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Abstract
This paper builds a dynamic general equilibrium trade model, in which

intermediate goods are produced and traded in a Melitz (2003) type sector.
These intermediate goods are used in the production of a final good, which
can be used for consumption, capital accumulation, or investment in firm
entry. Therefore capital accumulation is the direct alternative to investing
in firm entry. This has a number of implications. First, in the short run
following trade liberalizations a higher interest rate will prevail, which will
tend to shelter incumbent firms from increased competition by discouraging
investment in firm entry. Second, periods of zero entry into the intermediate
good sector can arise as a consequence of the sunk nature of investments
in firms leading households to be at a corner solution in their investment
decision. Third, different liberalizations with the same impact on the share
of expenditure on domestic variety will have different effects on consumption,
both during transitions and in steady-state, through their different effects on
aggregate investment.

In effect, capital accumulation will generate rich adjustment dynamics both
at the aggregate level and at the firm level of the economy. Further, the study
of transitions in this framework provides important insights regarding the
effects of different trade liberalizations in general and on welfare and individual
firms in particular.

JEL codes: F12, F14, F41

1 Introduction

The majority of the trade literature incorporating heterogeneous immediately fol-
lowing Melitz (2003) has focused on static comparative analysis of steady states.

∗PhD student, Department of Economics and Business, Aarhus University, Denmark. Email:
pbache@econ.au.dk

1



Recently, more consideration have been given to transitions following trade liber-
alization in the Melitz (2003) framework. And rightly so. In general comparative
statics are a natural and good starting point for understanding the steady-state ef-
fects of trade liberalization. But once such results are obtained, the transitions along
which these effects materialize should be considered. Knowledge of the transitions
is important with respect to capturing the full picture of the effects from liberalizing
trade. Further, it is important to be aware of short-run versus long-run differences
in such effects when doing empirics. In the long run we are all dead, one might be
tempted to say.

Among studies considering transitions in the Melitz (2003) framework Ghironi
and Melitz (2005), Costantini and Melitz (2007) and Burstein and Melitz (2011)
can be mentioned. A common feature of these studies is that the assumption from
Melitz (2003) of labor as the only input into production is maintained. Adjustment
dynamics of the economy in the wake of trade liberalizations are caused by shut-
ting down voluntary exit or introducing dynamics in firm-level productivity. One
might wonder why more attention have not been given to include capital into the
framework. Not only because the inclusion of capital as an accumulable production
factor provides for a more realistic framework, but also because it should be obvious
that endogenous capital accumulation introduces adjustment dynamics. I suspect
that the lack of effort to develop a tractable framework combining the Melitz (2003)
model with endogenous capital accumulation is due to the view of capital accumu-
lation as only leading to an amplification of the impact of changes in productivity
on output (Atkeson and Burstein, 2010). This view stages the adjustment dynamics
induced by capital accumulation as merely being a realization of this amplifica-
tion effect. You would probably agree that such adjustment is not very interesting.
However, this line of reasoning ignores that realistically capital accumulation is not
merely the expansion of a production factor, it is also the alternative to investing in
firm entry.

The present paper develops a tractable model based on Melitz (2003) includ-
ing capital in this way. The contribution to the understanding of transitions in
the Melitz (2003) framework is that this approach captures adjustment dynamics
induced solely by capital accumulation and shows that capital accumulation will
definitely not only imply an amplification effect. It will also have a number of other
significant implications for the effects of trade liberalizations on firms and welfare.
Before developing the model, let me provide a flavor of these implications and the
underlying intuition.

First of all, as the productivity of capital will be increased by trade liberaliza-
tions, the interest rate will above the steady-state level in the short run following a
liberalization. As capital accumulation is the alternative to investing in firm entry,
the higher interest rate will discourage entry of new firms into the market. In effect,
the higher interest rate that will prevail in the short run will shelter incumbent
firms against increased competition compared to the long run. As the intensified
competition is the source of the increase in average productivity from reallocation
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among firms in the Melitz (2003) model, the full increase in average productivity
will be realized only gradually as the interest rate returns to its steady state value
and investment in firm entry expands. Put another way, during the transition the
least productive firms are not pushed out of the market immediately but rather
gradually as competition intensifies because of the decreasing interest rate.

Second of all, periods of zero entry (of new firms) will arise following trade
liberalizations. They will not arise because of a firm overhang due to absence of
voluntary exit, since the model will indeed feature voluntary exit. Rather, they will
arise because households are at a corner solution in their investment decision. The
investment in export entry that takes place immediately following a trade liberaliza-
tion will reduce the capital stock and thus tend to make capital accumulation more
attractive than investment in entry of new firms. Since investment in firm entry is
sunk, the portfolio of the household cannot adjust immediately in this case. The
result is that for a period following the trade liberalization all invested resources
will be devoted to capital accumulation and no new firms enter the market. Due to
decreasing returns to scale the attractiveness of the two investment opportunities
are realigned at some point, at which firm entry picks up again.

Third of all, different trade liberalizations that induce the same increase in the
share of expenditure on domestic varieties, may have different effects on steady-state
consumption if their effects on steady-state investment in export market entry are
different. While this effect, as opposed to the preceding two, is a steady-state effect,
it will have implications for the transition. The cause is that achieving a higher level
of steady-state consumption through a higher level of investment implies foregoing
more consumption in the short run. In this way, taking consumption during the
transition into account will prove crucial for comparing welfare effects of different
trade liberalizations.

Alessandria and Choi (2007) presents a version of the Melitz (2003) model which
does include capital as a production factor. However, due to their objective being
different from that of the present paper, their model is much more complex and
differs with respect to key assumptions. Most notably they maintain the assump-
tion that the entry investment of firms are held in terms of labor, which makes
investment in firm entry and capital accumulation less direct substitutes. Further,
they dispense with the mechanism causing firms to exit the market voluntarily, im-
plying that the steady-state distribution of productivities among incumbent firms
is exogenous. Taken together, the differences blur or eliminate the clear cut effects
of capital described above. Ultimately, capital does not play a major role in the
adjustment dynamics of their model, which becomes apparent when they provide
results abstracting from capital accumulation. This is in stark contrast to the model
developed here.

Having stressed the main results of including endogenous capital accumulation,
let me note that the amplification effect is not completely uninteresting when related
to the anti-variety effect discussed by Baldwin and Forslid (2010). As will be shown,
the amplification effect tends to accommodate a larger mass firms in steady-state.
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This aspect of the amplification effect is manifested slowly as capital is accumulated,
thus adding a short-run versus long-run perspective to the anti-variety effects.

Finally, the dual role of capital as a production factor and the opportunity cost
of investment in entry, will show to translate into opposing effects on the value of
especially small firms during the transitions. This will be illustrated by considering
an instructive case of liquidity constrained firms.

With the above in mind, it should be clear that adding endogenous capital accu-
mulation to the Melitz (2003) framework has the possibility to not only generate an
amplification effect in the aggregate but also to generate rich adjustment dynamics
at the firm level. Further, studying the transitions to which the economy is sub-
jected in this framework will provide key insights regarding the relative evaluation
of different trade liberalizations.

The the remainder of this paper is organized as follows. Section 2 develops
the model. Section 3 consideres the steady state and build intuition of long-term
effects of different trade liberalizations. Section 4 provides numerical results for the
transitions induced by different trade liberalization and analyzes these in depth,
drawing upon the results of section 3. Section 5 concludes.

2 The Model

The model of the present paper is developed by extending the Melitz (2003) model
of international trade with heterogeneous firms into the Ramsey (1928) framework
of endogenous capital accumulation, by applying the Melitz (2003) extension of
heterogeneous firms to the Ethier (1982) intermediate goods interpretation of the
Krugman (1980) model. A brief overview of the resulting model structure can be
given as follows. The world consists of two symmetrical countries. Hence, in the
following there will be no distinction with respect to country for any of the variables.
Each country has L identical households and two production sectors; one producing
a range of intermediate goods and one combining these with labor to produce a
single final good. The final good will serve as the numéraire and can be used
for consumption, capital accumulation or investment in firm entry. Production of
intermediate goods requires capital and labor as inputs, and capital is accumulated
as a result of the consumption and saving decision by utility maximizing households.
The model is cast in continuous time.

The remainder of this section describe the detailed setup that applies to either
of the two countries. Subscripts will denote time for appropriate variables in the
following.

2.1 Households

A number of L identical households with an infinite horizon each provide an inelastic
labor supply of one unit. The utility function has constant elasticity of intertem-
poral substitution, and households maximize discounted instantaneous utility. The
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representative household supplies L units of labor and maximizes utility

Ut =

∫ ∞
t

e−ρ(s−t)C
1−θ
s

1− θ
ds, θ, ρ > 0,

where C is consumption. The disposable income of the representative household
comprises of labor income, interest payment on the capital stock and profits of
the firms in the intermediate-good sector, all of which adds up to the value of the
production of the final good, Y , less what is used for fixed production costs, F .
This disposable income is used for consumption, C, investment in firm entry in the
intermediate sector, I, and capital accumulation. Thus

K̇t = Yt − Ft − It − Ct − δKt, (1)

where δ ≥ 0 is the depreciation rate of capital. If possible, the savings of households
will be allocated between capital accumulation and investment in firm entry, such
that the returns from these to investments are equated. However, in line with Melitz
(2003) investment in firm entry is sunk and instant rebalancing may not be possible.
If capital for some reason earns a return above that of investment in firm entry
households will be at a corner solution in their investment decision until enough
capital has been accumulated to realign the returns on the two types of investment.
With respect to capital I will use the standard assumption that investments are
not sunk. This will mean that through households allocating invested resources
optimally, the interest rate on capital will at any point in time reflect the highest
possible return the households can earn on foregone consumption. Therefore the
interest rate on capital is what appears in the Euler equation obtained from the
maximization problem of the representative household. This Euler equation is given
by

Ċt =
1

θ
(rt − ρ)Ct, (2)

where r denotes the net return on capital; depreciation is thus borne by the firms.

2.2 Final-Good Sector

As mentioned above, the final good is produced using labor and intermediate goods.
The specific production function of this sector is analogous to that of Romer (1990)
and Rivera-Batiz and Romer (1991) only excluding human capital,

Yt = L̂1−α
t

∫
ω∈Ωt

(xt(ω))α dω, 0 < α < 1,

where L̂ denotes the amount of labor devoted to final good production, x(ω) denotes
the amount of intermediate good ω used, and Ω is the set of available intermediate
goods. Note that the model allows for labor productivity gains arising from new
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imported variety.1 The final sector is characterized by perfect competition, which
implies that production factors are rewarded their marginal products,

wt = (1− α) L̂−αt

∫
ω∈Ωt

(xt(ω))α dω (3)

pt(ω) = αL̂1−α
t (xt(ω))α−1, (4)

where w denotes the real wage and p(ω) denotes the price of good ω. Producers
in the intermediate sector faces a demand function (4) which have constant price
elasticity σ ≡ 1/(1− α), as is the case in Melitz (2003). The fact that demand for
a given variety in the present case does not depend on the price of other varieties
does not have major implications and contributes greatly to the tractability of the
model, since it implies that the only channel of competition among firms in the
intermediate-good sector is competition over inputs.

2.3 Intermediate-Good Sector

This sector is almost identical to that of Melitz (2003) except that the production
of intermediate goods uses capital as an input. The general setup of the sector is
as follows. A mass of heterogeneous firms produce the intermediate goods that are
used for final-good production. The sector is characterized by free entry, and there
exists an unbounded pool of potential entrants. Entry into this sector requires an
irreversible investment of S units of the final good. When a firm has sunk this entry
cost, it is able to produce a new variety of intermediate good ω with productivity
ϕ(ω), which is drawn from a known exogenous distribution G(ϕ). I will use the
Pareto distribution with scale parameter ϕ0 > 0 and shape parameter m > σ − 1,2

G(ϕ) =

{
1− (ϕ0/ϕ)m for ϕ > ϕ0

0 otherwise .

Production, x, of an intermediate good by a firm with productivity ϕ takes place
according to a Cobb-Douglas production function of the form

x(k, l;ϕ) = ϕkγl1−γ, (5)

where k and l are the amounts of capital and labor employed respectively. In
addition the firm have to pay a fixed cost of f units of the final good to maintain
production. Upon entry a firm faces the downward-sloping demand function (4)
from both the domestic and foreign producers of the final good. However, before
a firm can sell to the foreign producers of the final good it must enter the export

1Broda et al. (2006) document the importance of this channel of productivity growth.
2The assumption of Pareto distribution is widely used in the literature, see e.g. Chaney (2008),

Melitz and Ottaviano (2008), and Baldwin and Forslid (2010). Recent empirical support for the
assumption is presented by e.g. Axtell (2001) and Eaton et al. (2008). The assumption m > σ− 1
ensures that expected firm profits are bounded.
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market, which requires an additional irreversible investment of Sx units of the final
good. Further, exports are subject to an iceberg trade cost, τ > 1, and to maintain
export production the firm has to pay a fixed cost of fx units of the final good.

Intertemporal optimization of firm value requires maximization of instantaneous
profits. For production to the domestic market profit maximization leads to input-
demand functions for capital and labor, kd(r, w;ϕ) and ld(r, w;ϕ) respectively, an
indirect output function, xd(r, w;ϕ), and an indirect profit function, πd(r, w;ϕ).3
Corresponding functions exits for production to the export market, and is denoted
by superscript x.

During transitions firm are characterized by their productivity, ϕ, and their
production status, z. The instantaneous profits of a firm with productivity ϕ and
production status z is given by

π(ϕ, z) =


πd(r, w;ϕ) + πx(r, w;ϕ) if z = x (exporter)
πd(r, w;ϕ) if z = d (non-exporter)
0 if z = n (non-producer)

,

where the dependence on r and w is suppressed for notational simplicity. Optimal
choice of production status is described in the following subsection.

To sum up the export costs, the exporting firms are subject to a variable, a fixed
and a sunk export costs. This introduces three means of liberalizing trade.

2.4 Entry and Exit Decisions of Firms

As the main contribution of this paper lies in the analysis of transition paths optimal
firm behavior outside of steady-state obviously needs to be described. That is, the
objective of the present subsection. An exporter can choose to leave the export
market thus becoming a non-exporter and a non-exporter can choose to enter the
export market thus becoming an exporter. However, once a firm has chosen to cease
production all together to become a non-producer it has shut down for good. Apart
from firms voluntary exiting from the sector, firms are hit by an exogenous shock
which occurs at the rate η and forces the affected firms to shut down. In choosing
the optimal production status at any point in time firms will consider the impact
on their value over the full time horizon rather than merely the impact on current
profits.

Let V (ϕ, z) denote the value function of a firm with productivity ϕ and produc-
tion status z. For zt ∈ {d, x} this value function satisfies4

(rt+η)Vt(ϕ, zt) = max
z∗

{
πt(ϕ, z

∗) + d
dt
Vt(ϕ, z

∗) + Vt(ϕ, z
∗)− Vt(ϕ, zt)− 1xS

x
}
, (6)

3Expressions for input-demand functions as well as indirect output and indirect profit functions
for both the domestic and the export market can be seen in Appendix A.

4For zt = n we have V (ϕ, n) = 0.
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where z∗ ∈ {n, x, d} and 1x is an indicator variable for export entry.5 The equation
(6) can be interpreted as a no-arbitrage condition. The right hand side is the
yield of maintaining the firm, which comprises of profits, the change in value over
time conditional on surviving and the change in value due to an optimal change
in production status. In optimum this must equal the left hand side, which is the
interest payments on the value of the firm using the interest rate adjusted for the
probability of a death shock occurring, since the opportunity cost of investing in
a firm is investment in capital, which provides the net return r. Note that when
adjusting the interest rate to take account for the probability of a death shock
occurring, it is implicitly assumed that firms are risk neutral. Although households
(who ultimately own the firms) are risk averse, this is compatible with optimal
household behavior as there is no uncertainty at the aggregate level. Hence η can
be thought of as the depreciation rate on aggregate investment in firm entry.

Now, let ϕq denote the lowest value of ϕ for which non-exporters choose to
continue domestic production. Further, let ϕqx be the lowest value of ϕ for which
exporters choose to continue their export production. Finally, let ϕex denote the
lowest value of ϕ for which non-exporters chooses to become exporters. I will main-
tain the assumption from Melitz (2003) of ϕq < ϕex, which imposes restrictions
on the export costs6. Thus, in steady state there will be a non-zero mass of non-
exporters. Further it is evident that ϕqx < ϕex because of the sunk cost of entering
the export market. The three cutoff productivities are determined by

ϕqt = inf{ϕ : Vt(ϕ, d) > Vt(ϕ, n) = 0} (7)
ϕqxt = inf{ϕ : Vt(ϕ, x) > Vt(ϕ, d)} (8)
ϕext = inf{ϕ : Vt(ϕ, x) > Vt(ϕ, d) + Sx}. (9)

In the following ϕq and ϕex will be referred to as the production cutoff and the
export cutoff respectively. Due to the endogenous evolution of the cutoff produc-
tivities during transitions, the distribution of firms and exporters, Ht(ϕ) and Hx

t

respectively, will in general be time varying.
Using the above value function, we can express the expected value of entering

the market. Upon entry, the firm has production status d, as possible entry into the
export market is undertaken subsequently and requires an additional irreversible
investment. Of course the firm can choose to shut down immediately if optimal.
The expected value of entry, V e, can thus be written as

V e
t =

∫ ∞
ϕqt

Vt(ϕ, d) dG(ϕ)− S. (10)

Remember that the intermediate-good sector has free entry and, since firms are risk
neutral, this requires the expected value of entry to be non-positive. If V e < 0, the

5Thus, 1x is 1 if zt = d and z∗ = x and 0 otherwise.
6These restrictions are analogous to that of Melitz (2003), and can be seen in Appendix B.
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households are at a corner solution in their investment decision as described above
and no firms will enter the intermediate-good sector, i.e. the mass of entrants, M e,
is zero. Otherwise M e is determined by the condition that the returns from the two
types of investment are aligned, i.e. V e = 0.

Combined with the endogenous entry and exit decisions of firms this leads to
movements in the mass of firms, M , which evolve according to

Ṁt = M e
t − ηMt −M q

t (11)

whereM q
t is the mass of firms exiting the market voluntarily. Completely analogous

to (11) the mass of exporters, Mx, evolve according to

Ṁx
t = M ex

t − ηMx
t −M

qx
t (12)

Finally, the mass of available varieties, Ma, in either country consists of the mass
of firms, M , plus the mass of exporting firms, Mx, from the foreign country.

2.5 Market Clearing

Now, having described the details of the two production sectors of the economy,
consider the resulting aggregate market clearing conditions which must be satisfied
at all points in time. Analogous to Melitz (2003) I will define an average productivity
level, ϕ̃, which will prove useful for this purpose. The average productivity will be
defined as

ϕ̃t ≡

(∫ ∞
ϕqt

ϕσ−1 dHt(ϕ) + τ 1−σM
x
t

Mt

∫ ∞
ϕqxt

ϕσ−1 dHx
t (ϕ)

) 1
σ−1

. (13)

Market clearing requires that the factor reward condition (3) is satisfied and that
demand for labor for production of the final good and intermediate goods equal the
overall supply,7

L = L̂t +Mtl
d
t (r, w; ϕ̃t). (14)

Further, market clearing implies that the demand for capital for production of in-
termediate goods equal the supply of capital, which is given by the capital stock,

Kt = Mtk
d
t (r, w; ϕ̃). (15)

It can be shown by combining (3) and (14) that L̂ is a constant fraction of L over
time, and thus the time subscript is dropped. This means that as in Melitz (2003)
labor supply to the intermediate-good sector will effectively be perfectly inelastic.

7Note that Mtl
d(r, w; ϕ̃t) takes total labor demand for production of intermediate goods to

both the export and the domestic market into account, due to the convenient definition of ϕ̃.
Analogously for the market clearing condition for capital.
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Exploiting this result, final-good production can be to be proportional to the real
wage,

Yt = σwtL̂. (16)

Since L̂ is constant (16) implies that labor’s share of output is constant.
It must hold that the total flow of fixed costs, F , which enters the dynamics

budget constraint (1) is given by the sum of fixed costs for domestic and export
production, thus

Ft = Mtf +Mx
t f

x.

Finally, the investment in entry (both of new firms and of firms entering the export
market), I, is given by

It =
M e

t

1−G(ϕqt )
S +M ex

t S
x,

since M e
t denotes the mass of successful new firms (with ϕ > ϕq) and unsuccessful

firms (with ϕ < ϕq) also sinks the entry cost S prior to learning their productivity
level.

3 Steady State

The understanding of the steady-state effects of trade liberalizations will be useful
for interpreting the transitions they induce. Therefore, the present section considers
the steady state before we move on to analyze the transitions in section 4. First of
all, I will discuss the trade liberalizations that will be considered and compared in the
following. Next, I will briefly describe the steady-state effects of the liberalizations
that is considered, with emphasis on the important differences relative to the Melitz
(2003) model. In the interest of space, I will not present the details of the solution
for the steady state and the obtained closed form expressions here.8

3.1 The Considered Trade Liberalizations

The trade liberalizations that will be considered in the following will take either of
three forms corresponding to the three export costs. The first will be a reduction of
the variable export cost, τ , the second will be a reduction of the sunk export cost,
Sx and the third will be a reduction of the fixed export cost, fx. To be able to
meaningfully investigate the differences between the effects of these liberalizations
they need to be conducted in a way such that they are comparable. To ensure
that this is the case, I will assume in the following that the three liberalizations are
conducted such that they have the same (negative) effect on the steady-state share
of expenditure on domestic varieties in the intermediate-good sector, λ. One can

8The interested reader is referred to to Appendix B
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show that λ is given by

λ =
(
1 + τ−mf̄ 1−m/(σ−1)

)−1
, f̄ =

fx + (ρ+ η)Sx

f
. (17)

That the considered trade liberalizations have the same effects on λ will obviously
imply that they have the same (positive) effect on the steady-state share of expen-
diture on imported variety in the intermediate-good sector. Further, it will imply
that the steady-state effects on e.g. aggregate final-good production and on the real
wage are the same across the liberalizations. All in all, this is a natural way to make
the liberalizations comparable.

That the liberalizations are comparable in the above sense will not mean that all
of their effects are the same. Indeed, as we will see in the remainder of the following
section and in section 4, there will be significant and interesting differences both in
steady state as well as during transitions.

All the effects of trade liberalization considered in the remainder of this section
will be steady-state effects.

3.2 The Effects of Trade Liberalizations on Exports

It should come as no surprise that all of the trade liberalizations decrease the export
cutoff, ϕex, and increase the mass of exporters, Mx. It can be shown that the Sx-
and the fx-liberalization have the same effects on these variables. Moreover, these
two liberalization will have more pronounced effects on both the export cutoff and
the mass of exporters when compared to the τ -liberalization. The reason is that
the Sx- and the fx-liberalizations achieve the expansion of trade primarily through
the extensive margin of trade whereas the τ -liberalization achieves the expansion
primarily through the intensive margin of trade. This is qualitatively no different
from the Melitz (2003) model, but it is important to keep in mind in the follow-
ing. Indeed, the important differences between the three liberalizations arise partly
through their different effects on the mass of exporters.

3.3 Other Production Effects of Trade Liberalizations

Whereas the effects on the composition of exports may differ among the three liber-
alizations, the fact that they are conducted such that they have the same effect on
the share of expenditure on domestic varieties will imply that their (positive) effects
on the production cutoff, ϕq, and the average productivity in the intermediate-goods
sector, ϕ̃, are the same. Further, the effect on final-good production, Y , and the
real wage will also be the same, as noted above. Both Y and w will of course rise.

Regarding the mass of firms M , the effects of the three liberalizations will once
again be the same. However, there will be a difference when compared to the original
Melitz (2003) model, in which the mass of firms unambiguously decreases in the
wake of a trade liberalization when assuming the Pareto distribution as pointed out
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by Baldwin and Forslid (2010). This need not be the case in the present model
however. Due to the fixed and sunk costs of firms being held in units of the final
good, the production of which expands, the result of a trade liberalization can be
an increase in M , and thus in what could be called the total mass of world variety
(given by 2M as the countries are symmetric). The steady-state mass of firms can
be shown to be increasing (decreasing) following either of the trade liberalizations if
m(1− γ) is less (greater) than 1. The intuition behind this condition relates to the
ability to accumulate capital. On one hand a larger value of γ means that capital is
more important in intermediate-goods production, and therefore that more capital
will be accumulated following the trade liberalization. This will provide a larger
expansion in final-good production, Y , which is the resource used for fixed and sunk
costs of firms. On the other hand trade liberalization increases the probability of
unsuccessful entry – given by G(ϕq) – and it can be shown that is does so more
when m is large.9 As a consequence, when m is larger, a given trade liberalization
will cause more resources to be devoted to unsuccessful entries thus resulting in
less firms. The magnitude of the two parameters m and γ taken together decides
whether the expansion of final good production is enough to accommodate a larger
mass of firms or whether the increase in the share of entries that are unsuccessful
will dominate.

Baldwin and Forslid (2010) focuses to some extent on the possible presence of
and anti-variety effect on the mass of available varieties, Ma. They show that the
mass of available varieties is increasing (decreasing) in trade liberalizations through
τ when a variable equivalent to f̄ of the present model is less (greater) than 1. In
the present model this may not be the case. The intuition for this the expansion in
final-good production, analogous to above. In the present model, an increase in the
total mass of available varieties can arise following a τ -liberalization even if the mass
of firms decrease and export production has larger fixed and amortized sunk costs
than the fixed cost of domestic production. This is because it is possible that the
expansion of final-good production more than accounts for the higher costs of the
exporters from the foreign country that "replace" domestic firms. Hence the anti-
variety effect with respect to available varieties discussed by Baldwin and Forslid
(2010) is less likely to arise in the present model.10

Clearly, the steady-state effect from the expansion in final-good production will
be realized slowly during the transition as capital accumulates. Immediately fol-
lowing the trade liberalization the magnitude of the anti-variety effects will thus be
very different from the long run as we will see in section 4. The present model will

9Intuitively, when m is large there is more mass around the production cutoff and therefore the
effect is larger.

10Melitz and Ottaviano (2008) presents a version of the Melitz (2003) model in which the anti-
variety effect with respect to the mass of available varieties never occur. However, this result
relies on the assumption of perfectly-elastic labor supply to the differentiated-goods sector. In the
present model the results are obtained in a setting where the labor supply to the intermediate-good
sector, L− L̂, is perfectly inelastic.
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therefore add a time dimension to the anti-variety effects.

3.4 Effect on Total Investment and Consumption

So far, apart from refining the anti-variety effects of Baldwin and Forslid (2010),
none of the above is really news. Further, of the effects considered so far the three
liberalizations differ only with respect to the effect on the composition of exports.
Even in this respect two of the liberalizations are equivalent. So where are the
important differences advertised above? Let me show you. First of all, note that
the similarity of the three liberalizations is a reflection of them being conducted in
a comparable way. The difference between the three liberalizations will assert itself
in their different effects on total investment and thereby on aggregate consumption,
arguably the most important variable.

Consider the aggregate steady-state assets, A, possessed by households. These
comprises of the capital stock and accumulated investment in entry of firms into the
domestic and export market. The assets will thus be given by

A = K + S
M

1−G(ϕq)
+ SxMx, (18)

where the last two terms are the investment in new firms an in export entry that
is needed to replicate the steady-state stock of firms. The three different trade
liberalizations can be shown to have the same effects on the first two terms on
the right hand side of (18). The effect will be positive since trade liberalization
raises the average productivity of both firms and capital. However, the three trade
liberalizations will have different effects on the last term, accumulated investment in
export entry, partly through their different effects on export composition. Thereby
they will have different effects on A. Remember the above discussion on the effect of
the trade liberalizations on the mass of exporters and take the τ -liberalization as the
reference. By construction, the Sx-liberalization decreases the export investment per
exporter, Sx, relative to the τ -liberalization. This effect turns out to dominate the
larger increase in the mass of exporters induced by the Sx-liberalization, such that
MxSx is lower following the Sx-liberalization relative to the τ -liberalization. The
fx-liberalization on the other hand increases the accumulated export investments
relative to the τ -liberalization, since it induces a larger increase in the mass of
exporters (cf. above) and both liberalizations leave the investment per exporter
unchanged. Thus, through different effects on MxSx, the following ranking of the
level of A following the three trade liberalizations prevail,

Afx-lib > Aτ -lib > ASx-lib. (19)

Next, consider the effects on aggregate consumption. The ranking of the effects
on the assets held by households will translate into a corresponding ranking in
steady-state consumption, C. To see this, consider the following simple expression
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that can be obtained for C.

C = wL+ rA. (20)

The equation (20) states that consumption is equal to labour income and net return
of assets, determined by the steady-state interest rate r, which will be equal to
the subjective discount factor ρ > 0. This illustrates how the investment decision
of firms is compatible with the consumer preferences, since on the aggregate level
the resources invested by firms provide the same net return as the capital that is
accumulated. From (20), it is clear that since all three trade liberalizations have the
same positive effect on w, cf. above, their effect on consumption will differ through
their effects on A and the implied interest payments.11 Now referring to the ranking
in (19) of the level of assest following each of the trade liberalizations, it is obvious
that a corresponding ranking of steady-steady state consumption will prevail, i.e.

Cfx-lib > Cτ -lib > CSx-lib.

Even though the three liberalizations are conducted such that they have the same
effect on the share of expenditure on domestic varieties in the intermediate-good
sector and consequently have very similar effects on the economy (cf. above), there
exists an unambiguous ranking of the three liberalizations with respect to their
effect on steady-state consumption. However – and this is a big however – this is
not sufficient to conclude that a corresponding ranking of the impact on welfare
exits. To asses the welfare implications, it is crucial to take consumption over the
full transition into account. Indeed, the ranking of the levels of welfare following the
three liberalizations, that is obtained in section 4 will not coincide with the above
ranking of steady-state consumption levels.

Arkolakis et al. (2009) shows among other things that in the Melitz (2003) model
the effect of trade liberalizations on steady-state consumption (and therefore wel-
fare) is determined solely by their effect on λ. As is evident from the above, the
modifications of the present model imply that this is no longer true.12

4 Transitions Induced by Trade Liberalizations

Now, having considered the steady-state effects we will move on to analyze the tran-
sition dynamics induced by the different trade liberalizations. These will turn out to
differ in important ways, and the results will show the importance of taking the tran-
sitional dynamics following the liberalizations into account. I start by discussing the

11Melitz (2003) assumes zero discounting of firms profits (in excess of what accounts for the
death shock). This means that net profits of firms are zero and therefore consumable income only
consists of labor income.

12In the present model, final good production can be said to take the role of consumption in
Arkolakis et al. (2009). Indeed, the effect of a trade liberalization on final good production does
only depend on the effect on λ in the present model.
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choice of parameters and the three specific trade liberalizations that are considered.
Then, the adjustment dynamics arising from a τ -liberalization is analyzed in detail
and using this as a benchmark the effects of Sx- and fx-liberalizations with the same
effects on steady-state expenditure on domestic varieties in the intermediate-good
sector, λ, are discussed. The welfare implications of the three liberalization when
taking the transition into account is contrasted with the above steady-state results
and finally an extreme case of liquidity constrained firms is considered.

4.1 Baseline Parameter Values

This subsection discusses the parameter values used in the numerical solutions for
transition paths. First of all, the number of households, L, and the scale parameter
of the productivity distribution ϕ0, are set to 1. The subjective discount rate of
the households, ρ, and the depreciation rate of capital, δ, are set to 0.05 and 0.10
respectively, which is rather uncontroversial. This means that the total flow cost of
renting a unit of capital is 0.15 for firms in a steady state. The rate with which firms
are hit by the death shock, η, is set to 0.05, which means that the expected lifetime
of a firm is 20 years. The value of θ is chosen to be 2, which is standard in the
literature and corresponds to an elasticity of intertemporal substitution of 0.5. The
price elasticity of demand, σ, for a variety of intermediate good is set to 3, which is
similar to the 3.79 used by Bernard et al. (2003) and the estimate of 2.98 reported
by Eaton et al. (2008). The implied value of α is 2/3. The value of γ is chosen
to be 0.5, implying that labor’s share of output is wL/Y = 0.56, capitals share of
output is (r+δ)K/Y = 0.22, and gross profits13 of firms as a share of output is 0.22,
all in steady state. The shape parameter of the Pareto distribution of productivity
draws, m is chosen to be 3.5. This means that the Pareto distribution of firm size
has shape parameter m/(σ − 1) = 1.75. Axtell (2001) finds this to be around 1,
but the parameter restriction m > σ − 1 implies that it must be larger than one.
Further, Chaney (2008) obtains an estimate of m/(σ − 1) of around 2 and Eaton
et al. (2008) reports one estimate to be 1.75. In line with Burstein and Melitz (2011)
and Atkeson and Burstein (2010) the sunk entry cost of firms, S, is set to 1, and
the fixed cost of production f is set to 0.1.

Table 1 summarizes the choice of parameter values. This choice of parameter

Table 1: Baseline Parameterization.
B = 30 ρ = 0.05 θ = 2 L = 1
f = 0.1 δ = 0.10 γ = 0.5 ϕ0 = 1
S = 1 η = 0.05 α = 2/3 m = 3.5

values implies m(1 − γ) = 1.75, which means that the steady-state mass of firms
will decrease following all trade liberalizations14. The steady-state mass of available

13Profits before fixed costs.
14See subsection 3.3.
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varieties on the other hand will turn out to increase following all of the liberaliza-
tions.

4.2 Trade-Cost Variables and Liberalizations

In the initial steady state the values of the trade-cost variables are chosen to be
τ = 1.25, fx = 0.1 and Sx = 1. Thus the export market is characterized by an entry
cost and a fixed cost of the same sizes as those characterizing the domestic market.
This means that the entry investment in connection with export is significant as
indicated by Roberts and Tybout (1997). Further, the ratio of fixed and amortized
sunk costs of export to fixed costs of domestic production is f̄ = 2 in the initial
steady-state.

The first liberalization that will be considered is a τ -liberalization where τ is
reduced to 1.20 immediately and held constant thereafter. The second and third
liberalizations will be a Sx- and a fx-liberalization respectively, which will imme-
diately and permanently reduce the sunk and fixed cost of export. The reduction
will be approximately 35% in both cases, which is chosen such that the three lib-
eralizations all have the same effect on λ. Thus, the export entry cost requires a
larger reduction than the variable cost to produce the same effect on λ, which is
somewhat in line with the findings of Das et al. (2007). Following either of the
trade liberalizations the steady-state share of expenditure on domestic varieties in
the intermediate-good sector will change from 0.79 in the initial steady state to 0.76
in the new.

4.3 Liberalization Using Variable Export Costs

This subsection provides numerical results for the τ -liberalization described above.
Solving numerically15 for the transition path following the described liberalization
gives the results shown in Figure 1. In the following, I will first describe the under-
lying mechanisms and then discuss the most interesting features of the transition
path.

First consider what happens immediately at the time of the trade liberalization.
The liberalization implies that exports become profitable (ϕex decreases), and there-
fore the inputs, K and L, experience a discrete increase in their marginal products
causing their rewards, r and w, to increase. This increase forces the least productive
firms to exit, as the value of these firms at the new higher factor prices is negative,
thus ϕq increases. Further, this causes the mass of firms to decrease. The decrease
in the export cutoff causes a mass of firms to enter the export market immediately.
The immediate net effect of the liberalization on the mass of available varieties is
negative. The lower variable export cost and the reallocation of resources from less
productive firms to more productive firms is reflected in the increase in average
productivity.

15Uses ox programme iterate11.ox
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Figure 1: Transition path following a reduction in τ from 1.25 to 1.20.
Dotted lines indicate the new steady state.

From an investment point of view, as an immediate effect of the liberalization
investment in entry of new firm becomes more attractive due to more profitable
exports on average. Further, investment in capital becomes more attractive due to
increased marginal product. However, this is not the full story. The trade liberal-
ization makes a mass of firms enter the export market immediately, their investment
discretely decreasing the capital stock. This makes capital even scarcer, thus fur-
ther increasing the interest rate. This does not only increase the attractiveness of
capital accumulation it also discourages investment in entry of new firms, as the in-
creased interest rate implies lower instantaneous profits but also harder discounting
of future profits. As investment in firm entry cannot be recouped (it is sunk) and
converted into capital stock, the result is that immediately following the liberaliza-
tion capital the more attractive investment. Households thus finds themselves in a
corner solution with respect to their allocation of resources devoted to investment.
I.e. the expected value of entry of new firms is negative and no such entry takes
place for a period following the liberalization. As investment is focused on capital
accumulation in this period, capital accumulates relatively fast and the interest rate
drops quickly. Zero entry takes place for about 0.10 year until the interest rate have
decreased sufficiently and value of entry is zero once again. Note that due to the
exogenous death shock, zero entry implies that the mass of firms decrease during
this period. This relaxed the competition over inputs and therefore contributes to
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the decrease in the interest rate. Another implication of the decreasing mass of
firms is that the real wage, the cutoffs and final-good production actually decreases
slightly while entry is zero.

After the initial period of zero entry, as the interest rate has decreased sufficiently,
the value of entry reaches zero again and investment in entry by new firms takes
place alongside capital accumulation. This means that invested resources are now
split between to capital accumulation and investment in firm entry. Thus capital
accumulates slower and the interest rate decreases at a much slower pace than
during the period of zero entry. The most notable implication of the decreasing
interest rate is the return requirement on investment in firm entry decreases. This
means that investment in firm entry increases over time. Put another way, entry
becomes cheaper relative to prospective discounted profits, which ceteris paribus
makes potential entrants more eager to enter the market. Because of free entry the
result is intensified competition over inputs. This means that only more productive
firms can survive such that the production cutoff increases over time as capital is
accumulated. Thus, in the short run existing low-productivity firms are sheltered by
the higher interest rate, and the production cutoff only approaches the new, higher
steady-state value slowly as the interest rate decreases. Analogously, the export
investment also becomes smaller relative to prospective future export profits and a
larger share of firms will export over time. In effect the reallocative productivity
gains from the liberalization manifests itself over a long horizon since in the short
run harder discounting of firm profits dampens competition over inputs, which is
the source of these reallocative gains.

At the aggregate level the accumulation of capital implies that labor becomes
relatively more scarce over time, which leads to an increasing real wage, w, as
time goes by. Further, the accumulation of capital makes room for more firms and
exporters while also increasing final-good production. Consumption is increasing at
a decreasing rate as the interest rate is above the subjective discount rate and falling.
Note that households smooth consumption over time such that it is increasing even
during the period of zero entry where final-good production is decreasing.

Some characteristics of the above adjustment process is worth further considera-
tion. First of all, due to the above mentioned sheltering effect of the interest rate, the
production cutoff adjust only about two thirds of the way toward the new steady-
state value immediately following the trade liberalization. This means that about
2.1 per cent of the firms are forced to exit. However, 1.1 per cent of the remaining
firms still have productivities below the production cutoff of the new steady-state
and they stay in the market only to reap profits during the transition. As mentioned
above, this is made possible by the higher interest rate to some extent sheltering
them from competition from new firms. As capital is also a production factor, the
immediate increase in the interest rate implies that 0.8 per cent of firms earn nega-
tive profits immediately following the liberalization. These firms stay in the market
despite negative instantaneous profits because the sharp decrease in the interest rate
during the period of zero entry is anticipated, and their net present value over the
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full horizon is positive. These short run negative profits can be thought of as a
necessary evil for being sheltered by the higher interest rate.

Second, after the period of zero entry it takes more than 30 years for the produc-
tion cutoff to adjust 80 per cent of the remaining way towards the new steady-state
value. This is more than the expected lifetime of a firm. Thus a firm producing
when the trade liberalization is conducted cannot expect to survive until the econ-
omy have completed most of the adjustment towards the new steady state. This
highlights the importance of considering what goes on between steady states. Long-
term adjustment also arises in the average productivity of the intermediate-good
sector and in the share of exporters following the trade liberalization, even though
most of the increase in these variables towards their new steady state values are
realized immediately. However, if the direct effect on average productivity of the
decrease in τ is ignored, 73 per cent of the remaining effect (caused by reallocation)
are realized immediately. A certainly non-negligible 27 per cent of the productivity
gain caused by reallocation of inputs are realized slowly during the transition as the
interest rate comes down and competition intensifies. All in all, the full firm-level
effects from trade liberalization is manifested over a long horizon. Costantini and
Melitz (2007) and Alessandria and Choi (2007) also studies the firm-level effects of
trade liberalization in a model based on the Melitz (2003) framework. Costantini
and Melitz (2007) find that following an unannounced abrupt liberalization using
the variable cost of export, the production cutoff jumps to the new steady state
value immediately. Alessandria and Choi (2007) finds that the effect of a reduction
in the variable trade cost on average productivity of the differentiated goods sector
is small initially, then larger in the short run, only to die out after 50 years (due to
exogenous cutoff productivity). These results are in contrast with the result of the
present model, which features long-term adjustment as well as a level effect in the
production cutoff and the average productivity of firms.

Third, it is not only the adjustment of the above mentioned firm-level variables
that takes a long time. The adjustment in most of the depicted variables following
the relatively modest change in τ takes quite some time. For example it also takes
more than 30 years for the real wage and the consumption level to adjust 80 per
cent of the way from the old to the new steady state. Thus, as was the case with
the firm-level effects from the trade liberalization, the aggregate steady-state effects
on e.g. consumption are realized over a long horizon.

Fourth, the effect of the trade liberalization on the steady-state mass of firms is a
reduction of about 1.4 per cent. However, after the 0.10 year of zero entry following
the trade liberalization the mass of firms is about 2.6 per cent lower than the initial
steady-state level. This is due to the fact that the positive effect of the expansion in
final-good production is not that pronounced in the short run. This indicates that
due to slow capital accumulation the anti-variety effect with respect to the mass of
firms is much more pronounced in the short run than in the new the steady state.

Fifth, the combined immediate effect of a decreasing mass of domestic producers
and increasing mass of exporters on the total mass of available varieties is negative
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in this case. After the 0.10 year of zero entry following the trade liberalization,
the mass of available varieties have decreased 1.0 per cent relative to the initial
steady state.16 Immediately following the trade liberalization, before the effect of
capital accumulation on final-good production can be realized, the higher fixed and
amortized sunk cost of export relative to fixed cost of domestic production means
that the exporters that replace domestic producers does so less than one for one.
The mass of available varieties then decreases further during the period of zero
entry. Only after the first 0.10 years, as firm begin to enter the market again, is this
anti-variety effect with respect to available varieties mitigated. However, the mass
of available varieties in the new steady state is actually 0.4 per cent higher than in
the initial steady state. Thus, even though the mass of available varieties in the new
steady state is higher than in the old and thus no anti-variety effect with respect
to the mass of available varieties are present in the new steady state, the mass of
available varieties is lower than in the old steady state during more than the first
30 years of the transition because of a short-run anti-variety effect described above.

4.4 Liberalization Using the Sunk Export Costs

This subsection considers a trade liberalization through a reduction in the sunk
export cost, i.e. the Sx-liberalization described above. Solving numerically17 for the
transition following the described liberalization gives the results depicted in Figure
2. Most of the variables behaves similarly following the trade liberalization in this
subsection when compared to that of the previous subsection. In the following, I
will therefore confine the discussion to those variables behaving differently enough
to be interesting.

The figures for the aggregate variables in case of a Sx-liberalization look very
similar to those that arise in case of a τ -liberalization (previous subsection), which
is natural as the two liberalizations considered are conducted such that they have
the very similar steady-state effects. However, in the short run there is a difference.
It turns out, that for the Sx-liberalization considered, the amount of capital sunk
by firms entering the export sector immediately following the liberalization is larger
than is the case with the τ -liberalization of the preceding subsection. Hence, even
though the new steady-state level of export entry investment is lower with the
Sx-liberalization than with the τ -liberalization (cf. above), the initial increase in
export investment is larger, which result in a larger immediate reduction of the
capital stock (1.5 percent versus 0.7 per cent). As a result, the immediate increase
in the interest rate is larger. This means that the sheltering effect on existing
firms is more pronounced and therefore the production cutoff rises less sharply in
this case. The consequence is that larger share of firms with a productivity level
below the new steady-state level survive immediately following the liberalization.

16The relative decline in the total mass of available varieties is of course less than that in the
mass of domestic varieties as the mass of exporters increase.

17Using the ox programme iterate22.ox
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Figure 2: Transition path following a reduction in Sx from 1.00 to 0.65.
Dotted lines indicate the new steady state.

This share is 1.2 per cent in the present case compared to 1.1 per cent in case
of the τ -liberalization. While this difference is not large, the higher interest rate
increase have a more dramatic effect on instantaneous profits (due to capital being
a production factor). Indeed, 1.5 per cent of firms earn negative profits immediately
following the Sx-liberalization which is significantly more than the 0.8 per cent that
does so in the case of the τ -liberalization. However, as described above, these firms
foresee the interest rate increase, and does not shut down.18 Another implication
of the larger increase in the interest rate is an almost twice as long period of zero
entry in this case, that is 0.19 years. Because of the larger initial decrease in the
capital stock more time is needed to accumulate capital before it is once again
attractive to invest in entry of new firms. Further, the larger decrease in the capital
stock following the Sx-liberalization results in a lower capital stock throughout the
transition towards the new steady state as the capital accumulation lags behind
that which results from the τ -liberalization. Since capital is obviously an important
input into production it follows that final-good production, Y , is larger at all times
following the τ -liberalization compared to the Sx-liberalization, and the difference
only disappears asymptotically. The implications for consumption are considered
in a later subsection, where the relative welfare implications of the three types of

18It is worth noting that in the present case, some firms with productivities above the production
cutoff of the new steady state earns negative profits in the short run!
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liberalizations are analyzed.
Note that because of the larger immediate increase in the mass of exporters

when compared to the τ -liberalization, there is no anti-variety effect with respect
to available varieties present. Neither in the short run nor in the new steady state.

4.5 Liberalization Using the Fixed Export Costs

This subsection considers the effects of the fx-liberalization described above. Solving
numerically 19 produces results that is very similar to those of the Sx-liberalization
when presented in a figure similar to those above. Therefore I refer to Appendix D
for this figure. In the following I will confine myself to emphasize interesting quanti-
tative differences compared to the Sx-liberalization and then move on to considering
welfare implications of the three liberalizations.

First of all, even though the effects of the fx-liberalization comes though entry
of new exporters to an extent comparable to the Sx-liberalization, it achieves this
without reducing the sunk export cost per exporter. This way, the immediate entry
of new exporters following the fx-liberalization reduces the capital stock by 2.0 per
cent, which is significantly more than was the case with both the Sx-liberalization
(1.5 per cent) and the τ -liberalization (0.7 per cent). The implied larger increase
in the interest rate means that the immediate adjustment in the production cut-
off is only 58 per cent of the way towards the new steady-state value (due to less
competition competition over inputs for export production, as export profits are dis-
counted harder, i.e. the sheltering effect is larger). Therefore, immediately following
the liberalization 1.3 per cent of firms have a productivity less than the new steady
state. Because of capital being a production factor, the increase in the interest rate
causes 2.0 per cent of firms to earn negative profits immediately following the liber-
alization, which is again significantly more than the preceding cases. However, they
stay in the market as they still have a positive net present value (they anticipate
the sharp interest rate decrease during the period of zero entry). As was the case
with the Sx-liberalization even some firms with productivities above the cutoff of
the new steady state earns negative profits in the short run. Another consequence
of the larger reduction in the capital stock is that the period of zero entry follow-
ing the fx-liberalization is about three times that following the τ -liberalization. In
particular, zero entry last for 0.31 years in the present case. Finally, the larger
initial reduction in the capital stock implies that capital accumulation and thereby
production lags behind those of both of the two previous cases.

4.6 Welfare Effects of the Three Liberalizations

Having described and compared the other important features of the three trade
liberalizations, let us turn to a comparison of the induced paths of consumption
and the welfare implications. The consumption paths are plotted together in Figure

19Using the ox programme iterate33.ox
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3. Obviously, the results is in line with our steady-state analysis of subsection
3.4. That is, the fx-liberalization induces the highest level of consumption in the
new steady state followed by the τ -liberalization and then the Sx-liberalization,
even though their effects on the steady-state level of final-good production are the
same. However, as described above, the fx-liberalization features the largest initial
reduction of the capital stock, and thereby the largest increase in the interest rate,
followed by the Sx-liberalization and then the τ -liberalization.

Figure 3: Path of consumption following each of the three liberalizations
above.

These effects have interesting implications on the paths of consumption. First
of all, because of the lower steady-state level of consumption and the larger ini-
tial reduction in the capital stock, the transition following the Sx-liberalization
features lower consumption at all points in time when compared to that of the
τ -liberalization. Further, because of the higher steady-state consumption and the
households smoothing consumption, the transition following the fx-liberalization
features higher consumption at all points in time compared to the Sx-liberalization,
despite the initial reduction of the capital stock being larger. The result is that the
Sx-liberalization is unambiguously the worst in terms of welfare, which can easily
be seen from Figure 3. Now consider the fx- and τ -liberalizations. Even though the
fx-liberalization induces the highest level of steady-state consumption, the larger
initial reduction in capital stock implies that capital accumulation lags behind that
which follows the τ -liberalization. Therefore production also lags behind and the in-
terest rate is higher throughout the transition. This causes households to postpone
consumption to a larger extent, following the fx-liberalization. The result is that
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the consumption is lower during the first 26 years following the fx-liberalization
compared to the τ -liberalization. After the first 26 years the consumption level in-
duced by the fx-liberalization is larger than that induced by the τ -liberalization as
the effect of the higher steady-state consumption level dominates. This can also be
seen in Figure 3. It is therefore not immediately apparent which of these two liberal-
izations that induces the highest welfare increase, as we are faced with a tradeoff of
higher short-run consumption against higher long-run consumption. Welfare calcu-
lations reveals that the discounted values of future consumption of the representative
household immediately following the τ -, fx- and Sx-liberalization are the same as
those which would arise from an immediate and permanent jump in consumption
of 1.29, 1.22, and 1.01 per cent respectively. To sum up, the effects of the three
liberalizations on the welfare of the representative household immediately following
the liberalization can be ranked according to

Uτ -lib > Ufx-lib > USx-lib.

Compared to the ranking of steady-state welfare levels, the τ - and fx-liberalizations
changes place when the transition is taken into account. Of the cases considered the
τ -liberalization emerges as the superior form of liberalization with respect to welfare
even though the fx-liberalization induces a higher level of steady-state consumption.
This clearly stresses the importance of considering the transition to which the trade
liberalizations subject the economy.

The result can be explained as follows. The higher level of steady-state con-
sumption is achieved through a higher level of investment. Since this higher level
of investment implies more foregone consumption in the short run, it is not obvious
that the higher steady-state consumption is attractive. This is somewhat analogous
to the golden-rule result of the original Ramsey model, where the optimizing behav-
ior of the households does not lead to the highest attainable steady-state level of
consumption due to the implied short-run cost in terms of foregone consumption.

4.7 Liquidity Constrained Firms

This subsection concludes the analysis of transitions by considering the case where
firms in the intermediate sector are liquidity constrained. Specifically, I will consider
the extreme case where firms in the intermediate sector are completely unable to
finance negative profits and thus are required to earn non-negative profits at all
points in time. This will not affect the steady-state effects of trade liberalizations as
no firms earn negative profits in steady-state, but since all the transitions considered
above featured low-productivity firms earning negative profits for a period of time,
it will affect the results both with respect to welfare and firm-level effects. The
constraint will affect the lowest-productivity, and thereby smallest, firms in the
market, who are arguably those most likely to face such a constraint in reality.
An alternative interpretation of the non-negativity constraint on profits could be
that firms are unable to foresee the exact evolution of the economy, and therefore
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takes negative profits as a sign them not being able to compete in the liberalized
market. It is not totally unreasonable that the lowest-productivity firms, whom the
constrain affects, should lack such foresight. Either way, besides being interesting in
itself the consideration of this imperfection will strengthen the understanding of the
case without imperfections. Further, it serves as one example of possible additional
analysis that can be conducted with the model developed in the present paper.

As the fx-liberalization was the one with the larges share of firms earning neg-
ative profits immediately following the change, this will be the case I will consider
here. The results for the same fx-liberalization as above, only with a non-negativity
condition on firm profits imposed, are provided in Figure 4.20

Figure 4: Transition path of following a reduction in fx from .100 to .065
with non-negativity constraint on firm profits. Dotted lines indicate the
new steady state.

The most notable difference compared to the case without the liquidity constraint
is that more firms are pushed out of the market and thus the production cutoff rises
much more sharply immediately following the liberalization. This is the direct effect
of the constraint. Since low-productivity firms cannot wait out a period of negative
profits while capital accumulates fast (due to zero entry), the initial sharp rise in
the interest rate are directly reflected in firms begin pushed out of the market. Even
though the firms may foresee the sharp decline of the interest rate during the period
of zero entry, they are unable to finance their short run losses. The result is that
all of the 1.3 per cent of firms that had productivities below the new steady-state
cutoff, but some of which survived for a relatively long period with out the liquidity

20Results for the τ - and the Sx-liberalization can be seen in Appendix E.
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constraint are now being pushed out of the market immediately. Even some of the
firms above the new steady state cutoff are being pushed out of the market on this
account.21 Ironically, the increase in the interest rate that causes the sheltering
effect on low-productivity firms during the transition, will prove fatal for the low-
productivity firms existing when the trade liberalization is conducted, if they are
not able to pay the price in terms of the negative short-run profits. The dual role
of capital is clearly illustrated in this case.

A derived effect of the above is on the behavior exhibited by the average pro-
ductivity in the present case. As more small or low-productivity firms are pushed
out of the market in the case of the liquidity constraint, the average productivity
actually reaches a level above the new steady-state level immediately following the
trade liberalization. However, after the period of zero entry, the production cutoff
has fallen to a level similar to the case without the liquidity constraint, which is
significantly below the level immediately following the liberalization (remember the
interest rate has decreased sharply during the period of zero entry because of fast
capital accumulation). Thus new entering firms have lower average productivity
than incumbent ones, which makes the average productivity decrease. This goes
on for almost 20 years at which point the average productivity begins to increase
again, since the production cutoff have now increased sufficiently for the entering
firms to have higher average productivity than the incumbents. Thus, the average
productivity exhibits overshooting initially followed by long-term non-monotonic
adjustment towards the new steady-state level.22

Finally, consider the welfare effects of the liquidity constraint. It is obvious
that the presence of such a constraint decreases welfare, as it forces firms with a
positive net present value to exit the market. However, the welfare implications are
worth further consideration as they differ across the three liberalizations. Remember
that the liquidity constraint affects the largest mass of firms in case of the fx-
liberalization and the smallest mass of firms in case of the τ -liberalization. This
implies that the reduction in welfare are proportionally larger in case of the fx-
liberalization compared to the Sx-liberalization, for which it in turn is proportionally
larger compared to the τ -liberalization. This can be seen by comparing the welfare
equivalent immediate and permanent increases in steady-state consumption in the
case with the liquidity constraint (given by 1.28, 1.18 and 0.98 per cent for the τ -,
fx- and Sx-liberalization respectively), with those given above for the case without.
Thus, if firms are liquidity constrained, this have important implications. Not only
are a significant mass of firms who would otherwise stay in the market for a long
period following the liberalization pushed out, welfare is also affected. Further
the magnitude of these effects depend on the trade liberalization conducted, and

21Note that not all of the firms that earned negative profits in the short run in the case without
liquidity constraint are pushed out when the constraint is imposed due to general equilibrium
effects in the competition over inputs.

22The non-monotonic behavior is also present in the case without the liquidity constraint, but
much less pronounced, due to the much less erratic behavior of the productivity cutoff.
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therefore the presence of liquidity constraints adds further considerations to the
tradeoffs faced in choosing between the three liberalizations.

5 Conclusion

By introducing capital into the Melitz (2003) framework, the present paper obtains a
model featuring rich adjustment dynamics at the firm level of the economy following
trade liberalization. This is due to capital not only being a production factor but
also being the opportunity cost of investment in firm entry. The higher interest
rate prevailing in the short run following trade liberalizations were shown to some
extent to shelter low-productivity firms from increased competition, as entry of new
firms are discouraged. The effect is that the full gains in average productivity of
the intermediate-goods sector is realized over a long horizon. Further, the high
interest rate that prevails in the very short run induces a period of negative profits
for low-productivity firms and zero entry of new firms follow trade liberalizations.

Apart from the firm-level effects, capital accumulation also induces long-term
adjustment dynamics at the aggregate level. The magnitude of these effect depends
on the scarcity of capital in the short run, and thus depends on the initial decrease
in capital stock following the trade liberalization, caused by investment in export
entry. This way different trade liberalizations with the same effect on the steady-
state expenditure on domestic varieties in the intermediate-good sector are shown
to induce different transitions through their different effects on investment in export
entry. With respect to welfare, it was shown that the effect on investment in export
entry have important effects on consumption both in the short run and in the long
run. Thus considering steady-state effects was not sufficient when evaluating and
comparing welfare effects of different trade liberalizations. The transitions has to
be taken into account.

The dual role of capital became apparent when considering the case of liquidity
constrained firms. Further, the size of the welfare reduction caused by a liquidity
constraint depends on the trade liberalization conducted, through the effect on the
interest rate. Finally, the anti-variety effects discussed by Baldwin and Forslid (2010)
is to a higher degree a short term result when allowing for capital accumulation as
in the current model.
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A Appendix: Firm Behaviour and Market Clearing

The input-demand functions for production to the domestic market are given by,

kd(r, w;ϕ) = α2σL̂

(
γ

r + δ

)(σ−1)γ+1(
1− γ
w

)(σ−1)(1−γ)

ϕσ−1

ld(r, w;ϕ) = α2σL̂

(
γ

r + δ

)(σ−1)γ (
1− γ
w

)(σ−1)(1−γ)+1

ϕσ−1.

The indirect production function for the domestic market is given by

xd(r, w;ϕ) = α2σL̂

(
γ

r + δ

)σγ (
1− γ
w

)σ(1−γ)

ϕσ.

The indirect profit function for the domestic market is given by

πd(r, w;ϕ) = α2σ−1 L̂

σ

(
γ

r + δ

)(σ−1)γ (
1− γ
w

)(σ−1)(1−γ)

ϕσ−1 − f.

The export-market counterparts of the above functions are related to their domestic
counterparts as follows

kx(r, w;ϕ) = kd(r, w;ϕ/τ),

lx(r, w;ϕ) = ld(r, w;ϕ/τ),

xx(r, w;ϕ) = xd(r, w;ϕ/τ).

As exporting is associated with an additional fixed cost of fx, profits obtained from
exporting are given by

πx(r, w;ϕ) = πd(r, w;ϕ/τ) + f − fx. (21)

The expanded expression for the factor reward condition (3) is given by

wt = (1− α)Mtα
2(σ−1)

(
γ

rt + δ

)(σ−1)γ (
1− γ
wt

)(σ−1)(1−γ)

ϕ̃σ−1
t .

The expanded expression for the market-clearing conditions for labor and capital is
given by

L = L̂t + α2σMtL̂t

(
γ

rt + δ

)(σ−1)γ (
1− γ
wt

)(σ−1)(1−γ)+1

ϕ̃σ−1
t .

Kt = α2σMtL̂t

(
γ

rt + δ

)(σ−1)γ+1(
1− γ
wt

)(σ−1)(1−γ)

ϕ̃σ−1
t .
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B Appendix: Steady State

This appendix sketches the solution for the steady state and provide closed form
solution for all variables of interest. In the steady state, all variables are constant
over time as no source of sustained growth is introduced.23 Thus, time subscripts will
be dropped for the remainder of this section. First of all, the distribution functions
of domestic and exporting firms will be time invariant and linked to the distribution
from which productivities are drawn in the following way

H(ϕ) =

{
G(ϕ)−G(ϕq)

1−G(ϕq)
for ϕ > ϕq

0 otherwise
, Hx(ϕ) =

{
G(ϕ)−G(ϕex)

1−G(ϕex)
for ϕ > ϕex

0 otherwise
.

Steady-state consumption is constant, and therefore (2) implies that the net return
on capital must equal the subjective discount factor, i.e. r = ρ. Since capital has to
be constant as well, (1) leads to

C = Y − F − I − δK (22)

which can be determined by using the steady-state values given below. Analogously
to Melitz (2003) the production and export cutoffs are determined by zero cutoff
profit conditions along with the free-entry condition.24 The resulting expression for
the production cutoff is given by

ϕq = ϕ0

[
σ − 1

m− (σ − 1)

1

r + η

f

S
(1 + Γ)

] 1
m

, (23)

where Γ is a variable measuring the openness to trade henceforth referred to merely
as openness. The openness is defined as

Γ ≡ τ−mf̄ 1−m/(σ−1), f̄ ≡ fx + (r + η)Sx

f
. (24)

Here f̄ is the ratio of fixed and amortized sunk export costs to the fixed cost of
domestic production. Openness relates to the share of expenditure on domestic
variety in the intermediate good sector according to λ = 1/(1 + Γ). The export
cutoff is given by25

ϕex = (Γ−1f̄)
1
mϕq. (25)

23Note that because of increasing returns to scale, the model produces steady-state per capita
growth in the final-good production when growth in the labor force is included. However, growth is
not the concern of the present paper, and is excluded for clarity. Further, contrary to e.g. Rivera-
Batiz and Romer (1991) and Baldwin and Robert-Nicoud (2008) trade liberalizations would not
affect the steady-state growth rate, but rather result in a level effect.

24In steady state production status of a firm is uniquely determined by its productivity, such
that z = x for ϕ > ϕex, z = d for ϕex > ϕ > ϕq and z = n otherwise.

25As no firms with ϕ < ϕex will export in steady state, ϕqx is omitted from steady-state analysis.
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It will be assumed that Γ−1f̄ > 1, which implies that ϕq < ϕex. Using the expres-
sions for the cutoffs the average productivity, (13), is given by

ϕ̃ = ϕq
[

m

m− (σ − 1)
(1 + Γ)

] 1
(σ−1)

, (26)

which is very similar to what is obtained from the Melitz (2003) model when using
the pareto distribution. As the mass of firms and the mass of exporters are constant
in steady state M e and M ex are given by ηM and ηMx, respectively. Mx is given
by

Mx =
1−G(ϕex)

1−G(ϕq)
M = Γf̄−1M. (27)

Using steady-state values for ϕq and r, the condition πd(ϕq) = 0 determines w.
Then given w, (3) determines M . Finally (15) determines K and (16) determines
Y . The resulting expressions are

w = Q1(1 + Γ)
1

m(1−γ) (28)

M = Q2(1 + Γ)
1

m(1−γ)−1 (29)

K = Q3(1 + Γ)
1

m(1−γ) (30)

Y = Q4(1 + Γ)
1

m(1−γ) , (31)

where Q1 through Q4 are positive constants not depending on the export costs.
These constants are given by

Q1 = (1− γ)ϕ
1

1−γ
0

(
γ

ρ+ δ

) γ
1−γ
(
α2σ−1 L̂

σf

) 1
(σ−1)(1−γ)

·
(

σ − 1

m− (σ − 1)

1

ρ+ η

f

S

) 1
m(1−γ)

(32)

Q2 = Q1
αL̂

f

m− (σ − 1)

m
(33)

Q3 = Q1α(σ − 1)L̂

(
γ

ρ+ δ

)
(34)

Q4 = Q1σL̂ (35)

C Appendix: Solving for the Transition

This appendix describes the algorithm employed to solve numerically for the transi-
tion following the liberalizations as described in the paper. The algorithm builds on
the relaxation algorithm as presented by Trimborn et al. (2007). In its current form
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it is geared for an unannounced immediate change in trade costs and heavily utilizes
knowledge of the structure of the solution. The first subsection describes the idea
of the algorithm, and the next subsections describe the detailed calculations carried
out.

C.1 The Algorithm

The transition path is found numerically by applying the following algorithm. A
mesh of B time points, {ti}Bi=1, is chosen (tB = T , t1 = 0). This is fixed except
for one point t∗, which will denote the end of the period of zero entry following the
trade liberalization (needs to be determined). An initial guess is provided for t∗
and for (wt, rt) at the B points in time. The old steady state is denoted by t0 = 0.
The difference in variables at t0 and t1 thus describes the immediate reaction to
the liberalization. Given the 2B + 1 variables ({wti , rti}Bi=1, t

∗), which pins down all
other variables in the model, a (2B + 1)× 1 error vector is constructed. This error
vector contains information of how far remaining equilibrium conditions are from
being satisfied given the values of the 2B + 1 variables. The error vector and the
initial guess is then handed to a numerical algorithm (SolveNLE in ox) solving for
t∗ and the path of rt and wt that makes this error vector zero. The error vector can
be split into three parts. The first part is

ε1 = {LHS(3)ti − RHS(3)ti}ti≤t∗

and thus measures how far the equilibrium condition (3) is from being satisfied. The
second part of the error vector is

ε2 = {V e
ti
}ti≥t∗ ,

where V e
ti
is calculated using (10). The third part of the error vector is given by

ε3 = {LHS(15)ti − RHS(15)ti}
B
i=0

and thus measures how far the equilibrium condition (15) is from being satisfied.
Together ε1 and ε2 have B + 1 entries and ε3 have B entries. In total we have the
2B + 1 conditions needed. The explanation for the structure of ε1 and ε2 goes as
follows. For ti < t∗, when entry is zero, equilibrium condition (3) have to hold and
the value of entry is unrestricted (apart from being negative). For ti > t∗, when
entry is not zero the equilibrium condition (3) is used to calculate the value of M e,
and now it is the zero entry condition that needs to be satisfied. At ti = t∗, both of
these conditions have to hold. Thus together ε1 and ε2 provides one condition for
each point in the time mesh plus one additional condition for ti = t∗, in total B + 1
conditions.

To employ the above algorithm, the error vector must be evaluated given {wti , rti}Bi=1

and t∗. This is done in a number of steps using the rest of the equilibrium conditions
and described in detail below.

31



As already apparent, the algorithm is based on the conjecture that the solution
involves a period of zero entry. It further it uses the conjecture that the cutoffs ϕq
and ϕex increase and decrease respectively immediately following the liberalization
(from t0 to t1). The final conjecture used in the algorithm is that both of the cutoffs
are monotonically decreasing from t1 until t∗ after which they will be monotonically
increasing. The conjectures about the cutoffs simplify the computations involving
the distribution of firms and exporters. Off course all of these conjectures turn out
to be valid.

In the following x̄ti ≡ (xti+1
+ xti)/2, and let t∗− and t∗+ denote the first points in

the time mesh before and after t∗.

C.2 The Cutoffs

The cutoffs {ϕqti , ϕ
ex
ti
}Bi=1, can be calculated recursively from {wti , rti}Bi=1. At time T

they can be calculated from

πdT (ϕqT ) = 0

πxT (ϕexT ) = (rT + η)Sx

where it is assumed that from time T and onwards everything remains constant
(new steady state reached).

From time ti ∈ [t∗, tB−1], the cutoffs can be calculated using,
B−1∑
s=i

π̄xts(ϕ
ex
ti

)
ts+1 − ts

1 + 1
2
(r̄ts + η)(ts+1 − ts)

s−1∏
k=i

1− 1
2
(r̄tk + η)(tk+1 − tk)

1 + 1
2
(r̄tk + η)(tk+1 − tk)

+
πxT (ϕexti )

rT + η

B−1∏
k=i

1− 1
2
(r̄tk + η)(tk+1 − tk)

1 + 1
2
(r̄tk + η)(tk+1 − tk)

= Sx

for ϕexti since it is assumed that firms entering the export market will never quit
voluntarily (simplifying and it is the case). The production cutoff can be calculated
from

πdts(ϕ
q
ti) = 0

since it is increasing and thus there is no incentive to stay in the market for firms
earning negative profits. These both have analytical solutions, that can be used for
efficient calculation. For ti ∈ [t1, t

∗
−] the cutoffs can be calculated using

πxti(ϕ
ex
ti

) = Sx(rti + η)

since the cutoff is decreasing in this interval and thus earning the required return
immediately is the requirement for entering. This as an analytical solution for ϕexti .
The production cutoff can be calculated using
B−1∑
j=i

[
I{ϕqti≥max{ϕqts}

j
s=i}

π̄tj(ϕ
q
ti , zti)(tj+1 − tj)

1 + 1
2
(r̄tj + η)(tj+1 − tj)

j−1∏
s=i

1− 1
2
(r̄ts + η)(ts+1 − ts)

1 + 1
2
(r̄ts + η)(ts+1 − ts)

]
= 0
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which does not have an analytical solution (i.e. a numerical solution algorithm must
be used).

C.3 Value of Entry

Given the export cutoffs and future values of the wage and interest rate, it is possible
to express the value of entry at all points in time after t∗. Using the conjecture that
if a firm enters the export market, it never leaves it voluntarily and that the export
cutoff is increasing after t∗, the value of entry for t ∈ [t∗,∞) can be expressed as

V E
t =

∫ ∞
ϕqt

∫ ut(ϕ)

t

e−
∫ s
t (rv+η) dvπds (ϕ) ds dG(ϕ)− S

+

∫ ∞
ϕext

∫ ∞
t

e−
∫ s
t (rv+η) dvπxs (ϕ) ds dG(ϕ)− (1−G(ϕext ))Sx,

where ut : [ϕqt ,∞)→ [t,∞) gives the time of voluntary exit of a firm with productiv-
ity ϕ. The above expression is off course not operational in the numerical algorithm.
To obtain an expression that can be utilized, differentiate the above with respect to
t and note that on [t∗,∞) we have V E

t = 0 and d
dt
V E
t = 0. This gives the condition∫ ∞

ϕqt

πds (ϕ) dG(ϕ) +

∫ ∞
ϕext

πxs (ϕ) dG(ϕ) = (rt + η) [S + (1−G(ϕext ))Sx] .

Given the wage, the interest rate and the cutoffs all terms in this expression can be
calculated analytically. Thus, the second part of the error vector, ε2, can now be
evaluated.

C.4 Mass of Firms Immediately Following the Liberalization

The immediate upwards jump in the cutoff ϕq following a trade liberalization will
cause a mass of firms to exit the market and a mass of firms to enter the export
market. Thus the mass of incumbent firms, Mt1 , immediately following the an-
nouncement/implementation of the policy change is related to the mass of firms in
the old steady state, Mt0 , in the following way

Mt1 =
1−G(ϕqt1)

1−G(ϕqt0)
Mt0 (36)

The mass of exporting firms immediately after the policy change is calculated as

Mx
t1

=
1−G(ϕext0 )

1−G(ϕqt0)
Mt0 +

G(ϕext0 )−G(ϕext1 )

1−G(ϕqt0)
Mt0 (37)

since ϕext1 < ϕext0 . The capital stock is discretely decreased upon the entry of ex-
porters, meaning that the capital stock immediately following the policy change,
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Kt1 is related to the old steady state value of capital Kt0 in the following way,

Kt1 = Kt0 −
G(ϕext0 )−G(ϕext1 )

1−G(ϕqt0)
Mt0S

x (38)

C.5 Mass and Distribution of Incumbent Firms

Having obtained the value of entry at all time points, what remains is to evaluate
the second part of the error vector based on the equilibrium condition (15). To do
so one must be able to evaluate the mass and distribution of incumbent firms.

As no firms will enter and ϕq is decreasing until t∗ the mass of firms for t ∈ [t1, t
∗]

is given by
Mti = e−η(ti−t1)Mt1 ,

while the distribution of incumbent firms in this interval is given by

Hti(ϕ) =
G(max{ϕ, ϕqt1})−G(ϕqt1)

1−G(ϕqt1)
(39)

For the evolution of the mass of incumbent firms for t ∈ [t∗+, T ] the following ap-
proximation is used

Mti = e−η(ti−ti−1)
[
Mti−1

(
1−Hti−1

(
max{ϕqti−1

, ϕqti}
))

+Mti−1

(
e

(Me
ti−1

/Mti−1 )(ti−ti−1) − 1
)]

where Mt1 is given above. For t ∈ [t∗+, T ] the distribution will be

Hti =

ti∑
tj=t∗+

[
e−η(ti−tj−1)Mtj−1

Mti

(
e

(
ME
tj−1

/Mtj−1

)
(tj−tj−1) − 1

)
G(max{ϕ, ϕqti})−G(ϕqti)

1−G(ϕqtj)

]

+ e−η(ti−t∗)Mt∗

Mti

G
(
max

{
ϕ, ϕqt1 , ϕ

q
ti

})
−G

(
max

{
ϕqt1 , ϕ

q
ti

})
1−G(ϕqt1)

.

The mass of exporting firms will be

Mx
ti

=
1−G(ϕexti )

1−G(ϕqt1)
Mti (40)

for ti ∈ [t1, t
∗], while it will be

Mx
ti

= e−η(ti−t∗)Mx
t∗ +

ti∑
tj=t∗+

e−η(ti−tj−1)Mtj−1

(
e

(Me
tj−1

/Mtj−1 )(tj−tj−1) − 1
) 1−G(ϕextj )

1−G(ϕqtj)

for t ∈ [tcut+2, T ]. The distribution of exporting firms will be

Hx
ti

=
G(max{ϕ, ϕexti })−G(ϕexti )

1−G(ϕexti )
,
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for t ∈ [t1, t
∗], while it will be

Hx
ti

= e−η(ti−t∗)M
x
t∗

Mx
ti

G(max{ϕ, ϕext∗ })−G(ϕext∗ )

1−G(ϕext∗ )

+

ti∑
tj=t∗+

e−η(ti−tj−1)Mtj−1

Mx
ti

(
e

(Me
tj−1

/Mtj−1 )(tj−tj−1) − 1
) G(max{ϕ, ϕextj })−G(ϕextj )

1−G(ϕqtj)

for t ∈ [t∗+, T ].
Now, it is apparent that to be able to calculate the mass of firms one has to

be able to evaluate the distribution function, and that to evaluate the distribution
function one has to know the distribution of incumbent firms. How this is solved is
described in step C.7 below. First it is necessary to consider evaluation of ϕ̃σ−1

ti .

C.6 The Average Productivity

For use in evaluating the equilibrium condition (15), and determination of the mass
of entrants, consider the average productivity, ϕ̃σ−1

ti ,

ϕ̃σ−1
ti

=

∫ ∞
ϕqti

ϕσ−1 dHti(ϕ) + τ 1−σ
∫ ∞
ϕqxti

Mx
ti

Mt

ϕσ−1 dHx
ti

(ϕ).

First consider t ∈ [t1, t
∗]. In this interval we have

ϕ̃σ−1
ti

=
1

1−G(ϕqt1)

[∫ ∞
ϕqt1

ϕσ−1 dG(ϕ) + τ 1−σ
∫ ∞
ϕexti

ϕσ−1 dG(ϕ)

]
.

Next consider the interval t ∈ [t∗+, T ]. In this interval we have,

ϕ̃σ−1
ti

=

ti∑
tj=t∗+

Mtj−1

Mti

(
e

(
ME
tj−1

/Mtj−1

)
(tj−tj−1) − 1

)
e−η(ti−tj−1)

1−G(ϕqtj)

[∫ ∞
ϕqti

ϕσ−1 dG(ϕ) + τ 1−σ
∫ ∞
ϕextj

ϕσ−1 dG(ϕ)

]

+
Mt1

Mti

e−η(ti−t1)

1−G(ϕqt1)

[∫ ∞
max{ϕqt1 ,ϕ

q
ti
}
ϕσ−1 dG(ϕ) + τ 1−σ

∫ ∞
ϕex
t∗

ϕσ−1 dG(ϕ)

]
The expression has a closed form solution for the pareto distribution, using that for
this distribution

1

1−G(y)

∫ ∞
x

ϕσ−1 dG(ϕ) =
m

m− (σ − 1)
ymx(σ−1)−m.

C.7 Mass of Entrants (and Incumbent Firms)

Now, combining the above expression for ϕ̃σ−1
ti and the equilibrium condition (??),

lets you calculate M e
ti−1

when {M e
tj
}i−2
j=1 and {Mtj}i−1

j=1 is known. Then using the
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above expression for Mti , this can be calculated. This way the values {M e
tj
}B−1
j=1

and {Mtj}Bj=2 can be calculated recursively forward in time. The expression for
calculating Mt (only relevant for t = t∗, . . . , tB−1) is

M e
tj−1

=
Mtj−1

tj − tj−1

ln

wtjσα−2(σ−1)
(
rtj+δ

γ

)(σ−1)γ ( wtj
1−γ

)(σ−1)(1−γ)

−Ψj,t1 −
∑tj−1

tk=t∗+
Ψj,tk

m
m−(σ−1)

(ϕqtj)
m
(

(ϕqtj)
(σ−1)−m + τ 1−σ(ϕextj )(σ−1)−m

)
Mtj−1

+ e−η(tj−tj−1)


+ ηMtj−1

where Ψj,tk , tk ≥ t∗+ is given by

Ψj,tk =
e−η(tj−tk−1)

1−G(ϕqtk)
Mtk−1

(
e

(ME
tk−1

/Mtk−1
)(tk−tk−1) − 1

)[∫ ∞
ϕqtj

ϕσ−1 dG(ϕ) + τ 1−σ
∫ ∞
ϕextk

ϕσ−1 dG(ϕ)

]

while

Ψj,t1 =
e−η(tj−t1)

1−G(ϕqt1)
Mt1

[∫ ∞
max{ϕqt1 ,ϕ

q
tj
}
ϕσ−1 dG(ϕ) + τ 1−σ

∫ ∞
ϕex
t∗

ϕσ−1 dG(ϕ)

]
.

Now having obtained {M e
tj
}B−1
j=1 and {Mtj}Bj=2, it is easy to evaluate the distribution

of incumbent firms and {ϕ̃σ−1
ti }

B
j=1 using the above expressions.

C.8 Path of Consumption and Capital Stock

The values of YT , KT and thereby CT can be calculated assuming everything is
constant after the last point in the time mesh (new ss reached).

First of all this enables us to evaluate {Cti}
B
i=1, since

Cti+1
= Cti +

1

θ
(r̄ti − ρ) C̄ti(ti+1 − ti) (41)

implies that {Cti}B−1
i=1 can be obtained from

Cti = CT

B−1∏
j=i

2θ − (r̄tj − ρ)(tj+1 − tj)
2θ + (r̄tj − ρ)(tj+1 − tj)

(42)

Then {Kti}Bi=2 can be obtained from26

Kti+1
= Kti +

(
Ȳti − C̄ti − δK̄ti −

M e
ti

1− Ḡ(ϕqti)
S − M̄ ex

ti
Sx − M̄tif − M̄x

ti
fx
)

(ti+1 − ti),

26OBS: Definition of Ḡ.
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which can be rewritten to

Kti+1
=
Kti +

(
Ȳti − C̄ti − δ

2
Kti −

Me
ti

1−Ḡ(ϕqt )
S − M̄ ex

ti
Sx − M̄tif − M̄x

ti
fx
)

(ti+1 − ti)

1 + δ
2
(ti+1 − ti)

(43)
where Kt1 is known from above. Note that for ti+1 ∈ [t2, t

∗] M̄ ex
ti

can be written as

M̄ ex
ti

=
G(ϕexti )−G(ϕexti+1

)

1−G(ϕqt1)
M̄ti (44)

while for t ∈ [t∗+, T ] it can be written as,

M̄ ex
ti

=
1− Ḡ(ϕexti )

1− Ḡ(ϕqti)
M e

ti
. (45)

C.9 The Equilibrium Conditions (3) and (15)

At this point the equilibrium conditions (3) and (15) and thus the last two parts of
the error vector can be evaluated.
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D Appendix: Results for the fx-liberalization

Figure 5: The transition path of various variables following a reduction
in fx from .100 to .065. Solid curves indicate the adjustment path of
the variables while dotted lines indicate the new steady state.
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E Appendix: Results with Liquidity Constraints

Figure 6: Decrease in τ from 1.25 to 1.20 (non-negativity constraint on
firm profits). Dotted lines indicate the new steady state.

Figure 7: Decrease in Sx from 1.00 to 0.65 (with non-negativity con-
straint on firm profits). Dotted lines indicate the new steady state.
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