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Abstract

This paper develops a dynamic general equilibrium model that attempts 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 firm-product
specific productivity shocks, choose which goods to export, and decide to enter and exit
the business endogenously. We calibrate and estimate the model with both aggregate and

firm level data from Japan.
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1 Introduction

Figure la displays the aggregate real values of exports and imports together with the real
exchange rate in Japan during the period of 1973-2011 in logarithmic scale. The real exchange
rate is defined as the relative price between Japan’s trading partners and Japan.! As the trading
partners’ goods become relatively more expensive, we expect that Japanese exports would
increase and imports would decrease through substitution effect. However, such a relationship
between trade and the real exchange rate is not evident in Figure la. As the Japanese real
exchange rate depreciates, exports do not necessarily increase. During the entire sample period,
the correlation coefficient between exports and the real exchange rate is —0.02, and that for
imports is —0.18 after detrending all the annual data by the log-linear trends. This lack of
correlation, or correlation contrary to what we expect is an example of the so called “exchange
rate disconnect puzzle,” one of the six major puzzles in international macroeconomics according
to Obstfeld and Rogoff (2000). This weak or opposite correlation between aggregate exports,
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)).%3

Interestingly, the exchange rate disconnect is sensitive to the method of detrending in Japan.
If we use Hodrick and Prescott filter of a smooth coefficient of 100 as in Figure 1b, then aggregate
exports moved in the same direction with the real exchange rate with the correlation coefficient
of 0.51. But aggregate imports also moved in the same direction with a correlation coefficient
of 0.18, and the co-movement between the real exchange rate and aggregate import became
stronger since 1990. (The correlation coefficient for 1990-2011 is 0.54 in the Hodrick-Prescott

filtered data and 0.25 for the log-linear detrended data.) These co-movements during this

!The real exchange rate is measured as the ratio of the weighted average of the prices of Japan’s major
trading partners in yen term to Japanese prices, where the weights are the time-varying trading shares from
the Bank of Japan. Aggregate real value of exports and imports are measured in billions of year 1998 yen using
deflator of export and import in National Income and Product Account. (Source: Cabinet Office of Japan.)

2The list of other countries showing such weak correlation is Canada, France, Germany, Italy, the U.K., and
the U.S. This empirical puzzle was first documented by Orcutt (1950).

3Note 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 net export in response to
an improvement in the terms of trade. See Backus, Kehoe, and Kydland (1994) for the J-curve effect.



period suggest that a general equilibrium linkage may be important in order to understand the
dynamics of trade and exchange rates in Japan, where intermediate goods trade is increasingly
more important in imports and exports.

In contrast to the results using aggregate data, recent empirical studies using firm-level
data have found a more robust relationship between exports and the exchange rate. 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 positive association between exports and an exchange rate depreciation
for Irish, Japanese and Colombian firms, respectively.

The column 1 of Table 1 reports panel regression using our panel data of Japanese firms
listed on the stock exchanges of Japan.* The dependent variable is firm level real export values
(export value divided by GDP deflator) from 1985 to 1999, and the regressors are the aggregate
real exchange rate, the weighted average of real GDP of Japanese trading partners, Japanese
aggregate TFP, firm level TFP and firm fixed effect.” The regression coefficient of export values
on the real exchange rate is significant and equal to 0.37 (i.e., 1% devaluation is associated with
an increase of export value by 0.37%). The regression coefficients of export values on foreign
GDP and aggregate TFP are both positive (0.40 and 0.38) and significant. In addition, the
regression coefficient of measured firm-level TFP is equal to 2.1 and significant.

In this paper, we develop a dynamic general equilibrium model with heterogeneous firms
that attempts to reconcile the different responses of exports and imports to exchange rates
at both the aggregate and at the firm levels. Our model is a real business cycle model of

a small open economy with a rich production structure. Firms are heterogeneous, facing re-

4The raw data used here and in our paper cover mostly firms which are publicly traded in stock exchanges
in the Tokyo Stock Exchange and partially in the Mothers (comparable to NASDAQ). 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). Kaigin data cover
a respectable portion (60 percent in 2000) of the entire Japanese economy in terms of total sales. However, the
number of employees in Kaigin data are only 40 percent of all employees (Fukao, et. al., 2008). The criteria for
listed firms are based on market capitalization, profit and the other measures in the past, and the criteria has
evolved over time. See http://www.tse.or.jp/english/rules/listcriteria/index.html for the detail.

>The weight of average real GDP of Japanese trading partner is time varying share of aggregate Japanese
export. Japanese aggregate TFP is obtained from Hayashi and Prescott (2002).



current aggregate and firm-product specific productivity shocks, and decide to enter and exit
endogenously.

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, Eaton and Kortum (2002)
and Melitz (2003) showed that, when firms are heterogeneous in its total factor productivity and
need to cover costs for exports, only highly productive and large firms export. Das, Roberts,
and Tybout (2007) provide an empirical study showing that the difference in total factor pro-
ductivity among producers explains whether they export or not, which is the so-called extensive
margin of trade. In our Japanese panel data, we also find a strong relationship between firm
size and exporting status. The average total sales of the incumbent exporting firm is about
twice as much as the non-exporting firms. When firms are different only because their total
factor productivity are different, however, the share of exports in total sales (export share)
should be strongly correlated with firm size among the exporting firms (in addition to whether
or not the firm exports at all). Our Japanese firm level data do not support this prediction. The
correlation between the export share and total sales is 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 industry and year
effects.

Another interesting observation from Japanese firm level data is that a significant number
of firms stay in business even if their profits are negative. About 8 percent of Japanese firms
in our sample report negative profits in a given year. This fraction becomes even bigger at
11 percent among the firms who always export. Despite such negative profits, Japanese listed
firms do not easily exit from the business, although entry into and exit from the export market

are more frequent.’

6Strictly 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.



Columns 2 to 7 of Table 1 present suggestive evidence that heterogeneity in profitability
rather than total sales is important for explaining the heterogeneous reaction of firm exports
to the real exchange rate. In columns 2 and 3 of Table 1, we split the firms into a high-
profitability group (25%) and a low-profitability group (75%) based on the average profit-sales
ratio in sample.” When we do the panel regression separately with firm fixed effects, we find
that the regression coefficient of firm export values on the real exchange rate is marginally
significantly larger for the low profitable firms than for the highly profitable firms. A 1%
devaluation is associated with an increase of export values by 0.39% for low-profitable firms
and 0.28% for highly profitable firms. When we split samples between big employers (35%) and
small employers (65%, which are still not so small in Kaigin data), the regression coefficient of
firm exports on the real exchange rate is larger for small employers than for large employers.
If we divide samples between large firms (30%) and small firms (70%) in terms of average
total sales in columns 6 and 7, however, the regression coefficients of firm export values on the
real exchange rate are almost identical and small firms are less sensitive to foreign GDP and
aggregate TFP than the large firms. This suggests that the export of marginally profitable
firms rather than small sales firms are sensitive to changes in the real exchange rate and other
aggregate conditions.

Previous empirical work has shown that product churning within existing firms is impor-
tant. Bernard et. al. (2010) document that 94 percent of product additions by U.S. man-
ufacturing firms occur within their existing production facilities and that 68 percent of firms
change their product mix in a 5-year period between census. They show that product creation
by existing and new firms accounts for 47 percent and the lost value from product destruction
by existing and exiting firms accounts for 44 percent of output change within a 5-year period.
Kawakami and Miyagawa (2013) use the Japanese Census of Manufacturers to find that the
addition of new products accounted for a large part of output growth. For example, from 1998

to 2000, aggregate manufacturing output expanded by 7.3 percent. Of this expansion, the

"Because Kaigin data is not balanced, the proportion of high profitability firms is not equal to the proportion
of observations of high profitability firms,



addition of new products accounted for 53.8 per cent while the dropped products subtracted
37.8 per cent so that the net addition of products account for 15.9 percent gain. The net en-
try of new firms accounted for 9.9 percent, while the net decline in the production of existing
products subtracted 18.5 percent from output. (Thus we have the total change of output to be
15.9+9.9 - 185 =17.3%).%

Given these empirical observations, we choose firms to produce multiple products and are
heterogeneous in terms of the number of the products as well as the productivity distribution.
Firms choose which products to produce and which products to export. Thus Eaton-Kortum
and Melitz style extensive margin adjustment is mainly at the product level. This firm and
product level 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 to each product, and thus they may not stop producing existing products with temporary
negative profits in order to enjoy the option value of continuing production. We calibrate and
estimate our model with both firm-level panel data and aggregate time series 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.

Some other papers have tried to reconcile these aggregate and firm level exchange rate
elasticities, but mostly in a partial equilibrium or static framework. Dekle, Jeong, and Ryoo
(2007) show that in the aggregate export equation derived by consistently aggregating the firm
level export equations, where industry level productivity and the export share are controlled
for, the disconnect puzzle disappears. Berman, Martin, and Mayer (2009) use a model with
heterogeneous firms to show that high productivity firms (who are heavily involved in exports)
will raise their markups and prices instead of increasing their export quantities in response to
an exchange rate depreciation. The authors show that this selection effect of a small quantity

response of high productivity firms can explain the weak impact of exchange rate movements in

8Berman, Martin, and Meyer (2009) and Chatterjee, Dix-Carneiro and Vichynand (2013) examine how
exchange rate fluctuations change the product mix of exportable goods, using French and Brazilian firm- and
product-level data, respectively. They find that an exchange rate depreciation raises the number of goods
exported by each firm.



aggregate data. There are some other recent papers that have tried to reconcile this discrepancy
in a general equilibrium framework. 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 the real exchange rate. Both of
these papers are static and examine only the steady-state.

While our paper’s initial motivation is to reconcile the differences in the reactions of trade
volumes to the real exchange rate between aggregate and firm levels, our model has a broader
contribution to the recently growing literature of macroeconomic dynamics and trade. Ghironi
and Melitz (2005) and Alessandria and Choi (2007) analyze the effect of the extensive margin of
production and exports on the international transmission of shocks to productivity and policy
across countries. Fattal Jaef and Lopez (2013) add capital accumulation and endogenous labor
supply to the Ghironi and Melitz (2005) model. Bilbie, Ghironi, and Melitz (2012) studies the
role of endogenous entry of new products in propagating business cycle fluctuations. While
these papers captures some aspects of aggregate dynamics and adjustment of firms, we believe
that our model is the first model which attempts to capture the cyclical fluctuations of aggregate
variables and firm level variables in a consistent general equilibrium model with firm-product

heterogeneity.”

2 Model

There is a continuum of home firms h € H;. Home firm h produces possibly multiple [,
number of differentiated products for home and export markets at date t. Firm h produces ¢},
amount of the 4 th differentiated product for the home market using labor Iff. and imported
intermediate input m} according to a constant returns to scale technology

1H L m*H 1—vp,
ho = it 2 <ﬂ> (ﬁ)  fori=1,2,.. In.
7L

9The other related papers on aggregate dynamics and trade include Arkolakis (2009), Atkeson and Burnstein
(2010), Bernard, Redding and Schott (2011) and Klette and Kortum (2004). In terms of modeling, Klette and
Kortum is the closest to ours, except they only study the steady state.



A variable ay;; is the productivity of firm A to produce the ¢ th differentiated product at date
t, Z; is the aggregate productivity shock, and «; € (0, 1) is the labor share. We assume no two
firms produce the same product and distinguish the differentiated product by (h,i) - the ¢ th
product of firm h. Producing a differentiated product for export market has the same marginal
productivity with the production for home market, but requires a constant fixed cost ¢ in terms

of input composite for each variety as

IF N\ L *F 1=z
(5 () v
L — /L

Home final goods for home market is produced from all the differentiated products of home

F
Thit = AnitZt

market according to a constant returns to scale CES production function as

. -
0—1
QY — / o1 an|
¢ heH+ Zz:; it

where 6 > 1 is the elasticity of substitution between products. Home final goods for export

market is produced from the differentiated products of export market as

It 931
-1
o = | (SahT )]
! heH: \ ;—1 it

Any new entrant who pays a sunk cost kg; in terms of home final goods at date ¢t draws an
opportunity of producing a new product from date ¢ + 1 with probability Ag. The productivity
apit+1 of a new product (h, ) is distributed according to a Pareto distribution with lower bound

parameter 1 and the shape parameter a. That is

Prob(apiyn < a)=F(a)=1—a"", fora € [1,00), where

a > landa>0—1. (Assumption 1)

The density function of the Pareto distribution is f(a) = F'(a) = aa™@V, for a € [1,00).
(Assumption 1) says that the shape parameter a of the Pareto distribution is larger than one
and 6 — 1, which later guarantees that CES aggregates of final goods is well defined.

An incumbent firm who already has existing products must pay fixed maintenance cost x (in

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

8



That is, the firm that wants to maintain I,; number of products must pay xl;. If the firm
does not pay the fixed cost for an existing product, it loses the technology for this product
for sure and forever. For the product which the firm pays the maintenance cost, the same
productivity is maintained in the next period with probability 1 — ¢ and looses the productivity

with probability 9:
wr ] anin with probability 1 — ¢
hit+1 = 0, with probability ¢

In addition, independently from the success or failure of maintaining the existing product, each
product that firm pays the maintenance cost yields an opportunity to produce another new
product with probability A\, and the productivity of the new product is distributed according

to the same Pareto distribution of new products. We assume
A< 1. (Assumption 2)

Thus, while the number of products each firm produces may increase or decrease depending on
the success or failure of the maintenance as well as the draws of new products, the number of
products tend to decline on average. This guarantees there are new entries in the neighborhood
of the steady state. Because firms are heterogeneous in the number of products as well as in
the productivity distribution, we can show that there are only weak relationships among size,
the export share and profitability across firms - an important feature of our Japanese data.
Home final goods are either consumed by households and government, or used for the entry

sunk costs of the new entrants, or for the maintenance costs of the existing products,
Q" = Ci + Gy + kg Ne + kN, (1)

Variables C; and G; are consumption of households and government, Ng; is the measure of
entering firms, and /V; is the measure of existing differentiated products which incumbent firms
try to maintain. We consider that the costs of drawing new technology and maintaining old
technology include both intangible and tangible capital investment, and we abstract from the

other tangible capital investment. Although each new entrant takes the sunk cost of entry as



exogenous, it is an increasing function of the number of entries in the aggregate as

N n
REt = RE (N—?) ) (2)

where kg and 7 are positive parameters and Ng is the steady state measure of the new entrants.
A representative household supplies labor L; to earn wage income, consumes final goods C},
invest in drawing new technology and maintaining old technology and holds home and foreign

short-term real bonds D; and D} to maximize the expected utility,

0 Ll—i—l/w
Uy=E “1InC, — pg——— + € In D}
0 0;5 nCy ¢01+1/¢+£tn e |
subject to the budget constraint
Ct + K’EtNEt + /iNt + Dt =+ EtD: = thLt + Ht + Rtletfl + etR:—lD:—l — Tt. (3)

Variable ¢, is real exchange rate (the relative price of foreign and home final goods), wy, is real
wage rate, II; is the sum of real net profits distribution of firms, R, ; and R; ; are home and
foreign one-period real gross interest rates from date t — 1 to t, and 7} is lump-sum tax. Note
that, although both home and foreign bonds are used as means of saving, we assume that the
holding of foreign bonds facilitates international transactions, hence is in the utility function.
The utility from holding foreign bonds is subject to the “liquidity shock” &;.1°

We assume that all home imports are intermediate 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
Q=) 7Y, (4)

where Y;* is an exogenous foreign demand parameter and p!” is an endogenous export price in

terms of foreign final goods. A parameter ¢ is the elasticity of demand for home export final

0The idea is similar to money in the utility function. Section 5.3.8 of Obstsfeld and Rogoff (1996) presents
a model with both home and foreign money in the utility function to analyze the phenomenon of dollarization.
Alternatively, we can formulate that home households face an international borrowing constraint and that the
utility from foreign bond holding is £* In(Dj + (}) where ¢; > 0 is the credit line of foreign lenders to the home
representative household which is stochastic. We ignore the utility of home bonds for simplicity.

10



goods, which we assume it to be relatively inelastic
0<p<l1. (Assumption 3)

We assume that foreigners do not hold home bond. Then, foreign bond holdings D; of the

home household evolves along with exports and imports as
D = R;_\Dy_, +p{Qf — M, (5)

where M} = [, . [Zfiﬁ (mpH + m}ft)] dh is the total imported input of the home country.
Because tax is lump sum and households are infinitely lived without financing constraint,
Ricardian equivalence theorem holds. Thus without loss of generality, we consider the govern-

ment has the balanced budget with zero net supply of bond

G, = T (6)

Dt:O.

Here, because the foreigners do not hold home bond, the home bond holding of the home

representative household is equal to zero in equilibrium.

3 Competitive Equilibrium
3.1 Firm’s Production

The market for final goods and factors of production are perfectly competitive, while the market
for differentiated products are monopolistically competitive. From the usual feature of the CES
production function of final goods from differentiated products, each firm faces a downward
sloping demand curve for the product variety in home and foreign markets as a function of its

prices pfl. and pl., such that

oo\ =0
H _ Phit H
qhit - H Qtv
p
F —0
p .
i = (M) o
by



where pf and p!" are the aggregate price indices of final goods in home and export markets
given by

In 1 1-90
= | (Z () ) | =1 )
heH: i

1=1

It
F — F‘ 1-6 dh
Dy /hth (Z (phzt) )

=1

We use home final goods as the numeraire in the home market (i.e., p/f = 1), and foreign final
goods as the numeraire in the foreign market.

Recall that the production function of all the differentiated products have a common com-
ponent: Cobb-Douglas function of input composite of labor and imported intermediate input.
Moreover, the ratios of labor to imported intermediate input are equal across firms when firms
minimize the costs under perfectly competitive factor market. Let z, and zf, be input com-
posites used for producing differentiated products for the home and export markets. Then the

production function can be simplified to

H _ H
Gnit = Qnitly - Thy,

F o _ F
Qhit = Qnitly (xhit - ¢) .

Then, the sum of input composite use is equal to the aggregate production of the input com-

Iy v * L=
L L M L
/ E (x4 af) | dh = X, = <—t> < L > :
heH: YL L=

=1

posite,

Because the price of imported inputs at home is equal to the real exchange rate (due to our
choice of numeraire), the cost minimization implies that the unit cost of the input composite

w; and the demands for labor and imported inputs are given by

wy = (wp) e ", (8)
WXy
L, = , 9
L= )
tht




Maximizing current profits, each firm sets the product prices pL, and pf., as mark-ups over
their unit production cost such that

0 Wt

H _ H
L = — = it) 11
0 wfe
a t/% _ F
L= = it). 12
Phit 0 —1anuZ, Pt (Qnit) (12)

Then, the quantities ¢, and ¢, of each product for home and foreign market depend on its

own productivity ap;; only (aside from aggregate variables) such that

H pfl(ahz’t) - H H
Anyy = —pH Q] =q (ahit>7 (13)
t
Fla ; —0
e = (2) ol = of ) (14)
t

That is, although each firm may produce multiple differentiated products, firm’s choice on how
much to produce and whether to continue to produce for each product is independent from the
choices of other products, like the “amoeba management”.!!

We conjecture that in equilibrium, all firms choose to pay the fixed maintenance cost for

the product with positive productivity, (which we will verify later). Then, the total measure of

differentiated products evolves through maintenance and new entries as:

The first term in the right hand side is the measure of maintained and spin-out products in
which 1 — 6 +d\ < 1 by Assumption 2. The second term is the introduction of new products
by entrants. Let N;(a) be the measure of products with productivity a. Then, from the specific

feature of our idiosyncratic productivity evolution, N;(a) is a proportional to N; as:

Thus, from (7) and (11), the price index for home final goods for the home market becomes

1
1-6 9 wt

1=p/ = {/1 pi (@) N, f(a)da| = o1 AR
t

"The founder of Kyocera (a Japanese technology company), Kazuo Inamori, proposes an "amoeba" manage-
ment style, in which each production unit makes relatively independent production decisions, while the number
of production units multiply and shrink like "amoebas." Our technology can be seen as a justification for the
"amoeba'" management style.

13



Variable AX is the aggregate productivity of home firms in home market, given by
AP =GN, 71 7, (16)

and @ is the average productivity of products that are produced for home market,

Tt .\
a = |:[ a9 f(a)da} = (m) .

Note that this implies that the unit cost of input composite is given by

0—1

Due to the presence of the fixed cost of exporting, we conjecture that there is a lower bound
of productivity level a, > 1 at which the product makes zero profit for exporting such that

g (a;) B 1 ¢ (a)
+¢} - W l@—l a, 7z

! (a) = e (el (0) — v | ol =0 ay

Thus only a fraction Prob(a > a,) = (a;)”“ < 1 of maintained products are exported.
In Appendix A, we show that the lower bound of productivity for export which clears the

export market is given by

a0 —1)p AFN, ST DT =0 T=7)
a, = _
- a+1—0 Y

(19)

(The details of the competitive equilibrium are all in Appendix A.) We verify the conjecture

that a, > 1 so that some products with low productivity are not exported, if and only if

7Y _alb=1)0

(Condition 1)

If this condition is not satisfied, all home products would be exported, which contradicts with
the data. Thus, we restrict our attention to the case where Condition 1 is satisfied.

The export sales S} in terms of home final good turns out to be

StF = thf Qf

(a4+1-0)(1—¢)
= (a) " Yy (20)
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Our price and quantity index take into account the effect of the varieties of products in the
market. If the measured data do not fully take into account the changes in the varieties of
products, then we have measurement errors. This problem is particularly serious for export,
because the fraction of products exported can change quickly. Thus, instead of looking at the
price and quantity of export separately, we examine the implication for the real export sales

value in terms of home final goods or foreign final goods.

3.2 Market Clearing and Free Entry

From the utility maximization of the representative household, we have

1 = RE (Argr), (21)
* Ct *
& Dr T RiE: (Mg iyi€41) (22)
t
1
wry = YoL)Cy, (23)

where A1 = Cy/Ciyq. The first equation is a standard Euler equation for home bond
holding. The second equation is an Euler equation for foreign bond holding, where the left
hand side is the marginal rate of substitution between foreign bond service and consumption
and the right hand side term is the opportunity cost of holding one unit of the foreign bond for
one period. The third equation is the labor supply condition.

We show in Appendix that the market clearing condition of labor and input composite

implies
1
1 wtl_’YL+¢ L
A Y (¥oCi)? gglf'YL)(Hw) (24)
Oa+1—16 a
- XtH +o——7(a) " N (25)

a+1—-1060

where X/ denote the aggregate composite input use for the home market. The home final

goods market clearing implies

n
Ct—f-Gt—i‘liE (—) NEt+l€Nt ZAI{{XtH (26)



From (5), (10) and (20), foreign bond holding evolves as

(a+1-0)(1—p)

* * * oA — % we X
D; = R; D} | + (a;) -t €f 1Y; — (1 =) =

€t

(27)

Let Vi(a) be the value of the product with productivity a at the beginning of period (for
which the fixed cost of maintenance is paid). The Bellman equation is
Vila) = m(a)+ 7/ (a) =&
+EiA i1 |(1—0)Viga(a) + 5)\/ Vigr(d') f(a')da'|
1
where 7! (a) and 7¥'(a) are profit arising from selling a product with productivity as; = a in

the home and export markets. The free entry condition for a potential entrant is

ke = ApEr (A1 Vis1) (28)

where V, is the average value of the products produced as

Vi

| vtarsaya
= T —k+ (1 =0+ 0NE(Ars1Vig), (29)

and T; is the average profit of the products with positive productivity 7; = floo {Wfl (a) +=F (a)} f(a)da.

In Appendix, we show that the free entry condition can be written as
ket — (1 =0 + 6N Ey [Apr1kpi] = ApEi A1 (Tesr — K)]. (30)

The left-hand side is the cost of increasing entry by one unit at present and reducing entry by
1—0+40A in the next period. This increases the expected number of products by Az only in the
next period. The right-hand side is the expected increase of the net profit in the next period.

We can also show the average profit is

'U)tXt _ 0
O—1DN, 0

ﬁt:

Fwid- (a) " (3)

The first term in the right hand side is the average gross profit due to mark-up per product

and the second term is the average fixed cost for export.
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The necessary and sufficient condition that the firm strictly prefers to maintain a product
with the lowest productivity by paying the fixed cost is V;(1) > 0 for all ¢. A sufficient condition
for this is

KEt

0<7mH(1)—r+ 5)\)\—, Vit. (Condition 2)
E

Notice that this condition is satisfied even if realized current net profits of each product is
negative (7 (1) < k), because there is an option value for the low productivity product to spin-
out a high productivity product. This helps explain why firms often record negative current
profits. In addition, because some large firms may have a large number of low productivity
products, there can be only a weak correlation between size and profitability across firms -

another interesting aspect of Japanese firms.

3.3 Equilibrium Dynamics

The state of our economy is described by the set of variables M, =(Ny, D}, Z;, Gy, Y, &/, RY)
where the first two state variables are endogenous and the last five are exogenous. The equilib-
rium dynamics of our economy is described by the fourteen endogenous variables of (wy, €, Ry,
Af,gt, /iEt7ﬂ,Xt,Xf,Ct,ﬂ,NEt,NtH,D;*) as functions of M; which are determined by the
fourteen equations: (2), (6), (15), (16), (17), (19), (21), (22), (24), (25), (26), (27), (30) and
(31). The consumer budget constraint (3) is automatically satisfied once all the market clearing
conditions are satisfied (by a variant of Walras’ Law), noting that aggregate net profit distri-
bution is equal to the average gross profit multiplied by the number of products produced net
of intangible investment cost (II; = TNy — KNy — kg Ngt). Notice that we do not have to keep
track the distribution of productivity of firm-product pairs to describe the aggregate economy
because production size and maintenance of each product is independent from those of the
other products within each firm - "amoeba" feature of our production economy.

We can organize the equilibrium conditions. Aggregate productivity A and unit cost
of input composite w; are functions of only state variables. Given A and w;, the variables
(Qt, X, XtH , ﬁt) can be arranged into functions of (C}, ¢;) and the state variables. The interest

rate R, is a function of (Cy, Cy11), and the lump-sum tax satisfies the balanced budget T, = G;.
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Thus, the equilibrium dynamics are characterized by five variables (Cy, ¢;, Ngi, Dy, Nyy1) as a
function of M, =(Ny, D} 1, Zy, Gy, Y,*, &, RY) that satisfy the following five equations:

(i) Euler equation for foreign bond holding

C C,
SD_i = € — R:Et (ﬁ : ) ) (32)
t

€141
Cia

(ii) Dynamics of net foreign asset: (27);
(iii) Dynamics of measure of products: (15);

(iv) Free entry equation, obtained from combining equations (2), (30) and (31),

N\ Cy ([ Ngi1)"
we{ () -a-aeae gt (352 )
C, 1X; a
= A\E, (ﬁctﬂ {_“ + AEA {gﬁ - ¢(Qt+1) ] }) ) (33)

where A2, a,.,, and X;;; are functions of Nyi1, €41, Ciyq and exogenous variables;

(v) Home final goods market clearing condition,

N\
Ci+Gi+ kg | — | Ngi+ kN,
Ng

Y _a9+1—6’ —al
= A |x - 2 Do (30

After characterizing the equilibrium, we verify that conditions (Condition 1) and (Condition
2) are satisfied in equilibrium.
Home real GDP is given as the sum of consumption, government purchase, intangible

investment, net export value as

Y, = Ci+ Gy + kpelNpe + £N; + ftprf — e My

= w { ’ Xe—¢(a) " Ne— (1 - %)Xt}

0—1

= ypweXy + wy { Xy —o(a)™" Nt} : (35)

0—1

The first term of RHS of (35) is wage income, and the second term is profit, i.e., the return on

capital.
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4 Calibration

4.1 Parameter Choice and Moment Comparison

Appendix B describes the steady state equilibrium of our economy. Define )?t as the propor-

tional deviation of X; from the steady state value X as

~ X, — X
X, =InX, —InX ~ = :

—/ N~ A
We assume the proportional deviation of the exogenous shocks Z; = (Z; Y;* G; & )’ follow an

independent AR(1) process

p,0 00 €zt
— 0py-0 0 5 Ey =t
0 00 pg Ee*t

where the last terms in the right hand side are mutually independent exogenous shocks to
aggregate TFP, foreign demand, government purchase, and liquidity service of foreign bond.
In calibration, we decided to abstract from the shock to the foreign interest rate, because it
has a similar effect with the shock to the liquidity service of foreign bond as both tend to
increase the demand for foreign bond.'? When we log linearize the endogenous and exogenous
variables around the steady state, we can numerically derive the state space representation of

the evolution of endogenous state variables as

Niw \ _(Bwx By \ [ Ne ), (Byz By Bro Bye gz

We can also derive the state space representation of consumption, entry and real exchange rate

as
/@ Ben Bep- N Bez Bey+ Beg Begr R
Ng; | = | Bngny Bwngps l/)\*t + | Bwnpz Bypy+BnyaBnge | 4y, (38)
/E\t BeN BeD* =1 BeZ BeY* BeG Bef*

where B;;’s are constant coefficients which are functions of parameters. These three equa-

tions (36,37, 38) characterize the joint stochastic process of the endogenous and exogenous

12Neumeyer and Perri (2005) analyze the importance of foreign interest rate shock to the emerging economy.
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state variables <Z/\\ft+1, l/?\,?‘, 2t> and endogenous control and jump variables (@, @t,a). The
other endogenous variables can also be solved as functions of endogenous and exogenous state
variables.

Table 2a summarizes the choice of the parameters for calibration of our annual model. We
follow convention for some parameters § = 0.92 and R* = 1.05. The steady state value of Z7 =1
is normalization. We choose the steady state value of government purchase to consumption
ratio G/C = 0.28 and the share of imported material in total cost 1 —~; = 0.15 to make them
roughly comparable to the Japanese data. Concerning the elasticity of entry cost with respect
to aggregate entry, we do not have good data to match and we fix n = 0.1. Then we choose the
other parameters to make the aggregate and the steady state cross sectional moments listed
in Table 2b comparable to the aggregate and Kaigin data. Because Kaigin data is only for
relatively large firms, we decided to consider the largest firms in our simulated economy (1.56%
out of 100,000 simulated firms) such that they generate 60% of total sales of the economy (which
is comparable to the sales share of firms in Kaigin data). To avoid a sharp cutoff of firms in
terms of sales, we introduce multiplicative noise in the firms’ sales to determine whether they
enter the subset of large firms. The variance of this noise, denoted ¢ in the Table 2a, was also
calibrated to match the cross-sectional moments of the Kaigin data.

Table 2b compares the steady state moments of Japanese annual aggregate data (1981-
2012), Kaigin data and Model. Concerning the first three aggregate moments, we use the
average ratio of H-P filter trends. (For an example, C'/Y is the average of H-P filter trends of
consumption and GDP over 1981-2012 period.) Concerning the ratio of new entry to intangible
capital, we do not have comparable number and we fix Nz /N = 0.1. The remaining 11 moments
are from Kaigin data of 1999. The average of total sales is exactly matched because of the choice
of unit. The other steady state moments of our model are broadly consistent with the data,
except for a few moments: average profit rate in the model is too high (15% instead of 3%) and
is correlated too closely with revenue (71% instead of 7%) relative to the data. One possible
explanation is that many Japanese firms tend to distribute a significant fraction of their profit

as bonus to their employees. Another possibility is that profit is under-reported for tax purpose.
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Table 3a summarizes the choice of the standard deviations and the first order serial correla-
tion coefficients of the exogenous process of aggregate productivity, foreign demand, government
purchase, and liquidity shock to the foreign bond demand, (Uz, Oy+0G,0¢%, Pzy Py= PG pg*).
The number is for annual data calibration. In order to obtain these eight parameters, we use the
moments of the log deviation of GDP, government purchase, intangible investment, export value
and real exchange rate (?}, ét, E, E}t,%\t> from the H-P filter trends where I, = kg Ng; + 5V,
and Ex; = epf QF. More specifically, we use five variances (E(Y;)2, E(G,)?, B(L)?, E(Ex,)?,
E(€)?), five first order auto-coveriances of (?t, ét, E, E}t,a>, and four covariances with GDP
(E(@t?t), E(ft}?t), E(E}tﬁ), E(&Y;)). We use two methods to obtain the parameters. One is
to choose the parameters to minimize the weighted sum of the fourteen squared differences
between data and the simulated moments, using the inverse of the Newey-West heteroskedas-
ticity and autocorrelation robust (HAC) estimator of variance as an efficient weight. Another
is to choose the parameters to minimize the weighted sum of the squared differences, using
the subjective weight to reflect our emphasis of GDP, export and real exchange rates: The
weight used is (250, 100, 1, 70, 10) for the five variances, (120,80, 1,60, 1) for the five first order
auto-covariances and (50, 1,150,1) for the four covariances with GDP. We restrict the serial
correlation coefficient of the exogenous shocks to be between 0 and 0.95. Table 3b reports the
sample and simulated values of fourteen moments for both the efficient weight method and
the subjective weight method. The main differences are that, by using the subjective weight,
we can match the variances of export and the correlation between export and GDP better
than the efficient weight, while the correlation between the real exchange rate and GDP is
more badly matched.!®> We use the parameter values obtained by the efficient weights in the
following because it is closer to the convention.

Figure 2a and 2b compare the model simulation and the data for the distribution of domestic
sales and export sales. The distribution is roughly comparable, except that the model has a

little too disperse distribution for domestic sales than Kaigin data. Figure 3a and 3b present

13We also tried to minimize the equally weighted sum of the squared differences, with the results somewhat
in between the efficient and the subjective weight methods.
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the densities of total sales conditional on firms being exporters or non-exporters for the data
and the model. As is well-known, the exporters tends to have a larger total sales than the
non-exporters with the average size twice as large in Kaigin data. Our model generates such a
qualitative feature, but quantitatively the exporters in our model tend to have too large totals
sales compared to the non-exporters. Even though we avoid the complete split of a standard
Melitz (2003) model by allowing firms to produce multiple products, we do not fully capture
heterogeneity among exporters and non-exporters (such as heterogeneity in transportation costs
and the taste of foreigners across different products).

Table 4 compares the time series regression of aggregate export value on the real exchange
rate, foreign GDP and aggregate TFP for the annual data from 1980 to 2010 in Japan. The
regression coefficient of Japanese aggregate real export value on the real exchange rate is equal
to 0.24 for the data deflated by export price index in column (1) and and equal to 0.83 for
the data deflated by consumer price index in column (2), both data are detrended data by the
log-linear trend. When we use the sixteen years of data generated by the model in column (3),
the regression coefficient of the real export value on the real exchange rate is equal to 0.60 and
is marginally significant. When we control for the foreign demand in column (4), the regression
coefficient of export value on the foreign demand is equal to 0.99 and significant, which is
consistent with data. The regression coefficient of aggregate export value on real exchange rate
is now equal to 0.74 and very significant, which is larger than the coefficient of aggregate data.
This suggests that the loose association of aggregate export and real exchange rate in our model
is partly driven by the significant role of foreign demand shock, because an increase in foreign
demand tends to increase export value and appreciate real exchange rate as we will see in the
impulse response function in the following. The result of aggregate regression with simulated

data does not change much when we control the aggregate TFP in column (5).

4.2 Impulse Responses of Aggregate Variables

Figure 4 presents the impulse responses of the aggregate variables to one standard deviation

shock to the aggregate productivity. As in a standard open economy real business cycle model,
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with a 0.9% positive aggregate productivity shock, output increases by 1% and consumption in-
creases by 0.9%. Labor initial increases slightly before decreasing. As the home export becomes
cheaper with higher productivity, the real exchange rate depreciates by 0.9%. The real export
value in terms of home final goods increases by 0.7%, and the export value in terms foreign final
goods decreases 0.2% perhaps because foreign demand for home export is relatively inelastic
and the fraction of goods exported decreases by 0.4% in 2 to 5 years. The real import value
increases by 0.9%. Because import increases more than export, net foreign asset decreases 0.2%
in 2 to 5 years. As a measure of intangible capital (/V;) accumulates with vigorous intangible
investment by 0.4% in 3 to 6 years, the expansionary effect persists beyond the persistence of
the TFP shock itself.

Figure 5 presents the impulse responses to shocks to foreign demand for home export.
In order to explain the volatility of export, our foreign demand shock is relatively large with
standard deviation of 1.4% and persistent with the serial correlation coefficient of 0.94. With
the increase in foreign demand by 1.4%, GDP increases by 0.2% and consumption increase
very persistently by 0.15%, and labor increases slightly less persistently. Export value increases
by 0.8% with the fraction of goods exported increases by 0.8%, while import increases by
0.2%. Then current account improves, and real exchange rate appreciates by 0.8% with the
anticipation of net foreign asset accumulation (increase by about 0.15% in 8 to 20 years).
Intangible capital increases slowly by nearly 0.15% in 7 to 20 years. In this way, the increase
in foreign demand leads to an export-driven expansion of the home economy. Notice that the
export increases despite of the real exchange rate appreciation.

Figure 6 presents the impulse responses to shocks to government purchase with serial
correlation coefficient of 0.95. With an exogenous increase in government purchase by 0.8%,
consumption decreases slightly and labor increases by 0.15% with a decline of household wealth.
Output and import of intermediated goods increase by 0.15%. With the current account worsen-
ing, the net foreign asset decumulates and the real exchange rate depreciates by 0.15%, (partly
because we do not have non-traded goods).

Figure 7 presents the impulse responses to shocks to liquidity service of foreign bond. In
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order to explain the volatile and persistent real exchange rate movement, our shock to liquidity
of foreign bond has a very large standard deviation of 22% in log scale with the serial correlation
coefficient of 0.95. With one standard deviation increase in the liquidity service of foreign bond,
the real exchange rate depreciates by 3%, leading to a decrease in import by 0.2% and an increase
of export value and the fraction of goods exported by 2%. Net foreign asset increases by about
8% from 7 to 20 years. GDP falls by 0.2% and consumption falls by 0.6%, with decrease in

intangible capital by 0.3% in 4 to 9 years. This is similar to "sudden stop," a financial shock

induced current account reversal and recession.

4.3 Exchange Rate Disconnect at the Aggregate and Connect at the
Firm Levels

From the above calibration, we learn that the real exchange rate tends to depreciate with
positive shocks to aggregate TFP, government purchase and liquidity service of foreign bond.
In contrast, the real exchange rate tends to appreciate with a positive shock to foreign demand
for home export. In terms of the state space representation, we learn that, for a broad set of
reasonable parameters, B.z, B.c and B¢~ are all positive, and By~ is negative in (38). Also we
show that the intangible capital stock evolves slowly even though the net foreign asset evolves
faster.

Recall that the lower bound of the productivity for export and aggregate export value in

terms of home final goods are

0—1
A

(a41-0)(1—¢)

0
0—1)paZ, NP+
Oé( )¢a t4iVt ,andStF:(Qt) -1 Gf}/;*,

S P 0%

where A = (0 — 1) + (o« + 1 — )(1 — ¢). Thus we have the aggregate export value as

[
— pa@—1). 73 (a+1-60)(1—¢) ~ at+1-0)(1-9)s ad—-1)=
StF — (A )€t+ 0—1 A t_'_( A)( >Zt+ (A )}/t
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From here, we learn the aggregate export value and the real exchange rate tend to move in the
same direction, i.e., real exchange rate depreciation and increase in export value are associated,
if shocks to TFP, government purchase and liquidity demand of foreign asset are important. If
shock to foreign demand is dominant, then real exchange appreciation and increase in export
value are associated. Thus there are generally two ways to explain the disconnect between the
real exchange rate and the aggregate export value: The first is that the shock to foreign demand
is dominant. The second is that the partial effect of the real exchange rate on the aggregate
export % is small, which is true only if the price elasticity of foreign demand for home
exports ¢ is small.

On the other hand, for the export value of the individual product with productivity a, we

have

s (a)

el (a)aF (a) = (6 — 1) AN (—) Ia—a,

Q

= (6’ - 1) (/55@0_1](@ - Qt)ZtNtm (Qt)l_e .

where I(a— a,) is an indicator function such that I(a —a,) = 1if a—a, > 0, and = 0 otherwise.

Thus we get
(a+1-0)(1—¢) _ 2 2
— — o0 —1)2. A = (0-1)7 a+1-0)(1-p) 5 0-1)° —
Sf(a) _ I(G—Qt)-f‘ (A )Et+ 0—1 X Nt+( A)( )Zt—f_(A)Y;
— —1)%’B 1-0)(1-¢) ~ By «+1)(0-1)%2 ~
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Because f — 1 < a by Assumption 1, the export value of the individual product is less sensitive
to the shocks unless there is the change in the extensive margin / (a/—\gt). The response of
the export value of an individual product to the real exchange rate depends upon whether
there is an adjustment of the extensive margin. If a product has a very high productivity
and is always exported (as always a > g,), then the export value of such product is not very
responsive to the real exchange rate. Figure 8a describes the relationship between the export

value of a high productive product and the real exchange rate. If a product has a productivity
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in the neighborhood of the lower bound for the export, then the response of the export value
is large because both intensive and extensive margins adjust to the real exchange rate. Figure
8b describes the response of the export value of a marginal product. When the real exchange
rate appreciates (¢; falls) due to financial shocks é" , the lower bound of productivity for export
increases. At some threshold ¢,, the productivity of this product becomes lower than the
boundary, and the export value drops to zero. As in Green (2009), the exports of the low
productivity products drop like "flies" when there is an adverse shock such as a real exchange
rate appreciation.

Our Japanese firm-level data (Kaigin data) are mostly of relatively large firms, which
typically produce multiple products. If a majority of products of some firm is close to the lower
bound for export, then the export of this firm is sensitive to the real exchange rate shifts as in
Figure 8b. Because such firms are common under Assumption 1, the firm-level export tends to
react significantly to the real exchange rate. In contrast, the products with considerably higher
productivity than the lower bound is not very sensitive to the real exchange rate shifts as in
Figure 8a, and their share in the aggregate export is large. Thus the aggregate exports are less
sensitive contemporaneously to the real exchange rate shift as in Figure 8c. This heterogeneous
reaction of exports to the real exchange rate shift across different products helps explain why
firm level exports co-move significantly with the real exchange rate, while aggregate exports
appear to be "disconnected" from the real exchange rate.!4

Table 5 presents the panel regression of Kaigin data to present some evidence to support
this "drop like a flies" hypothesis. Table 5 conducts firm level real export value on real exchange
rate, foreign GDP, aggregate TFP with the interaction terms with profit rate (profit-sales ratio),
in addition to firm TFP. In the first column, the regression coefficient of real export value on
the product of real exchange rate and profit rate is negative and significant at 10% level.

The regression coefficient on the product of foreign GDP and profit rate is also negative and

4 QOur 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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significant at 5 % level. Thus export of firms with higher profit rate tend to be less sensitive
to the change of real exchange rate or foreign income. In columns 2, we find the regression
coefficient of export value on real exchange rate is not significantly affected by sales. The
regression coefficient of export value on foreign income is significantly affected by firm sales but
the effect tend to be larger (rather than smaller) for larger firms.'?

In order to see whether our model generates such heterogeneous reactions of firm export
value to the aggregate variables, we present the result of panel regression of simulated data of
our model in Table 6. Appendix C explains the detail of the panel calibration for sixteen years
(which is the similar length as our Kaigin data). In the first column (column 0), we reproduce
the first column of Table 5 for the comparison. In column 1, we present the regression of firm
export value on the real exchange rate, foreign demand and aggregate TFP using our panel
calibration data for sixteen years. The regression coefficients of export value on real exchange
rate and foreign demand in simulated data are consistent with those of the Kaigin data, even
though they are not significant. In column 2, we add the interaction term of real exchange rate
and profit rate, and found that the regression coefficient of the interaction term is significantly
negative - the firms with higher profit rate tend to increase their export less with the real
exchange rate depreciation. In addition, the regression coefficient on real exchange rate is now
positive and significant at 5% level. In column 3, we include full interaction terms to find that
the firms with higher profitability are marginally less sensitive to the change of real exchange
rate and the foreign demand. In the last column, we add the firm TFP, and found that the firm
export significantly increases with firm level TFP. These panel regressions of simulated data

from the model are broadly consistent with the panel regression of Kaigin data in Tables 1 and

5.10

15This finding is consistent with Table 1 in Introduction.

16Table 7 present panel regression of simulated data from model with the interaction terms with total sales
of firms. Although the general features are similar to Table 6, the firm level TFP and firm sales are highly
correlated in simulated data and the results are not very stable in the final column.
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5 Conclusion

We construct a dynamic general equilibrium model with heterogeneous multiproduct firms to
reconcile the aggregate disconnect and firm-level connect between the real exchange rate and
real export values. The model is broadly consistent with the other features of aggregate time
series and firm-level panel data. The model is tractable and can be used to explain business
cycles with intangible capital in both closed and open economies.

We abstract from many important aspects in order to make the framework tractable. We
completely ignore monetary aspects of the aggregate economy, including nominal price stick-
iness and limited exchange rate pass-through on nominal prices. We expect that monetary
policy shocks would takeover some of the role of shocks that we attribute to the liquidity ser-
vice of foreign bonds and foreign demand. We also do not explicitly include tangible capital
accumulation by equating total investment in the data with intangible investment in our model.
Furthermore, we abstract from other kinds of heterogeneity besides the number of products and
the productivity distribution, and thus do not capture all the rich aspects of firm level panel
data, including the cross sectional distribution of total sales by export status as in Figure 3.

These are topics for future research.
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Table 1. Exports regression, Kaigin panel

(1) (2) (3) (4) (5) (6) (7)

All High Low Big Small Big Small

Sample Profitability — Profitability | Employment Employment Sales Sales

log RER 0.374 0.284 0.393 0.338 0.406 0.389 0.369
(0.049)%%% | (0.110)**  (0.054)%** | (0.061)*** (0.068)*** | (0.063)*** (0.065)***

log Y* 0.398 0.315 0.417 0.305 0.424 0.594 0.316
(0.055)%%% | (0.125)**  (0.061)%** | (0.072)%** (0.076)*** | (0.073)*** (0.073)***

log Agg TFP 0.378 1.537 0.106 0.389 0.301 0.588 0.3
(0.080)%%% | (0.181)***  -0.089 | (0.104)%** (0.111)*** | (0.105)*** (0.106)***

log Firm TFP 2.112 2.158 2.091 2.721 1.898 1.726 2.253
(0.079)F* | (0.169)*** (0.089)*** | (0.121)*** (0.101)*** | (0.111)*** (0.102)***

Cons 6.289 7.744 5.963 10.412 4.803 2.55 7.79
(1.596)*** (3.611)** (1.771)*** (2.083)*** (2.190)** -2.109 (2.107)***

F-stat 325.8 118.6 228.2 250.2 152.5 171.7 196.2

Adj. R-sq. 0.042 0.122 0.029 0.171 0.002 0.126 0.022

4 Obs. 9,997 2,034 7,963 3,549 6,448 3,089 6,908

Size differentiation is done by 75th percentile. * p < 0.1; ** p < 0.05; *** p < 0.01.



Table 2a. Baseline parameterization

B Discount factor 0.92
0  Elasticity of substitution between products 4.19
v Frisch elasticity of labor supply 6.02
19  Labor disutility 12.84
v, Labor share 0.85
«  Productivity distribution shape parameter 3.64
¢ Elasticity of foreign demand 0.75
¢  Export cost 3.14
k  Maintenance cost 16.57
kg  Entry cost 89.26
n  Elasticity of entry cost 0.1

60  Probability of losing product 0.12

A Probability of drawing new product for incumbent 0.49
Ar  Probability of producing new product for entrant  0.41

o Std. dev. of noise for sales 1.67
Z  Steady state aggregate productivity 1
Y*  Steady state foreign demand 106
G/C Steady state govt. expenditure / cons. 0.28
£*  Steady state liquidity shock 0.01
R* Steady state foreign interest rate 1.05

Table 2b. Steady state moments (aggregate and cross-sectional)

Data Model
c/Yy 0.56  0.66
eD*]Y 0.20 0.19
Exp/Y 0.12 0.12
Ng/N 0.10 0.15

Mean log Rev 1r.77 1777
SD log Rev 1.42 1.84
Mean log Dom  17.65 17.66
SD log Dom 141 1.84
Mean log Exp 16.03 15.58
SD log Exp 2.09 1.85

Mean PR 0.03 0.15
SD PR 0.06 0.15
#Exp/N 0.39 1.00

Corr PR, log Rev 0.07  0.71
Corr ES, log Rev 0.17  0.32




Table 3a. Calibration of stochastic processes

Efficient Subjective
Standard deviation

oz (%) 0.87 0.59
oy (%) 1.35 5.46
o (%) 0.83 0.61
oe (%) 2205 79.16
Autocorrelation
07 0.55 0.73
oy 0.94 0.84
P 0.95 0.95

pe- 0.95 0.27




Table 3b. Sample and simulated moments

Data Efficient Subjective

Standard deviation

SD GDP (%) 0.88 0.93 0.96
(0.10)
SD Gov / SD GDP  0.63 0.83 0.59
(0.11)
SD Inv / SD GDP  3.13 2.80 2.47
(0.13)
SD Exp / SD GDP  4.63 2.41 4.24
(0.70)
SD RER (%) 3.52 3.07 3.57
(0.31)
Autocorrelation
AC(1) GDP 0.55 0.34 0.40
(0.15)
AC(1) Gov 0.65 0.49 0.49
(0.07)
AC(1) Inv 0.58 0.30 0.23
(0.13)
AC(1) Exp 0.36 0.45 0.37
(0.18)
AC(1) RER 0.49 0.46 0.28
(0.06)
Correlation with GDP
Corr Gov, GDP 0.08 0.12 0.08
(0.19)
Corr Inv, GDP 0.96 0.97 0.85
(0.01)
Corr Exp, GDP 0.55 0.08 0.53
(0.19)
Corr RER, GDP 0.42 -0.04 -0.59
(0.16)

Data and output from the model are HP filtered.

HAC robust standard errors are shown in parenthesis.



Table 4. Time series regression on aggregate data

Data Model
(1) EPT  (2) CPI (3) (4) (5)
log ER 0.24 0.83 0.60 0.74 0.74
(0.09)*** (0.09)*** | (0.16, 1.02) (0.74, 0.75) (0.74, 0.75)
log Y* 0.11 0.15 0.99 0.99
(0.09) (0.09)* (0.98, 1) (0.98, 1)
log TFP 0.01
(0, 0.02)
Cons 0.00 0.00 10.64 0.00 -0.01
(0.01) (0.01) (1.82,19.37) (-0.12,0.11) (-0.1, 0.07)
# Obs. 31 31 16 16 16

For the model, 95% bootstrap confidence intervals (with 1,000 simulations)

are shown in parenthesis. For data, HAC-robust standard errors in parenthesis.

Table 5. Exports regression with interaction terms, Kaigin panel

0 )
Profitability Sales

interaction interaction

log RER 0.527 log RER 0.242

(0.065)*** (0.489)

log RER x PR -1.604 log RER X log Sales -0.002

(0.954)* (0.027)

log Y* 0.383 log Y* -0.033

(0.055)*** (0.092)

log Y* x PR -0.357 log Y* x log Sales 0.037
(0.155)** (0.004)***

log Agg TFP -0.678 log Agg TFP -3.438
(0.103)*** (0.718)%**

log Agg TFP x PR 21.09 log Agg TFP x log Sales 0.137
(1.436)*** (0.040)***

log Firm TFP 2.295 log Firm TFP 0.168
(0.084)*** (0.075)**

Cons 7.573 Cons -1.159

(1.626)*** (1.367)

F-stat 233.4 F-stat 744.5

Adj. R-sq. 0.071 Adj. R-sq. 0.303

# Obs. 9,994 # Obs. 9,994

*p <0.1; ¥* p < 0.05; ¥** p < 0.01.



Table 6. Panel regression on simulated data: Profitability interaction

Data Model
(1) (2) (3) (4)
log RER 0.527 1.95 1.95 2.00 1.65
(0.065)*** | (-7.4, 11.07) (-0.02, 3.8) (0.11, 3.84)  (1.18, 2.21)
log RER x PR -1.604 -0.25 -1.81 -0.58
(0.954)* (-0.3,-0.23) (-4.11, 0.56) (-1.39, 0.27)
log Y* 0.383 2.19 2.28 2.36 2.17
(0.055)*** | (-17.9, 23.33)  (-2.06, 6.61) (-1.88,6.69) (0.9, 3.29)
log Y* x PR -0.357 -2.32 -0.83
(0.155)** (-5.72, 1.25)  (-2.03, 0.43)
log Agg TFP -0.678 -0.83 -2.32 -2.64 -1.16
(0.103)*** | (-29.32, 24.36) (-8.62, 2.99) (-8.89, 2.21) (-2.77,-0.17)
log Agg TFP x PR 21.09 7.76 1.16
(1.436)*** (0.24, 16.04) (-1.26, 3.96)
log Firm TFP 2.295 0.98
(0.084)*** (0.97, 0.99)
Cons 7.573
(1.626)***
# Obs. 9,994 26,752

(10536, 38688)

For the model, 95% bootstrap confidence intervals (with 1,000 simulations) are shown in parenthesis.



Table 7. Panel regression on simulated data: Sales interaction

Data Model
(1) (2) (3) (4)
log RER 0.242 1.95 2.01 2.12 3.50
(0.489) (-7.4, 11.07) (1.7, 2.38) (1.25, 2.91) (0.47, 6.91)
log RER x log Sales -0.002 -0.05 -0.07 -0.18
(0.027) (-0.05, -0.05) (-0.16, 0.04)  (-0.59, 0.19)
log Y* -0.033 2.19 2.00 2.14 -2.13
(0.092) (-17.9, 23.33)  (1.18,2.78)  (0.76, 3.57)  (-8.72, 2.57)
log Y* x log Sales 0.037 -0.02 0.49
(0.004)*#* (-0.16, 0.14)  (-0.03, 1.21)
log Agg TFP -3.438 -0.83 -2.22 2.81 -14.78
(0.718)%** | (-29.32, 24.36) (-3.32, -1.52) (-5.38, -0.54) (-28.47, -3.99)
log Agg TFP x log Sales 0.137 0.08 0.23
(0.040) %+ (-0.21,0.4)  (-0.99, 1.54)
log Firm TFP 0.168 -9.74
(0.075)** (-15.35, -4.77)
Cons -1.159
(1.367)
# Obs. 9,994 26,752

(10536, 38688)

For the model, 95% bootstrap confidence intervals (with 1,000 simulations) are shown in parenthesis.
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Figure 2a. Cross sectional distribution of domestic sales
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Figure 3a. Cross sectional distribution of total sales by export status: Kaigin data
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Figure 4. Impulse response to TFP shock Z
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Figure 5. Impulse response to foreign demand shock Y*
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Figure 6. Impulse response to government expenditure shock G
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Figure 7.
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Figure 8. Response of exports to the exchange rate at extensive and intensive margins
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A Details of Competitive Equilibrium

Aggregating the product prices for the export market in (12), the aggregate price index of home

final goods for the foreign market is

0 w/e 1a

F t/Ct

p - 1 —F

¢ 6 — 1_a’tl ]\[1‘/071 Zt € Gy ( )

where @l is the average productivity of the exported products given by

1

af = [ Ia a“f(a)da] - e

at+1-10

The zero profit condition for export implies
af (a;) = (0 —1) da,Z;.

Using the property af (a) /” (a,) = (of (@) /pF (@)™’ = (a/a,)’ for a > a, from (12) and

(14), we have the aggregate supply of home export as

_6

/ T @ f(a)Ntda]

ay

Substituting the export price index p!” in (39) into the the export demand equation in (4),
the aggregate demand for export is given by

_at1-—0

Q; =(a)” 7T 7Y (40)

Then, the export market clearing condition solves for the cutoff productivity a, such that

6—1
a(@—1)+(a+1-0)(1—¢)

_0
(0 - 1) 6a 2N
‘ Y
Ca (0 — 1) ¢ AN, | 30Dt o5
la+1—0 Y '
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This is (19) in the text.

From (39, 40) , the home export value in terms of home final goods is

(a+1-6)(1—p)
F_ _ FnF _ . Py
Sp =eap @ =(a) T €Y

This is (20) in the text.
The labor supply condition (23)together with the composite input price equation (8) can

be written as .

L . ]_ ( Wt )’YL
N (NGAL: e * '

Similarly, the labor demand equation (9) together with the equation (8) can be written as

lf'yL L

=
X, — (ﬂ) oLy
€t YL

Then from labor market clearing condition), we have the aggregate composite input as

1

1 wtl_'YL“l"l/} ﬁ
X = 1) (1+9)
Y (oCh)? e F
= XF+XF,

where X/" and X denote the aggregate composite input use for export market and for the

home market. Using (11,11, 13,14), we have

Xi = /OO {Q’Z—S)W] f(a)Nyda

- Le|@) e

o +1—6
N gba—l—l—@

f(a)Nyda

(Qt)ia Ntv

CLZt

= qg{Z(tl) /100 a’ ' f(a)N,da

H
t

AR

xt= [T )N
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Together with (1), we have (24,25, 26) in the text.

The profit arising from selling a product with productivity a; = a in the home market is

wta) = pll (@)l (@) — wiall (o),
1 H
= ——wal(a)

The profits from exporting a product with productivity an; = a > a, to foreign market is

Wf(a) = GtPf(@)QtF(a) - wtiﬁf(a),

1 0
= gyl @ 5 oge]

Thus we have the average profit as

T = /IOO {7 (a) + 7} (a)} f(a)da

- {(9 —X{)Nt Y f 1¢'(Qt)_a} '

This is (31) in the text.

Combining the free entry condition and the average value function in (28, 29), we have

Vi=7—r+ (1— 06+ 002
Ap
Substituting this of date t+1 into (28), we we have (30) in the text.

The necessary and sufficient condition that the firm strictly prefers to maintain a product

with the lowest productivity by paying the fixed cost is

0 < Vi(1)=7(1) — k + E{Ave1 [(1 = 6)Viea (1) + AV ia] }

= (1) k4t 5A% 4 (1= 8)Ey[Ar i1 Viea (1)), for all ¢

E

Thus a sufficient condition is (Condition2) in the text.
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B Steady State
B.1 Steady State of the Aggregate Variables

In steady state, A;yy1 = § and R; = 1/5. The free entry condition (28) and the average value

function in (29) imply that the steady state average profit is given by the following constant:

_ RE 1
=k+—(=—1+6—-0X\]. 41
" AR (ﬁ > (4D

Or directly from the average profit equation (31), the average profit is related with other

equilibrium aggregates such that

_ w X _a

From the foreign bond holding equation (22), we have

§c

D= S
‘ 1— BR*

(43)

which, combined with the current account balance equation (5) together with (10) and (20),

implies
wX (@t1-0a-¢) /Y & (R*—1)C
1 -y )22 il 44
The export cut-off productivity equation (19), combined with (17), implies
ot (a+1;g)1(17¢) _ ool wlN A5
& at+1—0cy" (45)

Combining the above two equilibrium relationships (44) and (45) regarding foreign assets and

export markets with the average profit equation (42), we have

apbwa™

a+1-0

(a+1-0)1—p) €¥Y*
a 0—1

|
=

B wX (R —1)C
L v wey T

— (- 1)7} , (46)

which can be rearranged into

-1 wX E(R-1)C a@—-1)_
Ak c_ov- g 4
<a+1—0+%) N 1R N at1-0" (47)
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From the total measure of products evolution equation (15),

NE )
=3 0N, (48)

The final goods market clearing condition (34), we get

C G 4] u(X JOa+1—-10
Ny Py m A=A (N‘@ m)
which, using (17), (41), and (42), implies
-1 wX C al—-1)_ kg (1l
iR S RS e il RN (N | 4
ari—g N U9y a+1—9”+AE(ﬁ ) (49)

where ¢ = G/C. Using these equilibrium conditions (47) and (49) for current account and do-

mestic final goods market, we can solve for % and % simultaneously as functions of parameters

and exogenous variables, such that

=5 2q

From the composite input price equation (17) together with (16) and (19), we have

0—1 o o1 1
w=— <a+1—€) ZN#1 =w(N). (50)

Given ¢ and x, combining the equilibrium aggregate quantity of composite input in (24) with

(50), the real exchange rate is

= {552 [ woc)%]‘%}l% = (V). 6

Given w (N) and € (N), from (19), the export cutoff productivity is

6—1
alp  w(N)N |e@-DFeFr1-00-¢)
= =a(N). 52
& [a+1—96(N)“’Y*} a(N) (52)
Given ¢ and € (N), the steady state foreign bond holding can be found from (43) such that

. & cN
b= 1 — BR*e(N)

= D*(N). (53)
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Now, to solve for the steady state values, it is enough to solve for the steady state N,
which can be found by plugging the steady state cutoff productivity a (N) into the steady state
current account balance equation (44) such that

(a+1-0)(1—p) a(0-1)
£ (R* — 1) a9¢w(N) a(@-D+(+1-0)(1-9) [ ¢ (N)‘P Y*] a0-D+(ati-0)1-9)
c= _ .
1—BR* a+1-46 N

(I —=7vg)r — (54)

B.2 Steady State of the Cross Section

In order to derive the steady state distribution of domestic and export sales and profit rate
across firms, we need to derive the steady state distribution of the number of products across
firms. We follow Klette and Kortum (2004) to use a continuous time approximation for the
evolution of number of products by each firms. This is, for a time interval of infinitesimal
length At, the firm who has j number of products looses one existing product with probability

jo - At, gains one new product with probability jA\d - At, gains or looses more than one number

o(At)

of products with negligible probability o(At) where Alitm0 N

— 0. Let M, be the steady state
measure of firms with 7 number of products. In the steady state, the rate of entering firms
to acquire one product is equal to the rate of firms with one number of products loosing their

product as

AeNg = 0M;.

Similarly, the rate of firms with one number of product gaining a new product is equal to the

rate of firms with two number of product loosing one product as
AOMy = 26 M.

More generally the rate of firms with 7 — 1 number of product gaining a new product is equal

to the rate of firms with j number of product loosing one product as
(7 — D)ANOM;_y = joM;,

or

-1 Nt
=AM =

M, M;.

J
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Because we assumed A < 1 by (Assumption 2), the total measure of firms with some products
is

oo 2 3
MEZMJ-Z%<)\+>\—+)\—+...>Z%[—ln(l—/\)].

M, ¥
Mo [=In(1=N)]

Once we know the fraction of firms with j number of products m;, we can compute numer-
ically the distribution of domestic sales, export sales, total sales, and profit rate across firms,
because we know the distribution of productivity of each product a is independent and distrib-
uted according to the Pareto distribution as F'(a) =1 —a® for a € [1,00) by (Assumption 1).

We also know domestic sales, export sales, and profit of a product with productivity a as

(@) = p(@)a"(a) = ("(@) Q" = (2) L (55)

a

C Calibration for Panel Data

For calibration for firm level panel data, we start with the steady state distribution of number of
products across firms. Then we conduct 1,000 simulations of length 7" = 16 and M = 100, 000
firms. In order to make the calibration comparable to Kaigin data, for each of 1,000 simulations,
we build a balanced panel of large exporters by first selecting the largest firms in terms of the
total sales on the initial year until we accumulate 60% of total sales. Then, we select the sub-

sample of the firms that exported for the 16 years without interruption. Finally, we re-sampled
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the observations with less than 500 firms in the final panel of exporters. The medium number
of firms in the panel simulation is 1,672.

Consider a firm h with I;,; with the portfolio of productivity distribution as (an1t, anat, -, Gnr,,t) -
For the panel calibration, we can trace the life and death of each product (amoeba) with pro-
ductivity ap; at date t. Between date ¢ and date ¢t + 1, {(anit)} evolves as

(i) stays the same as {(ap;)}, with probability (1 — AJ)(1 — 9)

(ii) adds a new product {(ani), (@)}, with probability Ad(1 — 0)

(iii) replaced by a new product {(@)}, with probability A&

(iv) the product dies without replacement &, with probability §(1 — \J)

Here a is the productivity of a new product which is distributed according to the identical
Pareto distribution of F'(a) =1 —a™® for a € [1, 00).

Once we characterize the evolution of productivity portfolio (apit, apat, ..., anr,,:) of each
firms, we can compute the evolution of firm level domestic and export sales and profit, by using

these functions of product a at date ¢ which are the function of the aggregate conditions as

(55,56, 57) .
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