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Abstract

This paper develops a dynamic general equilibrium model which tries to reconcile the
observation that aggregate movements of exports and imports are "disconnected" from
real exchange rate movements, while firm-level exports co-move significantly with the real
exchange rate. Firms are heterogenous, facing recurrent aggregate and product-specific
productivity shocks, choose which goods to export, and decide to innovate and drop their
products endogenously. We calibrate and estimate the model with both aggregate and

firm level data from Japan.



1 Introduction

Figure 1 displays the series of aggregate exports and imports together with the real exchange
rate in Japan during the period of 1980-2009 in logarithmic scale. The real exchange rate is
defined as the relative price between the two countries.? As Japanese goods become relatively
more expensive, we would expect that exports would decrease and imports would increase.
However, such a relationship between trade and the real exchange rate is not evident in Figure
1. As the yen becomes weaker, exports decline, and imports increase, which is the opposite of
what we expect. During the entire sample period, the elasticity of exports with respect to the
real exchange rate is -0.17, and that of imports is 0.08, although these estimates of elasticities
are statistically insignificant. This lack of correlation, or correlation contrary to what we expect
is an example of the so called “exchange rate disconnect puzzle,” a long standing puzzle in
international macroeconomics.? This weak or opposite correlation between aggregate exports
(or imports) and the exchange rate is observed in many other countries as well (see Hooper,
Johnson, and Marquez (2000), and Dekle, Jeong, and Ryoo (2007)).> Obstfeld and Rogoff
(2000) mention that the exchange rate disconnect puzzle is one of the major puzzles in the
international macroeconomics.*

Interestingly, after the year 2000, Figure 1 shows that aggregate exports positively co-
moved with the real exchange rate, but aggregate imports also positively co-moved with the
real exchange rate. These co-movements during this period suggests that a general equilibrium

linkage may be important in order to understand the dynamics of trade and exchange rates in

!The real exchange rate is measured as the ratio of Japanese prices to the weighted average of the prices of
Japan’s major trading partners, in yen terms, where the weights are the trading shares. The four major trading
partner countries included here are the U.S., European Union, South Korea, and China and their trading shares
are 0.49, 0.366, 0.095, and 0.044, respectively. (Sources: OECD Statistics)

Aggregate exports and imports are measured in billions of year 2000 yen. (Source: Ministry of Finance Trade
Statistics: http://www.customs.go.jp/toukei/suii/html/time e.htm)

2This empirical puzzle was first documented by Orcutt (1950).

3The list of other countries showing such weak correlation is Canada, France, Germany, Italy, the U.K., and
the U.S.

4Note that this “exchange rate disconnect puzzle” is different from the so called “J-curve effect.” The exchange
rate disconnect puzzle is about the lack of association between the movements of exchange rates and gross export
quantities while the J-curve effect is about the sluggish and J-shaped adjustment of trade balances (i.e., net
export sales) in response to an improvement in the terms of trade. See Backus, Kehoe, and Kydland (1994) for
the discussion of the J-curve effect.



Figure 1. Aggregate Exchange Rate Disconnect in Japano
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Japan, where intermediate goods trade is dominant in imports, and increasingly more important
in exports.

Recent empirical studies using firm-level data have found a more robust relationship be-
tween trade and the exchange rate. In contrast to the results using aggregate data, estimates
using firm level tend to find a negative relationship between appreciating exchange rates and
export quantities. Among other studies, Verhoogen (2008) finds that following the 1994 peso
devaluation, Mexican firms increased their exports. Fitzgerald and Haller (2008), Dekle and
Ryoo (2007), and Tybout and Roberts (1997) find a negative relationship between exports and
exchange rate appreciation for Irish, Japanese and Colombian firms, respectively.

Some papers have tried to reconcile these aggregate and firm level results, but mostly in
a partial equilibrium framework. Dekle, Jeong, and Ryoo (2007) show that in the aggregate
export equation derived by consistently aggregating the firm level export equations, where in-
dustry level productivity and firm level (instrumented) export shares are controlled for, the

disconnect puzzle disappears. Berman, Martin, and Mayer (2009) use a model with heteroge-
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neous firms in the spirit of Melitz (2003) to show that high productivity firms (who are heavily
involved in exports) will raise their prices—that is, increase their markups—instead of increasing
their export quantities in response to an exchange rate depreciation. The authors show that
this selection effect of low quantity response firms into the overall export market can explain
the weak impact of exchange rate movements in aggregate data. There are some other recent
papers that have tried to reconcile the discrepancy in a general equilibrium. Imbs and Majean
(2009) and Feenstra, Russ, and Obstfeld (2010) show that the aggregation of heterogeneous
industrial sectors can result in an aggregation bias in the elasticity of exports and imports with
respect to exchange rates changes. Both of these papers examine only the steady-state.

In this paper, we develop a dynamic general equilibrium model with heterogeneous firms
that attempts to reconcile the different responses of trade (exports and imports) to exchange
rates at the aggregate- and at the firm-levels. Our model is a version of two-country real
business cycle model with a rich production structure. Firms are heterogeneous, facing recurrent
aggregate and firm-specific productivity shocks: they choose which varieties of goods to produce
and export and decide to enter and exit endogenously. We calibrate and estimate our model
with both aggregate and firm level data. We then carry out quantitative exercises regarding
the impact of shocks to productivity and preferences on aggregate and firm-level exports and
other variables of interest.’

We make a few choices to model heterogeneous firms to reflect our panel data of Japanese

firms listed on the stock exchanges of Japan.® In a well-known paper, Melitz (2003) provides a

®One distinguishing feature of our work is the inclusion of heterogeneous firm dynamics that is actually
estimated from firm level data. In the estimation of the firm-level responses, in addition to the firm level data,
we rely on the aggregate variables and moments generated from the general equilibrium model. Thus, in a
sense, we provide a general equilibrium model that is integrated with a structural model of heterogeneous firm
dynamics that is estimated from actual firm level data.

6The raw data used here and in our paper are from almost all of the firms listed on the stock exchanges of
Japan.The particular data set that we use were compiled by the Development Bank of Japan (or "Kaigin," in
Japanese prior to the 2008 re-organization of government-owned enterprises, when the name of the bank was
changed). Japanese listed firms cover a fairly respectable portion of the entire Japanese economy in terms of
output (Fukao, et. al., 2008). In 2000, the gross sales of all the firms listed on the stock exchanges of Japan
were 81 percent of Japanese nominal GDP, and 60 percent of total sales in the Japanese economy. However,
listed firms are larger than the average firm in the economy. Thus, the number of listed firms account for less
than 12 percent of the total number of Japanese firms, and the number of employees in listed firms are only 40
percent of all employees (Fukao, et. al., 2008).



framework where firms with different firm specific total factor productivity subject to fixed costs
can generate heterogeneous exporting behavior. Das, Roberts, and Tybout (2007) provide an
empirical study showing that this heterogeneity in total factor productivity among producers
explains entry into and exit out of the export market, the so-called extensive margin of trade.
In our Japanese panel data, there is a strong relationship between firm size and exporting
status, as in Melitz (2003). The average total sales of the incumbent exporting firms is about
double of the non-exporting firms. When firm level productivity is determined by a single
factor of productivity, the Melitz type of trade model implies that the export share at the
intensive margin (in addition to the extensive margin) be strongly correlated with firm size.
Our Japanese firm level data show that this prediction is not true. The correlation between
the export share and total sales is rather weak. The average correlation coefficient is only 0.08
among all firms. Among exporting firms, the correlation coefficient becomes even lower at 0.05.
This weak correlation remains robust even after controlling for the industry and year effects.

Another interesting observation from Japanese firm level data is the significant presence
of firms with negative profits staying in the market. About 8 percent of Japanese firms in our
sample report negative profits. This fraction becomes even bigger at 11 percent among the
always exporting firms, the biggest firms. Despite this presence of negative profits, Japanese
listed firms do not easily exit from the business, although entry into and exit from the export
market are rather frequent.

Given these empirical observations, we choose firms to produce multiple products and are
heterogeneous in terms of the productivity of the best product as well as the span of the
products. This two dimensional heterogeneity helps explain the weak relationships among
size, the export share and profitability in our firm-level data. Our firms also face recurrent
idiosyncratic productivity shocks, and thus they may not exit with temporary negative profits

in order to enjoy the option value of continuing production.”,® This explains our empirical

"Ghironi and Melitz (2005) analyze the dynamic effects of an aggregate productivity shock on the real
exchange rate in a general equilibrium model with heterogeneous firms. But they concentrate on the extensive
margin of products for export. Because there are no further idiosyncratic shocks after entry, there is no
endogenous exit nor negative profits in their model.

8More broadly, our paper is related to the recent policy literature that examines how much of a real exchange



finding why Japanese firms with recurring negative profits resist to exit from their business.”

Section 2 presents the basic model of a small open economy and Section 3 presents the
full model of two countries. In Section 4, we calibrate the parameters of the model either from
structural estimation or from simply matching the moments. In Section 5, we quantitatively

evaluate the model by simulating the aggregate dynamics.

2 A Basic Small Open Economy Model

Before examining the full model of the two countries, let us explain the mechanism by presenting
a basic model of the small open economy. We ignore capital accumulation and the government

sector in the basic model.

2.1 Set-up

There is a continuum of home firms h € H; each of which produces I;; number of differentiated
products for the home and export markets at date t. Firm A produces a differentiated product
qiL, for the home market from labor /L and imported inputs m}Z according to a constant
returns to scale technology
at. = aniZ; (@)% (m_,*ﬂ) o , for i = 1,2, .., Iy,
7L
where ay;; is the productivity of firm h to produce the differentiated product (h,i) at date t
and Z; is the aggregate productivity shock and v, € (0, 1) is the labor share. Because no two

firms produce the same product, each differentiated product is indexed by (h,4). Producing a

differentiated product for the export market has the same marginal productivity as producing

rate depreciation is necessary to close a nation’s current account imbalances. Obstfeld and Rogoff (2004) use
a three-country model to calculate how much of a depreciation in the real exchange rate is needed to set the
U.S. current account to zero. Dekle, Eaton, and Kortum (2008) fit their model to bilateral trade flows for 42
countries and solve for the new equilibrium in real exchange rates to eliminate all current account imbalances.

9Strictly speaking, in our sample of Japanese listed firms, firms that drop out of the sample are "delisted."
Of the 2386 firms in our sample that we examine between 1985 and 1999, 104 firms became "delisted." We
examined the circumstances surrounding the de-listing of all of these 104 firms and the vast majority were
delisted because of bankruptcy or "ceasing to do business." A small number disappeared as independent firms
because of mergers with stronger firms. Thus, we are on reasonably firm ground when we equate a firm that
has been "delisted" as essentially "exiting" from production.



for the home market, but requires a fixed cost for each variety,'

* 1-
<l£‘_it>7L ( th ) ’YL_¢
7L L=y

Home final goods are produced from a variety of differentiated products according to a

iy = aninZy ,fori=1,2, ...

constant returns to scale CES production function

[’
Ipy 6—1
6—1
o= [ (>am)an|
! heH: \ ;—1 it

where 6 > 1 is the elasticity of substitution between among goods. Home output for export QF

is produced from home differentiated goods

[

Iht 0—1
6—1
Qf = / > dhy 7 |dh| .
! heHy it

i=1

Concerning the productivity of each differentiated product, ay;, it is either high at a, > 1,
low at 1 or zero. A new entrant firm who pays a sunk cost £g (in terms of home final goods)
at date t draws an opportunity of producing b € {1,2} number of new differentiated products

from date t+1, where
b 2, with probability (wp.) ¢,
N 1, wp. 1—.

Thus the average number of new products drawn is equal to 1 + ¢.!!' The productivity of each

new product is independently distributed as

ao > 1, wp. Na
Ahit+1 = 17 wp. /\/(1 - Oé),
0, wp. 1 —\.

Thus new entrants are heterogeneous in terms of number of differentiated products (width b)
and the distribution of productivity of producible products (height ap;11).
The firm who has existing products must pay the fixed maintenance cost k£ (in terms of

home final goods) for each product in order to produce and maintain its productivity. (The

10We assume that the fixed cost for exporting a differentiated product is constant in term of output - the first
¢ units of output exported are used to cover the fixed cost. Alternatively we can formulate the fixed cost in
terms of input. We choose the current formulation because it is equally natural and slightly easier to aggregate.

1 Because of this normalization, the dynamics of aggregate prices and quantities do not depend upon para-
meter ¢, even though the dynamics of firm-level prices and quantities depend upon ¢.
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firm who wants to maintain I,; number of products must pay & - ;). The product which
the firm pays the fixed cost has the same productivity in the next period (api+1 = api) with
probability 1 — §, and receives a new productivity draw according to the same distribution
as a new entrant with probability 6. Thus the number of products each firm produces may
increase or decrease depending upon the new draw of b, and the distribution of productivity
of producible differentiated products changes depending upon the new draw of a;; 1. Because
firms are heterogeneous in terms of the width and the heights, we can show that there are only
weak relationships among size, the export share and profitability across firms - a feature of our
Japanese firm-level data.!? If the firm does not pay the fixed cost x for an existing product, it
loses the technology for this product for sure and forever.

Because there is no capital accumulation nor the government sector, home final goods are

either consumed or used for new entry and maintenance of the existing technology as
Q' = Cy+ kpNp + kN,

where Npg; is the measure of entering firms and N, is the measure of differentiated products
which firms try to maintain. We can think the cost of drawing new technology and maintaining
old technology as investment in intangible capital.

The representative household supplies labor L; to earn wage income, consumes final goods

C; and holds home and foreign real bonds D and D;¥ to maximize its expected utility,'?

oo 1+1/%
U= FEo) f (m Cr — Yo7+ & In D:H> ,
s L+ 1/4

subject to the budget constraint
Ct + IiENEt + liNt —+ DZ_I + GtD:H = thLt + Ht + Rt_ng{ -+ GtRI,lDZiJl- (1)

wr, is real wage rate, €, is the real exchange rate (the relative price of foreign and home final

goods), and R; and R} are home and foreign real gross interest rates. II; is the real gross

12In the full model, we allow for more general distribution of width and heights. The evolution of the heights
is more general too, even though we abstract from the evolution of the width.

13We index goods by the origin and user countries. For the origin, we label goods by naught for home and
by * for foreign. For the user, we label goods by H for home and by F for foreign. For example, D;¥ is foreign
bond that are held in the home country.



profits distribution from businesses, and the net profit is II; — kg Ng; — K N;. Home and foreign
bonds are used as means of saving. In addition we assume that the holding of foreign bonds
facilitates transactions and provides utility. The utility from holding foreign bonds is subject
to the "liquidity" shock, £/, We assume that foreigners do not hold home bonds in the basic
model. Then because there is no government sector, the net supply of home bonds to home
agents is zero,

DI =o.

We assume that all home imports are inputs to production, and that the imported input
price is normalized to be one in terms of foreign final goods. We assume that foreign aggregate

demand for home exports are given by
Qf = () TV, (2)

where Y,* is an exogenous foreign demand parameter, p is an endogenous export price in
terms of foreign final goods, and ¢ > 0 is the constant elasticity of demand for home exports.
Foreign bond holdings D;¥ of the home representative household evolves along with exports
and imports as

Dy = Ry D% +p; Q= MY,
where M = [ cH, [Zfiﬁ (mi + mik)| dh are total imported input of the home country.
2.2 Competitive Equilibrium

All markets for the factors of production and outputs are perfectly competitive, except that
the market for differentiated products are monopolistically competitive.
Consistent with the usual CES production function of final goods manufactured from dif-

ferentiated products, each firm faces a downward sloping demand curve for its product in home

4The idea is similar to money in utility function. Section 5.3.8 of Obstsfeld and Rogoff (1998) presents a
model with both home and foreign money in the utility function to analyze the phenomenon of dollarization.
We have both home and foreign bonds in utility for the full model. We ignore the utility of home bonds in the
basic model because the net supply of home bonds are zero.



and foreign markets as a function of prices pf. and pf.., such that

pi\ "’
H hi H
Ahiy = <_Ht> Qs (3)
2
r —0
DPhi
i = () o
2

where p/ and p!” are the price indices of home final output for the home and export markets

et (Sl 8

Jj=1
Int =7
Foo_ F o\ 1-6 dh )
= | (S em)al

We use home final goods as the numeraire in the home market, and foreign final goods as the
numeraire in the foreign market.

Note that the production functions of differentiated products all have a common component:
the constant returns to scale Cobb-Douglas function. Moreover the ratio of labor to imported
inputs is equal across firms when firms minimize the costs under perfectly competitive factor
market. Using our notation of composite input use for producing a given differentiated product

for the home zf., and export z!., markets , the production functions can be simplified as

H H
it = QhitZy - Ty,

Fo F
Gnit = Onitly - (xhit - ¢) .

Aggregate production of the input composite should be equal to the sum of input composite

Lt YL Mt*H 1= uy: " »
Xi=|— —/ Thie + Thip) | dh. 5
t <’7L) <1_7L> heHy 121( o ) )

Because the price of imported inputs at home is equal to the real exchange rate (due to our

use

choice of numeraire), cost minimization implies that the unit cost of the composite input w;,

and the demand for imported inputs satisfy

wy = (th)'YL ﬁiin )
. we X
M = (1) ()



After maximizing current profits, each firm sets price as a mark-up over their unit produc-

tion cost
0 w
H t
. = — 7
phzt 0 . 1 ahitZt ( )
F _ 0 wt/et
Prit = g apnZs’

for all products produced. Because there are only two productivity levels, either high at a, or
low at 1, there are only two price levels and there are only two output levels of differentiated
products for the home (g%, ¢fl) and export (g%}, ¢f;) markets. Although each firm may produce
multiple differentiated products, the firm can decide how to produce and whether to continue
producing each product independently from their choice of the other products.'®

We conjecture that in equilibrium, all firms choose to pay the fixed maintenance cost with
positive productivity (an; = a, or 1). Let N,; and Ny; be the measures of products with high
and low productivity. Then the measure of products that firms try to maintain at date t is equal
to the sum of the measure of products with positive productivity at date t (V; = Nyt + Nyy) -
Let A\ be the expected number of products with positive productivity when a firm gets a new

draw. Then we have A = (1+¢) X', and we assume
A=(1+)N <1

The measure of products with positive productivity evolves with the maintenance and new
entries as

Nt+1 — (1 - 5 + (5)\) Nt + )\NE't (8)

From the specific feature of our idiosyncratic productivity evolution, the ratio of high- and low-

productivity products (that are produced) remains constant:

Nlt = (1 - OZ)Nt, Nat = OéNt.

15The founder of Kyocera, Mr Kazuo Inamori, proposes an "amoeba" management style, in which each pro-
duction unit makes relatively independent production decisions, while the number of production units multiply
like "amoebas." Our technology can be seen as a justification for the "amoeba" management sytle. See also
Bernard, Redding and Schott. (2010, 2011).
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Then from (4) and (7), the price index for home final goods for the home market becomes

7
1 = pf = wf , where
0—1laN,1Z,
a = [l—a+ a(aa)e_l]ﬁ.

a is the average productivity of products that are produced and dNtﬂ%th is the aggregate
productivity home firms for home market. Thus the unit cost of input composite is given by

0—1
0

Wt =

aN, =172, = w (N, Z,) . (9)

We also conjecture that low productivity products make zero profits for exports, and thus
only a fraction - Nf € (0, Ny;) measure of products with low productivity - are produced
for exports, while all high productivity products are produced for exports. The zero profit

condition for a differentiated product with low productivity is

=€ —w — = w —_—— — .
tP1:41¢ t Zt t 9 -1 Zt

Thus we learn export of low productivity product and high productivity product do not depend

upon the external conditions such as the foreign demand and the real exchange exchange rate:

Foo_ ILZ - F_ 0 (g
Aot = Qi = (aa)” (0 — 1) 9Z;.

F
D1t

The export quantity index and price index become

o = (@n) 0-1ez,

0 U)t/Gt la h
— = ——, where
bt -1 athe%th € a;
af’ _ {nﬂ + Oé(aa)efl]ﬁ’ and nﬂ = Nf;/Nt € [O, 1-— Oé].

This productivity measure for export @ is an increasing function of an extensive margin, nf,

- the fraction of low productivity products that are exported. Then from the export demand

function (2), the export market clearing condition implies
F la o * —F L 0
Qi =\|—=f Y, = (at Nt9_1> (0—1)9Z,
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or

1

B B o %1 B & © Yt* =

@ = [(‘N) oDz

ap; QF = { [(9 —1)¢Z, (aNtell)e} - (€t)¢(91)(}/;*)91}3¢ )

1

0—¢p

2.2.1 The "Disconnect" Between the Aggregate and Firm Level Responses to the

Real Exchange Rate

Because the number of products produced N; is a state variable, the extensive margin (the
number of low productivity products which are exported N = nf,N;) reacts to an exogenous
shift in foreign demand (Y;*) and an endogenous shift in the real exchange rate. When the
elasticity of foreign demand for home products is relatively inelastic compared to the elasticity
of substitution among differentiated products (¢ is small relative to @), then the export quantity
QF and export value (in terms of home final goods) are relatively insensitive to the real exchange
rate shift. In contrast, because all the adjustment is through the number of low productivity
products which are exported, the average export of low productivity products (N{iqf;/Ny;) is
sensitive to the real exchange rate shift. This is because as in Green (2009), low productivity
products are sensitive to external shocks - their exports drop like "flies" when there is an adverse
shock such as a real exchange rate appreciation. However, within a period, total exports of high
productivity products N,.q%, are insensitive to external shocks; thus aggregate exports are less
sensitive contemporaneously to external shocks.

Our Japanese firm-level data (Kaigin data) are mostly of relatively large firms, which
typically produce multiple products - possibly after a number of good new draws of b = 2. If
a firm h has I, number of active products, some are high productivity products and some are

low productivity products, and some of the low productivity products are exported and others

13



are not:

I = Iy + 1},
= In+ L) + 1),

where ¢ is the number of high productivity products, I}, is number of low productivity prod-

ucts, I} is number of low productivity products exported, and IV is that which is not exported.

The export sales of firm h in terms of home final goods are
ec(IParlor + Inf P1d1,)-

If we randomly sample firms which has I}, number of products, the probability that we observe

a given export sales at date t would be equal to

Ipy!
1F 1N

ol (n{;)’itp (1= a—nb)i,

Note that this probability is a function of the fraction of exported low productivity products,
nl,. Therefore, even if the output of each differentiated product (qgt, qﬂ) does not depends
upon the real exchange rate, we should observe firms with a large fraction of low productivity
differentiated products react strongly to the real exchange rate shift, by through the adjustment
of the extensive margin at product level nf,.

This heterogeneous reaction of exports to the real exchange rate shift across different prod-

ucts explains why firm level exports co-move significantly with the real exchange rate, while

aggregate exports appear "disconnected" from the real exchange rate.!®

2.2.2 The Equilibrium Dynamics of Our Economy

For the extensive margin to be the relevant margin, we need N{; € (0, Ny;), or

aria, < al = [ni, + oz(aa)e_l]ﬁ < a. (11)

16Qur explanation of the extensive margin adjustment at product level is consistent with Dekle, Jeong and
Ryoo ( 2007), which find that the apparent lack of relationship between the exchange rate and aggregate exports
occur through the intensive margin of export sales within firms, rather than through the extensive margin of
entry and exit of firms in the export market.
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The aggregate composite input used for the production for the home and export markets

are given by

X = NF(q—ﬂ+¢>+N (q‘f'f +¢>)—NF0¢>+N P[0 — 1)(aq)’ ™!
t = 1t at = V1t at ) + 1]

Zt aaZt
= oN; {9 (Ef)efl — af(ay)’t - 1]} ,
X, = x/+x/. (12)

** [ think the first part of equation (12) is likely to be

F F [ 91t F o
X = N — 4+ <Z§ + N @ + 0
! 1 (Zt > ot (aazt )

= NEOG + Ny

= 0pN, [nft +al

_p\0— _
— 06N, {(af) ' af(an)’t — 1]} .
The labor supply condition of the household is given by
1
Wrt — QﬂOLtw Ct'

Together with (6), we have

I, — 1 ( Wy )'YL
' (1oCr)¥ eiﬂL 7

p—
NON
€ 7L
_ 1 [ wtli'YLer ]'YIL (13)
%(%Ct)w €§1*7L)(1+1/1) ’

The profits arising from exporting for the low- and high productivity products are

=0,
F F F qFt
Tt = €tPatdar — wt(qQQZt + ¢)

= wd(an)’" = 1].
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The profit arising from selling in the home market are

1 XH
H _ _HH H _ t
T = Py — Wiy = 0 lwtag_lN
- t
6—1 H
H (aa) Xi
Tt — wt_a_l .
0 -1 a Nt

Let V,; and V3; be the values of the firms with high- and low productivity at the beginning

of this period (who decides to pay the fixed cost of maintenance). The Bellman equations are

Vat = —Kk+ 7T§It + 7T§t + EtAt’tJrlI:(l — 5 + (SACK)VOA/+1 + (5)\(1 — Ck)‘/ltJrl],
‘/175 = —Kk+ Wﬁ -+ EtAt,tJrl{d)\aVatJrl —+ [1 — (5 -+ 5)\(1 — Od)] Wt+1};

where A;;11 = BC;/Cyi1. The necessary and sufficient condition that the firm strictly prefers

to maintain a low productivity product by paying the fixed cost is
Vie > 0. (14)

Notice that this condition is satisfied even if realized current profits of each product (net
of fixed cost) is negative (7 < k), because there is an option value for the low productivity
product to become a high productivity product.!” This helps explain why firms often record
negative profits after paying their fixed costs of maintaining the business. In addition, because
firms may have a large number of low productivity products, there is only a weak correlation
between size and profitability across firms - another curious aspect of Japanese firms.

The value function of the average product produced is

Vi = aVu+ (1 —a)lVy (15)
- —K + %t + (1 - 5 + 5)\)Et(At7t+1vt+1),

where 7, is the average profit per product: o (7%, + 7)) + (1 — a) (7f, + 7f1). Then we have

T = wy {wi{—i]vt + adl(ar)’ " — 1]} . (16)

1"The option value due to the idiosyncratic productivity shock cannot be too large, because we conjecture
that the firm will not maintain the product with zero productivity. Firms with zero productivity will not pay
the fixed cost if
0> —k-+ 6)\EtAt,t+1Vt+1~
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The free entry condition for a new entrant is
kg = AEy (App1Visn) - (17)

The final goods market clearing implies

Cy + kpNp + kN, = aN, 71 Z, X} (18)
Net foreign assets evolve as
1 "] 1-¢ ﬁ
v aN;o-1 o X
D" = R D+ | (0-1) 07, ( ; ) O = (= )e(V, Z)=E (19)
t t

From the utility maximization of the household, we have the demand for net foreign asset as

*H Ct

t D;(H7

€& — R:Et (At7t+1€t+l) =

The left hand side (LHS) is the opportunity cost of holding one unit of the foreign bond.
The right hand side (RHS) is the ratio of the marginal utility of foreign bond holdings and
consumption. Because foreigners do not exchange foreign bonds for home bonds, the market

clearing condition for net foreign assets is given as

&he
€ — RZ‘Et (At,t—o—let—l—l).

Dy = (20)

The aggregate state of our small open economy is described by the state variables M; =
(Nt, D7, ;‘H VY Ry ), where the first two are endogenous and the last four are exoge-
nous. The market equilibrium condition of exports, labor, composite input, home final goods
and the net foreign assets together with the average value function, average profit function,
free entry condition, the evolution of number of differentiated goods produced, and the net
foreign assets equations (8), (9), (10), (12), (13), (15), (16), (17), (18), (19), (20) determine
(we,al, X, X, Cy e, Vi, T, Ngv, Neyr, Di) as a function of the state variables. The budget
constraint (1) is automatically satisfied once all the market clearing conditions are satisfied,
noting that aggregate profit is equal to the average profit multiplied by the number of products
produced (II; = 7, V).
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2.2.3 Solving for the Model Equilibrium

We first examine the market clearing condition for net foreign assets (20) to fix intuition.
Suppose as it is likely, that a liquidity shock to foreign bonds & A ig very volatile in the short-
run. The supply of net foreign assets changes sluggishly over time through the current account.
Consumption is relatively smooth by permanent income theory if labor supply is relatively
inelastic and the investment on technology (kg Ng; + £N;) serves as a buffer to absorb shocks
(which we have to verify later). Then since the liquidity shock to foreign bonds appears only in
the market clearing condition for net foreign assets, the real exchange rate has to adjust quickly
to the volatile liquidity shock, that is, adjust at high frequency - even though at low frequency,
the adjustment of the current account and consumption are as important as the real exchange
rate adjustment.

Thus in our economy, the high frequency movement of the real exchange rate is dominated
by the liquidity shock. Empirically, we can treat the short-run movement of the real exchange
rate as almost "exogenous", because we can always find a liquidity shock to justify the observed
movement of real exchange rates as long as our boundary conditions (11) and (14) are satisfied
and the evolution of net foreign assets is stable in the long-run. In addition, net foreign assets
appear only in the equation for the evolution of net foreign assets (19).

Therefore, below we consider the following abbreviated or "shrunk" model. We take
M, = (Ny, Z;, Y €) as the state variables, and solve for the nine endogenous variables
(wt,af , X4, XtH ,Cy, V., 7, Ngy, Nt+l) as functions of the state variables which satisfy the nine
equilibrium conditions (8), (9), (10), (12), (13), (15), (16), (17), and (18). Here there is only
one endogenous state variable, N;, which greatly simplifies our analysis.

Equation (10) provides the expression for the quantity and the value of total exports as
explicit functions of the state variables. Our discussion of the adjustment of exports through
the extensive margin (number of low productive products) can then be made clearer, because

we can now take the real exchange rate as exogenous. Moreover from (15) and (17), we have
Vt:ﬂ't—lf—f-(]_—(S‘i‘(S/\)T
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Multiplying both sides of this expression at date t+1 by A; 41, we have

K — . K
TE = BNV = By {At,tJrl [Wtﬂ —rk+(1-0+ 5)\>TE} } ;

or

RE []_ — (]_ - (5 + 5/\)Et (At7t+l>] = AEt[At,t-‘rl(ﬁt-i-l — K/)]

The LHS is the cost of entering now instead of the next period, and the RHS is the expected
net profits of the next period which the firm would lose by delaying entry. (Remember the

entering firm can only produce from the next period). Using (16), this can be written as

K5 [1 — (1 =6+ 0NE, (BC(:L)} (21)

o Ct XtI-{‘,-l 0—1
- e (g {oer v [ oot -0 })

a

where
1
XtH _ 1 wtl—WL-Hl) ] L
YL WeC)? | 00+
0—1
* O—¢
—q 0 (2)“0 Y ] —« (aae’1 —1) p oN,
(0 —1)

$Z,N, 7
(from (10), (12) and (13)), and w; = w(Ny, Z;) in (9).

Using (8), the goods market clearing condition (18) can be written as

_1
C, + kN, + ’%E[Nt+1 (1 0+ ONN] =aNT Z, X! (22)

The policy functions for consumption C; = C (M) and the measure of products produced
Nii1 = N (M)) can be found from these two equilibrium conditions (21) and (22).
Using (6) (10) and (12), home real GDP is given by

Y, = Q +eap Qf — e M

0
= e[ (X ) - (1= 7))

0—1 1

0 Xt + éXt — qb(nft + Oé)N;| .

= 5Ntht |:7L
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The first term of RHS is wage, the second is gross profit and the last is the fixed cost for export.
Appendix A examines the steady state in order to derive conditions for the extensive margin

of products to adjust to the shocks in the export market.

3 The Full Two-Country Model

In this section, we extend the basic model into two countries in order to analyze fully the
general equilibrium interactions. The full model also serves as the basis for our calibration and

empirical study.

3.1 Physical Setup

There are two countries, home and foreign. Home final goods Y; are produced at date ¢ from
home produced goods Y, and foreign produced goods Y;*# such that

p—

= [0+ oS (23)
and foreign final goods Y;* are produced from home produced goods Y and foreign produced
goods Y;*F" such that

e

v = [0 + sy (24)

where 7, and 7; are taste shocks of home and foreign countries, respectively.

Home output for domestic use Qf, for final goods Y} and intermediate input M, is

produced from a variety of home differentiated goods Q% (w) such that

_0
0—

H MtH H H 01 v H
Y;" + Z_]\h}t =@, = {/heH o Qpi(w) 7 deh} =0q { [th(w)] }’ (25)

where 0 > 1 and O¢ is the quantity aggregator over the differentiated products. There is a
continuum of home firms indexed by h € H;, each of which produces a continuum of differenti-
ated goods indexed by w € 2 = [0,00), and none of the differentiated product is produced by
two firms. Hence each differentiated product is indexed by (h,w). Home output for foreign use

QF is produced from home differentiated goods such that
Y+ 5 = Q =00 {[Qn(w)]} (26)
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Similarly, foreign output for its own use Q¥ and home country’s use Q¥ are produced from

foreign differentiated goods Q7 (w) as

Y*F Mt*F o *F @ *F 27
¢ +Z*F = t = Q{[th(w>]}7 (27)

Mt
Mt*H
Zin

Y4 =00 {[Q5 ()]} (28)

(Z35,, Z5, Z38, Z3F,) are intermediate input specific technology shocks.'®

Each home firm h produces a variety of differentiated goods for home and foreign use from
input composites X (w) and X}, (w), respectively. Exports require the fixed cost ¢ of producing
each variety, and output shrinks by factor 1/7 < 1 during the export transportation so that

outputs of home variety w for home and foreign countries are

Q) = an(@)Xfi(w), (29)
Q@) = = fan(@)Xfw) -], (30)

where ap:(w) is the productivity level for variety w specified as

e (w) = Aps exp (‘B%) . (31)

Each firm’s productivity is characterized by its productivity profile over the differentiated vari-

eties [aht(w)]we[o,oo) which is determined by the Aj; measuring the "height" and Bj, measuring
the "width" of firm h’s productivity. A,; corresponds to the productivity level of its best prod-
uct. The number of products whose productivity is within a certain percentage deviation from
the highest level is proportional to Bj,. The height can vary over time, but the width is assumed
to be time-invariant.

A new firm that pays a sunk cost kg at date ¢ can independently draw a height A;; and a

width Bj, from lognormal distributions of f % (Ax:) and F % (By) such that

InAy —pp = Vep ~ N(OaUEE)a (32)

In By, —u, ~ N(0,0%). (33)

¥ These shocks include exogenous shock to the relative price of intermediate inputs such as an oil shock.
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The new firm can start producing from the next period.

Each firm (including new entrants) faces an idiosyncratic shock to lose the technology and
exits exogenously with probability y € (0,1). The firm whose height and width were Ay; and
By, in period t must pay a fixed cost kB, in the beginning of period t+ 1 to draw a height Ay,

from a distribution F'(Ap;1|Ap:) following an AR(1) process such that
InApi1 = (1 — o)ty + Po It Apt + Vo pey1, where vg i1 ~ N0, 0,2,&). (34)

Without paying kB, the firm loses the technology (i.e., Apsy1 = 0 with probability 1) and
exits. The distribution (f)t of the productivity of home firms (A, By) evolves through entry,
exit and the evolution of A;; such as

foB;l fooo F(Aht+1|Aht>1t+1 (Ahu Bh) X

N 5 A ’B/ _ ~
141 Pir1(Aners, By) (1—6y) [NEtF%(dAht)F% (dBy) + N;®; (d A, dBy)|

(35)

where N; is the number of firms that maintain the technology in the beginning of period ¢,
and Npg; is the number of new entrants. 1,11 (An, By) = 1 if the firm of productivity (Apn:, Br)
chooses to stay at the beginning of period t+1, and 1,41 (A, By) = 0 otherwise.!?

Similarly, each foreign firm f produces a variety of goods for home and foreign uses as

Q@) = = [a3@) X3 @)~ 7], (36)
Qf (W) = ah(w) X} (W), (37)

where the productivity for a foreign firm f to produce a variety w is

* k w
ay(w) = A} exp (— B*) : (38)
f

A foreign entrant pays a sunk cost k73, to draw a new technology from lognormal distributions
of F%(A},) and F 3 (B}) such that
WAL, — i = v~ N(0,072), (39)

InB; — iy ~ N(0,04%). (40)

Note N; denotes the measure of active firms here, while in the basic model, N; denoted the measure of
products produced.
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Each foreign firm exits exogenously with probability dy € (0, 1) each period, and needs to pay
k*B} in order to draw a height A%, from a distribution F'(A%,,,[A%;) following an AR(1)

process such that
In A%y = (1= po)us + pa I Agy + v 0y, where vg gy ~ N (O, ‘733)- (41)

The productivity distribution of foreign firms 5;“( %, B}) evolves through entry, exit, and the
evolution of A%}, similarly as in (35).

The input composite is produced from labour L;, capital K;, home intermediate goods M/,
and foreign intermediate goods M;# according to a constant returns to scale Cobb-Douglas

production function. The resource constraint of the input composite for home country is

L YL K MH 75{ M*H 'ﬁ\f
w - () (5) ) Gir) (@
7L Tk 7M Ym

= / (X} (w) + X}y (w)] dwdh,
heH: JweQ

where Z; is the home TFP and v, + v + v + 73l = 1. The resource constraint of the input

composite for foreign country is similarly given as

L* 7L K* Tk MF Vhr MF VA
X?‘:Z()()(—?)(&)’ @
L T M

- / (X (w) + X3F (w)] dwdf,
fEF: wEQ

where Z; is the foreign TFP and v} + v} + 75\;‘, + 7}‘\5 =1.

The resource constraint of final goods for the home country is

1
Ct + Gt + Z_ [Kt+1 - (]_ - 6K)Kt] + IQENEt + IiEt(Bh)Nt }/t (44)
It
C; and G; are consumption expenditures of households and the government. [Kt+1 — (1 —6g) K}

is the tangible capital investment subject to investment specific technology shock Z;;. kpNg;
is the cost of drawing new technology. xE;(Bj)N; is the cost of maintaining the existing tech-
nology, where E; (B},) is the average width of the staying firms. The last two terms can be

considered as gross investment in intangible capital. Similarly, the resource constraint of final
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goods for the foreign country is

o — (L= 0x) K] + kpNpy + K E(B})Nf =Y, (45)

3.2 Decentralized Economy

All the markets for factors of production and output are perfectly competitive, except that the

markets for differentiated products are monopolistically competitive.
3.2.1 Government and Representative Household

The home government consumes G¢, taxes home households lump sum by 7; and issues short-
term government bonds, D, at the market gross real interest rate R; subject to the budget
constraint

Gt + Rt—lDt—l — iTt + Dt. (46)

The representative household owns the entire home capital stock and firms.? The household
consumes, invests and purchases home and foreign government bonds to maximize their ex-

pected discounted utility

o0 LIH1/Y
Uo=FEo ) f' 1H0t—¢om+ff{1an+§:HlanH ; (47)
t=0
subject to the budget constraint as
1 _
Cy + 7 [Kii1 — (1 — 8x) K] + kgNg: + k BNy + DI + ¢,D;" (48)

= thLt + wKth -+ Ht — ﬂ + Rt—lDﬁl + etR:—lDZi{l‘
The aggregate profit II; is defined as

I, = ENt/ W(Aht, Mt)dq)t (Aht) ,
0

20This is an important limitation of our analysis, because there are extensive holdings of foreign equities and
capital. But because the home bias of equity holdings is still strong especially for our data up to 1999, this
assumption may not be a bad approximation. This assumption greatly simplifies our analysis, because we can
analyze the behavior of the representative household as if there were no stock markets, and can use the resulting
consumption rule to compute the stochastic discount factor Ay ;1.

Perhaps a more serious limitation of our analysis is the absence of overseas production of home firms. Perhaps
in future, we can extend our analysis by allowing home firm h to spend a sunk cost k% to draw a new technology
(A}, By,) for foreign production which depends on (Ay, Bp,).
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where 7(Ap:, My) is given in (61). In the utility function, we include the utility of home and
foreign bond holdings to capture the transaction frictions in home and foreign markets. Their

first order conditions imply

wie = L/YC, (49)
1 1 -0k

— = E,IA 50
Zn t { 1 (wKtJrl + T )] ) (50)

Dfl = ff{ [1 — Ry E (At,t+1)]_1 Ct,

D = &1 - RIE, (Ayrerir/e)] ' Ci/er.

The gap between unity and R;F; (A;+41) is the opportunity cost of holding home bonds, which
reflects the liquidity service of home bonds that facilitate transactions.
Similarly, the foreign representative household owns the entire foreign capital stock and

firms and maximizes the utility

t=0

00 *14+1/4*
Ui =FEoy B (mo; — ¢31t+—1/¢* +& Dl +&"F 1nD:F>, (51)

subject to the budget constraint as

DF
Z_* [K:—H - (1_5K)Kt*] +K*ENEt+€_t+D:F (52)
It t
7
€t

= wi,Li +wigK; + 10} = T} + Ry ——= + R;_, D}F).

The bond market clearing conditions are the demands by foreign households

D, = D"+ Df
_ &G, & Cre (53)
1— RtEt (At,t—‘rl) 1-— RtEt (A;t+1€t/€t+1) ’
D; = D+ D
§:H0t/€t f:FCt*
1 — R E; (Avir€41/e) 1 — RIE, (A;t-i,-l)

(54)

These shocks to the utility of bond holdings (ffl JEH e e F ) follow an AR(1) process, and
help explain the volatile movement of the real exchange rate, even though we will not use all

the shocks in the calibration.
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3.2.2 Production of firms

A home firm h owns the same constant returns to scale technology as (42), to produce the
composite input and use this composite input to produce a variety of differentiated goods for
home and foreign uses according to the menu of technologies described by equations (29) to
(34). Consistent with the CES quantity indices in (25) and (26), each firm faces a downward
sloping demand curve for its products in home and foreign markets, as a function of prices

pi (w) and pf, (w) such that

Qht (W) =

H ()77
{p’}gé)} Q"
[pﬁt gm] - oF

Qe (W) o

where pf is the price index of home output for home use corresponding to the quantity index
of QF in (25) and p[ is that of home output for foreign use corresponding to QF in (26), given
by

P = [/H |yl N (55)
o= On{[hw)}.

We use home final goods as the numeraire in the home market, and foreign final goods as the
numeraire in the foreign market.
Because of the common constant returns to scale production function in (42), the unit cost

of the composite input w, is
H *H
H \"m *H\ VM
Wy = Wry P Wiy (wMt) (wMt) /Zs,

where wr; is real wage rate, wg; is cost of capital, and wt, and wif are the costs of home

and foreign produced intermediate inputs. w¥, is equal to because the intermediate goods

H
ZI\/I t

specific technology shock Z. in (25) captures the movement of relative price between home

* FH
final goods and home intermediate goods. Similarly, wil = g‘* =, where pf is the price index
Mt
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of foreign output for home use. Thus, the unit cost w; can also be written as

pH M p*H M
Wy = U)Lt’YLU)KtPYK LH tH /Zt (56)
Zhre Zhnt

Maximizing current profits subject to the constraints of the present technology and aggre-

gate market conditions, each firm sets the price as a mark-up over their unit production costs

as
0 w
H o t
pht (w) - 0 -1 aht(w>’
0 Tw/e
F _ U Tw/ e
pht (W) - 0 . 1 CLht(CL)) )

for all w produced, where ¢, is the real exchange rates (the relative price of foreign to home final
goods). Because all firms produce all the available products for the home market, the price

index for home output for home use becomes

by = m@—ﬁa (57)

where

O = O {lan(w)]}

1

-1
V /aht (’ldwdh] ,
heHy

By, -1 ] =
= Ap”dh .
|:[l€Ht 9 - 1 '

using a one-to-one mapping between product variety w and the productivity level a;; as w =

By, (In Ay — Inay) from (31). ©X is an aggregate productivity measure of home firms for the
home market.

Firm A produces goods for export, only if the profit is non-negative:

Wy

ap(w)

Then the home h firm exports a good w if and only if productivity aj;(w) is higher than a

0 < el () QL (w) — w X[ (w) = QR () = 6.
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common lower bound a, that is characterized by

6 F
T [ r, M
— =t yE 4t
o = 57 (8) ( *z;a,t)’ o
0 Tw/e
Fo_ U TW/E
pt - 9_1 @gt ) (59)

where
0—1

By,

A -1 _6-1 dh
th|Angt9—1( " %)

or, = O, {lam(w)]} = [/h

The home firm A exports if and only if its highest productivity satisfies Ay > a,. This is the

feature that Melitz (2003) and Eaton and Kortum (2002) emphasized. Here, however, the
productivity of the firm has two dimensions, height Aj; and the width Bj,. Thus, even if a firm
has large width, the firm exports only if the height is high. On the other hand, there are many
smaller and medium size firms with small width who are heavily involved in exports because
their height is high. This helps to explain the weak cross-sectional correlation between exports
and size which is observed in our Japanese firm level data. The aggregate productivity measure
of home firms for exports ©F, is smaller than the aggregate productivity measure for the home
market O because a smaller number of varieties are produced for exports.

Using the above production choice, total sales Sy; and the gross profit 11, of firm A before

subtracting the fixed cost of maintaining the technology are now summarized as:

9 Qf{ 7 (Aht)e_l +
Bjw; (em)? 01
She = r o1 o1 (60)
_ TQ Ap (ay)
0-1 1 1(4,,>a,) o)’ [( p)0l_ (e) }
Q' (An)’!
_|_
Brw; | (ef)” o1
M = Qh—lt o Qf  ((Aw)°7t ()" 1 1 (61)
1(A),>a,) (er,)’ ( -1 ~ 6-1 ) —¢(—-1) (g_t N A_ht>
= Bpm(Ap, My),
where 1(Ap; > a,) = 1 if and only if Ay, > g, (indicating export status), and ((225)9 and ((;%;8
at at

summarize the market conditions for home output in home and foreign countries. Observe that
profit is proportional to the width of the firm, because both demand for its product and cost

are proportional to the width, and profit per width m(Ay;, M;) only depends upon the height
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Ay and the market condition M, which we will specify more explicitly later. Observe also that
the exporting firm’s profitability is more sensitive to foreign market conditions and height of

productivity, because of the presence of the fixed cost ¢ of production for exports.
3.2.3 Exit, Entry and Distribution of Firms

Each firm must pay a fixed cost kBj, to receive a technology draw according to (34) at the
beginning of period t before idiosyncratic technology shock realizes. Thus, the firm makes an
exit decision based on the information available at the beginning of period t. Let V (A1, My)
be the value per width of the active firm with date t-1 height Aj;_; before drawing a date t

productivity. Then, the Bellman equation for this firm is

V(Aht—la Mt) = —K+ (62)

(1 - 5N)E{7T(Ahta Mt) + At,t+1M6m7[07 V(Aht, Mt—l—l)HAht—la Mt},

where A; ;.1 is the stochastic discount factor. Because we assume home firms are all owned by
home households, the stochastic discount factor is equal to the marginal rate of substitution
between date ¢ + 1 and date ¢ consumption of the home representative household, i.e., A ;41 =
I6; % Because the RHS is monotonically increasing in the height of the previous period Ay;_1,
firm’s exit decision follows a reservation rule, i.e., firm h exits if and only if Ay, < A (My),

where

V(A (Mt) aMt) =0. (63)

Because m( Ay, M;) is stochastic when the firm chooses whether to stay or exit, the net profit
7w (Ap, M) — Kk can be negative for low realization of A, for some firms that decided to stay
based on their information (A1, M;). In addition, because there is uncertainty about future
value of the firm V (A, M;.1), there is an option value to stay in business at the beginning of
date t. This helps explain why negative profits are often observed among staying firms.

Firms are also free to enter to draw a new technology according to (32) and (33). Because

the new entrant can only start producing in the next period, it also chooses whether to exit or

29



stay. Then we have the free entry condition as

REp = B (1 — (5N)E{At7t+1]\/[ax[0, V(Aht, Mprl)] ’Ahta Mt}FOA(dAht), (64)
Apt>A(Mit1)

where B = E;(B),) = exp(j, + %)

The distribution E)t of the productivity of home firms (A, By,) evolves through the entry,
exit and the evolution of A;;. Because the evolution of height is independent from the time
invariant width, we have

By (Ane, Bn) = By (An) F%(B)
N1 @e1 (Aper1) = /°° F(Apt1|Ane) (1 = 0n) [NeeF 4 (dApe) + Ne®y (dAw)]. (65)
Ape>A(Mit1)
The distribution function of the height ®; (Aj;) summarizes the productivity distribution of
heterogeneous home firms.

The aggregate productivity measures of home firms for home and foreign markets are now

simplified to

where )

6—1

O (a,, ;) = { /A 5 9T11 [(Aht)@—1 _ @)"ﬂ 4o, (Aht)} . (68)

The lower bound g, in (58) and price indices pf’ and p! in (57) and (59) are determined by
(66) and (67).

The behavior of foreign firms and price indices are described similarly to home firms such
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that

pE Y (B
wi = wi,twy, K ( ) ( - ) /7, (69)
t Lt Kt Z]FWt ZJWFl; t
. 0 T ewy
(B'N:)" © (ar )
. 0 wy
e A= ’ 1)
<B Nt*) 7 o(0,d))
0
* 7—* Q;Sk *H Mt*H
= Y, — 72

(5'5) ™ 0 w00

where B® = E(B};) = exp (,uz + %"2>, Ny is number of foreign firms, and O (a;, ®;) =

1

Utg s a7 (470" = (@) | a2y (47) 7.

3.2.4 Market Equilibrium

From the optimal choice of home and foreign produced goods for production of final goods in

(23) and (24), we have

YH pH —¥
o = (Gin) ™

Y't*F _ T]* (p:F)_SD
v "\l

Then as we chose final goods as the numeraire in home and foreign countries, we have

) 1)
1 = [m (PN + (i)’ SO] 7, (74)

_ 0
e (A IR (20 B R (75)

Thus we have

v/o= (o) YL YT = (7)Y

Y/ o= () Y Y = (7)Y (76)
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Concerning the composite input, from the cost minimization of the input composite in (42)

we have
X X
M =~ s M = T
C gy M 7 o
Together with production function in (42), the home supply of the input composite is
ZJ\I}; Vv Z}'\‘/[H yiH L\ [\ 1/(vp+7K)
e[ () () (2 ()
by Dy 7L TK
The demand for the home composite input is
(esf) (s
Xt — — + — - Mt
(BN:) g (0,®;) (BN:)" 'O (a, P)
_ 1 1
roBN [ (2 ) an). (79)
AhtZQt Qt ht
Similarly for the foreign country, the intermediate goods uses are
X} X/
MF ’YF M*F — ,Y*F t ’ {0
C T, Iz, 0
supply of foreign input composite is
(81)

* ] 1/(vi,+7v%)
K

S CNCNONE
Dy 7L Tk

pt

demand for the foreign composite input is
*H My A *F My o
s VA )

Zi0
(E*Nt*)ell O (af, ¥7) (E*Nt*>ﬁ o0 2)
1 (i_ 1)d<1>*(*) (82)

+¢*B Ny / i\ &
=t

A;t >a;

X =

Concerning aggregate values of export and import, we have

MF
home export = ¢foreign import = e,pf" | V.5 + —F ,
Zan
M*H
home import = ¢foreign export = Y 4 7
Zh

<Y*H AZ/[H> home capital account

Thus, home trade balance is T'B; = ¢;p!’ (Y;F + %é )
Mt
— 1) Di" — (R—1 — 1) D}, and the home current account balance

balance is KB; = ¢ (R},
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is CB; = T'B; + K B;. The international account balances for foreign country can be similarly
defined, and the foreign current account balance is C'B; = —iCBt. Note that we allow non-
zero international account balances. In Japan, intermediate goods have dominated the share
of imports, and recently the share of intermediate goods in exports have risen significantly.
We will see if this is one of the reasons why aggregate imports move together with aggregate
production and aggregate exports, especially after the year 2000.

The aggregate state of the economy in period ¢ is M; = (Kt, Ky, Ny, N}, D,_1,D;_{, Py, CIJ,*;).
The home and foreign governments choose (G, T3) and (G, T}) as functions of the aggregate
state. The thirteen prices (ptH il w, wi wre, wh Wi, Wiey, Ry, B et) and twenty two
quantities (a,, a, Yy, V", Xo, X7, Ly, Ly, Y2 Y0 YVE Yl MP M ME, ME Gy, CF, Ay, A, Ny, Njy,)
and the aggregate state of the next period M, ., are determined as functions of the current

aggregate state M, in the recursive equilibrium of our economy.?!
3.3 Steady State

3.4 Equilibrium Dynamics

4 Parameter Selection

4.1 Estimation of Firm Level Productivity

The domestic sales component of individual home firm in (60) together with (57) implies
ST =04+mQ” +0np — (60— 1)In(w) +1In By, + (6 — 1) In Ay,

where 6 is constant which depends upon 6. Using this equation to infer the parameter 6 involves
two complications. The aggregate variables Q¥ and p are functions of 6, and w; would depend
on Z; in equilibrium. Because of these issues, we do not aim to estimate 6 from this equation.

Our goal of using this equation is to infer the distributions of Bj, and Aj;’s by estimating this

2In addition to (65) and the corresponding foreign equation to determine (Nt+1, Ny, @i, <I>I+1), we have
thirty nine independent equations: (23), (24), (44), (45), (56), (57), (58), (59), (63), (64), (two more equations for
foreign country corresponding to (63), (64)), (69), (70), (71), (72), (46), (48), (49), (50), (four more equations
for foreign countries corresponding to (46), (48), (49), (50)), (53), (54), (74), (75), four equations in (76),
two equations in (77), (78), (79), two equations in (80), (81), and (82). Ome of these forty equations is not
independent because of Walras’s Law.
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equation by replacing all aggregate effects with time dummies D, such that
In S =6+ D, + by, + apn (83)
where

0 = 0+pm+(0—1)p,
bh = lth_Mbv

ape = (0—1)(InAp — p,),

and g, is the mean of In B, and p, is the mean of the stationary distribution of the AR(1)

process of In Ay, = (1 — p,) ptg + Po 0 Apt—1 + Vo ne- That is, ap, follows the AR(1) process

Aht = Puht—1 T Va,hts

where Uy pt = (0 — 1) Vg -

We estimate the equation (83) by the fixed effect model with autoregressive disturbances.
The estimates are reported in Table 1, with standard errors in parentheses. Figure 2 plots
the kernel density estimate of b, overlaid with the normal density, showing that the lognormal
distribution is a reasonable approximation of the distribution of Bj,. Figure 3.1 compares the
shapes of the time-varying kernel density estimates of ay; across three sample years of 1986,
1993 and 1999. Figure 3.2 shows that the average of a;; monotonically converges to zero while
the dispersion (measured by standard deviation) declines and then becomes stabilized as time
passes.

Table 1. Estimates of Firm Level Productivity Parameters
Parameters ‘ 0 o Py 0%,

) 17.84
Estimates (.002) 1.413 .689 183

4.2 Estimation of Aggregate Shocks Processes
4.2.1 Aggregate Productivity Shocks

The aggregate productivity variables Z; and Z; are measured by TFP from the industry level

growth accounting rather than by national growth accounting, so that our measures of aggregate
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Figure 2. Kernel Density of Log of Normalized Width
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productivity may reflect the productivity from technology rather than from various institutional

factors.?2

Figure 4 plots the measured Z; and Z; in logarithmic scale. The existence of a
trend is clear for foreign productivity while Japanese productivity grew faster than foreign
productivity until 1991 and then flattened during the 1990’s, starting to recover after 2002. Due
to the presence of trends in productivity, we estimate the AR(1) process of the log difference of

productivity. We initially allowed for the cross-country dependence in aggregate productivity

growth. The estimated bivariate AR(1) process is given by

AlnZ, ] _ [ .003(003) ] [ .345(193) 201 (:357) AlnZy ], [ Uz
AlnZ: | ~ | .006 (.002) 133 (.105) -.304 (.195) | | AlnZ;, 0y

Uzt

where the standard errors are in parentheses. Not surprisingly, due to the substantial differences
in the movements between the two productivity measures, the estimates of the cross-country
correlations 0.201 and 0.133 are insignificant. (Their p-values are 0.572 and 0.205, respectively.)
Given this weak correlation, we estimate the process of productivity by the univariate AR(1)

process for each country such that

AlnZ, = (1—py)puy+ pzAInZ 1+ vy,

AlnZy = (1—=py)py+ pzAWZ7 +vy,

where 11, and p;, correspond to the steady state growth rate of Z, and Z;, respectively, while
p, and p7, measure the auto-correlation of the growth rates during transition. The estimates
of these parameters are reported in Table 2, with standard errors in parentheses. Figure 5

compares the estimated process of productivity growth with actual productivity growth.

Table 2. Estimates of Aggregate Productivity Parameters

22The domestic aggregate productivity Z; is measured by the Japanese industry level productivity data
provided by EU KLEMS Release November 2009. The foreign aggregate productivity Z; is measured by the
trade-share weighted sum of those of U.S., E.U., and Korea. The aggregate productivity for U.S. and E.U. are
measured from the same source, EU KLEMS Release November 2009. Korean aggregate productivity is obtained
from the Korean Industrial Productivity (KIP) database rather than using the EU KLEMS data, because of the
substantial and more precise revision of depreciation rate of physical capital in Korean growth accounting by
the KIP. Reliable measures of aggregate productivity are not yet available for China; hence Chinese aggregate
productivity is not included in Z;. Given the small trade share of Japan with China during the sample period
(4 percent), this omission may not have substantial influence on Z;.
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Figure 4. Aggregate Productivity
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4.2.2 Taste Shocks

The allocation between home produced final goods Y;* and imported final goods Y;* is de-

termined by (73), where 7, is the home bias taste shock in (23) such that Inn, ~ N (u,,02).

H H
Dy Hoy 1 Y, ~

1 AU T i
! (pZ‘H) o o \ypm) T

where 7, = %D (Inn, — p,) and Inn, ~ N(u,,02). We estimate the elasticity of substitution

Taking logs, we have

parameter ¢ from this equation. Given the parameter ¢, the process of 7, can be identified by
the constant term and the variance of the residuals of this regression. Here, the ratio of home

X/tH

produced goods to imported goods would depend on the taste shock, hence we instrument iz
t

by the government consumption, which we consider is exogenously determined but heavily ori-
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Figure 5. Estimated Aggregate Productivity
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ented to home produced goods in its composition. Table 3 reports the estimates with standard

errors in parentheses. Figure 6 plots the estimated path of the taste shocks for Japan.

Table 3. Estimates of Taste Shock Parameters

’ Parameters \ % fo oy ‘
. .99 2.57 190
Bstimates |15y (035)  (.015)

4.2.3 Exchange Rate Shocks

The reduced form real exchange rate process is estimated by the following AR(1) process
Ine, = (1—p.) pre + peIne1 + ve,

where vy ~ N (0’035)' Table 4 reports the estimates with standard errors in parentheses.

Figure 7 compares the estimated and the actual processes of the real exchange rates in logs.

Table 4. Estimates of Real Exchange Rate Parameters
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Figure 6. Home Taste Shock
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This reduced form estimates give us information about the stochastic process for the utility

shocks for home and foreign bond holdings in utility functions (47) and (51).

4.2.4 Government Fiscal Policy Shocks
4.2.5 Investment Specific Technology Shocks

The investment specific technology shocks (Z;, Z},) are measured by the relative prices

p
ZIt - _t7
Prt
Z}kt = p_;t’
Pre

where pj, and pj, are the price levels of investment goods in home and foreign countries.
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Figure 7. Estimated real exchange rate
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4.2.6 Intermediate Goods Specific Technology Shocks

The intermediate goods specific technology shocks (Z1,, Z4;,, Zift, Z3F,) are measured by the

relative prices

H
ZH pt
Mt wH
M.t
F
gF by
Mt wF
M.t
* H
Z*H _ pt
Mt w*H
Mt
*F
Z*F _ pt
Mt ’UJ*F,
Mt

where wﬁ’t and wﬂt are the price of home produced intermediate goods in the home and
foreign markets. w}k\ft and wj};t are the prices of foreign produced intermediate goods in home

and foreign markets.

40



4.3 Calibration of Other Parameters

5 Simulation
6 Conclusion
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A Steady State of the Basic Model

From equation above (15) and (17) with A¢;; = (3 in the steady state, we have

T =

K 1 KE
1—5+5A+{5(1—5+5A)_1]T (A1)

This equation implies that the steady state 7 is a function of exogenous parameters only. Then,
from (16), we have

H
T gave |G a0 - ) (el - ).

N (0%
or
X1 o7 1
= N7 — — 1) (a®t —a2h). A2
= Tyt a0~ 1) (@~ a) (A2)
From (8),
o 6(1=N)
Ne = >\(1—5+6>\)N’
Then, from (18) and (A1), we have
¢ -1 el KFREO(L=X)/A
— =0t —a¢p(@—1)(a,  —a, )aN7-1 — (A3)

Together with (13) and (A2), we have

1 X7 XF Yy = 6N911 1
o (W*W) = ﬁ+¢(_“’(69—1)¢) o a0l —agaNT
—p
1 X
— gNTE L
YN
l—yp+9 1+
9—1\ — _ Lt
(&) ( az )VL Nlotm o).
VL (¢00/N)w el
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Using (A3), equilibrium N solves

0 = J(N,&,Y*2) (A4)

K+ kpd (1—X) /A7
1— 06+ 6A

« «

= - [97 —ap(0—1)(a® " —a NaNTT —

_ Y™ i—¢ gNo-1 _ 01 I
| Tt (m) —— —ad(a,  —a, )JaN? ]

1_"/L+w 141

+(‘%1) L <aZ )u 1
yeos  \eT) e

9 < 0 in the neighborhood of J(N, e, Y*, Z) = 0, iff

e 4
- XF+ap(a®™t—a))N o 1 N ad(a®~t —a )N 1
X 6—¢ 6-—1 X 6—1
L G [ e 0z )aN= 1
C/N 0—1
XF (6 1 i N e aNTT
- X (m—m) Fadlan” —a) | o H VN |

. . . . . . . aJ 3J

Assume that this inequality is satisfied because 0 is large enough. Knowing that 42 <0 555 <0
g—é < 0, we have

ON - ON <0 ON -0

de % "7 '
Thus, if TFP is higher, the number of differentiated products produced is higher. If the export
market expands by the real exchange rate depreciation or by the increase of foreign demand,
there are more low productive firms producing for export with zero profits, which crowds out
the profits at home and reduces the number of differentiated products produced in the steady

state.

From (10), we have

eyr  \7e 1
W+ gl = (W) L ).

Define N and N as



Then, the condition for the extensive margin to adjusts against shock in the export market (the

inequality (11) 0 < nf, < 1 — «) holds if and only if
J(N,e,Y*,2)>0> J(N,e,Y*, Z) (A6)

The condition for the low productivity firms willing to pay the fixed cost x (the inequality

(14) Vi; > 0) is satisfied in the steady state if and only if
(1=8488) [(1 -6+ M) — k] +d a(xl + 75 — =) >0,
or

——ag(at — ;" )aNTI(1 - 6)(1 — & + ON)aN 7T

< [(1=B+86)(1=5+06)) +dra(al™ — 1)] i—g —(1—ald® — 1)

The condition for the zero productivity firms unwilling to pay the fixed cost x (the inequality
in footnote 17, 0>—r+ 5)\0[[77515 + 7T§t + Et(At,t—&-lVat—&—l)} + 5)\(1 — Oé) [Wﬁ + Et(At,t+1‘/1t+1)]) is
satisfied if and only if

k> 6\ (T + BV,

or

dkp < (1 —0)k.

B Social Planner’s Problem for the Full Model

Consider there is no friction in transaction so that there is no utility derived from holding home

and foreign bond.

oo . Lt1+1/¢

Up = EO;B lﬂot—¢om ) (84)
00 . L:1+1/w*

UO = Eo tz:; 5 hl Ct — ¢0T1/1/)* . (85)

The efficient allocation in which the social planner chooses the resource allocation in order

to maximize the weighted average of the utility of home and of the foreign representative
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households US = U, + (1 — 9)UF subject to the above technology and resource constraints.
0 0 J gy

This social planner’s allocation serves as a benchmark comparison to the decentralized economy.

We can define the Lagrangian of the planner as

PRl

In Ct - @bom

+(1—-9) |InC} —

L=FEy )Y B
t=0

6=

+P, {[(m) (YH) 7 —l—(Y*H) ] L0y Gt-Z— [Ki1-(1-6 k) K]

#2 { [ 000 5 e S o6

It

B .
{ / Qﬁ(w)%dwdh}
heHy Jwed

+pt { Qgt (w) Tdu}dh}
heH: Jwe

{ /fea wen Qi a Wdf}

+pt Py

+Py Hpt

P / Q;! (>1dwdf]
feFt Jwe

@ P {2 [ TXG 0) - o

i #(8)" (0 CEV ()
fhth Joca (X (w) + X[, (w)] dwdh
m{ 2 (B (G2 GO ()
— Jer Juea (X5 (@) + X*F(w)} dwdf
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o0 Joo S5 F(dAna| Ape) Lo (Ans, Br) (1 = 0n)-
+/ Vi1 (Ane, Br) ¢ [NeeF 3 (dAw)F 5 (dBn) + N,®, (dApn, dBy,)]

’ —Niy1Pi1(dApiyr, dBy)

00 fo fo F*(dAG | A3 (A}t7 ) (1 —0n)-
o [ Vi By S NG (A5 F (4B5) + N:®: (443 dB)] (). (56)
0 =N 9741 (dAG 0, dBY)

From the first order condition of Q¥ (w), we learn

-0
Ol () = {p’%ﬁlw)} QF | where (87)

pit = { /h N / EQtht<w>1*‘)dwdh - = Op { [phe(w)] } - (88)

Also from the first order condition of X/ (w), we have

Wy Wy

H _ _
Pt (W) - Ahte_(w/Bh) - ans (w) (89)

This is familiar condition of the price being equal to the marginal cost. Then we have

Wy
pfl = ————— where

Ol {lan (w)]}’

T
{ / / an(w)?~ 1dwdh]
heH: Jwe)

_ Ayt~ 1Bhdh] -
|:/h\€'Hz 9 - 1 '

using one-to-one mapping between product variety w and productivity level a asw = Bj, (In A;; — Ina)

Oq {lant(w)]}

from (31). O, {[an(w)]} can be thought of the aggregate productivity measure of home firms
for home market.

Similarly from the first order condition of Q¥, (w) and X/, (w) , we learn

0l () — {%} "QF, where (90)
pi = Op{[p(w)]}, and (91)
epl (W) = TahtL(tw), where (92)
& = PP (93)

48



where €, can be considered as the real exchange rate. But because of the fixed cost for producing
each variety, firm h produce differentiated goods for export if and only if w < Wy, in which the

first order condition for wy, is

-1
6

0 1
prt*m (@) (Qf (@w)) 7 = wPiXy; (@ne) - (94)

The LHS is the marginal value of having a variety @y and the right hand side (RHS) is the

cost of producing wy;. Then using (30), (90) and (92), we learn

aps (Wpe) = a,, for all h € Hy, (95)
P apy (W) P91
Qne (W) = ( a ) - ¢, for ap (w) > a4, (96)
o Twy /€
< (T &7
ol {lanw)]} = / L(Ahﬁfl — a’ M Bdh : (98)
’ heHd|Apiza, 0 — 1 B

Home firm & exports if and only if its highest productivity satisfies A, > a,.The aggregate
productivity measure of home firms for export O {[a;(w)]} is aggregate productivity measure
for home market, because smaller number of varieties are produced.

From the first order condition of Y;# and Y;*# we have
Y;tH = 1 (pf) - Y:
Y;/*H _ (p;kH) —¥ Y;
1
1- T\ 1-¢] %
U= ) T )
From the first order condition for C; and C}, we have

P = 9/C, Py =(1-9)/CY,
Py 1-9C,
P, 9 CF

€ =

The marginal cost of labour supply and the cost of capital satisfies the conditions

wp = 9Ly )P = oLV C,

: o) (s 7 )]
— = F + ,
71 ! Kcm R
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where the cost of capital is the opportunity cost of suing capital for one period. Then the

optimal choice of input leads to

th,t

/YL )
Wry

we Xy
/YK )

Wi i (p /28 (5 125 ) 7,
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