s
X is the ratio of non-exporter’s marginal costs to exporter’s marginal costs, which repre-

sents the steady state efficiency export gains. αs > 1 causes the gains, so egs = Υs
N/Υ

s
X > 1. Without

economies of scale - αs = 1 -, egs = Υs
N/Υ

s
X = 1 In the symmetric country case, Υs

N = Υs∗
N =(

1 + τ1−θ)(αs−1)ζs+1 − 1 that is increasing in αs.

The export cutoff can be rewritten by

πsX (zsX) +
fsXw

αs (Zs)
1
αs

+ πsD,X (zsX)− πsD,N (zsX) =
fsXw

αs (Zs)
1
αs

π̃sX + π̃sD,X − πsD,N (z̃sX) =
[
(νs)ζ

s

− 1
] fsXw

αs (Zs)
1
αs

(TA1)

where νs = [ks/ (ks − ζs)]1/ζ
s

z̃sX = νszsX and z̃sN = νszsN . The profit functions yield

πsD,N (z̃sX) =
(νs)ζ

s

Υs
N

f sXw

αs (Zs)
1
αs
. (TA2)

Equivalently, I obtain that

πsD,X (z̃sX) = π̃sD,X =
(νs)ζ

s

Υs
X

fsXw

αs (Zs)
1
αs
, (TA3)

because I define Υs
N and Υs

X subject to egs = πsD,X (·) /πsD,N (·) = Υs
N/Υ

s
X .

The free entry condition implies that[
1−

(
νs

z̃sX

)ks]
π̃sD,N + (νs/z̃sX)k

s (
π̃sD,X + π̃sX

)
=

[
1

β (1− δ)
− 1

]
fsEw

αs (Zs)
1
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. (TA4)

where π̃sD,N = πsD,N (z̃sN ). By using Equation (TA2) and z̃sN = z̃sX

{[
1− (z̃sX/ν

s)k
s−ζs

]
/
[
1− (z̃sX/ν

s)k
s
]}1/ζs

,
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I obtain that[
1
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Finally, I obtain the following equation that only depends on the export cutoff - z̃sX -, exogenous

variables, and parameters.[
1

β (1− δ)
− 1

]
fsE
fsX

=
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s
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(
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The symmetric country case, ρs = Qρs∗ and QD∗ = D. Υs
N =

(
1 + τ1−θ)(αs−1)ζs+1 − 1 is constant.

Thus, the above equation is the unique implicit steady state solution to the cutoff. Equation (TA6) can

be rewritten by

[
1
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(
N s
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N s
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](N s

X

N s
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. (TA7)

Interestingly, the fraction of exporter does not depend on the other industry’s characteristics in the steady

state.

F.2 Tables

Table TA1: Industry Groups

Uninstrumented Uninstrumented
6 Digit NAICS Benchmark Alternative Benchmark Alternative Classification

311 Food Manufacturing non-durable
311111 SEOS SEOS SEOS SEOS
311119 SEOS SEOS SEOS
311211 SEOS SEOS SEOS SEOS
311212 SEOS SEOS SEOS SEOS
311213 SEOS SEOS SEOS
311221 SEOS SEOS
311222 SEOS SEOS SEOS
311223 SEOS SEOS LEOS LEOS
311225 SEOS SEOS SEOS SEOS
311230 SEOS SEOS SEOS SEOS
311311 SEOS SEOS SEOS SEOS

Continued on next page
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Table TA1 – continued from previous page

Uninstrumented Uninstrumented
6 Digit NAICS Benchmark Alternative Benchmark Alternative Classification

311312 SEOS SEOS SEOS SEOS
311313 SEOS SEOS SEOS SEOS
311320 SEOS SEOS SEOS SEOS
311330 SEOS SEOS SEOS SEOS
311340 SEOS SEOS SEOS SEOS
311411 SEOS SEOS SEOS SEOS
311412 SEOS SEOS SEOS LEOS
311421 SEOS SEOS SEOS SEOS
311422 SEOS SEOS LEOS LEOS
311423 LEOS SEOS LEOS LEOS
311511 SEOS SEOS SEOS SEOS
311512 SEOS SEOS SEOS
311513 SEOS SEOS SEOS
311514 SEOS SEOS SEOS
311520 SEOS SEOS SEOS SEOS
311611 SEOS SEOS SEOS
311612 SEOS SEOS SEOS SEOS
311613 SEOS SEOS SEOS SEOS
311615 SEOS SEOS SEOS SEOS
311711 SEOS SEOS SEOS SEOS
311712 SEOS SEOS SEOS SEOS
311812 SEOS SEOS SEOS SEOS
311813 LEOS LEOS LEOS LEOS
311821 SEOS SEOS SEOS
311822 SEOS SEOS SEOS SEOS
311823 SEOS SEOS SEOS LEOS
311830 LEOS LEOS SEOS LEOS
311911 SEOS SEOS SEOS LEOS
311919 SEOS SEOS SEOS SEOS
311920
311930 SEOS SEOS SEOS SEOS
311941 LEOS LEOS LEOS LEOS
311942 LEOS LEOS LEOS LEOS
311991 LEOS LEOS LEOS LEOS
311999 LEOS LEOS LEOS LEOS

312 Beverage and Tobacco Product Manufacturing non-durable
312111 SEOS SEOS SEOS SEOS
312112 SEOS SEOS SEOS SEOS
312113 SEOS SEOS SEOS SEOS

Continued on next page
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Table TA1 – continued from previous page

Uninstrumented Uninstrumented
6 Digit NAICS Benchmark Alternative Benchmark Alternative Classification

312120 SEOS SEOS
312130 SEOS SEOS SEOS
312140 SEOS SEOS SEOS SEOS
312210 SEOS SEOS SEOS SEOS
312221 SEOS SEOS SEOS SEOS
312229 SEOS SEOS SEOS SEOS

313 Textile Mills non-durable
313111 SEOS SEOS SEOS SEOS
313112 SEOS SEOS SEOS SEOS
313113 LEOS LEOS LEOS LEOS
313210 SEOS SEOS LEOS LEOS
313221 SEOS SEOS SEOS SEOS
313222 LEOS LEOS LEOS LEOS
313230 SEOS SEOS SEOS SEOS
313241 LEOS LEOS SEOS LEOS
313249 LEOS LEOS LEOS LEOS
313311 SEOS SEOS SEOS SEOS
313312 LEOS LEOS SEOS SEOS
313320 LEOS LEOS LEOS LEOS

314 Textile Product Mills non-durable
314110 SEOS SEOS LEOS LEOS
314121 LEOS LEOS SEOS LEOS
314129 LEOS LEOS SEOS LEOS
314911 SEOS SEOS SEOS SEOS
314912 LEOS LEOS SEOS SEOS
314991 SEOS SEOS SEOS LEOS
314992 SEOS SEOS SEOS SEOS
314999 LEOS LEOS LEOS LEOS

315 Apparel Manufacturing non-durable
315111 LEOS LEOS SEOS SEOS
315119 LEOS LEOS SEOS SEOS
315191 LEOS LEOS SEOS LEOS
315192 LEOS LEOS LEOS LEOS
315221 LEOS LEOS LEOS LEOS
315222 LEOS LEOS SEOS SEOS
315223 LEOS LEOS LEOS LEOS
315224 LEOS LEOS LEOS LEOS
315225 LEOS LEOS SEOS SEOS
315228 LEOS LEOS SEOS SEOS

Continued on next page
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Table TA1 – continued from previous page

Uninstrumented Uninstrumented
6 Digit NAICS Benchmark Alternative Benchmark Alternative Classification

315231 LEOS LEOS LEOS LEOS
315232 SEOS SEOS SEOS LEOS
315233 LEOS LEOS SEOS LEOS
315234 SEOS LEOS LEOS LEOS
315239 LEOS LEOS LEOS LEOS
315291 LEOS LEOS LEOS LEOS
315292 SEOS SEOS SEOS SEOS
315299 LEOS SEOS LEOS LEOS
315991 SEOS SEOS SEOS SEOS
315992 SEOS SEOS SEOS SEOS
315993 SEOS SEOS SEOS SEOS
315999 LEOS LEOS LEOS LEOS

316 Leather and Allied Product Manufacturing non-durable
316110 SEOS SEOS SEOS SEOS
316211 SEOS SEOS SEOS SEOS
316212 LEOS LEOS SEOS LEOS
316213 LEOS LEOS SEOS SEOS
316214 LEOS LEOS SEOS SEOS
316219 LEOS LEOS SEOS LEOS
316991 SEOS SEOS SEOS SEOS
316992 LEOS LEOS LEOS LEOS
316993 SEOS SEOS SEOS SEOS
316999 LEOS LEOS SEOS SEOS

321 Wood Product Manufacturing durable
321113 SEOS SEOS SEOS SEOS
321114 SEOS SEOS SEOS SEOS
321211 SEOS SEOS SEOS LEOS
321212 SEOS LEOS SEOS SEOS
321213 LEOS LEOS LEOS LEOS
321214 LEOS LEOS SEOS SEOS
321219 SEOS SEOS SEOS SEOS
321911 LEOS LEOS SEOS LEOS
321912 SEOS SEOS SEOS LEOS
321918 LEOS LEOS LEOS LEOS
321920 SEOS SEOS SEOS SEOS
321991 LEOS LEOS LEOS LEOS
321992 LEOS LEOS LEOS LEOS
321999 SEOS SEOS SEOS SEOS

322 Paper Manufacturing non-durable
Continued on next page
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Table TA1 – continued from previous page

Uninstrumented Uninstrumented
6 Digit NAICS Benchmark Alternative Benchmark Alternative Classification

322110 SEOS SEOS SEOS SEOS
322121 SEOS LEOS LEOS
322122 SEOS SEOS SEOS SEOS
322130 SEOS SEOS SEOS LEOS
322211 SEOS SEOS SEOS SEOS
322212 SEOS SEOS SEOS LEOS
322213 SEOS SEOS SEOS SEOS
322214 LEOS LEOS LEOS LEOS
322215 SEOS SEOS SEOS LEOS
322221 SEOS SEOS SEOS LEOS
322222 LEOS LEOS LEOS LEOS
322223 SEOS SEOS LEOS LEOS
322224 SEOS SEOS SEOS SEOS
322225 LEOS LEOS LEOS LEOS
322226 SEOS SEOS LEOS LEOS
322231 LEOS LEOS LEOS LEOS
322232 LEOS LEOS LEOS LEOS
322233 SEOS SEOS SEOS SEOS
322291 LEOS LEOS LEOS LEOS
322299 LEOS LEOS LEOS LEOS

323 Printing and Related Support Activities non-durable
323110 LEOS LEOS SEOS LEOS
323111 LEOS LEOS SEOS LEOS
323112 LEOS LEOS LEOS LEOS
323113 SEOS SEOS SEOS SEOS
323114 SEOS SEOS SEOS LEOS
323115 LEOS LEOS LEOS LEOS
323116 LEOS LEOS LEOS LEOS
323117 SEOS SEOS SEOS SEOS
323118 LEOS LEOS SEOS SEOS
323119 SEOS SEOS SEOS LEOS
323121 SEOS SEOS SEOS SEOS
323122 SEOS SEOS LEOS LEOS

324 Petroleum and Coal Products Manufacturing non-durable
324110 SEOS SEOS SEOS SEOS
324121 SEOS SEOS LEOS LEOS
324122 SEOS LEOS LEOS
324191 SEOS SEOS LEOS LEOS

Continued on next page
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Table TA1 – continued from previous page

Uninstrumented Uninstrumented
6 Digit NAICS Benchmark Alternative Benchmark Alternative Classification

324199 SEOS SEOS SEOS SEOS
325 Chemical Manufacturing non-durable

325110 SEOS SEOS SEOS LEOS
325120 LEOS LEOS LEOS LEOS
325131 SEOS SEOS SEOS SEOS
325132 SEOS SEOS SEOS SEOS
325181 LEOS LEOS SEOS SEOS
325182 SEOS SEOS LEOS LEOS
325188 LEOS LEOS LEOS LEOS
325191 SEOS SEOS SEOS SEOS
325192 SEOS SEOS SEOS LEOS
325193 SEOS SEOS SEOS SEOS
325199 SEOS SEOS SEOS LEOS
325211 SEOS SEOS SEOS LEOS
325212 SEOS SEOS SEOS SEOS
325221 LEOS SEOS SEOS SEOS
325222 SEOS SEOS LEOS LEOS
325311 SEOS SEOS SEOS SEOS
325312 SEOS SEOS LEOS LEOS
325314 SEOS SEOS LEOS LEOS
325320 SEOS SEOS SEOS SEOS
325411 LEOS LEOS LEOS LEOS
325412 SEOS SEOS LEOS LEOS
325413 LEOS LEOS SEOS SEOS
325414 SEOS LEOS SEOS SEOS
325510 SEOS SEOS SEOS LEOS
325520 SEOS SEOS LEOS LEOS
325611 SEOS SEOS SEOS SEOS
325612 SEOS SEOS SEOS SEOS
325613 SEOS SEOS LEOS LEOS
325620 SEOS SEOS SEOS SEOS
325910 SEOS SEOS LEOS LEOS
325920 LEOS LEOS LEOS LEOS
325991 SEOS LEOS LEOS LEOS
325992 SEOS SEOS SEOS SEOS
325998 SEOS SEOS LEOS LEOS

326 Plastics and Rubber Products Manufacturing non-durable
326111 SEOS SEOS SEOS SEOS
326112 SEOS SEOS SEOS LEOS
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Uninstrumented Uninstrumented
6 Digit NAICS Benchmark Alternative Benchmark Alternative Classification

326113 LEOS LEOS LEOS
326121 LEOS LEOS LEOS LEOS
326122 SEOS SEOS LEOS LEOS
326130 LEOS LEOS SEOS LEOS
326140 SEOS SEOS LEOS LEOS
326150 LEOS LEOS LEOS LEOS
326160 SEOS SEOS LEOS LEOS
326191 LEOS LEOS LEOS LEOS
326192 LEOS LEOS LEOS LEOS
326199 LEOS LEOS LEOS
326211 SEOS SEOS LEOS LEOS
326220 LEOS LEOS LEOS LEOS
326291 LEOS LEOS SEOS LEOS
326299 LEOS LEOS LEOS LEOS

327 Nonmetallic Mineral Product Manufacturing durable
327111 LEOS LEOS LEOS
327112 LEOS SEOS SEOS SEOS
327113 LEOS LEOS LEOS LEOS
327121 LEOS LEOS SEOS LEOS
327122 SEOS SEOS SEOS SEOS
327123 SEOS SEOS SEOS SEOS
327124 LEOS LEOS LEOS LEOS
327125 LEOS LEOS LEOS LEOS
327211 SEOS LEOS SEOS LEOS
327212 SEOS SEOS LEOS LEOS
327213 SEOS SEOS SEOS SEOS
327215 SEOS LEOS LEOS LEOS
327310 SEOS LEOS SEOS LEOS
327320 LEOS LEOS LEOS LEOS
327331 LEOS LEOS SEOS SEOS
327332 LEOS LEOS LEOS LEOS
327390 LEOS LEOS LEOS LEOS
327410 SEOS SEOS LEOS LEOS
327420 LEOS LEOS SEOS LEOS
327910 LEOS LEOS LEOS LEOS
327991 LEOS LEOS LEOS LEOS
327992 SEOS SEOS SEOS SEOS
327993 LEOS LEOS LEOS LEOS
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Uninstrumented Uninstrumented
6 Digit NAICS Benchmark Alternative Benchmark Alternative Classification

327999 SEOS SEOS SEOS SEOS
331 Primary Metal Manufacturing durable

331111 SEOS LEOS SEOS LEOS
331112 SEOS SEOS SEOS LEOS
331210 LEOS LEOS LEOS LEOS
331221 LEOS LEOS LEOS LEOS
331222 LEOS LEOS LEOS
331311 SEOS SEOS SEOS SEOS
331312 SEOS SEOS SEOS LEOS
331314 SEOS SEOS SEOS SEOS
331315 SEOS SEOS LEOS LEOS
331316 SEOS SEOS LEOS LEOS
331319 LEOS LEOS LEOS LEOS
331411 SEOS SEOS SEOS SEOS
331419 SEOS SEOS SEOS SEOS
331421 SEOS SEOS LEOS LEOS
331422 SEOS SEOS SEOS SEOS
331423 SEOS SEOS SEOS SEOS
331491 SEOS SEOS SEOS LEOS
331492 SEOS SEOS SEOS SEOS
331511 LEOS LEOS SEOS LEOS
331512 LEOS LEOS SEOS LEOS
331513 LEOS LEOS SEOS LEOS
331521 SEOS LEOS LEOS LEOS
331522 LEOS LEOS LEOS LEOS
331524 LEOS LEOS LEOS LEOS
331525 SEOS SEOS SEOS SEOS
331528 SEOS SEOS SEOS SEOS

332 Fabricated Metal Product Manufacturing durable
332111 LEOS LEOS LEOS LEOS
332112 SEOS SEOS SEOS SEOS
332114 SEOS SEOS LEOS LEOS
332115 LEOS LEOS LEOS LEOS
332116 LEOS LEOS LEOS LEOS
332117 LEOS SEOS SEOS SEOS
332211 SEOS SEOS LEOS LEOS
332212 LEOS LEOS LEOS LEOS
332213 SEOS SEOS LEOS LEOS
332214 SEOS LEOS SEOS SEOS
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Uninstrumented Uninstrumented
6 Digit NAICS Benchmark Alternative Benchmark Alternative Classification

332311 SEOS SEOS LEOS LEOS
332312 SEOS SEOS SEOS SEOS
332313 LEOS SEOS SEOS SEOS
332321 LEOS LEOS LEOS LEOS
332322 LEOS LEOS LEOS LEOS
332323 SEOS LEOS LEOS LEOS
332410 SEOS LEOS SEOS SEOS
332420 LEOS LEOS SEOS SEOS
332431 SEOS SEOS SEOS
332439 SEOS SEOS LEOS LEOS
332510 LEOS LEOS LEOS LEOS
332611 LEOS LEOS LEOS LEOS
332612 LEOS LEOS LEOS LEOS
332618 LEOS LEOS LEOS LEOS
332710 SEOS LEOS SEOS LEOS
332721 LEOS LEOS LEOS LEOS
332722 LEOS LEOS LEOS LEOS
332811 SEOS LEOS LEOS LEOS
332812 SEOS SEOS SEOS SEOS
332813 LEOS LEOS LEOS LEOS
332911 LEOS LEOS SEOS LEOS
332912 LEOS LEOS LEOS LEOS
332913 LEOS LEOS LEOS LEOS
332919 LEOS LEOS LEOS LEOS
332991 LEOS LEOS SEOS LEOS
332992 SEOS SEOS SEOS SEOS
332993 LEOS LEOS SEOS SEOS
332994 SEOS LEOS SEOS SEOS
332995 SEOS SEOS SEOS SEOS
332996 LEOS SEOS SEOS LEOS
332997 LEOS LEOS LEOS LEOS
332998 LEOS LEOS LEOS LEOS
332999 SEOS SEOS SEOS LEOS

333 - Machinery manufacturing durable
333111 LEOS LEOS SEOS SEOS
333112 LEOS LEOS LEOS LEOS
333120 SEOS LEOS SEOS LEOS
333131 LEOS LEOS SEOS LEOS
333132 LEOS LEOS LEOS LEOS
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Uninstrumented Uninstrumented
6 Digit NAICS Benchmark Alternative Benchmark Alternative Classification

333210 LEOS LEOS LEOS LEOS
333220 LEOS LEOS LEOS LEOS
333291 SEOS SEOS SEOS SEOS
333292 LEOS LEOS LEOS LEOS
333293 LEOS LEOS SEOS LEOS
333294 LEOS LEOS LEOS LEOS
333295 LEOS LEOS SEOS SEOS
333298 LEOS LEOS LEOS LEOS
333311 LEOS LEOS LEOS LEOS
333312 SEOS SEOS SEOS SEOS
333313 SEOS SEOS LEOS LEOS
333314 LEOS LEOS SEOS LEOS
333315 SEOS SEOS SEOS LEOS
333319 LEOS LEOS LEOS LEOS
333411 SEOS SEOS LEOS LEOS
333412 SEOS SEOS SEOS LEOS
333414 LEOS LEOS SEOS LEOS
333415 LEOS LEOS LEOS LEOS
333511 LEOS LEOS LEOS
333512 LEOS LEOS SEOS LEOS
333513 LEOS LEOS LEOS LEOS
333514 LEOS LEOS SEOS LEOS
333515 LEOS LEOS LEOS LEOS
333516 LEOS LEOS SEOS SEOS
333518 LEOS LEOS SEOS SEOS
333611 SEOS SEOS SEOS SEOS
333612 LEOS LEOS SEOS LEOS
333613 LEOS LEOS LEOS LEOS
333618 LEOS LEOS LEOS LEOS
333911 LEOS LEOS SEOS SEOS
333912 SEOS SEOS LEOS LEOS
333913 SEOS SEOS LEOS LEOS
333921 SEOS SEOS SEOS LEOS
333922 LEOS LEOS LEOS LEOS
333923 LEOS LEOS LEOS LEOS
333924 LEOS LEOS LEOS LEOS
333991 LEOS LEOS SEOS LEOS
333992 SEOS SEOS SEOS LEOS
333993 LEOS LEOS SEOS LEOS
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Uninstrumented Uninstrumented
6 Digit NAICS Benchmark Alternative Benchmark Alternative Classification

333994 LEOS LEOS SEOS LEOS
333995 SEOS SEOS LEOS LEOS
333996 LEOS LEOS LEOS LEOS
333997 SEOS LEOS LEOS LEOS
333999 SEOS SEOS SEOS SEOS

334 Computer and Electronic Product Manufacturing durable
334111 LEOS LEOS SEOS SEOS
334112 SEOS SEOS LEOS LEOS
334113 LEOS LEOS LEOS LEOS
334119 SEOS SEOS SEOS SEOS
334210 LEOS LEOS LEOS LEOS
334220 SEOS SEOS SEOS SEOS
334290 LEOS LEOS SEOS SEOS
334310 SEOS SEOS SEOS SEOS
334411 SEOS LEOS LEOS LEOS
334412 LEOS LEOS SEOS SEOS
334413 LEOS LEOS SEOS LEOS
334414 LEOS LEOS SEOS SEOS
334415 LEOS LEOS LEOS LEOS
334416 LEOS LEOS LEOS LEOS
334417 LEOS SEOS LEOS LEOS
334418 LEOS LEOS SEOS SEOS
334419 SEOS SEOS SEOS
334510 SEOS SEOS SEOS SEOS
334511 SEOS SEOS SEOS SEOS
334512 LEOS LEOS LEOS LEOS
334513 SEOS LEOS SEOS SEOS
334514 SEOS LEOS LEOS LEOS
334515 LEOS LEOS LEOS LEOS
334516 LEOS LEOS SEOS LEOS
334517 SEOS LEOS SEOS SEOS
334518 LEOS SEOS SEOS LEOS
334519 SEOS SEOS SEOS SEOS
334612 SEOS SEOS SEOS SEOS
334613 SEOS SEOS SEOS SEOS

335 Electrical Equipment, Appliance, and Component Manufacturing durable
335110 LEOS LEOS LEOS LEOS
335121 LEOS SEOS LEOS LEOS
335122 LEOS LEOS LEOS LEOS
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Uninstrumented Uninstrumented
6 Digit NAICS Benchmark Alternative Benchmark Alternative Classification

335129 LEOS LEOS LEOS LEOS
335211 SEOS LEOS SEOS SEOS
335212 LEOS LEOS LEOS LEOS
335221 SEOS SEOS SEOS SEOS
335222 SEOS SEOS SEOS SEOS
335224 LEOS LEOS LEOS LEOS
335228 SEOS LEOS SEOS LEOS
335311 LEOS LEOS LEOS LEOS
335312 LEOS LEOS LEOS LEOS
335313 LEOS LEOS LEOS LEOS
335314 LEOS LEOS LEOS LEOS
335911 SEOS SEOS SEOS LEOS
335912 SEOS SEOS SEOS SEOS
335921 SEOS SEOS SEOS SEOS
335929 SEOS SEOS SEOS LEOS
335931 LEOS LEOS LEOS LEOS
335932 LEOS LEOS LEOS LEOS
335991 SEOS LEOS LEOS LEOS
335999 LEOS LEOS LEOS

336 Transportation Equipment Manufacturing durable
336111 LEOS LEOS SEOS LEOS
336112 SEOS LEOS LEOS LEOS
336120 LEOS LEOS SEOS LEOS
336211 SEOS LEOS SEOS LEOS
336212 LEOS LEOS LEOS LEOS
336213 LEOS LEOS LEOS LEOS
336214 LEOS LEOS LEOS LEOS
336311 LEOS LEOS SEOS LEOS
336312 SEOS LEOS LEOS LEOS
336321 SEOS LEOS SEOS LEOS
336322 LEOS LEOS SEOS LEOS
336330 LEOS LEOS LEOS LEOS
336340 LEOS LEOS LEOS LEOS
336350 LEOS LEOS LEOS LEOS
336360 SEOS SEOS SEOS SEOS
336370 LEOS LEOS LEOS
336391 LEOS LEOS LEOS LEOS
336399 LEOS LEOS LEOS LEOS
336411 SEOS SEOS SEOS LEOS
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Uninstrumented Uninstrumented
6 Digit NAICS Benchmark Alternative Benchmark Alternative Classification

336412 LEOS LEOS LEOS LEOS
336413 SEOS SEOS SEOS SEOS
336414 SEOS SEOS SEOS SEOS
336415 SEOS LEOS LEOS LEOS
336419 LEOS LEOS LEOS LEOS
336510 LEOS LEOS LEOS LEOS
336611 SEOS SEOS SEOS SEOS
336612 LEOS LEOS SEOS LEOS
336991 LEOS LEOS LEOS LEOS
336992 LEOS LEOS LEOS
336999 SEOS LEOS LEOS LEOS

337 Furniture and Related Product Manufacturing durable
337110 LEOS LEOS SEOS LEOS
337121 LEOS LEOS LEOS LEOS
337122 LEOS LEOS LEOS LEOS
337124 LEOS LEOS LEOS LEOS
337125 LEOS LEOS LEOS SEOS
337127 SEOS SEOS LEOS LEOS
337129 LEOS SEOS LEOS LEOS
337211 LEOS LEOS LEOS LEOS
337212 LEOS LEOS LEOS LEOS
337214 LEOS LEOS LEOS LEOS
337215 LEOS LEOS SEOS LEOS
337910 LEOS LEOS LEOS LEOS
337920 LEOS LEOS LEOS LEOS

339 Miscellaneous Manufacturing durable
339111 LEOS LEOS SEOS SEOS
339112 SEOS SEOS SEOS SEOS
339113 LEOS LEOS SEOS LEOS
339114 SEOS SEOS SEOS SEOS
339115 SEOS SEOS LEOS LEOS
339911 LEOS LEOS SEOS LEOS
339912 LEOS LEOS LEOS LEOS
339913 SEOS SEOS SEOS
339914 LEOS LEOS SEOS SEOS
339920 SEOS LEOS SEOS SEOS
339931 LEOS LEOS SEOS SEOS
339932 LEOS LEOS LEOS LEOS
339941 LEOS LEOS SEOS LEOS
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Uninstrumented Uninstrumented
6 Digit NAICS Benchmark Alternative Benchmark Alternative Classification

339942 SEOS SEOS LEOS LEOS
339943 LEOS LEOS LEOS LEOS
339944 SEOS LEOS SEOS SEOS
339950 LEOS LEOS SEOS LEOS
339991 LEOS LEOS SEOS LEOS
339992 LEOS SEOS LEOS LEOS
339993 SEOS LEOS SEOS SEOS
339994 SEOS SEOS LEOS LEOS
339995 SEOS SEOS SEOS SEOS
339999 LEOS LEOS LEOS LEOS
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Table TA2: Cost Structure Estimation: Uninstrumented

Benchmark Alternative
NAICS γ (s.e.) γy (s.e.) α (s.e.) γ (s.e.) γy (s.e.) α (s.e.)
311111 0.936 ( 0.092 ) 1.022 ( 0.086 ) 0.917 ( 0.142 ) 0.983 ( 0.150 ) 1.012 ( 0.320 ) 0.862 ( 2.334 )
311119 0.092 ( 4.263 ) 0.805 ( 0.094 ) 0.783 ( 0.087 ) 0.762 ( 0.090 )
311211 0.524 ( 0.276 ) 0.391 ( 0.249 ) 0.222 ( 0.073 ) 0.193 ( 0.056 ) 0.216 ( 0.078 ) 3.124 ( 9.392 )
311212 0.663 ( 0.095 ) 0.505 ( 0.080 ) 0.264 ( 0.087 ) 0.272 ( 0.082 ) 0.336 ( 0.081 ) 2.016 ( 2.158 )
311213 0.009 ( 0.089 ) 0.006 ( 0.056 ) 0.143 ( 0.074 ) 0.148 ( 0.076 ) 0.110 ( 0.061 )
311221 0.209 ( 0.207 ) 0.129 ( 0.129 ) 0.180 ( 0.110 ) 0.174 ( 0.108 ) 0.143 ( 0.125 )
311222 0.476 ( 0.228 ) 0.234 ( 0.125 ) 0.455 ( 0.098 ) 0.454 ( 0.096 ) 0.438 ( 0.105 )
311223 0.426 ( 2.425 ) 0.727 ( 0.068 ) 0.729 ( 0.065 ) 0.690 ( 0.077 )
311225 0.584 ( 0.680 ) 0.739 ( 0.100 ) 0.738 ( 0.099 ) 0.723 ( 0.103 )
311230 0.668 ( 0.378 ) 0.512 ( 0.248 ) 0.545 ( 0.365 ) 0.539 ( 0.368 ) 0.532 ( 0.316 )
311311 1.124 ( 0.207 ) 1.020 ( 0.065 ) 1.061 ( 0.121 ) 1.147 ( 0.118 ) 0.662 ( 0.158 )
311312 0.885 ( 0.087 ) 1.081 ( 0.169 ) 0.890 ( 0.075 ) 0.904 ( 0.100 ) 0.718 ( 0.075 ) 0.587 ( 0.185 )
311313 1.111 ( 0.094 ) 1.041 ( 0.053 ) 1.121 ( 0.097 ) 1.106 ( 0.097 ) 1.047 ( 0.106 ) 1.161 ( 0.702 )
311320 0.326 ( 0.266 ) 0.130 ( 0.127 ) 0.540 ( 0.086 ) 0.542 ( 0.157 ) 0.402 ( 0.141 ) 0.264 ( 0.836 )
311330 0.941 ( 0.114 ) 0.618 ( 0.089 ) 0.673 ( 0.075 ) 0.746 ( 0.086 ) 0.626 ( 0.067 ) 0.317 ( 0.485 )
311340 1.087 ( 0.082 ) 1.018 ( 0.028 ) 1.088 ( 0.074 ) 1.080 ( 0.090 ) 0.812 ( 0.144 ) 0.765 ( 0.080 )
311411 0.694 ( 3.711 ) 0.03 ( 1.189 ) 0.759 ( 0.112 ) 0.748 ( 0.169 ) 0.576 ( 0.150 ) 0.560 ( 0.405 )
311412 1.197 ( 0.172 ) 1.078 ( 0.100 ) 1.212 ( 0.175 ) 1.234 ( 0.190 ) 0.917 ( 0.156 ) 0.912 ( 0.128 )
311421 2.491 ( 9.083 ) 0.669 ( 0.070 ) 0.636 ( 0.081 ) 0.457 ( 0.081 )
311422 0.985 ( 0.133 ) 1.001 ( 0.022 ) 0.982 ( 0.165 ) 0.975 ( 0.231 ) 0.717 ( 0.159 )
311423 1.358 ( 0.145 ) 1.172 ( 0.097 ) 1.354 ( 0.156 ) 1.334 ( 0.163 ) 1.120 ( 0.119 ) 1.211 ( 0.352 )
311511 0.526 ( 0.756 ) 0.085 ( 0.029 ) 0.380 ( 0.167 ) 0.353 ( 0.157 ) 0.127 ( 0.137 )
311512 1.054 ( 3.249 ) 0.653 ( 0.188 ) 0.654 ( 0.195 ) 0.444 ( 0.210 ) 0.406 ( 0.527 )
311513 0.259 ( 0.165 ) 0.162 ( 0.103 ) 0.474 ( 0.158 ) 0.482 ( 0.160 ) 0.430 ( 0.134 )
311514 0.907 ( 0.089 ) 1.057 ( 0.168 ) 0.877 ( 0.141 ) 0.866 ( 0.184 ) 0.504 ( 0.155 )
311520 1.146 ( 0.134 ) 1.030 ( 0.047 ) 1.129 ( 0.120 ) 1.111 ( 0.128 ) 0.607 ( 0.140 )
311611 0.796 ( 0.255 ) 0.558 ( 0.168 ) 0.646 ( 0.161 ) 0.65 ( 0.171 ) 0.582 ( 0.187 ) 0.045 ( 3.069 )
311612 1.116 ( 0.285 ) 1.015 ( 0.063 ) 1.050 ( 0.119 ) 1.079 ( 0.139 ) 0.974 ( 0.165 ) 0.916 ( 0.408 )
311613 0.520 ( 0.140 ) 0.179 ( 0.087 ) 0.499 ( 0.105 ) 0.505 ( 0.111 ) 0.145 ( 0.120 )
311615 1.449 ( 17.433 ) 0.807 ( 0.146 ) 0.813 ( 0.150 ) 0.686 ( 0.125 ) 0.637 ( 0.423 )
311711 0.946 ( 0.134 ) 1.014 ( 0.080 ) 0.944 ( 0.136 ) 0.936 ( 0.102 ) 0.830 ( 0.095 ) 0.569 ( 0.393 )
311712 0.736 ( 1.066 ) 1.156 ( 1.336 ) 0.921 ( 0.115 ) 0.911 ( 0.117 ) 0.887 ( 0.084 )
311812 0.836 ( 0.144 ) 1.074 ( 0.166 ) 0.868 ( 0.099 ) 0.833 ( 0.123 ) 0.500 ( 0.096 ) 0.369 ( 0.153 )
311813 1.287 ( 0.070 ) 1.121 ( 0.041 ) 1.302 ( 0.066 ) 1.349 ( 0.079 ) 0.627 ( 0.180 )
311821 0.250 ( 1.529 ) 0.825 ( 0.119 ) 0.767 ( 0.098 ) 0.675 ( 0.137 ) 0.187 ( 1.154 )
311822 0.807 ( 0.482 ) 1.256 ( 2.330 ) 0.835 ( 0.372 ) 0.848 ( 0.371 ) 0.623 ( 0.296 ) 0.489 ( 0.676 )
311823 1.109 ( 0.196 ) 1.023 ( 0.069 ) 1.106 ( 0.187 ) 1.109 ( 0.184 ) 0.743 ( 0.143 ) 0.716 ( 0.106 )
311830 1.414 ( 0.089 ) 1.157 ( 0.045 ) 1.346 ( 0.067 ) 1.319 ( 0.067 ) 1.297 ( 0.160 )
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Benchmark Alternative
NAICS γ (s.e.) γy (s.e.) α (s.e.) γ (s.e.) γy (s.e.) α (s.e.)
311911 0.818 ( 0.087 ) 2.105 ( 5.011 ) 0.753 ( 0.127 ) 0.759 ( 0.135 ) 0.407 ( 0.186 )
311919 1.274 ( 0.328 ) 1.094 ( 0.171 ) 1.274 ( 0.328 ) 1.273 ( 0.324 ) 1.142 ( 0.452 ) 1.569 ( 3.980 )
311920
311930 0.838 ( 0.199 ) 1.078 ( 0.259 ) 0.860 ( 0.162 ) 0.934 ( 0.172 ) 0.348 ( 0.084 )
311941 1.275 ( 0.093 ) 1.104 ( 0.051 ) 1.274 ( 0.089 ) 1.273 ( 0.085 ) 0.820 ( 0.224 )
311942 1.411 ( 0.073 ) 1.156 ( 0.038 ) 1.415 ( 0.069 ) 1.413 ( 0.072 ) 1.081 ( 0.341 ) 1.166 ( 0.871 )
311991 1.352 ( 0.038 ) 1.131 ( 0.017 ) 1.335 ( 0.027 ) 1.325 ( 0.025 ) 1.235 ( 0.131 ) 2.455 ( 2.96 )
311999 1.323 ( 0.042 ) 1.146 ( 0.022 ) 1.417 ( 0.030 ) 1.440 ( 0.033 ) 1.361 ( 0.223 ) 3.524 ( 8.744 )
312111 0.696 ( 0.088 ) 1.682 ( 1.361 ) 0.683 ( 0.130 ) 0.717 ( 0.153 ) 0.314 ( 0.088 ) 0.196 ( 0.152 )
312112 1.050 ( 0.564 ) 1.001 ( 0.028 ) 1.018 ( 0.208 ) 0.824 ( 0.157 ) 0.772 ( 0.225 )
312113 0.809 ( 0.138 ) 1.129 ( 0.293 ) 0.841 ( 0.126 ) 1.019 ( 0.127 ) 0.378 ( 0.229 )
312120 0.853 ( 0.625 ) 1.045 ( 0.410 ) 0.931 ( 0.207 ) 0.861 ( 0.229 ) 0.728 ( 0.129 ) 0.395 ( 0.928 )
312130 0.777 ( 0.168 ) 1.222 ( 0.560 ) 0.786 ( 0.144 ) 0.774 ( 0.138 ) 0.475 ( 0.098 ) 0.250 ( 0.237 )
312140 0.915 ( 0.073 ) 1.051 ( 0.123 ) 0.883 ( 0.105 ) 0.868 ( 0.082 ) 0.463 ( 0.181 )
312210 1.099 ( 0.102 ) 1.015 ( 0.028 ) 1.076 ( 0.085 ) 1.058 ( 0.078 ) 0.993 ( 0.129 ) 0.954 ( 0.747 )
312221 0.970 ( 0.513 ) 0.999 ( 0.037 ) 1.011 ( 0.165 ) 0.876 ( 0.198 ) 1.105 ( 0.170 ) 0.887 ( 0.158 )
312229 1.200 ( 0.338 ) 1.038 ( 0.124 ) 1.092 ( 0.207 ) 1.136 ( 0.246 ) 0.947 ( 0.180 ) 0.897 ( 0.275 )
313111 0.999 ( 0.026 ) 1.000 ( 0.000 ) 0.999 ( 0.050 ) 0.952 ( 0.063 ) 0.828 ( 0.101 ) 0.797 ( 0.101 )
313112 0.818 ( 0.300 ) 1.117 ( 0.369 ) 0.935 ( 0.039 ) 0.944 ( 0.043 ) 0.909 ( 0.031 ) 0.502 ( 0.635 )
313113 1.231 ( 0.077 ) 1.106 ( 0.053 ) 1.242 ( 0.093 ) 1.242 ( 0.094 ) 1.050 ( 0.118 ) 1.076 ( 0.227 )
313210 0.995 ( 0.085 ) 1.000 ( 0.002 ) 0.998 ( 0.040 ) 1.040 ( 0.038 ) 0.959 ( 0.042 ) 0.902 ( 0.065 )
313221 1.078 ( 0.045 ) 1.013 ( 0.013 ) 1.063 ( 0.039 ) 1.048 ( 0.032 ) 0.938 ( 0.055 ) 0.830 ( 0.080 )
313222 1.517 ( 0.135 ) 1.263 ( 0.082 ) 1.411 ( 0.081 ) 1.395 ( 0.092 ) 1.380 ( 0.066 )
313230 0.938 ( 0.167 ) 1.014 ( 0.088 ) 0.944 ( 0.155 ) 0.934 ( 0.155 ) 0.755 ( 0.172 ) 0.585 ( 0.309 )
313241 1.288 ( 0.052 ) 1.120 ( 0.029 ) 1.248 ( 0.038 ) 1.259 ( 0.041 ) 1.198 ( 0.031 ) 2.107 ( 1.033 )
313249 1.334 ( 0.094 ) 1.134 ( 0.060 ) 1.246 ( 0.085 ) 1.281 ( 0.091 ) 1.153 ( 0.081 ) 1.419 ( 0.554 )
313311 1.056 ( 0.055 ) 1.010 ( 0.019 ) 1.067 ( 0.071 ) 1.079 ( 0.070 ) 0.965 ( 0.039 ) 0.907 ( 0.088 )
313312 1.180 ( 0.071 ) 1.060 ( 0.038 ) 1.164 ( 0.076 ) 1.177 ( 0.072 ) 1.070 ( 0.076 ) 1.214 ( 0.407 )
313320 1.158 ( 0.057 ) 1.028 ( 0.021 ) 1.099 ( 0.051 ) 1.176 ( 0.044 ) 0.935 ( 0.040 ) 0.877 ( 0.058 )
314110 1.127 ( 0.116 ) 1.027 ( 0.040 ) 1.090 ( 0.081 ) 1.103 ( 0.089 ) 1.038 ( 0.079 ) 1.194 ( 0.689 )
314121 1.275 ( 0.110 ) 1.115 ( 0.068 ) 1.293 ( 0.122 ) 1.303 ( 0.130 ) 1.021 ( 0.086 ) 1.031 ( 0.139 )
314129 1.141 ( 0.039 ) 1.036 ( 0.020 ) 1.117 ( 0.048 ) 1.148 ( 0.045 ) 0.984 ( 0.039 ) 0.967 ( 0.073 )
314911 0.922 ( 0.050 ) 1.038 ( 0.067 ) 0.898 ( 0.073 ) 0.92 ( 0.082 ) 0.746 ( 0.118 ) 0.544 ( 0.199 )
314912 1.306 ( 0.114 ) 1.113 ( 0.065 ) 1.280 ( 0.114 ) 1.283 ( 0.108 ) 1.050 ( 0.176 ) 1.101 ( 0.435 )
314991 0.955 ( 0.233 ) 1.003 ( 0.039 ) 0.976 ( 0.131 ) 1.039 ( 0.119 ) 0.847 ( 0.196 ) 0.703 ( 0.169 )
314992 1.142 ( 0.115 ) 1.048 ( 0.074 ) 1.118 ( 0.149 ) 1.132 ( 0.119 ) 1.049 ( 0.104 ) 1.136 ( 0.491 )
314999 1.239 ( 0.100 ) 1.082 ( 0.044 ) 1.198 ( 0.056 ) 1.212 ( 0.053 ) 1.129 ( 0.065 ) 1.586 ( 0.831 )
315111 1.259 ( 0.071 ) 1.138 ( 0.049 ) 1.302 ( 0.072 ) 1.303 ( 0.079 ) 1.175 ( 0.112 ) 1.374 ( 0.602 )
315119 1.321 ( 0.091 ) 1.152 ( 0.055 ) 1.254 ( 0.074 ) 1.269 ( 0.070 ) 1.176 ( 0.076 ) 1.515 ( 0.744 )
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Benchmark Alternative
NAICS γ (s.e.) γy (s.e.) α (s.e.) γ (s.e.) γy (s.e.) α (s.e.)
315191 1.307 ( 0.065 ) 1.160 ( 0.041 ) 1.367 ( 0.056 ) 1.395 ( 0.060 ) 1.338 ( 0.105 ) 3.148 ( 5.133 )
315192 1.300 ( 0.064 ) 1.163 ( 0.046 ) 1.334 ( 0.070 ) 1.315 ( 0.078 ) 1.257 ( 0.168 ) 2.249 ( 4.685 )
315221 1.625 ( 0.061 ) 1.376 ( 0.048 ) 1.504 ( 0.076 ) 1.576 ( 0.069 ) 1.443 ( 0.061 ) 2.078 ( 0.823 )
315222 1.284 ( 0.091 ) 1.091 ( 0.050 ) 1.159 ( 0.067 ) 1.264 ( 0.076 ) 1.082 ( 0.068 ) 1.149 ( 0.188 )
315223 1.354 ( 0.054 ) 1.171 ( 0.038 ) 1.312 ( 0.057 ) 1.313 ( 0.052 ) 1.264 ( 0.064 ) 2.751 ( 3.273 )
315224 1.356 ( 0.044 ) 1.200 ( 0.032 ) 1.399 ( 0.050 ) 1.408 ( 0.063 ) 1.370 ( 0.112 ) 4.201 ( 11.822 )
315225 1.127 ( 0.048 ) 1.049 ( 0.027 ) 1.176 ( 0.058 ) 1.191 ( 0.064 ) 1.086 ( 0.118 ) 1.244 ( 0.627 )
315228 1.238 ( 0.063 ) 1.092 ( 0.036 ) 1.205 ( 0.055 ) 1.218 ( 0.052 ) 1.125 ( 0.090 ) 1.426 ( 0.752 )
315231 1.169 ( 0.023 ) 1.056 ( 0.011 ) 1.212 ( 0.023 ) 1.221 ( 0.028 ) 0.927 ( 0.053 ) 0.89 ( 0.061 )
315232 1.113 ( 0.103 ) 1.024 ( 0.034 ) 1.112 ( 0.080 ) 1.132 ( 0.058 ) 1.008 ( 0.135 ) 1.026 ( 0.488 )
315233 1.300 ( 0.088 ) 1.110 ( 0.045 ) 1.282 ( 0.073 ) 1.231 ( 0.063 ) 0.864 ( 0.118 ) 0.829 ( 0.096 )
315234 1.177 ( 0.100 ) 1.052 ( 0.046 ) 1.200 ( 0.106 ) 1.217 ( 0.074 ) 0.804 ( 0.098 ) 0.763 ( 0.068 )
315239 1.120 ( 0.047 ) 1.031 ( 0.020 ) 1.139 ( 0.054 ) 1.183 ( 0.039 ) 0.766 ( 0.100 ) 0.759 ( 0.047 )
315291 1.208 ( 0.043 ) 1.075 ( 0.021 ) 1.206 ( 0.034 ) 1.265 ( 0.076 ) 0.985 ( 0.080 ) 0.979 ( 0.104 )
315292 1.209 ( 0.104 ) 1.056 ( 0.045 ) 1.146 ( 0.074 ) 1.162 ( 0.075 ) 1.081 ( 0.072 ) 1.382 ( 0.750 )
315299 1.158 ( 0.060 ) 1.041 ( 0.026 ) 1.127 ( 0.052 ) 1.135 ( 0.066 ) 0.951 ( 0.102 ) 0.904 ( 0.149 )
315991 1.270 ( 0.125 ) 1.103 ( 0.067 ) 1.227 ( 0.093 ) 1.200 ( 0.099 ) 1.062 ( 0.102 ) 1.158 ( 0.389 )
315992 1.171 ( 0.086 ) 1.060 ( 0.047 ) 1.168 ( 0.088 ) 1.141 ( 0.083 ) 0.981 ( 0.084 ) 0.964 ( 0.143 )
315993 1.217 ( 0.109 ) 1.057 ( 0.045 ) 1.178 ( 0.086 ) 1.141 ( 0.08 ) 1.083 ( 0.125 ) 1.678 ( 2.633 )
315999 1.127 ( 0.053 ) 1.034 ( 0.021 ) 1.144 ( 0.049 ) 1.148 ( 0.047 ) 1.054 ( 0.061 ) 1.236 ( 0.432 )
316110 1.775 ( 11.451 ) 0.905 ( 0.428 ) 0.947 ( 0.167 ) 0.952 ( 0.188 ) 0.946 ( 0.178 )
316211 1.179 ( 0.089 ) 1.064 ( 0.049 ) 1.183 ( 0.091 ) 1.170 ( 0.083 ) 1.011 ( 0.137 ) 1.023 ( 0.299 )
316212 1.281 ( 0.054 ) 1.122 ( 0.032 ) 1.317 ( 0.054 ) 1.450 ( 0.080 ) 1.166 ( 0.311 ) 1.272 ( 0.809 )
316213 1.278 ( 0.061 ) 1.097 ( 0.038 ) 1.180 ( 0.069 ) 1.217 ( 0.075 ) 1.090 ( 0.050 ) 1.228 ( 0.248 )
316214 1.399 ( 0.123 ) 1.187 ( 0.077 ) 1.315 ( 0.092 ) 1.246 ( 0.067 ) 1.224 ( 0.128 ) 4.185 ( 22.127 )
316219 1.468 ( 0.118 ) 1.286 ( 0.091 ) 1.598 ( 0.157 ) 1.649 ( 0.205 ) 1.264 ( 0.185 ) 1.294 ( 0.367 )
316991 1.174 ( 0.143 ) 1.045 ( 0.062 ) 1.160 ( 0.143 ) 1.147 ( 0.129 ) 0.981 ( 0.065 ) 0.947 ( 0.160 )
316992 1.380 ( 0.137 ) 1.168 ( 0.083 ) 1.372 ( 0.129 ) 1.497 ( 0.061 ) 0.804 ( 0.194 )
316993 1.164 ( 0.181 ) 1.052 ( 0.088 ) 1.219 ( 0.228 ) 1.271 ( 0.229 ) 0.516 ( 0.118 )
316999 1.316 ( 0.062 ) 1.121 ( 0.034 ) 1.279 ( 0.053 ) 1.302 ( 0.059 ) 1.062 ( 0.078 ) 1.115 ( 0.183 )
321113 0.907 ( 0.066 ) 1.144 ( 0.475 ) 0.896 ( 0.098 ) 0.905 ( 0.095 ) 0.818 ( 0.105 ) 0.645 ( 0.412 )
321114 1.023 ( 0.075 ) 1.002 ( 0.010 ) 1.021 ( 0.072 ) 1.032 ( 0.071 ) 0.655 ( 0.084 )
321211 1.087 ( 0.101 ) 1.017 ( 0.034 ) 1.057 ( 0.066 ) 1.048 ( 0.054 ) 1.025 ( 0.076 ) 1.241 ( 1.611 )
321212 1.102 ( 0.049 ) 1.040 ( 0.026 ) 1.105 ( 0.035 ) 1.116 ( 0.045 ) 0.963 ( 0.111 ) 0.960 ( 0.091 )
321213 1.237 ( 0.046 ) 1.075 ( 0.024 ) 1.208 ( 0.047 ) 1.224 ( 0.050 ) 0.900 ( 0.092 ) 0.863 ( 0.089 )
321214 1.168 ( 0.026 ) 1.046 ( 0.010 ) 1.169 ( 0.021 ) 1.166 ( 0.027 ) 0.986 ( 0.053 ) 0.965 ( 0.121 )
321219 1.041 ( 0.102 ) 1.004 ( 0.018 ) 1.030 ( 0.072 ) 1.070 ( 0.095 ) 0.913 ( 0.098 ) 0.846 ( 0.111 )
321911 1.291 ( 0.071 ) 1.107 ( 0.039 ) 1.214 ( 0.059 ) 1.235 ( 0.050 ) 1.131 ( 0.050 ) 1.451 ( 0.438 )
321912 1.001 ( 0.044 ) 1.000 ( 0.000 ) 1.001 ( 0.046 ) 1.008 ( 0.047 ) 0.891 ( 0.056 ) 0.800 ( 0.071 )
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Benchmark Alternative
NAICS γ (s.e.) γy (s.e.) α (s.e.) γ (s.e.) γy (s.e.) α (s.e.)
321918 1.236 ( 0.059 ) 1.083 ( 0.029 ) 1.181 ( 0.053 ) 1.204 ( 0.042 ) 1.119 ( 0.055 ) 1.452 ( 0.541 )
321920 1.188 ( 0.420 ) 0.866 ( 0.067 ) 0.874 ( 0.142 ) 0.973 ( 0.152 ) 0.869 ( 0.086 ) 0.685 ( 0.416 )
321991 1.278 ( 0.027 ) 1.103 ( 0.012 ) 1.220 ( 0.018 ) 1.247 ( 0.019 ) 1.154 ( 0.029 ) 1.598 ( 0.321 )
321992 1.179 ( 0.029 ) 1.041 ( 0.009 ) 1.144 ( 0.017 ) 1.165 ( 0.024 ) 1.028 ( 0.031 ) 1.098 ( 0.133 )
321999 0.963 ( 0.121 ) 1.004 ( 0.032 ) 0.971 ( 0.097 ) 0.964 ( 0.096 ) 0.871 ( 0.099 ) 0.629 ( 0.362 )
322110 0.934 ( 0.167 ) 1.008 ( 0.037 ) 0.974 ( 0.049 ) 0.967 ( 0.046 ) 0.958 ( 0.049 )
322121 1.530 ( 2.527 ) 1.129 ( 0.100 ) 1.140 ( 0.158 ) 1.156 ( 0.130 )
322122 0.813 ( 0.498 ) 1.118 ( 0.693 ) 0.922 ( 0.175 ) 0.929 ( 0.192 ) 0.888 ( 0.215 ) 0.365 ( 3.565 )
322130 1.037 ( 0.063 ) 0.994 ( 0.023 ) 0.964 ( 0.075 ) 1.042 ( 0.112 ) 1.030 ( 0.102 ) 1.624 ( 9.011 )
322211 0.870 ( 0.131 ) 1.073 ( 0.189 ) 0.885 ( 0.100 ) 0.888 ( 0.112 ) 0.745 ( 0.086 ) 0.419 ( 0.411 )
322212 1.060 ( 0.120 ) 1.009 ( 0.032 ) 1.057 ( 0.116 ) 1.059 ( 0.116 ) 0.880 ( 0.117 ) 0.781 ( 0.137 )
322213 1.026 ( 0.042 ) 1.004 ( 0.012 ) 1.061 ( 0.096 ) 0.765 ( 0.155 ) 0.345 ( 0.180 )
322214 1.192 ( 0.066 ) 1.069 ( 0.037 ) 1.184 ( 0.064 ) 1.184 ( 0.076 ) 0.832 ( 0.156 )
322215 0.986 ( 0.100 ) 1.001 ( 0.009 ) 0.989 ( 0.080 ) 0.978 ( 0.081 ) 0.424 ( 0.152 )
322221 1.076 ( 0.054 ) 1.011 ( 0.015 ) 1.063 ( 0.053 ) 1.082 ( 0.040 ) 0.878 ( 0.039 ) 0.765 ( 0.048 )
322222 1.367 ( 0.105 ) 1.141 ( 0.059 ) 1.331 ( 0.104 ) 1.337 ( 0.101 ) 1.169 ( 0.135 ) 1.528 ( 0.890 )
322223 1.150 ( 0.115 ) 1.048 ( 0.058 ) 1.174 ( 0.133 ) 1.155 ( 0.123 ) 0.839 ( 0.084 ) 0.810 ( 0.072 )
322224 1.030 ( 0.114 ) 1.003 ( 0.019 ) 1.025 ( 0.101 ) 1.033 ( 0.104 ) 0.933 ( 0.080 ) 0.821 ( 0.182 )
322225 1.205 ( 0.037 ) 1.068 ( 0.020 ) 1.202 ( 0.046 ) 1.196 ( 0.040 ) 1.026 ( 0.045 ) 1.061 ( 0.122 )
322226 1.112 ( 0.117 ) 1.025 ( 0.046 ) 1.110 ( 0.121 ) 1.106 ( 0.118 ) 0.845 ( 0.073 ) 0.780 ( 0.087 )
322231 1.253 ( 0.069 ) 1.092 ( 0.039 ) 1.241 ( 0.073 ) 1.238 ( 0.077 ) 1.014 ( 0.112 ) 1.025 ( 0.219 )
322232 1.197 ( 0.061 ) 1.057 ( 0.027 ) 1.157 ( 0.044 ) 1.162 ( 0.054 ) 1.016 ( 0.044 ) 1.042 ( 0.127 )
322233 1.057 ( 0.081 ) 1.009 ( 0.025 ) 1.072 ( 0.112 ) 1.077 ( 0.111 ) 0.986 ( 0.107 ) 0.941 ( 0.378 )
322291 1.269 ( 0.053 ) 1.147 ( 0.035 ) 1.387 ( 0.067 ) 1.330 ( 0.066 ) 1.195 ( 0.107 ) 1.485 ( 0.685 )
322299 1.437 ( 0.048 ) 1.200 ( 0.031 ) 1.423 ( 0.052 ) 1.425 ( 0.052 ) 1.344 ( 0.067 ) 3.104 ( 2.485 )
323110 1.690 ( 0.170 ) 1.236 ( 0.046 ) 1.300 ( 0.034 ) 1.347 ( 0.046 ) 1.285 ( 0.031 ) 3.09 ( 1.938 )
323111 1.121 ( 0.042 ) 1.036 ( 0.020 ) 1.123 ( 0.041 ) 1.152 ( 0.058 ) 0.486 ( 0.166 )
323112 1.337 ( 0.044 ) 1.153 ( 0.027 ) 1.397 ( 0.046 ) 1.410 ( 0.033 ) 0.932 ( 0.160 ) 0.928 ( 0.144 )
323113 1.078 ( 0.089 ) 1.017 ( 0.031 ) 1.098 ( 0.102 ) 1.100 ( 0.089 ) 0.777 ( 0.145 ) 0.744 ( 0.072 )
323114 1.083 ( 0.136 ) 1.018 ( 0.049 ) 1.104 ( 0.160 ) 1.103 ( 0.174 ) 1.057 ( 0.191 ) 1.466 ( 3.896 )
323115 1.317 ( 0.079 ) 1.143 ( 0.050 ) 1.381 ( 0.096 ) 1.381 ( 0.047 ) 1.306 ( 0.076 ) 2.978 ( 2.744 )
323116 1.455 ( 0.093 ) 1.181 ( 0.047 ) 1.335 ( 0.059 ) 1.350 ( 0.078 ) 1.235 ( 0.049 ) 1.965 ( 0.861 )
323117 1.105 ( 0.072 ) 1.027 ( 0.032 ) 1.112 ( 0.080 ) 1.119 ( 0.075 ) 0.837 ( 0.128 ) 0.810 ( 0.074 )
323118 1.398 ( 0.078 ) 1.169 ( 0.045 ) 1.377 ( 0.070 ) 1.241 ( 0.047 ) 1.020 ( 0.166 ) 1.041 ( 0.370 )
323119 1.000 ( 0.054 ) 1.000 ( 0.000 ) 1.001 ( 0.078 ) 1.007 ( 0.076 ) 0.838 ( 0.112 ) 0.659 ( 0.129 )
323121 0.825 ( 0.313 ) 1.259 ( 1.574 ) 0.865 ( 0.185 ) 0.874 ( 0.193 ) 0.783 ( 0.148 ) 0.429 ( 1.219 )
323122 0.970 ( 0.023 ) 1.004 ( 0.007 ) 0.964 ( 0.033 ) 0.990 ( 0.034 ) 0.839 ( 0.079 ) 0.653 ( 0.067 )
324110 0.673 ( 0.118 ) 0.412 ( 0.092 ) 0.438 ( 0.050 ) 0.444 ( 0.047 ) 0.430 ( 0.057 )
324121 1.045 ( 0.115 ) 1.004 ( 0.020 ) 1.036 ( 0.096 ) 1.055 ( 0.093 ) 0.843 ( 0.094 ) 0.739 ( 0.100 )
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Benchmark Alternative
NAICS γ (s.e.) γy (s.e.) α (s.e.) γ (s.e.) γy (s.e.) α (s.e.)
324122 1.146 ( 0.954 ) 1.041 ( 0.099 ) 1.041 ( 0.093 ) 1.059 ( 0.107 )
324191 1.075 ( 0.121 ) 1.010 ( 0.029 ) 1.095 ( 0.152 ) 0.995 ( 0.154 ) 0.619 ( 0.129 ) 0.424 ( 0.146 )
324199 1.102 ( 0.181 ) 0.798 ( 0.104 ) 0.787 ( 0.109 ) 0.790 ( 0.144 ) 0.791 ( 0.097 )
325110 0.785 ( 1.156 ) 1.027 ( 0.291 ) 0.962 ( 0.124 ) 1.233 ( 0.181 ) 0.880 ( 0.081 ) 0.818 ( 0.105 )
325120 1.445 ( 0.186 ) 1.183 ( 0.097 ) 1.460 ( 0.146 ) 1.475 ( 0.203 ) 0.572 ( 0.212 )
325131 1.067 ( 0.277 ) 1.006 ( 0.046 ) 1.040 ( 0.177 ) 1.076 ( 0.177 ) 0.886 ( 0.149 ) 0.744 ( 0.239 )
325132 0.861 ( 0.147 ) 3.129 ( 9.952 ) 0.649 ( 0.174 ) 0.673 ( 0.152 ) 0.518 ( 0.160 ) 0.089 ( 0.937 )
325181 2.330 ( 0.324 ) 1.670 ( 0.155 ) 1.838 ( 0.167 ) 1.932 ( 0.187 ) 1.716 ( 0.152 ) 3.265 ( 2.700 )
325182 1.337 ( 0.190 ) 1.147 ( 0.105 ) 1.308 ( 0.133 ) 1.292 ( 0.136 ) 1.086 ( 0.189 ) 1.162 ( 0.513 )
325188 1.561 ( 0.090 ) 1.235 ( 0.049 ) 1.554 ( 0.082 ) 1.583 ( 0.101 ) 0.759 ( 0.181 )
325191 1.251 ( 0.321 ) 1.098 ( 0.180 ) 1.265 ( 0.310 ) 1.306 ( 0.331 ) 0.656 ( 0.348 )
325192 0.872 ( 0.182 ) 1.056 ( 0.192 ) 0.886 ( 0.137 ) 0.887 ( 0.139 ) 0.768 ( 0.104 ) 0.256 ( 0.817 )
325193 1.126 ( 0.196 ) 1.027 ( 0.074 ) 1.135 ( 0.225 ) 1.126 ( 0.139 ) 0.637 ( 0.175 )
325199 1.767 ( 0.356 ) 1.174 ( 0.082 ) 1.230 ( 0.179 ) 1.274 ( 0.149 ) 1.204 ( 0.123 ) 2.636 ( 5.040 )
325211 1.547 ( 1.215 ) 1.080 ( 0.172 ) 1.113 ( 0.145 ) 1.141 ( 0.186 ) 1.103 ( 0.156 ) 2.332 ( 9.940 )
325212 1.059 ( 0.107 ) 1.007 ( 0.022 ) 1.055 ( 0.091 ) 1.057 ( 0.098 ) 0.902 ( 0.098 ) 0.734 ( 0.173 )
325221 1.339 ( 0.126 ) 1.119 ( 0.063 ) 1.225 ( 0.083 ) 1.175 ( 0.133 ) 1.165 ( 0.094 )
325222 1.140 ( 0.197 ) 1.026 ( 0.069 ) 1.087 ( 0.158 ) 1.135 ( 0.143 ) 0.982 ( 0.108 ) 0.955 ( 0.245 )
325311 0.980 ( 0.357 ) 1.001 ( 0.020 ) 0.989 ( 0.181 ) 0.987 ( 0.189 ) 0.882 ( 0.119 ) 0.557 ( 0.708 )
325312 1.107 ( 0.209 ) 1.026 ( 0.090 ) 1.118 ( 0.267 ) 1.110 ( 0.238 ) 0.884 ( 0.134 ) 0.808 ( 0.194 )
325314 1.821 ( 0.448 ) 1.444 ( 0.312 ) 2.034 ( 0.606 ) 1.920 ( 0.606 ) 1.139 ( 0.505 ) 1.165 ( 0.710 )
325320 0.973 ( 0.197 ) 1.001 ( 0.019 ) 0.977 ( 0.161 ) 0.999 ( 0.160 ) 0.632 ( 0.124 ) 0.484 ( 0.143 )
325411 1.511 ( 0.135 ) 1.173 ( 0.062 ) 1.400 ( 0.093 ) 1.339 ( 0.135 ) 0.953 ( 0.070 ) 0.915 ( 0.112 )
325412 0.896 ( 0.350 ) 1.021 ( 0.168 ) 0.907 ( 0.327 ) 0.821 ( 0.201 ) 0.242 ( 0.175 )
325413 1.471 ( 0.098 ) 1.153 ( 0.040 ) 1.464 ( 0.073 ) 1.470 ( 0.091 ) 1.013 ( 0.107 ) 1.028 ( 0.233 )
325414 1.255 ( 0.163 ) 1.072 ( 0.066 ) 1.301 ( 0.157 ) 1.391 ( 0.116 ) 0.640 ( 0.313 ) 0.594 ( 0.186 )
325510 1.172 ( 0.163 ) 1.036 ( 0.057 ) 1.172 ( 0.166 ) 1.173 ( 0.133 ) 0.782 ( 0.146 ) 0.632 ( 0.138 )
325520 1.252 ( 0.161 ) 1.078 ( 0.074 ) 1.292 ( 0.166 ) 1.328 ( 0.154 ) 0.648 ( 0.157 ) 0.646 ( 0.086 )
325611 0.674 ( 0.419 ) 0.401 ( 0.221 ) 0.337 ( 0.323 ) 0.149 ( 0.450 ) 0.450 ( 0.156 ) 1.123 ( 0.562 )
325612 0.826 ( 0.271 ) 1.160 ( 0.932 ) 0.796 ( 0.386 ) 0.789 ( 0.400 ) 0.079 ( 0.198 )
325613 1.494 ( 0.217 ) 1.154 ( 0.103 ) 1.378 ( 0.189 ) 1.441 ( 0.241 ) 0.955 ( 0.176 ) 0.925 ( 0.267 )
325620 1.399 ( 0.313 ) 1.127 ( 0.149 ) 1.341 ( 0.272 ) 1.297 ( 0.302 ) 0.762 ( 0.248 ) 0.698 ( 0.202 )
325910 1.069 ( 0.137 ) 1.009 ( 0.031 ) 1.078 ( 0.145 ) 1.082 ( 0.144 ) 0.730 ( 0.178 ) 0.589 ( 0.130 )
325920 1.200 ( 0.045 ) 1.051 ( 0.022 ) 1.165 ( 0.060 ) 1.176 ( 0.043 ) 0.998 ( 0.069 ) 0.994 ( 0.178 )
325991 1.209 ( 0.094 ) 1.066 ( 0.044 ) 1.203 ( 0.081 ) 1.193 ( 0.063 ) 0.934 ( 0.098 ) 0.890 ( 0.123 )
325992 0.983 ( 0.100 ) 1.000 ( 0.006 ) 0.986 ( 0.084 ) 0.982 ( 0.100 ) 0.758 ( 0.182 ) 0.433 ( 0.198 )
325998 1.046 ( 0.236 ) 1.003 ( 0.026 ) 1.032 ( 0.166 ) 1.093 ( 0.179 ) 0.746 ( 0.127 ) 0.598 ( 0.152 )
326111 0.995 ( 0.060 ) 1.000 ( 0.003 ) 0.993 ( 0.075 ) 0.974 ( 0.071 ) 0.791 ( 0.047 ) 0.656 ( 0.109 )
326112 1.136 ( 0.106 ) 1.027 ( 0.037 ) 1.094 ( 0.081 ) 1.120 ( 0.069 ) 1.003 ( 0.095 ) 1.009 ( 0.319 )
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Benchmark Alternative
NAICS γ (s.e.) γy (s.e.) α (s.e.) γ (s.e.) γy (s.e.) α (s.e.)
326113 1.469 ( 0.078 ) 1.153 ( 0.025 ) 1.263 ( 0.054 ) 1.345 ( 0.038 ) 1.198 ( 0.030 ) 1.673 ( 0.287 )
326121 1.317 ( 0.063 ) 1.108 ( 0.028 ) 1.261 ( 0.063 ) 1.307 ( 0.037 ) 1.092 ( 0.041 ) 1.214 ( 0.138 )
326122 1.194 ( 0.165 ) 1.051 ( 0.066 ) 1.142 ( 0.118 ) 1.162 ( 0.126 ) 1.064 ( 0.138 ) 1.259 ( 0.974 )
326130 1.438 ( 0.057 ) 1.190 ( 0.030 ) 1.364 ( 0.037 ) 1.409 ( 0.040 ) 1.208 ( 0.039 ) 1.481 ( 0.201 )
326140 1.173 ( 0.118 ) 1.042 ( 0.047 ) 1.122 ( 0.083 ) 1.154 ( 0.103 ) 1.012 ( 0.094 ) 1.032 ( 0.272 )
326150 1.348 ( 0.058 ) 1.092 ( 0.015 ) 1.168 ( 0.026 ) 1.231 ( 0.037 ) 1.119 ( 0.028 ) 1.452 ( 0.257 )
326160 1.186 ( 0.103 ) 1.070 ( 0.055 ) 1.162 ( 0.076 ) 1.176 ( 0.097 ) 1.055 ( 0.078 ) 1.120 ( 0.261 )
326191 1.372 ( 0.100 ) 1.178 ( 0.059 ) 1.433 ( 0.090 ) 1.389 ( 0.095 ) 1.022 ( 0.131 ) 1.029 ( 0.180 )
326192 1.327 ( 0.062 ) 1.149 ( 0.037 ) 1.323 ( 0.053 ) 1.332 ( 0.071 ) 1.036 ( 0.074 ) 1.048 ( 0.109 )
326199 1.481 ( 0.109 ) 1.142 ( 0.020 ) 1.216 ( 0.061 ) 1.340 ( 0.046 ) 1.172 ( 0.029 ) 1.476 ( 0.200 )
326211 1.022 ( 0.107 ) 1.001 ( 0.011 ) 1.013 ( 0.067 ) 1.086 ( 0.065 ) 0.920 ( 0.054 ) 0.875 ( 0.060 )
326220 1.264 ( 0.090 ) 1.089 ( 0.046 ) 1.222 ( 0.076 ) 1.237 ( 0.085 ) 1.001 ( 0.084 ) 1.002 ( 0.151 )
326291 1.181 ( 0.076 ) 1.038 ( 0.040 ) 1.104 ( 0.091 ) 1.239 ( 0.049 ) 0.976 ( 0.030 ) 0.963 ( 0.042 )
326299 1.253 ( 0.082 ) 1.092 ( 0.046 ) 1.255 ( 0.090 ) 1.247 ( 0.083 ) 0.950 ( 0.075 ) 0.924 ( 0.094 )
327111 3.612 ( 57.199 ) 1.166 ( 0.124 ) 1.358 ( 0.126 ) 1.261 ( 0.111 ) 1.750 ( 1.488 )
327112 1.376 ( 0.133 ) 1.153 ( 0.078 ) 1.271 ( 0.100 ) 1.194 ( 0.086 ) 1.220 ( 0.092 )
327113 1.617 ( 0.081 ) 1.291 ( 0.047 ) 1.461 ( 0.053 ) 1.457 ( 0.074 ) 1.290 ( 0.097 ) 1.812 ( 0.815 )
327121 1.267 ( 0.044 ) 1.100 ( 0.024 ) 1.204 ( 0.047 ) 1.250 ( 0.033 ) 1.094 ( 0.053 ) 1.200 ( 0.185 )
327122 1.009 ( 0.137 ) 1.000 ( 0.008 ) 1.009 ( 0.129 ) 1.024 ( 0.117 ) 0.696 ( 0.080 )
327123 1.190 ( 0.138 ) 1.055 ( 0.073 ) 1.138 ( 0.135 ) 1.181 ( 0.138 ) 1.015 ( 0.080 ) 1.030 ( 0.176 )
327124 1.545 ( 0.086 ) 1.286 ( 0.061 ) 1.528 ( 0.091 ) 1.520 ( 0.093 ) 1.241 ( 0.117 ) 1.408 ( 0.386 )
327125 1.749 ( 0.121 ) 1.361 ( 0.069 ) 1.556 ( 0.097 ) 1.594 ( 0.110 ) 1.391 ( 0.099 ) 2.048 ( 0.919 )
327211 0.534 ( 1.113 ) 0.743 ( 0.928 ) 1.141 ( 0.093 ) 1.436 ( 0.094 ) 1.318 ( 0.058 ) 1.833 ( 0.829 )
327212 1.234 ( 0.148 ) 1.094 ( 0.090 ) 1.184 ( 0.123 ) 1.248 ( 0.124 ) 0.951 ( 0.137 )
327213 0.673 ( 1.662 ) 0.861 ( 0.096 ) 0.857 ( 0.094 ) 0.828 ( 0.091 ) 0.173 ( 3.409 )
327215 1.155 ( 0.067 ) 1.036 ( 0.032 ) 1.107 ( 0.071 ) 1.150 ( 0.049 ) 0.989 ( 0.038 ) 0.976 ( 0.078 )
327310 1.479 ( 0.235 ) 1.191 ( 0.130 ) 1.267 ( 0.144 ) 1.364 ( 0.138 ) 1.204 ( 0.152 ) 1.472 ( 0.88 )
327320 1.351 ( 0.089 ) 1.152 ( 0.040 ) 1.324 ( 0.037 ) 1.310 ( 0.034 ) 1.273 ( 0.066 ) 4.093 ( 6.934 )
327331 1.213 ( 0.043 ) 1.062 ( 0.019 ) 1.223 ( 0.045 ) 1.215 ( 0.044 ) 0.903 ( 0.071 ) 0.830 ( 0.088 )
327332 1.437 ( 0.084 ) 1.180 ( 0.056 ) 1.336 ( 0.104 ) 1.352 ( 0.097 ) 1.039 ( 0.101 ) 1.057 ( 0.165 )
327390 1.400 ( 0.092 ) 1.181 ( 0.057 ) 1.385 ( 0.089 ) 1.404 ( 0.094 ) 1.162 ( 0.102 ) 1.312 ( 0.344 )
327410 1.171 ( 0.153 ) 1.056 ( 0.078 ) 1.147 ( 0.128 ) 1.139 ( 0.102 ) 0.982 ( 0.138 ) 0.967 ( 0.228 )
327420 1.377 ( 0.089 ) 1.128 ( 0.049 ) 1.178 ( 0.073 ) 1.298 ( 0.069 ) 1.135 ( 0.055 ) 1.270 ( 0.226 )
327910 1.700 ( 0.118 ) 1.321 ( 0.072 ) 1.637 ( 0.110 ) 1.644 ( 0.114 ) 1.198 ( 0.116 ) 1.324 ( 0.280 )
327991 1.357 ( 0.074 ) 1.181 ( 0.042 ) 1.371 ( 0.045 ) 1.381 ( 0.042 ) 1.288 ( 0.059 ) 2.132 ( 1.056 )
327992 1.125 ( 0.320 ) 1.033 ( 0.136 ) 1.130 ( 0.313 ) 1.149 ( 0.325 ) 0.796 ( 0.285 ) 0.787 ( 0.185 )
327993 1.545 ( 0.115 ) 1.309 ( 0.075 ) 1.477 ( 0.084 ) 1.509 ( 0.090 ) 1.306 ( 0.107 ) 1.535 ( 0.514 )
327999 0.102 ( 8.406 ) 0.846 ( 0.190 ) 0.925 ( 0.188 ) 0.78 ( 0.138 ) 0.526 ( 0.541 )
331111 0.868 ( 0.489 ) 0.974 ( 0.140 ) 1.050 ( 0.082 ) 1.277 ( 0.065 ) 1.129 ( 0.042 ) 1.268 ( 0.193 )
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Benchmark Alternative
NAICS γ (s.e.) γy (s.e.) α (s.e.) γ (s.e.) γy (s.e.) α (s.e.)
331112 1.156 ( 0.126 ) 1.033 ( 0.034 ) 1.091 ( 0.042 ) 1.155 ( 0.088 ) 1.004 ( 0.09 ) 1.009 ( 0.204 )
331210 1.327 ( 0.106 ) 1.148 ( 0.056 ) 1.316 ( 0.061 ) 1.321 ( 0.089 ) 1.174 ( 0.096 ) 1.452 ( 0.593 )
331221 1.263 ( 0.091 ) 1.074 ( 0.046 ) 1.150 ( 0.073 ) 1.231 ( 0.084 ) 1.078 ( 0.052 ) 1.190 ( 0.210 )
331222 1.436 ( 0.132 ) 1.191 ( 0.069 ) 1.333 ( 0.083 ) 1.391 ( 0.106 ) 1.202 ( 0.079 ) 1.439 ( 0.412 )
331311 1.242 ( 0.446 ) 0.782 ( 0.078 ) 0.734 ( 0.174 ) 0.919 ( 0.095 ) 0.764 ( 0.079 ) 0.370 ( 0.338 )
331312 1.133 ( 0.123 ) 0.931 ( 0.095 ) 0.901 ( 0.101 ) 1.060 ( 0.147 ) 0.927 ( 0.111 ) 0.851 ( 0.178 )
331314 0.801 ( 0.184 ) 1.625 ( 2.005 ) 0.775 ( 0.076 ) 0.773 ( 0.055 ) 0.673 ( 0.032 ) 0.066 ( 0.490 )
331315 1.038 ( 0.092 ) 0.863 ( 0.072 ) 0.775 ( 0.121 ) 0.985 ( 0.152 ) 0.860 ( 0.109 ) 0.695 ( 0.323 )
331316 1.148 ( 0.118 ) 1.035 ( 0.050 ) 1.105 ( 0.099 ) 1.160 ( 0.090 ) 1.000 ( 0.089 ) 1.001 ( 0.191 )
331319 1.223 ( 0.044 ) 1.078 ( 0.024 ) 1.198 ( 0.044 ) 1.202 ( 0.034 ) 1.114 ( 0.045 ) 1.468 ( 0.455 )
331411 1.034 ( 0.042 ) 1.004 ( 0.009 ) 1.033 ( 0.040 ) 1.049 ( 0.042 ) 0.929 ( 0.063 ) 0.850 ( 0.072 )
331419 0.708 ( 0.329 ) 0.738 ( 0.173 ) 0.743 ( 0.167 ) 0.642 ( 0.160 ) 0.037 ( 1.779 )
331421 1.037 ( 0.113 ) 1.003 ( 0.017 ) 1.024 ( 0.085 ) 1.084 ( 0.052 ) 0.918 ( 0.032 ) 0.847 ( 0.051 )
331422 1.012 ( 0.102 ) 1.000 ( 0.006 ) 1.010 ( 0.087 ) 1.027 ( 0.070 ) 0.901 ( 0.044 ) 0.734 ( 0.133 )
331423 0.825 ( 0.022 ) 2.662 ( 4.423 ) 0.705 ( 0.084 ) 0.686 ( 0.090 ) 0.328 ( 0.185 )
331491 0.983 ( 0.137 ) 1.000 ( 0.006 ) 0.992 ( 0.060 ) 1.056 ( 0.050 ) 0.916 ( 0.043 ) 0.765 ( 0.088 )
331492 0.901 ( 0.068 ) 1.054 ( 0.095 ) 0.877 ( 0.078 ) 0.870 ( 0.072 ) 0.762 ( 0.072 ) 0.267 ( 0.505 )
331511 1.030 ( 0.005 ) 0.986 ( 0.020 ) 0.926 ( 0.068 ) 1.269 ( 0.033 ) 1.125 ( 0.023 ) 1.25 ( 0.101 )
331512 1.456 ( 0.073 ) 1.231 ( 0.051 ) 1.424 ( 0.076 ) 1.444 ( 0.067 ) 1.181 ( 0.051 ) 1.281 ( 0.145 )
331513 1.461 ( 0.040 ) 1.251 ( 0.035 ) 1.453 ( 0.080 ) 1.473 ( 0.032 ) 1.180 ( 0.060 ) 1.235 ( 0.129 )
331521 1.517 ( 0.687 ) 1.115 ( 0.071 ) 1.106 ( 0.085 ) 1.334 ( 0.050 ) 1.113 ( 0.049 ) 1.165 ( 0.112 )
331522 1.209 ( 0.084 ) 1.083 ( 0.044 ) 1.228 ( 0.069 ) 1.229 ( 0.076 ) 1.025 ( 0.105 ) 1.044 ( 0.205 )
331524 1.407 ( 0.101 ) 1.191 ( 0.053 ) 1.319 ( 0.101 ) 1.382 ( 0.087 ) 1.195 ( 0.078 ) 1.368 ( 0.336 )
331525 1.051 ( 0.070 ) 1.008 ( 0.020 ) 1.057 ( 0.080 ) 1.056 ( 0.074 ) 0.841 ( 0.083 ) 0.775 ( 0.069 )
331528 1.310 ( 0.166 ) 1.089 ( 0.075 ) 1.178 ( 0.111 ) 1.248 ( 0.108 ) 1.086 ( 0.109 ) 1.224 ( 0.454 )
332111 1.473 ( 0.136 ) 1.184 ( 0.049 ) 1.28 ( 0.048 ) 1.358 ( 0.047 ) 1.205 ( 0.055 ) 1.546 ( 0.374 )
332112 1.186 ( 0.159 ) 1.053 ( 0.068 ) 1.153 ( 0.116 ) 1.155 ( 0.103 ) 0.977 ( 0.132 ) 0.951 ( 0.242 )
332114 1.289 ( 0.124 ) 1.089 ( 0.056 ) 1.227 ( 0.089 ) 1.138 ( 0.105 ) 1.066 ( 0.108 ) 1.419 ( 1.432 )
332115 1.359 ( 0.146 ) 1.155 ( 0.089 ) 1.300 ( 0.124 ) 1.315 ( 0.123 ) 1.115 ( 0.187 ) 1.218 ( 0.571 )
332116 1.645 ( 0.168 ) 1.249 ( 0.096 ) 1.337 ( 0.126 ) 1.443 ( 0.100 ) 1.287 ( 0.119 ) 1.870 ( 1.137 )
332117 1.627 ( 0.201 ) 1.189 ( 0.115 ) 1.247 ( 0.140 ) 1.199 ( 0.125 ) 1.221 ( 0.128 )
332211 1.180 ( 0.156 ) 1.062 ( 0.078 ) 1.206 ( 0.151 ) 1.194 ( 0.157 ) 0.785 ( 0.233 )
332212 1.445 ( 0.113 ) 1.168 ( 0.059 ) 1.316 ( 0.091 ) 1.364 ( 0.077 ) 1.184 ( 0.084 ) 1.500 ( 0.495 )
332213 1.208 ( 0.120 ) 1.053 ( 0.051 ) 1.156 ( 0.100 ) 1.180 ( 0.099 ) 0.911 ( 0.114 ) 0.852 ( 0.134 )
332214 1.456 ( 0.210 ) 1.203 ( 0.105 ) 1.383 ( 0.116 ) 1.433 ( 0.130 ) 1.221 ( 0.168 ) 1.493 ( 0.806 )
332311 1.238 ( 0.117 ) 1.068 ( 0.049 ) 1.206 ( 0.087 ) 1.194 ( 0.099 ) 0.921 ( 0.139 ) 0.857 ( 0.182 )
332312 1.027 ( 0.132 ) 1.001 ( 0.010 ) 1.015 ( 0.081 ) 1.051 ( 0.069 ) 0.942 ( 0.051 ) 0.793 ( 0.146 )
332313 1.252 ( 0.091 ) 1.058 ( 0.049 ) 1.136 ( 0.101 ) 1.188 ( 0.098 ) 1.013 ( 0.053 ) 1.033 ( 0.142 )
332321 1.310 ( 0.053 ) 1.095 ( 0.023 ) 1.229 ( 0.039 ) 1.257 ( 0.042 ) 1.074 ( 0.056 ) 1.199 ( 0.216 )
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Benchmark Alternative
NAICS γ (s.e.) γy (s.e.) α (s.e.) γ (s.e.) γy (s.e.) α (s.e.)
332322 1.365 ( 0.083 ) 1.120 ( 0.044 ) 1.239 ( 0.070 ) 1.278 ( 0.073 ) 1.151 ( 0.069 ) 1.546 ( 0.612 )
332323 1.275 ( 0.119 ) 1.086 ( 0.051 ) 1.216 ( 0.072 ) 1.220 ( 0.092 ) 1.107 ( 0.112 ) 1.437 ( 0.947 )
332410 1.264 ( 0.122 ) 1.087 ( 0.062 ) 1.238 ( 0.112 ) 1.262 ( 0.112 ) 1.002 ( 0.081 ) 1.004 ( 0.150 )
332420 1.383 ( 0.050 ) 1.148 ( 0.032 ) 1.315 ( 0.068 ) 1.372 ( 0.044 ) 1.097 ( 0.048 ) 1.174 ( 0.119 )
332431 0.490 ( 0.317 ) 0.403 ( 0.255 ) 0.332 ( 0.328 ) 0.376 ( 0.321 ) 0.396 ( 0.241 ) 3.358 ( 51.144 )
332439 1.211 ( 0.093 ) 1.074 ( 0.049 ) 1.207 ( 0.087 ) 1.214 ( 0.096 ) 0.847 ( 0.177 ) 0.841 ( 0.111 )
332510 1.390 ( 0.034 ) 1.117 ( 0.032 ) 1.206 ( 0.069 ) 1.420 ( 0.029 ) 1.090 ( 0.017 ) 1.133 ( 0.034 )
332611 1.163 ( 0.068 ) 1.041 ( 0.030 ) 1.127 ( 0.062 ) 1.176 ( 0.054 ) 0.918 ( 0.072 ) 0.879 ( 0.075 )
332612 1.384 ( 0.099 ) 1.177 ( 0.065 ) 1.35 ( 0.099 ) 1.360 ( 0.105 ) 1.020 ( 0.114 ) 1.024 ( 0.143 )
332618 1.209 ( 0.065 ) 1.069 ( 0.036 ) 1.205 ( 0.082 ) 1.206 ( 0.050 ) 1.006 ( 0.086 ) 1.013 ( 0.185 )
332710 1.501 ( 0.326 ) 1.162 ( 0.070 ) 1.212 ( 0.067 ) 1.295 ( 0.067 ) 1.186 ( 0.048 ) 1.654 ( 0.591 )
332721 1.650 ( 0.051 ) 1.342 ( 0.044 ) 1.527 ( 0.094 ) 1.566 ( 0.055 ) 1.406 ( 0.083 ) 2.136 ( 0.893 )
332722 1.583 ( 0.078 ) 1.262 ( 0.055 ) 1.436 ( 0.094 ) 1.545 ( 0.069 ) 1.254 ( 0.064 ) 1.455 ( 0.231 )
332811 1.531 ( 0.237 ) 1.201 ( 0.102 ) 1.316 ( 0.117 ) 1.342 ( 0.120 ) 1.248 ( 0.110 ) 2.203 ( 2.416 )
332812 1.036 ( 0.747 ) 0.999 ( 0.048 ) 0.991 ( 0.229 ) 0.960 ( 0.292 ) 1.013 ( 0.210 ) 0.928 ( 1.000)
332813 1.482 ( 0.203 ) 1.224 ( 0.119 ) 1.404 ( 0.140 ) 1.417 ( 0.133 ) 1.249 ( 0.158 ) 1.661 ( 1.134 )
332911 1.387 ( 0.097 ) 1.133 ( 0.050 ) 1.319 ( 0.085 ) 1.358 ( 0.078 ) 1.085 ( 0.068 ) 1.184 ( 0.197 )
332912 1.608 ( 0.170 ) 1.228 ( 0.091 ) 1.386 ( 0.125 ) 1.400 ( 0.111 ) 1.261 ( 0.118 ) 2.045 ( 1.55 )
332913 1.279 ( 0.105 ) 1.109 ( 0.062 ) 1.287 ( 0.114 ) 1.274 ( 0.103 ) 0.820 ( 0.183 )
332919 1.334 ( 0.094 ) 1.137 ( 0.059 ) 1.338 ( 0.113 ) 1.340 ( 0.107 ) 1.054 ( 0.055 ) 1.093 ( 0.115 )
332991 1.355 ( 0.042 ) 1.182 ( 0.034 ) 1.361 ( 0.066 ) 1.370 ( 0.036 ) 1.099 ( 0.039 ) 1.127 ( 0.070 )
332992 1.009 ( 0.185 ) 1.000 ( 0.010 ) 1.008 ( 0.169 ) 1.034 ( 0.171 ) 0.801 ( 0.193 ) 0.734 ( 0.156 )
332993 1.265 ( 0.102 ) 1.079 ( 0.042 ) 1.279 ( 0.086 ) 1.245 ( 0.071 ) 1.025 ( 0.106 ) 1.074 ( 0.349 )
332994 1.339 ( 0.170 ) 1.114 ( 0.086 ) 1.242 ( 0.125 ) 1.239 ( 0.096 ) 1.061 ( 0.161 ) 1.153 ( 0.547 )
332995 1.100 ( 0.175 ) 1.006 ( 0.022 ) 1.044 ( 0.088 ) 1.045 ( 0.103 ) 0.930 ( 0.073 ) 0.624 ( 0.336 )
332996 1.374 ( 0.145 ) 1.137 ( 0.081 ) 1.271 ( 0.120 ) 1.275 ( 0.128 ) 1.176 ( 0.122 ) 1.776 ( 1.762 )
332997 1.413 ( 0.077 ) 1.223 ( 0.055 ) 1.38 ( 0.078 ) 1.415 ( 0.065 ) 1.126 ( 0.146 ) 1.141 ( 0.237 )
332998 1.412 ( 0.115 ) 1.188 ( 0.067 ) 1.364 ( 0.084 ) 1.354 ( 0.082 ) 1.117 ( 0.096 ) 1.208 ( 0.260 )
332999 1.747 ( 0.563 ) 1.178 ( 0.115 ) 1.195 ( 0.103 ) 1.210 ( 0.093 ) 1.190 ( 0.098 )
333111 1.408 ( 0.064 ) 1.147 ( 0.037 ) 1.285 ( 0.056 ) 1.415 ( 0.059 ) 1.119 ( 0.039 ) 1.204 ( 0.099 )
333112 1.215 ( 0.040 ) 1.071 ( 0.023 ) 1.201 ( 0.048 ) 1.222 ( 0.041 ) 0.992 ( 0.046 ) 0.985 ( 0.078 )
333120 1.066 ( 0.380 ) 1.003 ( 0.038 ) 1.019 ( 0.149 ) 1.283 ( 0.078 ) 0.943 ( 0.039 ) 0.918 ( 0.049 )
333131 1.237 ( 0.077 ) 1.065 ( 0.033 ) 1.210 ( 0.065 ) 1.248 ( 0.070 ) 0.981 ( 0.063 ) 0.960 ( 0.122 )
333132 1.328 ( 0.051 ) 1.093 ( 0.031 ) 1.235 ( 0.079 ) 1.296 ( 0.069 ) 1.087 ( 0.035 ) 1.240 ( 0.152 )
333210 1.427 ( 0.100 ) 1.169 ( 0.056 ) 1.413 ( 0.096 ) 1.408 ( 0.097 ) 1.139 ( 0.141 ) 1.323 ( 0.505 )
333220 1.340 ( 0.039 ) 1.103 ( 0.021 ) 1.29 ( 0.055 ) 1.318 ( 0.039 ) 1.118 ( 0.029 ) 1.391 ( 0.168 )
333291 0.801 ( 0.198 ) 1.061 ( 0.133 ) 0.906 ( 0.063 ) 0.998 ( 0.073 ) 0.776 ( 0.047 ) 0.499 ( 0.129 )
333292 1.345 ( 0.069 ) 1.116 ( 0.037 ) 1.304 ( 0.071 ) 1.328 ( 0.052 ) 0.881 ( 0.139 ) 0.842 ( 0.135 )
333293 1.178 ( 0.066 ) 1.045 ( 0.028 ) 1.203 ( 0.080 ) 1.206 ( 0.078 ) 0.804 ( 0.054 ) 0.696 ( 0.058 )
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Benchmark Alternative
NAICS γ (s.e.) γy (s.e.) α (s.e.) γ (s.e.) γy (s.e.) α (s.e.)
333294 1.234 ( 0.069 ) 1.053 ( 0.027 ) 1.176 ( 0.058 ) 1.266 ( 0.042 ) 0.911 ( 0.067 ) 0.846 ( 0.088 )
333295 1.591 ( 0.097 ) 1.215 ( 0.045 ) 1.534 ( 0.075 ) 1.559 ( 0.104 ) 1.279 ( 0.067 ) 1.907 ( 0.516 )
333298 1.533 ( 0.130 ) 1.222 ( 0.077 ) 1.549 ( 0.150 ) 1.551 ( 0.110 ) 1.303 ( 0.147 ) 1.954 ( 1.091 )
333311 1.367 ( 0.055 ) 1.127 ( 0.027 ) 1.325 ( 0.046 ) 1.356 ( 0.052 ) 0.865 ( 0.090 ) 0.832 ( 0.082 )
333312 1.053 ( 0.074 ) 1.006 ( 0.015 ) 1.055 ( 0.075 ) 1.053 ( 0.064 ) 0.542 ( 0.189 )
333313 1.097 ( 0.147 ) 1.012 ( 0.032 ) 1.095 ( 0.138 ) 1.078 ( 0.141 ) 0.592 ( 0.131 ) 0.441 ( 0.094 )
333314 1.284 ( 0.081 ) 1.081 ( 0.031 ) 1.26 ( 0.052 ) 1.369 ( 0.032 ) 1.231 ( 0.316 ) 2.162 ( 4.259 )
333315 1.711 ( 0.393 ) 1.232 ( 0.177 ) 1.446 ( 0.251 ) 1.435 ( 0.238 ) 1.348 ( 0.253 ) 4.086 ( 13.704 )
333319 1.273 ( 0.087 ) 1.067 ( 0.037 ) 1.225 ( 0.085 ) 1.232 ( 0.086 ) 0.939 ( 0.065 ) 0.861 ( 0.121 )
333411 1.068 ( 0.150 ) 1.007 ( 0.028 ) 1.054 ( 0.116 ) 1.049 ( 0.114 ) 0.711 ( 0.132 ) 0.610 ( 0.093 )
333412 1.076 ( 0.104 ) 1.008 ( 0.021 ) 1.058 ( 0.078 ) 1.077 ( 0.082 ) 0.796 ( 0.101 ) 0.664 ( 0.085 )
333414 1.388 ( 0.145 ) 1.151 ( 0.084 ) 1.402 ( 0.162 ) 1.402 ( 0.171 ) 1.000 ( 0.116 ) 1.000 ( 0.184 )
333415 1.269 ( 0.096 ) 1.052 ( 0.039 ) 1.110 ( 0.079 ) 1.249 ( 0.068 ) 1.039 ( 0.045 ) 1.083 ( 0.117 )
333511 1.503 ( 0.159 ) 1.221 ( 0.081 ) 1.319 ( 0.083 ) 1.366 ( 0.092 ) 1.279 ( 0.085 ) 2.180 ( 1.904 )
333512 1.355 ( 0.064 ) 1.126 ( 0.039 ) 1.355 ( 0.088 ) 1.342 ( 0.074 ) 1.067 ( 0.063 ) 1.158 ( 0.186 )
333513 1.377 ( 0.126 ) 1.085 ( 0.037 ) 1.162 ( 0.050 ) 1.284 ( 0.054 ) 1.097 ( 0.047 ) 1.270 ( 0.211 )
333514 1.547 ( 0.131 ) 1.280 ( 0.079 ) 1.451 ( 0.106 ) 1.463 ( 0.082 ) 1.394 ( 0.089 ) 3.297 ( 4.320 )
333515 1.723 ( 0.130 ) 1.334 ( 0.087 ) 1.541 ( 0.134 ) 1.628 ( 0.119 ) 1.382 ( 0.111 ) 1.930 ( 0.790 )
333516 1.331 ( 0.103 ) 1.113 ( 0.051 ) 1.312 ( 0.095 ) 1.316 ( 0.112 ) 0.998 ( 0.124 ) 0.997 ( 0.230 )
333518 1.299 ( 0.108 ) 1.082 ( 0.030 ) 1.216 ( 0.041 ) 1.217 ( 0.057 ) 1.116 ( 0.085 ) 1.614 ( 1.021 )
333611 1.478 ( 0.319 ) 1.145 ( 0.129 ) 1.307 ( 0.167 ) 1.316 ( 0.180 ) 1.187 ( 0.196 ) 1.910 ( 2.593 )
333612 1.486 ( 0.107 ) 1.202 ( 0.068 ) 1.396 ( 0.117 ) 1.498 ( 0.090 ) 1.118 ( 0.089 ) 1.175 ( 0.176 )
333613 1.464 ( 0.096 ) 1.183 ( 0.054 ) 1.357 ( 0.077 ) 1.417 ( 0.087 ) 1.158 ( 0.085 ) 1.326 ( 0.297 )
333618 1.281 ( 0.081 ) 1.095 ( 0.039 ) 1.232 ( 0.065 ) 1.316 ( 0.079 ) 1.008 ( 0.072 ) 1.013 ( 0.112 )
333911 1.312 ( 0.092 ) 1.075 ( 0.041 ) 1.210 ( 0.086 ) 1.369 ( 0.094 ) 0.954 ( 0.039 ) 0.924 ( 0.058 )
333912 1.059 ( 0.180 ) 1.003 ( 0.016 ) 1.025 ( 0.084 ) 1.182 ( 0.095 ) 0.862 ( 0.063 ) 0.741 ( 0.087 )
333913 1.132 ( 0.203 ) 1.016 ( 0.045 ) 1.077 ( 0.130 ) 1.123 ( 0.153 ) 0.818 ( 0.069 ) 0.661 ( 0.135 )
333921 1.286 ( 0.127 ) 1.091 ( 0.057 ) 1.280 ( 0.105 ) 1.272 ( 0.123 ) 0.845 ( 0.139 ) 0.784 ( 0.130 )
333922 1.228 ( 0.056 ) 1.055 ( 0.024 ) 1.205 ( 0.060 ) 1.234 ( 0.039 ) 0.805 ( 0.077 ) 0.709 ( 0.065 )
333923 1.302 ( 0.074 ) 1.100 ( 0.042 ) 1.265 ( 0.084 ) 1.309 ( 0.067 ) 1.001 ( 0.061 ) 1.002 ( 0.107 )
333924 1.262 ( 0.044 ) 1.074 ( 0.022 ) 1.222 ( 0.049 ) 1.268 ( 0.038 ) 0.969 ( 0.036 ) 0.941 ( 0.060 )
333991 1.509 ( 0.060 ) 1.236 ( 0.039 ) 1.523 ( 0.096 ) 1.514 ( 0.063 ) 1.160 ( 0.075 ) 1.275 ( 0.191 )
333992 1.145 ( 0.097 ) 1.023 ( 0.027 ) 1.102 ( 0.070 ) 1.161 ( 0.087 ) 0.870 ( 0.076 ) 0.759 ( 0.095 )
333993 1.259 ( 0.096 ) 1.070 ( 0.038 ) 1.235 ( 0.078 ) 1.235 ( 0.074 ) 0.917 ( 0.103 ) 0.838 ( 0.153 )
333994 1.360 ( 0.059 ) 1.107 ( 0.027 ) 1.308 ( 0.055 ) 1.328 ( 0.041 ) 0.891 ( 0.069 ) 0.823 ( 0.085 )
333995 1.296 ( 0.162 ) 1.076 ( 0.060 ) 1.191 ( 0.093 ) 1.284 ( 0.133 ) 1.029 ( 0.106 ) 1.062 ( 0.255 )
333996 1.424 ( 0.058 ) 1.162 ( 0.028 ) 1.361 ( 0.056 ) 1.404 ( 0.059 ) 1.097 ( 0.076 ) 1.182 ( 0.190 )
333997 1.255 ( 0.121 ) 1.071 ( 0.052 ) 1.25 ( 0.112 ) 1.300 ( 0.107 ) 0.776 ( 0.163 ) 0.715 ( 0.123 )
333999 1.264 ( 0.121 ) 1.067 ( 0.049 ) 1.218 ( 0.105 ) 1.225 ( 0.110 ) 0.967 ( 0.120 ) 0.919 ( 0.255 )
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Benchmark Alternative
NAICS γ (s.e.) γy (s.e.) α (s.e.) γ (s.e.) γy (s.e.) α (s.e.)
334111 1.586 ( 0.170 ) 1.180 ( 0.079 ) 1.515 ( 0.172 ) 1.530 ( 0.128 ) 0.885 ( 0.160 ) 0.800 ( 0.230 )
334112 1.355 ( 0.159 ) 1.091 ( 0.061 ) 1.321 ( 0.135 ) 1.321 ( 0.139 ) 0.989 ( 0.180 ) 0.969 ( 0.473 )
334113 1.367 ( 0.061 ) 1.098 ( 0.021 ) 1.326 ( 0.041 ) 1.322 ( 0.067 ) 1.087 ( 0.102 ) 1.318 ( 0.518 )
334119 1.242 ( 0.183 ) 1.055 ( 0.064 ) 1.253 ( 0.176 ) 1.249 ( 0.184 ) 0.765 ( 0.138 ) 0.577 ( 0.161 )
334210 1.546 ( 0.147 ) 1.209 ( 0.078 ) 1.578 ( 0.157 ) 1.583 ( 0.138 ) 1.207 ( 0.138 ) 1.525 ( 0.561 )
334220 1.128 ( 0.070 ) 1.018 ( 0.017 ) 1.117 ( 0.067 ) 1.113 ( 0.084 ) 0.848 ( 0.090 ) 0.586 ( 0.144 )
334290 1.228 ( 0.049 ) 1.046 ( 0.015 ) 1.197 ( 0.036 ) 1.190 ( 0.042 ) 0.972 ( 0.041 ) 0.904 ( 0.124 )
334310 1.048 ( 0.084 ) 1.003 ( 0.010 ) 1.031 ( 0.055 ) 1.057 ( 0.057 ) 0.925 ( 0.047 ) 0.727 ( 0.127 )
334411 1.160 ( 0.078 ) 1.044 ( 0.031 ) 1.157 ( 0.056 ) 1.156 ( 0.064 ) 1.032 ( 0.044 ) 1.103 ( 0.189 )
334412 1.332 ( 0.051 ) 1.131 ( 0.033 ) 1.316 ( 0.066 ) 1.208 ( 0.084 ) 1.023 ( 0.060 ) 1.055 ( 0.161 )
334413 1.779 ( 0.328 ) 1.241 ( 0.120 ) 1.477 ( 0.149 ) 1.505 ( 0.148 ) 1.346 ( 0.202 ) 2.951 ( 3.951 )
334414 1.269 ( 0.050 ) 1.075 ( 0.023 ) 1.209 ( 0.047 ) 1.246 ( 0.043 ) 0.995 ( 0.046 ) 0.990 ( 0.096 )
334415 1.435 ( 0.109 ) 1.165 ( 0.055 ) 1.384 ( 0.081 ) 1.392 ( 0.083 ) 1.144 ( 0.134 ) 1.354 ( 0.529 )
334416 1.414 ( 0.064 ) 1.172 ( 0.037 ) 1.405 ( 0.060 ) 1.404 ( 0.056 ) 1.047 ( 0.180 ) 1.075 ( 0.323 )
334417 1.565 ( 0.198 ) 1.201 ( 0.096 ) 1.353 ( 0.125 ) 1.301 ( 0.171 ) 1.298 ( 0.122 )
334418 1.160 ( 0.031 ) 1.030 ( 0.010 ) 1.143 ( 0.027 ) 1.132 ( 0.038 ) 0.946 ( 0.040 ) 0.821 ( 0.099 )
334419 1.076 ( 0.103 ) 1.006 ( 0.016 ) 1.051 ( 0.076 ) 1.093 ( 0.051 ) 0.922 ( 0.042 ) 0.735 ( 0.102 )
334510 1.196 ( 0.262 ) 1.036 ( 0.075 ) 1.182 ( 0.207 ) 1.194 ( 0.155 ) 0.797 ( 0.368 ) 0.591 ( 0.377 )
334511 1.073 ( 0.077 ) 1.006 ( 0.012 ) 1.069 ( 0.071 ) 1.107 ( 0.086 ) 0.697 ( 0.151 ) 0.453 ( 0.102 )
334512 1.265 ( 0.064 ) 1.079 ( 0.026 ) 1.245 ( 0.049 ) 1.231 ( 0.040 ) 0.777 ( 0.070 ) 0.723 ( 0.047 )
334513 1.277 ( 0.129 ) 1.056 ( 0.042 ) 1.199 ( 0.096 ) 1.191 ( 0.070 ) 0.812 ( 0.095 ) 0.635 ( 0.104 )
334514 1.317 ( 0.141 ) 1.096 ( 0.068 ) 1.264 ( 0.130 ) 1.394 ( 0.117 ) 0.780 ( 0.113 ) 0.769 ( 0.080 )
334515 1.426 ( 0.090 ) 1.124 ( 0.044 ) 1.374 ( 0.101 ) 1.401 ( 0.114 ) 0.868 ( 0.091 ) 0.779 ( 0.118 )
334516 1.507 ( 0.058 ) 1.146 ( 0.021 ) 1.423 ( 0.034 ) 1.431 ( 0.045 ) 1.473 ( 0.310 )
334517 1.591 ( 0.285 ) 1.155 ( 0.101 ) 1.339 ( 0.148 ) 1.421 ( 0.172 ) 1.123 ( 0.159 ) 1.350 ( 0.660 )
334518 1.532 ( 0.089 ) 1.188 ( 0.041 ) 1.393 ( 0.058 ) 1.419 ( 0.189 ) 1.179 ( 0.052 ) 1.492 ( 0.407 )
334519 1.242 ( 0.164 ) 1.038 ( 0.044 ) 1.135 ( 0.095 ) 1.065 ( 0.115 ) 0.734 ( 0.158 ) 0.507 ( 0.131 )
334612 1.209 ( 0.112 ) 1.075 ( 0.062 ) 1.236 ( 0.133 ) 1.285 ( 0.152 ) 1.004 ( 0.108 ) 1.006 ( 0.176 )
334613 1.042 ( 0.103 ) 1.002 ( 0.011 ) 1.027 ( 0.062 ) 0.926 ( 0.057 ) 0.937 ( 0.057 ) 3.231 ( 17.274 )
335110 1.408 ( 0.122 ) 1.245 ( 0.091 ) 1.451 ( 0.124 ) 1.425 ( 0.065 ) 0.914 ( 0.160 )
335121 1.320 ( 0.121 ) 1.116 ( 0.070 ) 1.306 ( 0.141 ) 1.297 ( 0.133 ) 1.061 ( 0.060 ) 1.136 ( 0.181 )
335122 1.352 ( 0.117 ) 1.116 ( 0.056 ) 1.282 ( 0.091 ) 1.238 ( 0.060 ) 1.113 ( 0.047 ) 1.477 ( 0.428 )
335129 1.324 ( 0.108 ) 1.111 ( 0.053 ) 1.305 ( 0.094 ) 1.291 ( 0.107 ) 0.965 ( 0.178 ) 0.939 ( 0.279 )
335211 1.217 ( 0.096 ) 1.085 ( 0.054 ) 1.280 ( 0.115 ) 1.244 ( 0.081 ) 0.745 ( 0.159 )
335212 1.207 ( 0.049 ) 1.066 ( 0.024 ) 1.207 ( 0.052 ) 1.208 ( 0.044 ) 0.946 ( 0.055 ) 0.907 ( 0.075 )
335221 0.947 ( 0.108 ) 1.008 ( 0.034 ) 0.960 ( 0.069 ) 0.995 ( 0.063 ) 0.792 ( 0.032 ) 0.680 ( 0.079 )
335222 0.898 ( 0.278 ) 1.035 ( 0.192 ) 0.949 ( 0.097 ) 0.967 ( 0.074 ) 0.903 ( 0.080 ) 0.671 ( 0.382 )
335224 1.236 ( 0.090 ) 1.111 ( 0.059 ) 1.260 ( 0.093 ) 1.267 ( 0.086 ) 0.805 ( 0.139 )
335228 1.161 ( 0.076 ) 1.055 ( 0.039 ) 1.170 ( 0.072 ) 1.169 ( 0.070 ) 0.964 ( 0.130 ) 0.942 ( 0.176 )
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Benchmark Alternative
NAICS γ (s.e.) γy (s.e.) α (s.e.) γ (s.e.) γy (s.e.) α (s.e.)
335311 1.386 ( 0.095 ) 1.154 ( 0.056 ) 1.343 ( 0.090 ) 1.306 ( 0.095 ) 1.063 ( 0.086 ) 1.125 ( 0.221 )
335312 1.337 ( 0.028 ) 1.128 ( 0.016 ) 1.287 ( 0.037 ) 1.346 ( 0.034 ) 1.045 ( 0.037 ) 1.070 ( 0.067 )
335313 1.397 ( 0.140 ) 1.093 ( 0.058 ) 1.180 ( 0.089 ) 1.323 ( 0.100 ) 1.081 ( 0.068 ) 1.186 ( 0.218 )
335314 1.439 ( 0.033 ) 1.142 ( 0.015 ) 1.374 ( 0.041 ) 1.396 ( 0.031 ) 0.989 ( 0.059 ) 0.979 ( 0.106 )
335911 1.078 ( 0.102 ) 1.016 ( 0.037 ) 1.076 ( 0.102 ) 1.106 ( 0.095 ) 0.668 ( 0.126 )
335912 0.965 ( 0.212 ) 1.003 ( 0.042 ) 0.974 ( 0.155 ) 0.949 ( 0.144 ) 0.768 ( 0.121 ) 0.614 ( 0.257 )
335921 1.098 ( 0.128 ) 1.016 ( 0.039 ) 1.074 ( 0.112 ) 1.181 ( 0.133 ) 0.878 ( 0.047 ) 0.832 ( 0.067 )
335929 0.345 ( 5.239 ) 3.394 ( 199.773 ) 0.907 ( 0.099 ) 0.984 ( 0.054 ) 0.871 ( 0.040 ) 0.612 ( 0.165 )
335931 1.457 ( 0.063 ) 1.178 ( 0.033 ) 1.378 ( 0.057 ) 1.425 ( 0.061 ) 1.105 ( 0.066 ) 1.192 ( 0.162 )
335932 1.401 ( 0.074 ) 1.160 ( 0.036 ) 1.357 ( 0.043 ) 1.353 ( 0.058 ) 1.024 ( 0.102 ) 1.038 ( 0.174 )
335991 1.640 ( 0.344 ) 1.235 ( 0.157 ) 1.321 ( 0.149 ) 1.527 ( 0.208 ) 1.247 ( 0.174 ) 1.454 ( 0.661 )
335999 1.240 ( 0.059 ) 1.054 ( 0.022 ) 1.203 ( 0.051 ) 1.225 ( 0.076 ) 0.812 ( 0.062 ) 0.686 ( 0.068 )
336111 1.249 ( 0.044 ) 1.120 ( 0.033 ) 1.225 ( 0.054 ) 1.250 ( 0.043 ) 1.130 ( 0.052 ) 1.266 ( 0.238 )
336112 0.053 ( 3.560 ) 0.153 ( 9.188 ) 1.083 ( 0.029 ) 1.242 ( 0.029 ) 1.132 ( 0.025 ) 1.273 ( 0.129 )
336120 1.155 ( 0.033 ) 1.051 ( 0.015 ) 1.129 ( 0.027 ) 1.173 ( 0.031 ) 1.03 ( 0.031 ) 1.057 ( 0.073 )
336211 1.311 ( 0.166 ) 1.072 ( 0.060 ) 1.120 ( 0.091 ) 1.174 ( 0.074 ) 1.095 ( 0.059 ) 1.427 ( 0.689 )
336212 1.220 ( 0.030 ) 1.089 ( 0.020 ) 1.240 ( 0.059 ) 1.222 ( 0.042 ) 1.024 ( 0.032 ) 1.043 ( 0.064 )
336213 1.211 ( 0.026 ) 1.067 ( 0.014 ) 1.188 ( 0.030 ) 1.194 ( 0.032 ) 1.113 ( 0.030 ) 1.560 ( 0.413 )
336214 1.246 ( 0.029 ) 1.087 ( 0.019 ) 1.213 ( 0.045 ) 1.235 ( 0.042 ) 1.124 ( 0.043 ) 1.434 ( 0.351 )
336311 1.599 ( 0.108 ) 1.243 ( 0.066 ) 1.285 ( 0.074 ) 1.384 ( 0.062 ) 1.253 ( 0.073 ) 1.704 ( 0.668 )
336312 1.300 ( 0.209 ) 1.075 ( 0.045 ) 1.104 ( 0.095 ) 1.226 ( 0.056 ) 1.084 ( 0.058 ) 1.174 ( 0.199 )
336321 1.153 ( 0.089 ) 1.027 ( 0.026 ) 1.081 ( 0.049 ) 1.173 ( 0.070 ) 0.968 ( 0.076 ) 0.939 ( 0.125 )
336322 1.315 ( 0.081 ) 1.109 ( 0.043 ) 1.222 ( 0.068 ) 1.324 ( 0.053 ) 1.075 ( 0.067 ) 1.129 ( 0.150 )
336330 1.281 ( 0.026 ) 1.126 ( 0.025 ) 1.263 ( 0.076 ) 1.287 ( 0.019 ) 1.094 ( 0.058 ) 1.157 ( 0.145 )
336340 1.306 ( 0.061 ) 1.128 ( 0.028 ) 1.242 ( 0.030 ) 1.297 ( 0.028 ) 1.123 ( 0.063 ) 1.237 ( 0.210 )
336350 1.277 ( 0.057 ) 1.110 ( 0.030 ) 1.193 ( 0.045 ) 1.257 ( 0.042 ) 1.122 ( 0.039 ) 1.261 ( 0.173 )
336360 1.122 ( 0.058 ) 1.031 ( 0.023 ) 1.120 ( 0.051 ) 1.120 ( 0.057 ) 0.992 ( 0.064 ) 0.978 ( 0.163 )
336370 1.494 ( 0.093 ) 1.275 ( 0.064 ) 1.428 ( 0.075 ) 1.453 ( 0.073 ) 1.344 ( 0.089 ) 2.046 ( 1.295 )
336391 1.326 ( 0.111 ) 1.106 ( 0.059 ) 1.213 ( 0.086 ) 1.261 ( 0.059 ) 1.103 ( 0.088 ) 1.274 ( 0.396 )
336399 1.377 ( 0.033 ) 1.170 ( 0.019 ) 1.295 ( 0.049 ) 1.330 ( 0.037 ) 1.188 ( 0.026 ) 1.464 ( 0.184 )
336411 1.018 ( 0.064 ) 1.001 ( 0.004 ) 1.017 ( 0.059 ) 1.029 ( 0.053 ) 0.713 ( 0.059 ) 0.486 ( 0.061 )
336412 1.435 ( 0.088 ) 1.148 ( 0.039 ) 1.382 ( 0.061 ) 1.39 ( 0.053 ) 1.085 ( 0.109 ) 1.199 ( 0.327 )
336413 1.019 ( 0.051 ) 1.001 ( 0.004 ) 1.019 ( 0.051 ) 1.021 ( 0.046 ) 0.697 ( 0.042 ) 0.538 ( 0.045 )
336414 1.060 ( 0.040 ) 1.005 ( 0.006 ) 1.062 ( 0.043 ) 1.065 ( 0.053 ) 0.659 ( 0.101 ) 0.355 ( 0.060 )
336415 1.236 ( 0.111 ) 1.058 ( 0.045 ) 1.273 ( 0.134 ) 1.185 ( 0.057 ) 0.376 ( 0.154 )
336419 1.678 ( 0.101 ) 1.271 ( 0.050 ) 1.637 ( 0.079 ) 1.504 ( 0.049 ) 1.018 ( 0.136 ) 1.032 ( 0.249 )
336510 1.219 ( 0.088 ) 1.065 ( 0.049 ) 1.184 ( 0.106 ) 1.236 ( 0.054 ) 0.972 ( 0.046 ) 0.953 ( 0.070 )
336611 1.114 ( 0.100 ) 1.032 ( 0.043 ) 1.136 ( 0.106 ) 1.101 ( 0.118 ) 0.759 ( 0.201 ) 0.752 ( 0.084 )
336612 1.295 ( 0.070 ) 1.105 ( 0.039 ) 1.198 ( 0.067 ) 1.240 ( 0.062 ) 1.138 ( 0.059 ) 1.463 ( 0.533 )
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Benchmark Alternative
NAICS γ (s.e.) γy (s.e.) α (s.e.) γ (s.e.) γy (s.e.) α (s.e.)
336991 1.276 ( 0.090 ) 1.111 ( 0.048 ) 1.261 ( 0.064 ) 1.262 ( 0.073 ) 1.044 ( 0.093 ) 1.078 ( 0.198 )
336992 1.188 ( 0.035 ) 1.043 ( 0.015 ) 1.150 ( 0.043 ) 1.231 ( 0.030 ) 1.022 ( 0.039 ) 1.054 ( 0.107 )
336999 1.164 ( 0.075 ) 1.031 ( 0.030 ) 1.106 ( 0.075 ) 1.169 ( 0.055 ) 0.980 ( 0.039 ) 0.952 ( 0.084 )
337110 1.373 ( 0.034 ) 1.156 ( 0.016 ) 1.281 ( 0.032 ) 1.307 ( 0.029 ) 1.226 ( 0.038 ) 2.035 ( 0.743 )
337121 1.252 ( 0.060 ) 1.120 ( 0.035 ) 1.283 ( 0.046 ) 1.283 ( 0.051 ) 0.989 ( 0.168 ) 0.988 ( 0.177 )
337122 1.619 ( 0.068 ) 1.317 ( 0.047 ) 1.403 ( 0.100 ) 1.449 ( 0.069 ) 1.368 ( 0.088 ) 2.558 ( 2.410 )
337124 1.219 ( 0.037 ) 1.081 ( 0.021 ) 1.235 ( 0.045 ) 1.232 ( 0.053 ) 1.042 ( 0.095 ) 1.089 ( 0.249 )
337125 1.196 ( 0.049 ) 1.078 ( 0.027 ) 1.240 ( 0.050 ) 1.228 ( 0.037 ) 1.124 ( 0.047 ) 1.449 ( 0.399 )
337127 1.118 ( 0.108 ) 1.032 ( 0.046 ) 1.156 ( 0.130 ) 1.168 ( 0.134 ) 1.050 ( 0.148 ) 1.185 ( 0.801 )
337129 1.278 ( 0.113 ) 1.121 ( 0.077 ) 1.255 ( 0.126 ) 1.265 ( 0.122 ) 1.159 ( 0.108 ) 1.492 ( 0.986 )
337211 1.404 ( 0.086 ) 1.192 ( 0.057 ) 1.412 ( 0.092 ) 1.417 ( 0.065 ) 1.157 ( 0.116 ) 1.278 ( 0.334 )
337212 1.436 ( 0.091 ) 1.193 ( 0.053 ) 1.400 ( 0.084 ) 1.391 ( 0.080 ) 1.328 ( 0.083 ) 3.540 ( 5.038 )
337214 1.514 ( 0.065 ) 1.235 ( 0.042 ) 1.457 ( 0.073 ) 1.469 ( 0.075 ) 1.135 ( 0.036 ) 1.213 ( 0.089 )
337215 1.341 ( 0.049 ) 1.135 ( 0.027 ) 1.307 ( 0.048 ) 1.321 ( 0.044 ) 1.187 ( 0.054 ) 1.645 ( 0.481 )
337910 1.321 ( 0.116 ) 1.112 ( 0.060 ) 1.269 ( 0.113 ) 1.285 ( 0.089 ) 1.091 ( 0.101 ) 1.230 ( 0.387 )
337920 1.369 ( 0.046 ) 1.103 ( 0.023 ) 1.215 ( 0.040 ) 1.250 ( 0.048 ) 1.069 ( 0.035 ) 1.194 ( 0.141 )
339111 1.427 ( 0.104 ) 1.140 ( 0.044 ) 1.398 ( 0.073 ) 1.431 ( 0.067 ) 1.030 ( 0.234 ) 1.062 ( 0.512 )
339112 1.344 ( 0.213 ) 1.097 ( 0.090 ) 1.281 ( 0.168 ) 1.290 ( 0.133 ) 0.827 ( 0.145 ) 0.743 ( 0.143 )
339113 1.286 ( 0.105 ) 1.083 ( 0.046 ) 1.283 ( 0.097 ) 1.359 ( 0.066 ) 0.509 ( 0.126 )
339114 1.438 ( 0.253 ) 1.134 ( 0.110 ) 1.328 ( 0.175 ) 1.241 ( 0.185 ) 1.018 ( 0.223 ) 1.051 ( 0.692 )
339115 1.121 ( 0.142 ) 1.020 ( 0.041 ) 1.096 ( 0.113 ) 1.157 ( 0.124 ) 0.614 ( 0.065 )
339911 1.205 ( 0.084 ) 1.065 ( 0.034 ) 1.244 ( 0.066 ) 1.253 ( 0.067 ) 1.052 ( 0.108 ) 1.143 ( 0.374 )
339912 1.243 ( 0.084 ) 1.081 ( 0.043 ) 1.231 ( 0.085 ) 1.246 ( 0.091 ) 1.026 ( 0.085 ) 1.054 ( 0.200 )
339913 0.998 ( 0.034 ) 1.000 ( 0.000 ) 0.998 ( 0.036 ) 1.011 ( 0.038 ) 0.868 ( 0.046 ) 0.618 ( 0.089 )
339914 1.273 ( 0.060 ) 1.087 ( 0.028 ) 1.251 ( 0.053 ) 1.249 ( 0.079 ) 0.871 ( 0.083 ) 0.820 ( 0.080 )
339920 1.299 ( 0.134 ) 1.112 ( 0.067 ) 1.318 ( 0.112 ) 1.298 ( 0.084 ) 1.025 ( 0.123 ) 1.049 ( 0.261 )
339931 1.566 ( 0.115 ) 1.271 ( 0.072 ) 1.590 ( 0.119 ) 1.624 ( 0.139 ) 0.843 ( 0.148 )
339932 1.393 ( 0.091 ) 1.161 ( 0.052 ) 1.410 ( 0.095 ) 1.428 ( 0.100 ) 1.156 ( 0.094 ) 1.346 ( 0.345 )
339941 1.345 ( 0.086 ) 1.140 ( 0.047 ) 1.375 ( 0.079 ) 1.354 ( 0.097 ) 0.829 ( 0.112 ) 0.820 ( 0.082 )
339942 1.033 ( 0.110 ) 1.002 ( 0.014 ) 1.033 ( 0.110 ) 1.080 ( 0.064 ) 0.455 ( 0.115 )
339943 1.410 ( 0.121 ) 1.142 ( 0.053 ) 1.345 ( 0.076 ) 1.381 ( 0.072 ) 0.999 ( 0.129 ) 0.999 ( 0.216 )
339944 1.082 ( 0.041 ) 1.012 ( 0.010 ) 1.078 ( 0.038 ) 1.087 ( 0.036 ) 0.782 ( 0.084 ) 0.657 ( 0.047 )
339950 1.286 ( 0.117 ) 1.093 ( 0.053 ) 1.278 ( 0.093 ) 1.256 ( 0.103 ) 1.047 ( 0.137 ) 1.126 ( 0.452 )
339991 1.704 ( 0.052 ) 1.336 ( 0.035 ) 1.606 ( 0.059 ) 1.633 ( 0.038 ) 1.251 ( 0.060 ) 1.417 ( 0.168 )
339992 1.176 ( 0.043 ) 1.038 ( 0.020 ) 1.104 ( 0.044 ) 1.172 ( 0.085 ) 1.002 ( 0.068 ) 1.005 ( 0.151 )
339993 1.168 ( 0.091 ) 1.049 ( 0.038 ) 1.177 ( 0.074 ) 1.163 ( 0.064 ) 0.980 ( 0.130 ) 0.954 ( 0.272 )
339994 1.090 ( 0.202 ) 1.015 ( 0.059 ) 1.081 ( 0.181 ) 1.130 ( 0.173 ) 0.747 ( 0.186 ) 0.717 ( 0.110 )
339995 0.968 ( 0.204 ) 1.003 ( 0.039 ) 0.973 ( 0.170 ) 0.960 ( 0.174 ) 0.765 ( 0.150 ) 0.619 ( 0.275 )
339999 1.444 ( 0.065 ) 1.175 ( 0.031 ) 1.386 ( 0.051 ) 1.399 ( 0.079 ) 1.169 ( 0.077 ) 1.422 ( 0.356 )
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