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Abstract

We use a two-sector neoclassical open economy model with traded and non-traded
goods and endogenous markups to investigate both the aggregate and the sectoral ef-
fects of temporary fiscal shocks. One central finding is that both the sectoral capital
intensities and endogenous markups matter in determining the response of key eco-
nomic variables. In particular, the model can produce a drop in investment and in the
current account, in line with empirical evidence, only if the traded sector is more capital
intensive than the non-traded sector. Irrespective of sectoral capital intensities, a fiscal
shock raises the relative size of the non-traded sector substantially in the short-run.
Additionally, allowing for the markup to depend on the number of competitors, the
two-sector model can account for the real exchange rate depreciation found in the data.
Finally, markup variations triggered by firm entry can raise the real wage, albeit under
certain circumstances, and modify substantially the sectoral composition of GDP in the
short-run.
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1 Introduction

There has recently been a revival of interest among policy makers in the fiscal policy
tool. The fiscal transmission mechanism has also attracted considerable attention in the
academic literature. A number of papers have explored the ability of quantitative business
cycle models, both of the neoclassical and of the new Keynesian variety to account for the
data, see e.g., Burnside, Eichenbaum and Fisher [2004], and Gali, Lopez-Salido and Valles
[2007]), respectively.! However, most of the analyses have been confined to closed economy
models and to one-sector frameworks. In the present paper we take up the following question
instead: to what extent can an open economy version of the two-sector neoclassical model

account for the time-series evidence on fiscal policy transmission mechanism?

Our paper focuses on one key dimension of the fiscal policy transmission, namely the
responses of investment and the current account. Assuming that government spending is
predetermined relative to the other variables included in the vector autoregression (VAR)
model, as suggested by Blanchard and Perotti [2002], Cardi and Miiller [2011] establish
that an exogenous increase in government spending lowers both investment and the current
account. Such findings are consistent with the conclusions reached by Corsetti and Miiller
[2006], Beetsma, Giuliodori and Klaassen [2008], and Monacelli and Perotti [2010].2 In this
paper, we show that an open economy with a traded and a non-traded sector can account

for the simultaneous decline of investment and the current account.

The two-sector dimension of the open economy framework plays a major role in accom-
modating empirical findings. To see this, consider an exogenous, but temporary increase of
government spending. As stressed in the classic paper by Baxter and King [1993], a repre-
sentative household responds to the higher tax burden (which we assume to be lump-sum)
by lowering consumption and increasing labor supply. This induces households to reduce
savings, as they try to avoid a large reduction in consumption and/or a large increase in
labor supply. Reduced savings imply a decline of investment or the current account, or
both. Since inputs can move freely between the two sectors, the return on domestic capital
remains unaffected as long as the traded sector is more capital intensive than the non-traded
sector, so that agents find optimal to reduce both domestic capital and traded bonds. By

contrast, in a small open economy model, higher labor raises the marginal product of capital

'Hall [2009] compares the predictions of the neoclassical model with those derived from a new Keynesian

framework.
2The sample of countries considered by Cardi and Miiller [2011], Monacelli and Perotti [2010], comprises

four countries: the U.S., the U.K., Canada and Australia. In Cardi and Miller [2011], the period runs
from 1980:1 to 2007:4, and in Monacelli and Perotti [2010] from 1980:1 to 2006:4. Bénétrix and Lane [2010]
consider a panel of eleven member countries of the euro area over the period 1970-2005. All these papers
adopt the identification procedure of fiscal shocks proposed by Blanchard and Perotti [2002]. The trade
balance deterioration after a government spending shock is robust to the VAR identification procedure (see

Gambetti [2011]).



above the return on foreign bonds so that investment is crowed in while the open economy
runs a large current account deficit. Considering a two-sector rather than a one-sector
model can therefore accommodate the empirical evidence mentioned above, albeit under
certain conditions. When the non-traded sector is more capital intensive than the traded
sector, higher government spending appreciates the real exchange rate which lowers sectoral
capital-labor ratios. As a result, the return on domestic capital increases above the return

on traded bonds so that investment is crowded in instead of being crowded-out.

A second dimension of the fiscal policy transmission that our paper addresses relates
to the responses of the real wage and real exchange rate to a rise in government spending.
Using a sample which comprises four countries (the U.S., the U.K., Canada and Australia)
and running from 1954:1 to 2003:1, Perotti [2007] documents an increase in the real wage.?
Additionally, Monacelli and Perotti [2010] and Enders et al. [2011] find that the real
exchange rate tends to depreciate in response to expansionary government spending shocks.*
Both the one-sector and the two-sector small open economy model fail to account for the
real exchange rate depreciation and the rise in the real wage. In a one-sector model, the
expansion of labor supply implies that the real wage falls dramatically as the demand
for labor is downward sloping. Keeping the markup fixed, the predictions of the two-
sector model also run counter to the two stylized facts mentioned above. The real wage is
unaffected if the traded sector is more capital intensive or falls when the sectoral capital
intensities are reversed. The reason is that in the former case, the relative price and thereby
the sectoral capital-labor ratios remain unchanged while in the latter case, the relative price

of tradables appreciates which drives down the sectoral capital-labor ratios.

To account for the real exchange rate depreciation and the increase in the real wage
following government spending shocks, we follow Jaimovich and Floetotto [2008] in allowing
for the markup to be endogenous. Considering that only a limited number of intermediate
good producers operate in the non-traded sector, the price-elasticity of demand and thereby
the markup faced by each firm depends on the number of competitors. As the rise in
government spending boosts non-traded output, profit opportunities trigger the entry of
new firms. Hence, the markup falls, regardless of sectoral capital intensities. As producers
perceive a more elastic demand, they are induced to raise output which gives rise to a
competition effect. When the traded sector is more capital intensive than the non-traded
sector, the competition channel produces an excess supply in the non-traded good market

so that the real exchange rate depreciates. In the same time, by raising sectoral capital-

3While Perotti’s [2007] conclusions are in line with those of Rotemberg and Woodford [1992] and Pappa
[2009] for the U.S., Ramey [2011] finds that hours worked increase but real wages can rise or decline on
impact, depending on the period considered. Yet, in both cases, the real wage exceed its initial level after

two years.
“Enders et al. [2011] estimate a VAR model on quarterly time series for the U.S. for the post-Bretton-

Woods period 1975:1-2005:4.



labor ratios, the decline in the markup can boost the real wage, although only under certain
circumstances. We find numerically that the duration of the fiscal shock plays a key role
in determining the response of the real wage. More precisely, the competition channel
predominates and the cumulative response of the real wage rate two years after the fiscal
shock becomes positive only if the fiscal shock is either short-lived or long-lived.> When
the non-traded sector is more capital intensive, the two-sector model fails to account for
the real exchange rate depreciation and the positive response of the real wage. While
the competition channel boosts non-traded output, the decline in the markup is not large
enough to produce a real exchange rate depreciation. Both the relative price appreciation
and the fall in the markup drive down the sectoral capital-labor ratios and thereby the real
wage.

The last dimension of the fiscal policy transmission we explore is the sectoral effects
of a rise in government spending. This analysis is motivated by recent estimates provided
by Bénétrix and Lane [2010] which reveal that fiscal shocks have a significant impact on
the sectoral composition of aggregate output and disproportionately benefit the non-traded
sector. Regardless of sectoral capital intensities, our numerical results show that a fiscal
expansion has an expansionary effect on non-traded output but only in the short-run. In the
long-run, GDP growth is mostly driven by the rise in traded output as the open economy
must run a trade balance surplus to service the debt accumulated along the transitional

path.

Our neoclassical framework builds on Turnovsky and Sen [1995] and Coto-Martinez
and Dixon [2003]. Like Coto-Martinez and Dixon, we allow for the non-traded sector to be
imperfectly competitive. Our work differs from that of Turnovsky and Sen [1995] and Coto-
Martinez and Dixon [2003] in two major respects.® They consider the effects of permanent
fiscal shocks while we examine the impact of temporary fiscal shocks of different degrees of
persistence. Beyond the fact that considering a transitory increase in public spending allows
us to address the VAR evidence, the effects of temporary fiscal shocks can be different to
those of a permanent shock.” Moreover, in contrast to our study, Coto-Martinez and Dixon

[2003] restrict their analysis to the case of fixed markups while we investigate the role of

5A long-lived and a short-lived fiscal shock last 32 quarters and 8 quarters, respectively. In the baseline
scenario, the fiscal shock lasts 16 quarters, in line with estimates by Cardi and Miiller [2011] for the U.S.

Ramey [2011] also find that a fiscal shock lasts 4 years.
STurnovsky and Sen [1995] investigate the effects of permanent government spending shocks by assuming

fixed labor supply. Coto-Martinez and Dixon [2003] introduce an elastic labor supply but restrict their
analysis to the effects of a permanent rise in public spending by assuming that the traded sector is more
capital intensive. Additionally, neither Turnovsky and Sen [1995] nor Coto-Martinez and Dixon [2003] solve

the model numerically.
"The reason behind this result is that after a temporary fiscal shock, consumption falls much less than af-

ter a permanent fiscal shock due to consumption smoothing behavior. Hence, savings fall so that investment

is crowded out rather than being crowded in as long as the shock is transitory.



endogenous markups as well.

Closely related to our paper is the study by Ramey and Shapiro [1998] who simulate a
two-sector neoclassical model with costly capital reallocation. In a similar spirit, we achieve
a better understanding of aggregate effects of fiscal shocks by investigating sectoral effects.
In contrast to our study, they consider a closed economy so that they do not address
the behavior of the current account or the real exchange rate. In addition, they do not
discuss the role of sectoral capital intensities. Finally, whereas Ramey and Shapiro analyze
the implications of costly capital mobility, we rather conduct a sensitivity analysis with
respect to the duration of the fiscal shock and the elasticity of labor supply, considering a
traded sector alternatively more or less capital intensive than the non-traded sector, and
contrasting the case of a fixed markup with that of an endogenous markup, and the case

of free-entry with that of no-entry.

The remainder of this paper is organized as follows. Section 2 outlines the specification
of a two-sector model with traded and non-traded goods. While the non-traded sector is
imperfectly competitive, our model encompasses three cases: free-entry with fixed markup,
no-entry, and endogenous markup. In section 3, we analyze the effects of a permanent rise
in government spending. In section 4, we abstract from endogenous markups and provides
an analytical exploration of the effects of temporary fiscal shocks, focusing on the responses
of investment and the current account. In section 5, we report the results of our numerical
simulations. Section 6 explores the case of endogenous markups quantitatively, focusing on
the reactions of the real exchange rate and the real wage. In Section 7, we summarize our

main results and present our conclusions.

2 The Framework

We consider a small open economy that is populated by a constant number of identical
households and firms that have perfect foresight and live forever.® The country is small in
terms of both world goods and capital markets, and faces a given world interest rate, r*. A
perfectly competitive sector produces a traded good denoted by the superscript T that can
be exported and consumed domestically. An imperfectly competitive sector produces a non-
traded good denoted by the superscript N which is devoted to physical capital accumulation

and domestic consumption.?” The traded good is chosen as the numeraire.'”

8More details on the model as well as the derivations of the results which are stated below are provided

in an Appendix which is available from the authors on request.
9As stressed by Turnovsky and Sen [1995], allowing for traded capital investment would not affect the

results (qualitatively). Furthermore, like Burstein et al. [2004], we find that the non tradable content of

investment accounts for a significant share of total investment expenditure (averaging to 60%).
The price of the traded good is determined on the world market and exogenously given for the small

open economy.



2.1 Households

At each instant the representative agent consumes traded goods and non-traded goods
denoted by CT and C¥, respectively, which are aggregated by a constant elasticity of
substitution function:

(2]
=11 ¢—1

T ra-gF (M| (1)

C (CT,0N) = |3 (CT)
where ¢ is the weight attached to the traded good in the overall consumption bundle
(0 < ¢ < 1) and ¢ is the intratemporal elasticity of substitution (¢ > 0).

The agent is endowed with a unit of time and supplies a fraction L(¢) of this unit as
labor, while the remainder, | = 1 — L, is consumed as leisure. At any instant of time,
households derive utility from their consumption and experience disutility from working.
Households decide on consumption and worked hours by maximizing lifetime utility:

U—/Oo{ L oy -y 1 L(t)Hf’lL}eﬂtdt, @)
0

1 1
1— L 1+L

where 3 is the consumer’s discount rate, oo > 0 is the intertemporal elasticity of substitu-

tion for consumption, and o > 0 is the Frisch elasticity of labor supply.

Factor income is derived by supplying labor L at a wage rate W, and capital K at a
rental rate . Households receive all the profits IV from the firms in the non traded sector.
In addition, they accumulate internationally traded bonds, B(t), that yield net interest rate
earnings of 7*B(t). Denoting lump-sum taxes by Z, the households’ flow budget constraint

can be written as:
B(t) = B(t) + r () K(t) + W()L(t) + IV — Z — Po (P(t)) C(t) — P(t)I(t), (3)

where Pg is the consumption price index which is a function of the relative price of non-
traded goods P. The last two terms represent households’ expenditure which includes
purchases of consumption goods and investment expenditure PI. Aggregate investment

gives rise to overall capital accumulation according to the dynamic equation
K(t) =1(t) = S K (1), (4)
where we assume that physical capital depreciates at rate dx. In the rest of this paper, the

time-argument is suppressed to increase clarity.

Denoting the co-state variable associated with eq. (3) by A the first-order conditions

characterizing the representative household’s optimal plans are:
C = (Pc)) 79, (5a

L=[(\ W], (
A=X(B—1"), (5¢

K )P — 6+ P/P =1, (5d



plus the appropriate transversality conditions. In an open economy model with a represen-
tative agent having perfect foresight, a constant rate of time preference and perfect access
to world capital markets, we impose 8 = r* in order to generate an interior solution. This
standard assumption made in the literature implies that the marginal utility of wealth, A,
will undergo a discrete jump when individuals receive new information and must remain

constant over time from thereon, i.e. A = A.

The homogeneity of C(.) allows a two-stage consumption decision: in the first stage,
consumption is determined, and the intratemporal allocation between traded and non-
traded goods is decided at the second stage. Applying Shephard’s lemma gives CT =
(1 — ag) PoC and PCYN = acPcC, with ac being the share of non-traded goods in the

consumption expenditure.

2.2 Firms

Both the traded and non-traded sectors use physical capital, K7 and K, and labor, L7
and LY, according to constant returns to scale production functions, Y7 = F (K T,LT)
and YN = H (K N LN ), which are assumed to have the usual neoclassical properties of
positive and diminishing marginal products. Both sectors face two cost components: a
capital rental cost equal to 7%, and a labor cost equal to the wage rate W. The traded
sector is assumed to be perfectly competitive. As described in more details below, the
non-traded sector contains a large number of industries and each industry is comprised of

differentiated monopolistically competitive intermediate firms.'!

The final non-traded output, YV, is produced in a competitive retail sector with a
constant-returns-to-scale production which aggregates a continuum measure one of sectoral
non-traded goods.!'? We denote the elasticity of substitution between any two different sec-
toral goods by w > 0. In each sector, there are N > 1 firms producing differentiated goods
that are aggregated into a sectoral non-traded good. The elasticity of substitution between
any two varieties within a sector is denoted by ¢ > 0, and we assume that this is higher than
the elasticity of substitution across sectors, i.e. € > w (see Jaimovich and Floetotto [2008]).
Within each sector, there is monopolistic competition; each firm that produces one variety

is a price setter. Output &;; of firm 7 in sector j is produced using capital and labor, i.e.

1 This assumption relies upon observed empirical facts. The markups in the traded sector we estimated
for a sample of 13 OECD economies average to 1.2 with small dispersion across countries whereas for the
non-traded sector, the markups average to 1.4 with large dispersion across countries. Additionally, assuming
that the traded sector is imperfectly competitive would not affect qualitatively the results, as long as the
markup is fixed. Estimates of the markups charged by the traded sector are available on request while

estimates for the non-traded sector are reported in Table 3.
2This setup builds on Jaimovich and Floetotto’s [2008] framework which is a multi-sector extension of

the Linnemann’s [2001] model of an endogenous markup. Details of its derivation are therefore relegated to

the Appendix, which is available on request.



Xij = H(K;j,L;j). Each firm chooses capital and labor by equalizing markup-adjusted
marginal products to the marginal cost of inputs, i.e. PHg/u = %, and PHp/u =W,
where p is the markup over the marginal costs. At a symmetric equilibrium, non-traded
output is equal to YN = NX = H (KN,LN).

We now show that under some assumptions, the markup is endogenous and depends
on the number of competitors. According to the Dixit and Stiglitz [1977] assumption, the
number of competitors is large enough within each sector to yield a fixed price-elasticity of
demand. Yet, as emphasized by Yang and Heijdra [1993], this assumption is an approxima-
tion when the final good is aggregated by a finite number of intermediate goods. We depart
from the usual practice, following Gali [1995], in assuming that the number of firms is large
enough so that we can ignore the strategic effects but not so large that the effect of entry is
minuscule on the firm’s demand curve. Consequently, the price elasticity of demand faced
by a single firm is no longer constant and equal to the elasticity of substitution between
any two varieties, but rather a function of the number of firms N. Taking into account that
output of one variety does not affect the price of final non-traded output P, but influences
the sectoral price level, in a symmetric equilibrium, the resulting price elasticity of demand

is:13

(e —w)
N

e(N)=c¢€— N e (1,00). (6)

Assuming that € > w, the price elasticity of demand faced by one single firm is an increasing

function of the number of firms N within a sector. Henceforth, the markup p = -5

decreases as the number of competitors increases, i.e. puy < 0.
Using constant returns to scale in production and denoting fixed costs by F'C, producer’s

profit in the non-traded sector is:

nN:P[i\J;O—i)—FC]. (7)

In the following, we consider three cases: i) free-entry and fixed markup, ii) no-entry, iii)
free-entry and endogenous markup. In the first case, because the number of competitors
is large, e is equal to €. Hence, the producer of a variety charges a constant markup
p = 5. Additionally, since at each instant, new intermediate good producers may enter
and produce a new variety, each intermediate-good producer makes zero-profit. In the
second case, profits are no longer driven down to zero as the number of firms is fixed. In
the third case, we assume that a finite number of firms operate within each sector producing
non-tradable varieties. Hence, the markup is endogenous while free-entry yields zero-profits.

Denoting by k! = K'/L' the capital-labor ratio for sector i = T, N, enables us to
express the production functions in intensive form, i.e. f (k:T) = F (KT,LT) /LT and

h (k:N) =H (KN, LN) /LY. Production functions are supposed to take a Cobb-Douglas

Details of the derivation can be found in the Appendix.



T N
form: f(K7) = (k1)" , and b (k) = (k)" , where 67 and 6V represent the capital
income share in output in the traded and non-traded sectors respectively. Since inputs can
move freely between the two sectors, marginal products in the traded and the non-traded

sector equalize:

o (k:T)GT*1 = 50N (kN)QN*1 =K (8a)
(1—67) (k1) = ]; (1—6%) (M) = w. (h)

These static efficiency conditions state that the sectoral marginal products must equal the

labor cost W and capital rental rate <.

Aggregating labor and capital over the two sectors, gives us the resource constraints for
the two inputs:

"+1iN=L, K'+KN=K, (9)

where Ly = NLy and Ky = NKy.

2.3 Government

The final agent in the economy is the government which finances government expenditure

by raising lump-sum taxes Z in accordance with the balanced condition:
GT + PGN =2z (10)

Public spending consists of purchases of traded goods, G, and non-traded goods, G*.
Since one prominent feature of the time series of government spending is that its non
tradable content is substantial, at around 90%, in the following we therefore concentrate

on the effects of a rise in public purchases of non-traded goods.

2.4 Short-Run Static Solutions

System (8a)-(8b) can be solved for sectoral capital-labor ratios: k7 = kT (P, u) and kY =
EN (P, ). Using the fact that W = 67 (kT)eT_l, the wage rate also depends on P and u,
ie. W =W(P,p), with Wp 20, W, < 0. An increase in the relative price P raises or
lowers W depending on whether the traded sector is more or less capital intensive than the
non-traded sector. Since a rise in p produces opposite effects on variables to those induced

by a rise in P, we concentrate on the relative price effects to save space.

Plugging sectoral capital-labor ratios into the resource constraints and production func-

tions leads to short-term static solutions for sectoral output: Y7 = Y7 (K, L, P,i) and

The data for thirteen OECD countries summarized in Table 3 reveal that the non-tradable content of
government spending averages about 90%. Government spending on traded goods GT is considered for
calibration purpose. The effects of a permanent and temporary fiscal expansion on GT are explored in the

Appendix, available on request.



YN = YN (K, L, P, ). According to the Rybczynski effect, a rise in K raises the output of
the sector which is more capital intensive, while a rise in L raises the output of the sector
which is more labor intensive. An increase in the relative price of non tradables exerts op-
posite effects on sectoral outputs by shifting resources away from the traded sector towards
the non-traded output.

By substituting first W = W (P, 1), egs. (5a)-(5b) can be solved for consumption and
labor supply as follows: C' = C(X,P) with C5 < 0, Cp < 0, and L = L (S\,P, p) with
Ly >0,Lp 20, L, <0. Arise in the shadow value of wealth induces agents to cut
their real expenditure and to supply more labor. By raising the consumption price index,
an appreciation in the relative price of non tradables drives down consumption. Finally,
depending on whether k7 = kN arise in P stimulates or depresses labor supply by raising

or lowering W.

2.5 Free-Entry Vs. No-Entry

Free-entry implies that profits are driven down to zero. The zero-profit condition determines
the number of firms. Assuming that the number of competitors is large enough so that the

markup is fixed, eq. (7) yields N = YV (1 ) /FC. When the number of competitors

_1

o
is not so large, the zero profit condition (7) can be solved for the number of intermediate
producers by substituting first YV = YV [K , L (5\, P, ,u) , P, u] and keeping in mind that

u=pu(N). We have:
N=N(K,P,\), Ngz0,Np>0,N;s0. (11)

Since N co-varies with non-traded output Y, a rise in P unambiguously stimulates entry
while an increase in K (resp. in A) raises the number of competitors N if the non-traded
sector is more (resp. less) capital intensive than the traded sector.

Under no-entry, the markup is fixed and profits can be positive. Substituting first the
short-run static solution for non-traded output into (7), we can solve for aggregate profits

in the non-traded sector denoted by IV = Nz¥:

v =1V (K,P,\), MOy =01 >0,II¥ <0, (12)

where the signs of the profit function follows from the fact that profits are positively related

with Y~ and thus depend on sectoral capital intensities.

2.6 Macroeconomic Dynamics

We now describe the dynamics. While the case of endogenous markups is analytically un-
tractable, we discuss its implications when necessary. The adjustment of the open economy

towards the steady-state is described by a dynamic system which comprises two equations.



First, the dynamic equation for the relative price of non-traded goods (5d) equalizes the
return on domestic capital and traded bonds r*. Second, the accumulation equation for

physical capital clears the non-traded goods market along the transitional path. This can

be written as:1°

. N v (K, P\ <
K:Y (IZL,P)+ (Pv ’ )_CN()HP)—GN—&(K, (13)

where L = L (;\7 P, u) and = p [N (K, P, ;\)] when the markup is endogenous.
Dynamic equations (5d) and (13) form a separate subsystem in P and K. Inserting
short-run static solutions, linearizing these two equations around the steady-state, and

denoting the long-term values with a tilde, we obtain in a matrix form:

K bir bi2 K(t) - K (14)
P byt boo Pty-P |
with!6
YN Iy Ng YN YN
= () < o (123, (50
Yy N oy oy NpY?¥ Y,
= <§CP>*<5132 Sy e\ )
Ny Ph kN 1
b1 = UuNWKTk L+ (1-06%) i:jN ’ (15¢)
yT Np Ph kY
by = ?K-H?/LNWPJ 1 (1_9N) lfN]’ (15d)

where 7, v = v N/ 11 represents the elasticity of the markup to the number of competitors.

When assuming free-entry and fixed markup, we have 1, v = 0 and IV = 0. Then the
sub-system possesses two eigenvalues (one positive and one negative) equal to (% -4 K)
and Y% / P. Assuming no-entry implies 1, y = 0, so that the sub-system has two eigenvalues
(one positive and one negative) equal to Y/¥ —6x and Y-/ P. Trrespective of the relative sizes
of the sectoral capital-labor ratios, the equilibrium yields a unique one-dimensional stable
saddle-path, considering either free-entry or no-entry.!” Denoting the negative eigenvalue

by v and the positive eigenvalue by v5, the general solutions for K and P are:
K(t) — K = Bie" + Bye™, P(t) — P = wyB1e"'! + wiBye?!, (16)

where By and By are constants to be determined and wi = (v; — by1) /b12 is the element
of the eigenvector associated with the eigenvalue v; (with ¢ = 1,2). Two features of the

two-sector economy’s equilibrium dynamics deserve special attention. First, as long as the

®To get (13), we used the fact that Y — NFC =11V /P + YV /.
N -
16Note that (“P . H”) — vy (1 - i) > 0.

P P2 I
"When assuming an endogenous markup, we have IIV = 0 while Nu,n < 0. In this case, we cannot
sign the determinant of the Jacobian matrix and we have to recourse to numerical analysis to determine

transitional dynamics.

10



markup is fixed, if kT > kv, the temporal path for the relative price remains flat for the no-
arbitrage condition (5d) to be fulfilled. Hence, in this case, wi = 0. If capital intensities are
reversed, then wi < 0. As a consequence, the relative price exhibits transitional dynamics;
P and K move in opposite directions. While the transitional dynamics for P degenerate
if kT > kY when the markup is fixed, an endogenous markup restores dynamics for the
relative price. Second, transitional dynamics are quite different depending on whether
government spending increases permanently or transitorily. After a permanent fiscal shock,
to ultimately approach the steady-state (f( , 15) and to satisfy the transversality condition
limy oo P(t)K(t)e™""t = 0, it is necessary to set the arbitrary constant By equal to zero.
When the expansionary policy is only transitorily implemented (i.e. the fiscal shock only
lasts for 7 periods), two periods have to be considered, namely a first period (labelled
period 1) over which the temporary policy is in effect, and a second period (labelled period
2) after the policy has been removed. While the small country converges towards its new
long run equilibrium over period 2, i.e. By must be set to zero, the economy follows
unstable paths over period 1. These are described by egs. (16).

Substituting eqgs. (13) and (10) into eq. (3), we obtain the dynamic equation for the
current account (denoted by CA = B):

B=r"B+Y" (K,L,Pu) —-C"(\P)-GT, (17)

where YT —CT —GT correspond to net exports. Eq. (17) states that the current account is
equal to the balance of trade denoted by N X plus interest receipts on outstanding assets.
Linearizing (17) around the steady-state and substituting (16), the general solution for the

stock of foreign assets is given by:!®
B(t) = B + KBO — B) — ®B; — ®3B, er*t + (I)lBleylt + @2B26V2t. (18)

When the disturbance is temporary, we must take into account that assets (i.e. domestic
capital and foreign bonds) have been accumulated (or decumulated) over the period 1.
The time path for net foreign assets is described by eq. (18) during this unstable period.
As stocks of assets are modified over period 1 (i.e. (0,7)), we have to take new initial

conditions (i.e. By and K7) into account when the fiscal policy is removed.'?

2.7 Steady-State

We now discuss the salient features of the steady-state. Setting P = 0 into (5d), we obtain

the equality between the return on domestic capital income and the exogenous world interest

¥When assuming a fixed markup, if kT > kY, then &, = —Tfsfil < 0 and
o = =Pt 2 (0O — oL LT (4 00)] it KN > k', then & =
_ N ~ - _
— 2 {14 2 000N — 0L LT (ve + 6xc)| } and @ = — 24

9Following a permanent budget policy, the economy moves along a stable path; hence, the trajectory for

B(t) is obtained by invoking the transversality condition lim;_ o S\B(:‘,)cf"*’5 = 0 which implies that By = 0.
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rate:

{1 [ (9] e () — o = ()
According to this equality, the long-run level of P remains unaffected by a rise in government
spending, as long as the markup is fixed.

Setting K = 0 into (13) yields the market-clearing condition for the non-traded good:
YN (f{, i p) /i (N) + IV /P =0V (x, 15) +I+GN, (20)
where I = § K and aggregate profits in the non-traded sector are given by:
i :P{YN (K,E,P) [1— (1/u (N))} —NFC}. (21)
When assuming free-entry, the zero profit condition IIV = 0 can be solved for the number

of firms N.

Setting B = 0 into (17) leads to the market-clearing condition for the traded good:
YT (f<, i 15) =B+ (x, 15) +G7. (22)

For the country to remain ultimately solvent, we have to impose one single and overall

intertemporal budget constraint:°

Bo— B=, (Ko—f(), (23)

where ®; < 0 describes the effect of capital accumulation on the the external asset position
and Ky and By are the initial conditions.?! When assuming free-entry, the five equations
(19)-(23) jointly determine P, K, N, B, and A. With a fixed number of firms, these five

equations determine P, K, IV, B, and .

3 Permanent Fiscal Expansion

To build intuition on fiscal policy transmission, it is convenient to explore first the effects
of permanent fiscal shocks since the underlying mechanism is basically the same as after
temporary fiscal shocks which are analyzed in section 4. For ease of computation, we provide
analytical results only when the markup is fixed.?? We compare the case of free-entry with

that of no-entry, but discuss the case of endogenous markups as well.

As long as the markup is fixed, the relative price P remains unaffected. Let us first

assume that the traded sector is more capital intensive. A permanent fiscal expansion

20Qubstituting first the short-run solutions, then linearizing the dynamic equation of the internationally
traded bonds (17) in the neighborhood of the steady-state, substituting the solutions for K (t) and P(t) and
finally invoking the transversality condition, we obtain the linearized version of the nation’s intertemporal

budget constraint (23).
21Gince for all parameterizations, ®; is always negative, we assume ®; < 0 from now thereon. Hence,

capital accumulation deteriorates the current account along the transitional path.
220nly in this case are we able to derive analytical expressions for the impact and steady-state effects.
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produces an increase in the shadow value of wealth as taxes must be raised to balance the
budget which reduces households’ disposable income. The rise in the marginal utility of
wealth is: o

B AP
perm ; (O'LWE/ + JCPCC')

dA
dGN

> 0. (24)

When k7 > k%, the dynamics for the relative price degenerate so that C' and L adjust
instantaneously to their steady-state levels. The negative wealth effect induces agents to
permanently lower their consumption C' and raise their labor supply L. According to
Rybczynski’s theorem, a rise in labor supply raises the output of the sector which is more
labor intensive. The labor inflow stimulates investment as reflected by the first term (in
the numerator) on the RHS of (25):

(o1 LPE vy — 0cCT)

> 0. (25)

verm (oL WL+ 00PoC)
Yet, because the decline in real expenditure is spread over the two goods, the fall in CV is
not large enough to more than offset the rise in G. Hence, less resources can be devoted
to capital accumulation as reflected by the second term (in the numerator) on the RHS
of (25). If oy, is not too small, investment is crowded-in on impact. As C and L adjust
instantaneous to their new long-run levels, private savings remains unchanged. Hence, the

investment boom leads to a current account deficit.

When kY > k7', the effects of a permanent fiscal expansion on key macroeconomic vari-
ables remain qualitatively similar to those obtained with the reversal of capital intensities,
although now the transitional adjustment of P produces a novel channel. More precisely,
the rise in GV raises the relative price of non-tradables P on impact. The initial appreci-
ation in P drives down further consumption and induces agents to supply less labor. The
reason is that the rise in relative price shifts resources towards the non-traded sector. Since
the traded sector is relatively more labor intensive, the capital-labor ratios fall which in
turn reduces the wage rate. Because labor income is smaller than if k7 > k%, the marginal
utility of wealth rises further:?3

3 AP - 4]
d%v - (va)” >0, (26)

perm [(ng +00PC) + % (V) 1

where wi < 0, and U = [ULIN/I;:T (vg + 0K) — GCéN] is positive if o7, is not too small. While
higher labor supply exerts a negative impact on investment by reducing YV, a permanent
fiscal expansion stimulates capital accumulation due to the appreciation in P which shifts
resources towards this sector, as shown formally below:

141 (O’L.ZPElel - UcéT)

> 0. (27)

perm B V9 [(ULWE + JCPCG) * % (¢)1

#Note that the term in square brackets in the denominator of (26) and (27) is positive.
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The initial appreciation in P also induces agents to lower private savings as they experience
transitorily a fall in labor income. Both the investment boom and the drop in private savings

deteriorate the current account.

Regardless of sectoral capital intensities, GDP increases on impact as labor supply rises.

Overall output increases even more in the long-run due to capital accumulation.

When assuming no-entry, the effects of a permanent fiscal shock are qualitatively iden-
tical. It is worthwhile noticing that in this case, a rise in GV raises aggregate profits in the
non-traded sector. More precisely, the present discounted value of profits unambiguously
increases as shown formally below:

[oLD%T (r* + 8x) — aCéN}

_ 13 >0,
X +

P(l—%) (V1+(5K) d\
™ (r* — 1) dGN

dII
dGN

perm perm

(28)
where we assume that k7 > k¥ to preserve analytical tractability and IT = fooo IV (t)e " tdt.
According to the first term in braces on the RHS of (28), the wealth effect raises profits by
increasing labor supply and thereby non-traded output. The second term shows that, all
else equal, a rise in GV exerts a negative impact on capital accumulation which impinges
positively on II along the transitional path. As the present value of profit rises, the shadow
value of wealth increases less than under free-entry. When k7 > kv, we have:

dA
dGN

Pu A\ 1
perm (T —21/1) [(aLm n acpcé) n f} - 29

where T’ = %Jrjf) <1 — %) [GCC'N — o LET (r* + 5K)} > 0. Since 0 < (T*V%Vl) < 1 and
I > 0, the increase in A given by (29) is moderated compared with (24). As a result,
consumption declines by a smaller amount and labor rises less. This results in a lower GDP

growth. Finally, while private savings are unaffected under free-entry, they increase with

a fixed number of firms due to higher profits which in turn moderate the current account

deficit.

Finally, an endogenous markup restores transitional dynamics for P when k7 > kV.
More precisely, the increase in GV produces profit opportunities which triggers entry in
the non-traded sector and thereby lowers the markup. As producers perceive a more-elastic
demand, they are induced to produce more. Because the rise in Y is larger compared with
the case of a fixed markup, the real exchange rate depreciates on impact. In the same time,
the drop in the markup is large enough to shift resources towards the non-traded sector.
Since the traded sector is more capital intensive, capital-labor ratios rise which raise the
wage rate. As a result, households are induced to supply more labor which raises further

GDP compared with the case of a fixed markup.?*

2YWhen k% > kT, both short-run and long-run effects are similar to those found with a fixed markup.
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4 Temporary Fiscal Expansion: An Analytical Exploration

As the shocks identified in the VAR literature are transitory, in this paper, we focus the
theoretical analysis on temporary increases in government spending. We therefore explore
analytically the effects of a temporary fiscal expansion, focusing on the responses of invest-
ment and the current account. To save space, we discuss only the impact effects.?® As will
become clear later, a two-sector model with fixed markups can account for the decline in
investment and the current account deficit, in line with the evidence. We therefore assume
that the number of operating firms is large enough so that the markup is fixed, which allows
us to preserve analytical tractability. While the markup remains unchanged, we compare

the responses under free-entry with those when the number of firms is fixed.?%

We suppose that at time ¢ = 0, the government raises public spending on the non-
traded good and at time 7 it removes the expansionary budget policy.2” The higher 7, the

stronger the persistence of the shock.?®

4.1 Free-Entry and Transmission of Government Spending

We investigate first the impact effects of a temporary rise in GV under free-entry. In
particular, we provide analytical results for initial responses of investment and the current

account.

Let us first assume that the traded sector is more capital intensive than the non-traded
sector. As after a permanent fiscal shock, the drop in their disposable income induces agents
to cut their real expenditure and supply more labor. Yet, the wealth effect is smaller as

shown formally below: -
dA

o = (1 - e—"*T) >0, (30)

temp

where Agn is given by (24). According to (30), the shorter the fiscal expansion (i.e. the
smaller 7), the less A increases. Since the increase in G is only temporary, the present
value of the necessary tax increase to satisfy the government’s intertemporal budget con-
straint is less than for an equal but permanent increase in GV. Because L rises by a lower
amount, non-traded output increases less. Additionally, the decline in CV is now moder-

ated. Hence, higher public spending G may crowd in or crowd out capital investment.

25Gteady-state effects are explored in section 5 when discussing the numerical results.
26We focus on the reactions of the real wage and the real exchange rate in section 6 by considering

endogenous markups.
2"We assume further that all agents perfectly understand at the outset the temporary nature of the policy

change. Hence, at time 7, there is no new information and thereby no jump in the marginal utility of wealth

at this date.
28To derive formal solutions after a temporary fiscal shock, we applied the procedure developed by Schu-

bert and Turnovsky [2002].

15



Formally, the initial reaction of investment is ambiguous:

ﬁjﬁpwﬁwm_ad%ﬂ

<0.  (31)

=— 1—|—<1—6_T*T> {

temp (O‘Cpcé + ULWE)

Setting o, = 0 in (31), then the reaction of investment becomes dI(0)/dGY = ac (1 —e " 7)—
1 < 0; it is unambiguously negative as the fall in CV is not large enough to compensate for
the rise in public spending GV. As long as o, > 0, the sign of (31) is no longer clear-cut.
The less responsive the labor supply (i.e., the smaller o) or the shorter the fiscal expansion

(i.e., the lower T), the more likely it is that investment is crowded out by public spending.?’

Turning to the initial response of the current account, we obtain after computation:

pgﬁpm+@ywaﬁﬂ

dCA(0) =—Pe " T4+ P |1+ (1 — e_T*T)

— < 0.
~ ~ ~ =
dGN temp (UCPCC + JLWL)

(32)
The first term on the RHS of (32) represents the negative impact of consumption smoothing
behavior on the current account. The second term on the RHS of (32) represents the influ-
ence of investment on the net foreign asset position. When setting o, to zero into (32), then
the initial current account response, given by dCA(0)/dGN = P (1 — a¢) (1—e"7), be-
comes unambiguously positive. The reason is that the decline in investment is large enough
to more than offset the drop in private savings induced by the smoothing behavior. The
more responsive the labor supply (i.e., o, is higher), the smaller the decline in investment
on impact, and thereby the more likely it is that the open economy experiences a current
account deficit. The length of the shock 7 exerts two opposite effects on the initial response
of the current account. On the one hand, as the fiscal shock is shorter (i.e., 7 becomes
smaller) agents are more willing to reduce private savings which amplifies the deterioration
in the net foreign asset position. On the other hand, investment declines more which exerts

a positive effect on the current account. The overall effect will be determined numerically.

We now analyze the adjustment of key macroeconomic variables when kv > k7. As

after a permanent fiscal shock, the marginal utility of wealth increases:

dj\ . * (D — D —r*7T _ =T
AT (1—eTT)—T(1 - 02) (¢ b} S (33)
dG temp V2P —r* ((I)l - CI)Q)

where &1 — $y = —‘;—f [UCC'N — o LET (vg + 5K)} < 0. According to the first term in

braces on the RHS of (33), the wealth effect after a temporary fiscal expansion is smaller
than that following a permanent increase in GV. Yet, the second term on the RHS of (33)
amplifies the wealth effect as workers lower savings since they know that the decline in

wages driven by the real exchange rate appreciation is only transitory.

29 : . .. A (UcéTfoLilthlsug)
More precisely, when 7 is smaller than the critical date 7 = — = In (o LR PlorTor0)—oc PEVY | then

investment is crowded out by public spending.
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While the wealth effect exerts a positive impact on labor supply, the real exchange rate
appreciation counteracts this effect by driving down the wage rate. The shorter the fiscal
expansion, the smaller the wealth effect and the more likely it is that labor supply falls.

As after a permanent fiscal shock, the real exchange rate appreciation impinges posi-
tively on investment by shifting resources towards the non-traded sector. Formally, we find

that the rise in P influences investment through two channels:

Vo — 11 —uoT %1 \i’ dj\
_ ey 2 AL 34
temp ( V2 > ( ‘ ) V2 A el temp = ( )

dI(0)

dGN

where ¥ = [oLf/l;:T (o + 0K) — UcéN} is positive if oy, is not too small. The first term
on the RHS of (34) represents the positive impact on I triggered by the appreciation in
P arising from the rise in GV which produces an excess of demand in the market. The
second term on the RHS reinforces the relative price effect on investment as the wealth
effect raises labor which reduces YV and thereby amplifies the excess of demand. As a
result, P appreciates more. The last term on the RHS of (34) reflects the rise in GV
that withdraws resources from physical capital accumulation. While after a permanent a
fiscal shock, investment unambiguously increases, investment may respond negatively to a

temporary rise in G since the real exchange rate appreciation is smaller.

Finally, compared with a permanent fiscal shock, the initial current account reaction is

ambiguous:

dCA(O) g vl =
LD~ P T L N
dGN S T

< 0. (35)

temp

temp
As shown by the first term on the RHS of (35), because agents are induced to smooth
consumption, the consecutive fall in savings lowers the current account. The second term
on the RHS of (35), which is absent if k7 > k%, reinforces the negative influence on
the current account. The reason is that the real exchange rate appreciation lowers labor
revenues which in turn induces agents to reduce private savings. The last term reflects the
influence of investment on the net foreign asset position. The relationship between C'A and
the length of the shock is unclear due to ambiguous effects on savings. The shorter the
fiscal expansion, the larger the smoothing behavior but the lower the initial real exchange
rate appreciation and thereby the smaller the decline in wages. If these two opposite effects
on savings offset each other, the open economy should experience a smaller current account

deficit since it is more likely that investment declines when the fiscal shock is short-lived.

4.2 No-Entry and Transmission of Government Spending

We now investigate the impact effects of a temporary rise in GV by assuming no-entry. To

preserve analytical tractability, we assume that k7 > gV .30

39The effects of temporary fiscal shocks under free-entry are qualitatively similar to those with a fixed

number of firms, regardless of sectoral capital intensities. Hence, to save space, we restrict our discussion to
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Following a temporary fiscal expansion, it can be shown after some calculation that the
change in the present discounted value of profits is smaller than that after a permanent rise
in GV:

dIl

Te > 0. (36)

perm

temp

Because the rise in the present value of profit moderates the increase in A, labor supply
increases less than under free-entry. As a result, YV rises by a smaller amount. Moreover,
agents are less willing to cut real expenditure which moderates the decline in CV. Hence,
it is more likely that investment is crowded out by public spending. The initial reaction of
investment enables us to show this point formally:

[ULEI;‘T? (11 4+ 0K) — Uclaé'N}

KUCPC@ + JLWfL> =+ f‘} 0. (30)

dI(0) =— l—l-i(l—e_r*T)

N *
dG temp r 121

As reflected by the second term in braces on the RHS of (37), since I' > 0 and 0 <

v2

oy < 1, the positive influence on investment induced by higher labor supply and smaller

consumption in non tradables is moderated under no-entry.3!
The fall in private savings is dampened due to increased profits which moderates the

initial decline in the current account. Formally, the response of the current account is:

dCA(0) Pvy g Py, dI(0)
— == T = 2 <0. 38
dGN temp (’I"* - Vl) (’l“* — 1/1) dGN temp = ( )

Because 0 < (GERES the first term on the RHS of (38) shows that the smoothing be-
havior with a fixed number of firms exerts a smaller negative impact on the current account
as the disposable income falls less. The second term reflects the influence of investment
response given by (37) on the current account. Since the term W is smaller than one,
the impact of investment on the current account is moderated compared to that under
free-entry. More precisely, the second term on the RHS can be decomposed into two parts.

The first component corresponds to the direct effect of capital accumulation on the cur-

rent account which is also present under free-entry. Formally, this component is equal to

Pd[ ‘ H% di(o ‘
dgn ltemp” r*—uvy dGN temp’

ence of capital accumulation on savings, and thereby on the current account, through the

32 Tt reflects the influ-

The second component is equal to —

change in profits. If capital falls, IT"V rises which in turn induces agents to consume more
and thereby to disave. Hence, if investment drops by the same amount as under free-entry,

its positive influence on the current account is smaller with a fixed number of firms.

the case kT > k.
3'However, with a fixed number of firms, the economy adjusts more rapidly towards the steady-state,

which is reflected by a larger |v1]. This is turn produces a greater reaction of labor on impact and thereby

it is less likely that investment is crowded out by public spending.
32T decompose the second term on the RHS of (38) into two parts, we used the fact that vo = r* — 1 +

Yy (1 — ﬁ) which implies that =P+ i since ]5Y,]<V (1 - i) =¥,

r*—vq
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5 Temporary Fiscal Expansion: A Quantitative Exploration

In this section, we analyze the effects of a temporary rise in government spending quanti-
tatively. For this purpose we solve the model numerically. We therefore discuss parameter

values first, before turning to the long- and short-term effects of the fiscal shock.

5.1 Baseline Parametrization

We start by describing the calibration of consumption-side parameters that we use as a
baseline. The world interest rate which is equal to the subjective time discount rate (3 is set
to 1%. One period of time corresponds to a quarter. The elasticity of substitution between
traded and non-traded goods ¢ is set to 1.5 (see e.g. Cashin and Mc Dermott [2003]). The
weight ¢ of consumption in tradables is set to 0.5 in the baseline calibration to target a
non tradable content in total consumption expenditure (i.e., ae) of 45%, in line with our
empirical evidence.?> The intertemporal elasticity of substitution for consumption o¢ is
set to 0.5 because empirical evidence overwhelmingly suggest values smaller than one. One
critical parameter is the intertemporal elasticity of substitution for labor supply or. In our
baseline parametrization, we set o7, = 0.5, in line with evidence reported by Domeij and

Flodén [2006].

We now describe the calibration of production-side parameters. We assume that physical
capital depreciates at a rate dx = 1.5% to target an investment-GDP ratio of 20%. The
shares of sectoral capital income in output take two different values depending on whether
the traded sector is more or less capital intensive than the non-traded sector. In line with
our estimates, if k7 > kN, 67 and 6"V are set to 0.4 and 0.3, respectively.>* Alternatively,
when &V > kT, we choose #7 = 0.3 and 6V = 0.4. Setting the elasticity of substitution
between sectoral goods, w, to 1 and the elasticity of substitution between varieties, €, to 4
yields a markup p charged by the non-traded sector of 1.35, which is close to our estimates

(see Table 3).

We set GY and G7 so as to yield a non-tradable share of government spending of 90%,
and government spending as a share of GDP of 20%.3> We consider three different scenarios
for the duration of the fiscal shock: a short-lived (7 = 8), a medium-lived (7 = 16), and a
long-lived (7 = 32) fiscal shock. As the baseline scenario, we take the medium-lived fiscal

shock, i.e. ashock that lasts 16 quarters. In this case, the cumulative increase in government

33Table 3 shows the non tradable content of GDP components for thirteen OECD countries.
31Table 3 gives the values of #7 (j = T, N) for thirteen OECD countries. The values of 87 and 0" we

have chosen correspond roughly to the averages for countries with k7 > kY. For these values, the non
tradable content of GDP and labor are 63% and 66%, respectively. When kY > kT, we can use reverse but
symmetric values for 8V so that the size of k7 — k" remains unchanged. For 67 = 0.3 and 0~ = 0.4, the

non tradable content of GDP and labor are 69% and 65%, respectively.
%5 Close to the average of the values reported in Table 3, the ratios G* /Y and GV /YN are 6% and 28%

in the baseline calibration.
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spending corresponds approximately to the cumulative increase in US government spending
six years after an exogenous spending shock by one percentage point of GDP according to
the estimates reported by Cardi and Miiller [2011]. For 7 = 16, we also conduct a sensitivity

analysis with respect to the elasticity of labor supply (i.e. we set o, to 0.1 and 1).

5.2 Long-Run Effects

A temporary increase in government spending has permanent or long-run effects, because
the model features the zero-root property.?® Since government spending reverts back to its
initial level at time 7', in the long-run (i.e. in the steady-state) changes are only driven by
the change in the equilibrium value of the marginal utility of wealth. Confronted with a
fall in their disposable income, agents are induced to permanently lower their consumption
and increase hours worked. Panel A of Table 1 gives the numerical results for the long-run
effects of a temporary fiscal expansion. In the baseline scenario, agents cut real expenditure
by 0.07% of GDP while they raise labor supply by 0.12% as a result of the decrease in real

disposable income.

The open economy accumulates physical capital in the long-run, regardless of sectoral
capital intensities. When k7 > k%, higher labor and lower consumption produces an excess
supply in the non-traded good market which leads to a rise in K. If ¥V > k7, an excess of
demand arises only if o7, is not too small which requires an increase in the capital stock.
Hence, a fiscal shock boosts unambiguously GDP in the long-run. Importantly, a temporary
fiscal shock raises traded output since to service the debt accumulated over the transition,
the economy must run a trade balance surplus which is achieved through an increase in Y7
By contrast, a temporary fiscal shock may give rise to a contraction in non-traded output

as government spending returns back to its initial level and CV declines.

Panel A of Table 1 also gives the numerical results with a fixed number of firms (see
the sixth and the twelfth column). In this case, we find that, regardless of sectoral capital
intensities, a fiscal expansion increases the present value of profit IT given by:3"

T 00
Il = / Y (t)e " tdt + / Y (t)e ™" tdt, (39)
0 T

where we have to consider two sub-periods, i.e., (0,7) and (7,00). As shown in the last
line of panel A, a temporary fiscal expansion increases II by 4.28% of initial non-traded
output if k7 > kY and by 3.96% if £V > k7. Higher II moderates the increase in the
marginal utility of wealth. Hence, as shown in the first line of panel A, consumption falls
less while labor increases by a smaller amount. This mitigates the rise in K. As increases

in labor and capital are lower when assuming no-entry, GDP rises less.

36Technically, this follows from the assumption that $ = r* which requires the joint determination of the

transition and the steady-state.
3™More details about the computation of (39) can be found in the Appendix.
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5.3 Short-Run Effects

We now turn to the short-run effects of the fiscal expansion. We take the medium-lived
spending shock as our baseline scenario, but we also refer to short-lived and long-lived
fiscal shocks, as the length of fiscal stimulus may vary across countries (see e.g., Cardi and
Miiller [2011]). Panels B and C of Table 1 show the results for this situation, as well as
for a number of alternative scenarios. While panel B gives the response on impact, panel
C displays the cumulative responses over the first two years (i.e. eight quarters) after the

shock.

Before analyzing in the detail the role of sectoral reallocation in shaping the short-run
dynamics in response to a temporary increase in government spending, we should mention
the set of empirical evidence established by Cardi and Miiller [2011]. It is found that in all
the countries in their sample, an exogenous increase in government spending raises output,
and induces a simultaneous decline of investment and the current account. In the following,
we discuss the predictions of our model for the behavior of these variables when k7 > kN

and when kV > k7.

While employment and thereby GDP increase in all the scenarios where k7 > kV| labor
supply and output rise slightly or decrease when the sectoral capital intensities are reversed.
The reason is that when k7 > kY, agents are induced to supply more labor as a result of
the wealth effect. By contrast, when k% > k” the appreciation of the real exchange rate
drives down the wage rate which in turn counteracts the wealth effect. Interestingly, we
find that employment and thereby GDP falls on impact if o, is raised from 0.5 to 1. The
reason is that for a given change in the shadow value of wealth, the relative price must
appreciate more as a result of the larger labor outflow. Hence, the consecutive decrease in
W is large enough to induce agents to supply less labor, which reduces GDP by 0.05% on
impact.

In the model, the initial reaction of investment is ambiguous as long as labor supply is
elastic. Numerically, we find that its short-run response depends heavily on sectoral capital
intensities. On impact, an increase in GV crowds out investment only if the traded sector
is more capital intensive. While non-traded output expands as a result of the increase in
labor supply, the rise in public spending G produces an excess of demand which must
be eliminated by a drop in investment. As shown in the seventh line of panel B of Table
1, the less elastic labor supply is, the larger the crowding-out effect of investment. Note
that with a fixed number of firms, the size of the crowding-out of investment is similar.
By contrast, if the non-traded sector is more capital intensive, the increase in GV triggers
an appreciation in the relative price of non tradables P which stimulates Y and thereby
investment, in all scenarios. The cumulative responses reported in the third line of panel

C of Table 1 show that a fiscal expansion crowds in investment by about 3.22% of initial
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GDP if kN > kT, while investment is crowded out by 3.16% if k7 > k. The investment
boom when kY > k7 triggers a positive cumulative response of output, as summarized in
the fifth line of panel C in Table 1. By contrast, the decline in investment when k7 > kN

implies a smaller cumulative response of GDP, across all scenarios.?®

As shown in the eight line of panel B of Table 1, the open economy experiences a
current account deficit, regardless of sectoral capital intensities. In both cases, agents
smooth consumption by reducing private savings which in turn deteriorate the net foreign
asset position. When k7 > k¥, the decline in the current account triggered by the fall
in savings is moderated by the drop in investment. The longer the fiscal expansion (i.e.,
7 = 32) or the more responsive labor supply is (i.e., o = 1), the larger the current account
deficit. In both cases, investment falls less which amplifies the decline in the current account.
When the sectoral capital intensities are reversed, the current account deteriorates more,
i.e., by -1.90% of initial GDP instead of -0.20%, due the increase in investment and the real
exchange rate appreciation which lowers wages by reducing sectoral capital-labor ratios and
thereby induces agents to decrease savings. Regardless of sectoral capital intensities, with
a fixed number of firms, the size of the current account deficit is smaller because savings

fall less due to higher profits.

5.4 Transitional Adjustment

We now discuss the dynamic effects. The transitional paths of key variables under the
baseline and alternative scenarios are displayed in Figure 1. The responses of GDP, invest-
ment and current account are expressed in percentage of the initial steady-state output,
while the real exchange rate is given as the percentage deviation from the initial steady
state. Horizontal axes measure quarters. When the reaction of the variable is sensitive to
the elasticity of labor supply, we compare the baseline scenario (solid line) to alternative
scenarios. The dashed-dotted line gives the results for a low labor supply elasticity (i.e.
or = 0.1), the dotted line for a high labor supply elasticity (i.e. oy = 1), and the dashed
line for the case of no-entry.

We start with the adjustment of labor which is displayed in the third line. If the traded
sector is more capital intensive, the temporal path for L is flat as the relative price P
remains unaffected. With a fixed number of firms, the wealth effect is smaller so that labor
increases less. When & > kT, the dynamics for L no longer degenerate as a result of the
depreciation in the real exchange rate (after its initial appreciation) along the transitional

path. The consequent increase in the wage rate W induces agents to supply more labor

38 As shown in the fifth line of panel C in Table 1, the cumulative response of GDP at a two-year horizon
is negative in two scenarios when k7 > k: when o is low and when the fiscal shock is short-lived. In
these two scenarios, the response of labor supply is limited, Y7 rises less, and the excess demand in the

non-traded good market becomes larger, which in turn produces a larger decline in investment.
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during the transitional period.

The transitional path of investment is also quite distinct, depending on whether the
traded sector is more or less capital intensive than the non-traded sector. Along the transi-
tional path, capital accumulation clears the non-traded good market. When k7 > k%, the
size of the crowding-out of investment reduces over time, but when k% > k7, investment de-
creases monotonically as the depreciation in the relative price P lowers non-traded output.
After about 2 years, the investment flow becomes negative and the open economy decumu-
lates physical capital until the fiscal policy is removed. At time 7", government spending G~
reverts back to its initial level which releases resources for capital accumulation. Regardless

of sectoral capital intensities, investment is crowded in.

The temporal path for GDP is driven by the adjustments in both labor and capital. In
the case k7 > k™, the dynamics for GDP are the mirror image of capital accumulation: the
slowdown in GDP growth as government spending is raised originates from the crowding
out of investment. By contrast, when £V > kT, the temporal path of output is hump-
shaped: GDP growth first increases as labor supply rises, and then slows down as a result
of the decline in investment which starts after about two years. At the time the fiscal
policy is removed, the economy experiences an investment boom which boosts GDP in
both cases. While in a one-sector model, the response of output increases with labor
supply responsiveness (as stressed by Baxter and King [1993]), this is not the case when
we consider a two-sector model. Considering that k7 > kY and raising o7, from 0.5 to 1
increases the cumulative GDP response from 0.32% to 0.55%. By contrast, when &V > k7,
the reaction of GDP decreases from 0.69% to 0.58%, as a result of the drop in the wage rate
which depresses labor supply. With a fixed number of firms, the cumulative GDP response
is smaller (0.20% against 0.32% when k7 > k™ and 0.59% against 0.69% when k&~ > k7)),

because labor supply increases less.

Regardless of sectoral capital intensities, the current account stays in deficit while gov-
ernment spending is raised. In the case kT > k¥, the decumulation of foreign bonds
reflects the negative impact of consumption smoothing behavior on the current account,
even though the crowding out of investment counteracts this effect. When assuming no-
entry, the consumption smoothing behavior is smaller which moderates the current account
deficit. If the sectoral capital intensities are reversed, the depreciation in the relative price
of non tradables reduces investment which exerts a positive impact on the current account.
Yet, in the latter case, the current account deficit at an horizon of two years is almost three

times larger than if k7 > k%, as shown in the fourth line of panel C of Table 1.
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5.5 Sectoral Decomposition of the Effects of Fiscal Shocks

The sectoral decomposition of the effects of fiscal shocks sheds light on the propagation
mechanism in an open economy. The impact and cumulative responses of sectoral outputs
are summarized in the last two lines of panels B and C of Table 1, respectively. Interestingly,
the sectoral outputs change in opposite directions, both on impact and along the transitional
path. In the benchmark scenario, assuming that k7 > k", agents raises the labor supply by
0.12% which induces a shift of employment towards the more labor intensive sector. As a
result, non-traded output increases by 0.32% of GDP while traded output declines by 0.24%
of GDP. If sectoral capital intensities are reversed, the appreciation in the relative price
of non-tradables is large enough to more than offset the Rybczynski effect which boosts
non-traded output by 1.92% of initial GDP while the traded sector experiences a decline
by the same amount. Hence, GDP remains unchanged on impact in the case &V > k7.
Interestingly, raising oy, amplifies the dispersion of sectoral output responses.

While the same picture emerges with a fixed number of firms, the dispersion of sectoral
output responses is moderated, regardless of sectoral capital intensities. When k7 > k%,
as labor supply increases less, the Rybczynski effect exerts a smaller impact on sectoral
outputs. If &Y > kT, the real exchange rate appreciates less which reduces the expansionary
effect on YV and moderates the contraction in Y7

The fifth line of Figure 1 depicts the transitional paths of sectoral outputs expressed as
percentage deviations from the initial steady-state values scaled by the initial GDP. The
solid line depicts the transitional path for traded output while the dotted line shows the
dynamics for Y. Along the transitional path, sectoral outputs vary in opposite directions
as a result of the reallocation of inputs across sectors. When k7 > k%, capital decumulation
produces a fall in traded output while non-traded output expands. Whereas sectoral outputs
diverge in this configuration, Y7 and YV converge when kv > k. More precisely, the
relative price depreciation raises traded output and drives down non-traded output. Finally,
as shown in the fifth and sixth line of panel A of Table 1, long-run GDP growth is driven
by traded output growth. The rise in traded output is required in the long-run to produce

an improvement in the balance of trade, regardless of sectoral capital intensities.

5.6 Taking the Model to the Data

Since time-series evidence on the effects of fiscal shocks, in particular on key variables like
investment, current account, and GDP, is now available, we decided to compare our model’s
predictions with the empirical results.

Three notable papers have estimated the effects of fiscal shocks on the trade balance:
Beetsma, Giuludori and Klassen [2008], Cardi and Miiller [2011], Monacelli and Perotti
[2010]. While the first paper includes only GDP and trade variables in its VAR model, the

24



other two also include components of GDP such as investment. All these papers use the
Blanchard-Perotti identification scheme that assumes that government spending is prede-
termined within the quarter relative to the other variables included in the VAR model. Yet,
they differ in their sample of countries: Beetsma et al. [2008] consider fourteen European
Union countries and use a panel vector auto-regression approach; Cardi and Miiller [2011]
and Monacelli and Perotti [2010] estimate the effects of fiscal shocks for four countries:
Canada, Australia, the UK and the US. All three papers find that an exogenous increase
in government spending raises output and lowers the current account. Additionally, Cardi
and Miiller and Monacelli and Perotti report a substantial decline in investment following
a fiscal expansion. The ability of our model to predict such empirical facts is mixed, as it

relies upon sectoral capital intensities.

A rise in government spending crowds out investment only if the traded sector is more
capital intensive than the non-traded sector. Intuitively, households lower savings to avoid
a large reduction in consumption and/or a large increase in labor supply. Reduced savings
imply a decline of investment or the current account, or both. Since inputs can move freely
between the two sectors, the return on domestic capital remains unaffected in a two-sector
model as long as k7 > kv so that agents find optimal to reduce both domestic capital and
traded bonds. When &V > k7, the real exchange rate appreciates which lowers sectoral
capital-labor ratios and thus raises the return on domestic capital. As a result, agents find
optimal to accumulate physical capital and to decumulate traded bonds. It is worthwhile
noting that a one-sector small open economy model (see e.g., Karayalgin [1999]) cannot
produce a drop in investment after a fiscal shock because the increased labor supply raises
the marginal product of capital which leads to more investment.

We find that the current account deteriorates in all our model scenarios, in line with
empirical evidence. In the model, the short-run worsening in the foreign asset position
originates from the drop in the private savings. Regardless of sectoral capital intensities,
the consumption smoothing behavior induces households to decumulate foreign bonds. If
EN > kT the current account deteriorates further as savings fall more and investment rises

instead of decreasing.

Empirical studies generally find that a fiscal expansion tends to raise output. Our model
produces a significant increase in GDP on impact in the benchmark scenario if k7 > kv
since the real wage does not decrease in this case. If ¥V > k7', output is almost unaffected.
Yet, in this case, the cumulative response of GDP at an horizon of two years becomes
substantial across all scenarios, as shown in the fifth line of panel C of Table 1.

It is interesting to compare our results when k7 > kv (panel C of Table 2) with
the numbers documented in empirical studies. By estimating a VAR model on quarterly

time-series data for the U.S., Australia, the U.K, and Canada, covering the period 1980-
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2007, Cardi and Miiller [2011] find that cumulative impulse responses after two years range
between 0.3 and 1.1 for output, between -0.1 and -1.1 for investment, and -0.1 and -1.8 for
the current account. While our model overpredicts both the crowding out of investment
and the current account deficit, it predicts pretty well the GDP response, falling in the

range of VAR evidence.

Finally, since our model predicts the sectoral impact of fiscal shocks, it is interesting
to compare our results with empirical data in this area. Only a few previous studies have
estimated the effects of a boost to government spending on sectoral outputs. Among these,
Bénétrix and Lane [2010] find that fiscal spending shocks generate a shift in the sectoral
composition of output as public purchases disproportionately benefit the non-traded sector.
This finding is in line with our numerical results reported in the two last lines of panel B
of Table 1. Regardless of sectoral capital intensities and across all the scenarios, a rise in
government spending boosts non-traded output, more so if the non-traded sector is more

capital intensive, and less so if the number of firms is fixed.

< Please insert Table 1 about here >

< Please insert Figure 1 about here >

6 Temporary Fiscal Expansion: The Case of Endogenous

Markup

Several papers have stressed that the variation in the number of competitors and the con-
secutive change in the markup provides an important magnification mechanism, see e.g.,
Jaimovich and, Floetotto [2008], Wu and Zhang [2000], Zhang [2007], all of whom consider
one-sector models. We therefore decide to revisit quantitatively the effects of temporary
fiscal shocks by allowing for the markup to be endogenous. Since the long-run effects remain
almost unchanged compared to those in the case of fixed markup, we will not discuss them
further. Rather, we will concentrate on how an endogenous markup modifies the short-run
adjustment of key variables, in particular the real wage and the real exchange rate, and
influences the sectoral composition of GDP.

Before we proceed any further, we recall the conclusions of empirical studies. Perotti
[2007] finds that the real wage responds positively to a fiscal shock. Estimates by Monacelli

and Perotti [2010] show that the real exchange rate depreciates in the U.S., Australia,
the U.K. and Canada, while Enders et al. [2011] confirm this finding for the U.S. As
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shown in section 5, a two-sector model can produce the positive impact on output and
the simultaneous drop in investment and the current account after a fiscal shock as long
as the traded sector is more capital intensive than the non-traded sector. However, it
fails to produce the real exchange rate depreciation or the rise in the real wage. Since
markup variations affect the relative price P and the wage rate W, we decide to investigate
whether the predictive power of the two-sector model would improve if the markups were

endogenous.

6.1 Short-Run Effects

We analyze the short-term effects of fiscal shocks when the markup is endogenous, focusing
on the shift in the real exchange rate and the adjustment of the real wage. The latter has
been estimated as the ratio of the wage rate to the consumption price index. Numerical
results for impact and cumulative effects are summarized in panels B and C of Table 2.3
The baseline calibration is identical to that described in section 5.1. Figure 1 depicts the

transitional paths when the markup is endogenous.
Case kT > kN

We first consider the situation when the traded sector is more capital intensive. As
the number of firms, and thereby the markup, adjusts over time, the dynamics for the real
exchange rate are restored and driven by the no-arbitrage equation according to which the

return on domestic capital must be equalized with the return on traded bonds:

hk {kN [PHU'(N)]} P ok
,UJ(N) +F*(5K—T. (40)

The markup p depends on the number of firms N which drives profits down towards zero

in the non-traded sector at each instant of time.

As shown in the second line of panel B of Table 2, P drops on impact across all scenarios,
as long as k7 > k™. Intuitively, because a temporary fiscal shock has an expansionary effect
on non-traded output, profit opportunities trigger firm entry which reduces the markup.
As firms perceive a more elastic demand, they produce more. Hence, an excess supply now
arises in the non-traded good market so that the real exchange rate depreciates on impact.

While the initial decline in P is fairly small, the first line of panel C of Table 2 reveals
that the real exchange rate depreciation becomes substantial at an horizon of two years.
The reason is as follows. The real exchange rate depreciation shifts resources towards the
traded sector. Since the non-traded sector is more labor intensive, the sectoral capital-
labor ratios fall which in turn raises the return on capital (since k% is lower). According to
(40), for the no-arbitrage condition to hold, the real exchange must decline over time, i.e.,

P /P < 0. However, at some date, the decline in the markup is large enough to offset the

3976 aid comprehension, panel B of Table 2 also shows the initial reaction of the wage rate W.
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impact of the relative price on the return of capital. As shown in the sixth line of Figure

1, when k7 > kN after eight quarters, the real exchange appreciates.

The reaction of the wage rate is the result of two opposite effects. The real exchange
rate depreciation exerts a negative impact on W by reducing sectoral capital-labor ratios.
By contrast, the decline in the markup increases W. As shown in the third line of panel B
of Table 2, the wage rate decreases on impact as the relative price channel predominates.
The second line of panel C shows that the two-year horizon cumulative response of the
real wage is negative for the baseline scenario. Yet, as displayed in Figure 1, the dynamic
path for the real wage shows that it increases along the transitional path and exceeds its
initial level after about 6 quarters. Only if the fiscal shock is short-lived or long-lived
(i.e., GV is raised over 8 or 32 quarters), does the cumulative response of the real wage
becomes positive. After a long-lived fiscal shock, both non-traded output expansion and,
as a consequence, firm entry are larger. Hence, the decline in the markup is large enough
to produce a positive cumulative response of the real wage. Following a short-lived fiscal
shock, the real exchange rate appreciates rapidly after its short-term depreciation, and it

has a positive impact on the wage rate.

Let now investigate how the markup variations modify the responses of key economic
variables, relative to those obtained with a fixed markup. First, as a result of the initial
drop in the wage rate, labor supply increases more moderately. Second, the real exchange
rate depreciation induces a shift of resources towards the traded sector. As shown in the
tenth line of panel B of Table 2, traded output now expands (instead of declining) in all
scenarios, except that of a long-lived fiscal shock. Third, as shown in the two last lines of
panel B of Table 2, while non-traded output increases very slightly on impact in the baseline
scenario, YV decreases substantially if the fiscal shock is short-lived (i.e., T = 8) or the
labor supply is weakly responsive (i.e., o, = 0.1), because the wealth effect is smaller or the
labor supply reacts less to the wealth effect. As a consequence, investment is crowded out
by a larger amount (almost 1% of initial GDP rather than 0.66% when the markup is fixed).
Hence, the open economy experiences a small current account surplus on impact; yet, panel
C of Table 2 reveals that the external asset position worsens very rapidly and dramatically
in the short-run. Fourth, as labor supply increases less, the cumulative response of GDP

summarized in panel C remains smaller than if the markup was fixed.

To summarize, the two-sector model can produce a real exchange rate depreciation but
fails to trigger a positive cumulative response of the real wage for the baseline duration of
the fiscal shock, i.e. for 7 = 16. The cumulative response after two years of the real wage
becomes positive only when the fiscal expansion is short-lived or long-lived.

Case kN > kT

While the two-sector model does a fairly good job of accommodating most of the evi-
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dence reported by empirical studies if the traded sector is more capital intensive than the
non-traded sector, the predictive power of the two-sector model is weak if sectoral capital

intensities are reversed.

As discussed above, a fiscal shock lowers the markup. As demand becomes more elastic,
non-traded output increases further which exerts a negative impact on P. However, as
shown in the second line of panel B of Table 2, the real exchange rate appreciates instead
of depreciating. Hence, the competition channel is not large enough to lower P on impact.
Both the real exchange appreciation and the fall in the markup produce a fall in sectoral-
capital labor ratios which in turn raises the return on domestic capital. Hence, according
to the no-arbitrage condition (40), the real exchange rate must depreciate over time. Since
P remains above its initial value, the real exchange rate appreciates substantially after two
years, as shown in the first line of panel C of Table 2, which enters in sharp contradiction

with empirical evidence.

How does the real wage react to a temporary fiscal expansion? The decline in sectoral
capital-labor ratios drives down the wage rate. While W falls by 0.28% in the baseline
scenario as shown in the third line of panel B of Table 2, the real wage declines further
(i.e., by 0.32%) because the cost of consumption goods increases. The last line of Figure 1

reveals that the real wage fails to exceed its original value along the transitional path.

The GDP response to a fiscal shock when k% > k7 is negative in most of scenarios, due
the substantial decline in the real wage which exerts a negative impact on labor supply.
More precisely, L increases only if oy, is low or the fiscal shock is long-lived. Furthermore,
the competition channel amplifies the increase in investment. The reason is that a more
elastic demand produces a larger increase in non-traded output than if the markup was fixed
so that investment is crowded in further. Consequently, the open economy experiences a
larger current account deficit. Whereas non-traded output expands substantially, traded
output falls dramatically across all scenarios as a result of the appreciation in the real

exchange rate and the markup’s decline.

< Please insert Table 2 about here >

6.2 Sectoral Effects

We now turn to the sectoral impact of fiscal policy. This will allow us to investigate whether
the competition channel amplifies or reduces the heterogeneity in sectoral output responses.

When k7 > k¥, the competition channel modifies the distribution of the increase in
GDP across sectors substantially, as summarized in the tenth and eleventh line of panel B

of Table 2. With a fixed markup, traded output falls in all scenarios, while the fiscal shock
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boosts non-traded output. But if p is endogenous, the real exchange rate depreciation is
strong enough to boost traded output on impact, as long as the fiscal shock does not last too
long. The reason is that when the fiscal shock is long-lived, the wealth effect is substantial
and thereby counteracts the negative impact on L of the decline in W. As a consequence,

the labor supply increases substantially and shifts towards the non-traded sector.

With regard to the transitional dynamics, as shown in the sixth line of Figure 1, while
the real exchange rate continues to depreciate, the crowding-out of investment together with
the rise in labor supply boost YV but depress Y7. The results displayed in the two last
lines of panel C of Table 2 show that with an endogenous markup, the cumulative responses
of traded and non-traded output are -3.84% and 4.05% of initial GDP respectively, while
the cumulative responses are -4.11% and 4.42%, respectively, with a fixed markup. Hence,
when kT > kV, the decline in u reduces the heterogeneity in the responses of sectoral

outputs.

If ¥V > kT, the patterns of the transitional adjustment of sectoral output remain
approximately the same as those found with a fixed markup. Yet, the competition channel
amplifies the dispersion of sectoral output responses. More precisely, non-traded output

rises by 2.2% of initial GDP (rather than about 1.9% when the markup is fixed).

7 Conclusion

In this paper we have shown that the open economy version of the two-sector neoclassical
model with traded and non-traded goods can account for the empirical evidence on the
effects of fiscal shocks, but only if the traded sector is more capital intensive than the non-
traded sector. In particular, a robust conclusion emerging from empirical papers is that
government spending tends to crowd out both investment and the current account. Con-
sidering both traded and non-traded goods enables the model to account for this finding,
whereas the standard one-sector small open-economy framework cannot. In addition, by
enabling the markup to depend negatively on the number of competitors, the model can
generate a counter-cyclical markup which is pivotal to producing the real exchange rate de-
preciation which has recently been documented in the empirical literature. The subsequent
decline in the consumption price index and the positive impact of the lower markup on the
wage rate produces an increase in the real wage, although only if the fiscal shock is short-
or long-lived, not if it holds for a medium term.

In addition to the ability of the two-sector economy model to provide a better under-
standing of the fiscal transmission mechanism in an open economy, it delivers interesting
insights into the sectoral effects of fiscal shocks. The numerical analysis reveals that the
relative size of the non-traded sector increases substantially in the short-run, in line with

the evidence reported by Bénétrix and Lane [2010]. Our numerical results also show that in
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the long-run, the relative size of the traded sector increases to service the debt accumulated
in the short-run. Hence, GDP growth is mostly driven by the rise in traded output in the
long-run.

Moreover, our model sheds light on the role of firm entry in driving the effects of fiscal
shocks. Comparing the effects under free-entry with those when the number of firms is
fixed, we find that increased profits moderate the wealth effect in the latter case. As a
consequence, labor rises less which mitigates the expansionary effect on GDP. In the same
time, as savings decline by a smaller amount, both the crowding out of investment and the
current account deficit are smaller when the traded sector is more capital intensive.

The duration of the fiscal shock plays also a pivotal role in driving the responses of both
aggregate and sectoral variables. In all the scenarios, both labor supply and GDP increase
more when the fiscal expansion is implemented over a long rather than a short period. The
multiplier can exceed one only in this case, while the dispersion of responses of sectoral
outputs is amplified.

In conclusion, we must stress a number of caveats. If the non-traded sector is assumed to
be the more capital intensive sector, the model fails to match the evidence along a number of
dimensions. Notably, in this case, the two-sector model cannot account for the crowding-out
of investment which is one of the most consistent responses to a fiscal shock documented in
the empirical literature. Additionally, if the traded sector is more capital intensive than the
non-traded sector, the model fails to produce a positive cumulative response of the real wage
in the baseline scenario. Finally, due to our assumption of perfect mobility across sectors,
traded and non-traded output vary in opposite direction while evidence by Bénétrix and
Lane [2010] mostly predict that sectoral outputs co-vary. Further analysis of these issues

has to be left for future research.
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Figure 1: Effect of government spending shocks. Notes: variables are measured in percent-

age points of output, with the exception of employment, the real exchange rate and real

wage which are scaled by their initial steady-state values.
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Table 1: Quantitative Effects of a Temporary Fiscal Expansion (in %): The Case of a Fixed Markup

Variables ET > kN BV > kT
Bench 7 = 16 ‘ 7T =28 7T =32 No-Entry Bench 7 = 16 ‘ 7T=28 7T =32 No-Entry
(O'L = 0.5) (O'L = 0.1) (O'L = 1) (O’L = 0.5) (O’L = 0.5) (O’L = 0.5) (O'L =0.5) (O'L =0.1) (O'L = 1) (O’L = 0.5) (O’L = 0.5) (O’L = 0.5)
A .Long-Term
Consumption, dC -0.07 -0.12 -0.05 -0.04 -0.13 -0.05 -0.07 -0.12 -0.05 -0.04 -0.13 -0.05
Labor, dL 0.12 0.04 0.16 0.06 0.22 0.09 0.13 0.04 0.17 0.07 0.23 0.10
Capital, dK 0.15 0.07 0.19 0.08 0.29 0.12 0.09 0.01 0.13 0.05 0.16 0.07
GDP, dY 0.13 0.05 0.17 0.07 0.24 0.10 0.11 0.03 0.16 0.06 0.21 0.09
Traded output, dYT 0.13 0.09 0.15 0.07 0.24 0.10 0.13 0.09 0.15 0.07 0.24 0.10
Non traded output, dY'N 0.00 -0.04 0.02 0.00 0.00 0.00 -0.02 -0.06 0.00 -0.01 -0.03 -0.01
Present value of profit, dII 0.00 0.00 0.00 0.00 0.00 4.28 0.00 0.00 0.00 0.00 0.00 3.96
B.Impact
Consumption, dC'(0) -0.07 -0.12 -0.05 -0.04 -0.13 -0.05 -0.08 -0.13 -0.06 -0.05 -0.15 -0.06
RER, dP(0) 0.00 0.00 0.00 0.00 0.00 0.00 0.08 0.08 0.08 0.06 0.10 0.06
Wage, dW(0) 0.00 0.00 0.00 0.00 0.00 0.00 -0.25 -0.23 -0.25 -0.18 -0.30 -0.17
Real wage, dW(0)/Pc(0) 0.00 0.00 0.00 0.00 0.00 0.00 -0.29 -0.27 -0.29 -0.22 -0.36 -0.20
Labor, dL(0) 0.12 0.04 0.16 0.06 0.22 0.09 0.00 0.02 -0.07 -0.02 0.08 0.01
Savings, dS(0) -0.85 -0.85 -0.85 -0.92 -0.73 -0.81 -1.10 -1.02 -1.17 -1.11 -1.03 -0.61
Investment, dI(0) -0.66 -0.84 -0.57 -0.82 -0.36 -0.65 0.80 0.64 0.89 0.36 1.05 0.66
Current Account, dC' A(0) -0.20 -0.01 -0.28 -0.10 -0.37 -0.15 -1.90 -1.66 -2.06 -1.47 -2.08 -1.27
GDP, dY (0) 0.08 0.03 0.10 0.04 0.15 0.06 0.00 0.01 -0.05 -0.02 0.05 0.01
Traded output, dYT(0) -0.24 -0.08 -0.31 -0.12 -0.44 -0.18 -1.92 -1.71 -2.07 -1.48 -2.13 -1.28
Non traded output, dY N(0) 0.32 0.11 0.41 0.16 0.59 0.24 1.92 1.72 2.02 1.46 2.18 1.29
C.Cumulative Response
RER, dP 0.00 0.00 0.00 0.00 0.00 0.00 0.42 0.38 0.41 0.31 0.51 0.28
Real wage, dW/Pc 0.00 0.00 0.00 0.00 0.00 0.00 -1.47 -1.35 -1.44 -1.08 -1.79 -1.00
Investment, dl -3.16 -4.04 -2.75 -3.95 -1.74 -2.76 3.22 2.43 3.70 -0.94 5.23 2.86
Current account, dC' A -3.91 -3.02 -4.32 -3.70 -4.28 -3.31 -11.53 -10.36 -12.34 -7.62 -12.76 -8.03
GDP, dY 0.32 -0.18 0.55 -0.07 1.00 0.20 0.69 0.50 0.58 0.13 1.33 0.59
Traded output, dY'T -4.11 -3.50 -4.39 -3.75 -4.73 -3.44 -11.31 -10.39 -12.00 -7.42 -12.72 -7.88
Non traded output, dY N 4.42 3.32 4.94 3.69 5.73 3.63 12.00 10.89 12.58 7.55 14.06 8.48

Notes: We consider a temporary rise in G which raises total government spending by one percentage point of GDP. Impact and steady-state deviations are scaled by initial GDP, exception
with the real exchange rate, wage rate, labor, and capital which are scaled by their initial steady-state values. II represents the present discounted value of profits in the non traded sector

scaled by initial non traded output (measured in terms of the traded good). A short-lived, medium-lived and long-lived shock lasts 8, 16, 32 quarters respectively.



Table 2: Quantitative Effects of a Temporary Fiscal Expansion (in %): The Case of an Endogenous Markup

¥e

Variables ET > kN EN > kT
Bench 7 = 16 ‘ Short 7 =8 Long 7 = 32 Bench 7 = 16 ‘ Short 7 =8 Long 7 = 32
(O'L = 0.5) (O'L = 0.1) (O’L = 1) (UL = 0.5) (O’L = 0.5) (O'L = 0.5) (O'L = 0.1) (O'L = 1) (O’L = 045) (O’L = 045)
A .Long-Term
Consumption, daC -0.07 -0.12 -0.04 -0.04 -0.13 -0.07 -0.12 -0.05 -0.04 -0.13
Labor, dL 0.12 0.04 0.15 0.06 0.22 0.13 0.04 0.17 0.07 0.23
Capital, dK 0.15 0.07 0.19 0.08 0.28 0.09 0.01 0.13 0.04 0.16
GDP, dY 0.13 0.05 0.16 0.07 0.24 0.11 0.03 0.15 0.06 0.20
Traded output, dYT 0.13 0.09 0.14 0.07 0.23 0.13 0.09 0.15 0.07 0.24
Non traded output, dY' N 0.00 -0.04 0.02 0.00 0.00 -0.02 -0.06 0.00 -0.01 -0.03
B.Impact
Consumption, dC(0) -0.07 -0.12 -0.04 -0.03 -0.12 -0.08 -0.13 -0.06 -0.04 -0.14
RER, dP(0) -0.01 -0.01 -0.01 -0.01 -0.01 0.07 0.07 0.07 0.05 0.09
Wage, dW(0) -0.04 -0.05 -0.05 -0.05 -0.02 -0.28 -0.25 -0.28 -0.22 -0.33
Real wage, dW (0)/Pc(0) -0.04 -0.04 -0.05 -0.05 -0.01 -0.32 -0.29 -0.32 -0.24 -0.38
Labor, dL(0) 0.09 0.04 0.09 0.03 0.21 -0.02 0.02 -0.11 -0.04 0.06
Savings, dS(0) -0.90 -0.89 -0.93 -0.98 -0.74 -1.13 -1.04 -1.21 -1.14 -1.06
Investment, dI(0) -0.99 -1.14 -1.07 -1.22 -0.49 1.06 0.82 1.23 0.63 1.31
Current Account, dC'A(0) 0.09 0.25 0.14 0.24 -0.25 -2.19 -1.86 -2.44 -1.76 -2.36
GDP, dY (0) 0.06 0.03 0.06 0.02 0.14 -0.01 0.01 -0.07 -0.03 0.04
Traded output, dYT'(0) 0.05 0.18 0.11 0.22 -0.33 -2.21 -1.91 -2.46 -1.78 -2.41
Non traded output, dY N(0) 0.01 -0.16 -0.05 -0.20 0.46 2.20 1.93 2.38 1.75 2.45
Number of firms, dN(0) 0.02 -0.24 -0.07 -0.30 0.71 3.13 2.75 3.39 2.48 3.49
C.Cumulative Response
RER, dP -0.11 -0.09 -0.13 -0.09 -0.13 0.29 0.28 0.26 0.22 0.35
Real wage, dW/Pc -0.04 -0.08 -0.05 0.04 0.05 -1.44 -1.32 -1.40 -1.06 -1.73
Investment, dI -3.55 -4.48 -3.27 -3.78 -1.81 4.28 3.22 5.01 -0.05 6.06
Current account, dC' A -3.61 -2.67 -3.94 -3.87 -4.23 -12.60 -11.15 -13.69 -8.52 -13.60
GDP, dY 0.23 -0.23 0.39 -0.09 0.97 0.78 0.58 0.68 0.22 1.41
Traded output, dY'T -3.84 -3.17 -4.05 -3.95 -4.70 -12.36 -11.16 -13.31 -8.28 -13.54
Non traded output, dY N 4.05 2.92 4.43 3.84 5.65 13.15 11.75 14.00 8.52 14.96

Notes: We consider a temporary rise in GV which raises total government spending by one percentage point of GDP. Impact and steady-state deviations are scaled by
initial GDP, exception with the real exchange rate, wage rate, labor, and capital which are scaled by their initial steady-state values. A short-lived, medium-lived and
long-lived shock lasts 8, 16, 32 quarters respectively.




A Data

In this Appendix, we describe how we split output, labor and GDP components into a traded sector
and a non-traded sector. Table 3 shows the non-tradable content of GDP, employment, consumption,
gross fixed capital formation and government spending. Table 3 also shows the share of government
spending on the traded and non-traded good in the sectoral output, the shares of capital income in
output in both sectors, and the markup charged by the non-traded sector for 13 OECD countries.
The choice of these countries has been dictated by data availability. For the countries of our sample,
the period runs from 1970 to 2004.40

For output and employment, we used the methodology proposed by De Gregorio et al. [1994],
who treat Agriculture, Hunting, Forestry and Fishing, Mining and Quarrying, Total Manufacturing,
Transport and Storage and Communication as traded goods. Electricity, Gas and Water Supply,
Construction, Wholesale and Retail Trade, Hotels and Restaurants, Finance, Insurance, Real Estate
and Business Services, Community Social and Personal Services are classified as non-traded sectors
(Source: EU KLEMS [2007]). The non-tradable shares of output and labor, shown in the first and
second column of Table 3, average to 65% and 63%, respectively.

To split consumption expenditure into consumption in traded and non-traded goods, we made
use of the Classification of Individual Consumption by Purpose (COICOP) published by the United
Nations (Source: United Nations [2007]). Among the twelve items, the following ones are treated as
consumption in traded goods: Food and Non-Alcoholic Beverages, Alcoholic Beverages, Tobacco and
Narcotics, Clothing and Footwear, Furnishings, Household Equipment, Transport, Miscellaneous
Goods and Services. The remaining items are treated as consumption in non-traded goods: Housing,
Water, Electricity, Gas and Fuels, Health, Communication, Recreation and Culture, Education,
Restaurants and Hotels. The non-tradable share of consumption shown in the third column of
Table 3 averages to 45%, in line with the share reported by Stockman and Tesar [1995].

With regard to investment, we follow the methodology proposed by Burstein et al. [2004]
who treat Housing and Other Construction as non-tradable investment and Products of agriculture,
forestry, fisheries and aquaculture, Metal products and machinery, Transport Equipment as tradable
investment expenditure (Source: OECD Input-Output database [2008a]). Non tradable share of
investment shown in the fourth column of Table 3 averages to 60%, in line with estimates provided
by Burstein et al. [2004].

Sectoral government expenditure data were obtained from the Government Finance Statistics
Yearbook (Source: IMF [2007]) and the OECD General Government Accounts database (Source:
OECD [2008b]). Adopting Morshed and Turnovsky’s [2004] methodology, the following four sectors
were treated as traded: Fuel and Energy; Agriculture, Forestry, Fishing, and Hunting; Mining, Man-
ufacturing, and Construction; Transport and Communications. The sectors treated as non-traded
are: Government Public Services; Defense; Public Order and Safety; Education; Health; Social
Security and Welfare; Housing and Community Amenities; Recreation Cultural and Community
Affairs. The non tradable component of government spending shown in the fifth column of Table 3
averages to 90%. The proportion of government spending on the traded and non-traded good are
shown in the sixth and seventh column of Table 3. They average to 7% and 32%, respectively.

Markups in the non-traded sector were estimated at the industry level in each country and
aggregated as follows to construct the markup: pu = Z?Zl wj p; where w; is the nominal value-
added weight of industry j in the non-traded sector. Following Roeger [1995], to estimate p, we
explore the following relationship empirically:*!

Yjt = B xjt + €, (41)

where the dependent variable y;, is the Solow residual - percentage change in output less the
percentage change in inputs (each input is weighted by the corresponding income share in output)
- and z;, is the output growth minus capital growth. Estimate of p; is equal to 1/(1 — BJ)
Variables required to apply the Roeger’s method are the following: gross output (at basic current
prices), compensation of employees, intermediate inputs at current purchasers prices, and capital
services (volume) indices. All these variables are compiled from the EU KLEMS database (Source:
EU KLEMS [2007]), with the exception of the user cost of capital r; calculated as (= rj;) =
pr (i —mapp + 0k ), with py the deflator for business non residential investment, ¢ the long-term
nominal interest rate, rgpp the GDP deflator based inflation rate; the rate of depreciation dx is
set to 5%; pr, i and mgpp were taken from the OECD Annual National Accounts database (Source
OECD [2008c¢]). According to the estimates given in the last column of Table 3, the markup charged
by the non-traded sector averages to 1.39.

40The exception is consumption expenditure. Data start in 1976 for Austria, in 1995 for Belgium, in 1975
for Finland, in 1991 for Germany, in 1987 for Netherlands, in 1995 for Spain and in 1993 for Sweden. Data
end in 2004 for all countries except Japan (1999) and the U.S. (2000).

41To tackle the potential endogeneity of the regressor and the heteroskedasticity and autocorrelation of
the error term when estimating (41), we use the correction of Newey and West [1993].
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Table 3: Data to Calibrate the Two-Sector Model (1970-2004)

9¢

Countries Non tradable Share G’ /Y Capital Share | Markup
Output Labor Consumption Investment Gov. spending | GY /Y'Y GT/Y” 07 or m
AUT 0.65 0.60 0.44 0.59 0.90 0.28 0.07 0.28 0.32 1.42
BEL 0.67 0.65 0.44 n.d. 0.85 0.30 0.09 0.33 0.35 1.34
DEU 0.64 0.61 0.44 0.54 0.91 0.30 0.06 0.22 0.33 1.45
DNK 0.70 0.67 0.43 0.58 0.93 0.40 0.07 0.32 0.32 1.40
FIN 0.58 0.57 0.44 0.63 0.84 0.34 0.09 0.27 0.30 1.32
FRA 0.69 0.64 0.40 0.61 0.93 0.33 0.06 0.22 0.35 1.35
GBR 0.62 0.66 0.52 0.52 0.93 0.33 0.05 0.30 0.28 1.37
ITA 0.63 0.56 0.36 0.59 0.91 0.29 0.06 0.42 0.39 1.60
JPN 0.64 0.61 0.39 0.63 n.a. n.a. n.a. 0.37 0.29 1.51
NLD 0.67 0.69 0.45 0.64 0.91 0.34 0.08 0.41 0.33 1.32
SPA 0.61 0.59 0.50 0.63 0.90 0.25 0.05 0.35 0.26 1.33
SWE 0.65 0.67 0.51 0.47 0.90 0.43 0.09 0.30 0.30 1.31
USA 0.68 0.72 0.49 0.59 0.90 0.22 0.06 0.36 0.32 1.43

Notes: GY/Y7 is the share of government spending on good j in output of sector j; 67 is the share of capital income in output
of sector j =T, N; u is the markup charged by the non-traded sector.
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A Short-Run Static Solutions

In this section, we compute short-run static solutions. It is worthwhile noting that in
this paper, we assume that the non-traded sector is imperfectly competitive and charges a
markup denoted by p. We also allow for the markup to be endogenous in section 6 in the
text. In order to isolate the influence of markup variations on variables, i.e. the competition
channel, we express variables in terms of the markup; hence, we treat p as an exogenous
variable in computing short-run static solutions. For example, if a short-run static solution
is given by x = x (5\, P, ,u) with X\ the shadow value of wealth, P the relative price of non
tradables and p the markup, the variable z is only affected by A and P in the case of fixed
markup while z is influenced also by the competition channel when we allow for the markup
to be endogenous. In section K, we set out the model with an imperfectly competitive non-
traded sector, assuming that a limited number of competitors operate within each sector.
When the number of competitors is large, the imperfectly competitive non-traded sector
charges a fixed markup. In section L, we set out the model with an imperfectly competitive
non-traded sector, assuming that the number of firms is fixed so that profits are no longer
driven down to zero.

A.1 Short-Run Static Solutions for Consumption-Side

In this subsection, we compute short-run static solutions for real consumption and labor
supply. Static efficiency conditions (5a) and (5b) can be solved for consumption and labor
which of course must hold at any point of time:

C=C(\P), L=L(\Puy), (42)
with
oC C
Cj\ = a = _0—07 < O, (43&)
oC C
CP = aiP = —OéCO'CF < 0, (43b)
oL L
L;\ = ﬁ = O'Li > 0, (43(3)
oL Wp 1 ETh
= —_——= _ = — EE——< 4
Lr op ~ ol = morlyy gy S0 (43d)
oL W, 1 kT Ph
L, = — =0 L= - 4
O A A A REITR R (5¢)

where o¢ and o7, correspond to the intertemporal elasticity of substitution for consumption
and labor, respectively.

Denoting by ¢ the intratemporal elasticity of substitution between the tradable and the
non tradable good and inserting short-run solution for consumption (42) into intra-temporal
allocations between non tradable and tradable goods, we solve for CT and CV:

cr=ct(\p), cV=c¥(\P), (44)
with
CT
C; = *O’CT < 0, (45&)
CT
Ch = ac (¢ —oc) SO, (45b)
CN
C%\V = —O'CT < 0, (45(3)
CN
cy = ~ 5 1=ac)é+acoc] <0, (45d)

rep
P C

where we used the fact that — =¢ (1 —ac)>0and P.C=CV.



A.2 Short-Run Static Solutions for Production-Side

Capital-Labor Ratios
From static optimality conditions (8a) and (8b), we may express sector capital-labor
ratios as functions of the real exchange rate:

Kl=k"(Pp), KN =k (P, (46)
with
okT h
kh = = 47
P 9P pufe (KN — KT) (472)
kT Ph
kD = ok _ 5 : (47b)
O ()" frr (BN — ET)
kN nf
N _ _
PSP T Pl (kY K1) (#7¢)
okN f
kN = = - : 47d
HT op T Pl (WY ) (#7d)
Wage
Equality [f (kT) — kT fy (k‘T)] = W can be solved for the wage rate:
W =W(P,p), (48)
with
ow T T T h
= _— = — — - @<
Wp opr k fkk/fp k u(k}N — /{:T) = 0, (49&)
ow Ph
W, = —— =kl fiskl =T ———— >0 49b
0 i Trrk,, 2N — kT 2 (49b)
Labor

Substituting short-run static solutions for labor (42) and capital-labor ratios (46) into
the resource constraints for capital and labor (9), we can solve for traded and non-traded
labor as follows:

LT =L" (K, P\ pu), LN=L"(K,P\yu), (50)
with
oLt 1
T _ _
oL” 1 LTh LN f 1
LY = = — o L—kTENR| <0 51b
i OP (kN —kT)? [fkk Py W } ’ (51b)
oLT 1 LTPh  p2LNf 1
J - - — o L—kTENPR| >0, (51
o [u(kN—kT)}Q[ foe | Phg THW ]  (31c)
oLT L kN
T
oLN 1
N - >
oLN 1 LTh 2LV f 1 2
N _ —orL— (K")"h| >0 51f
P oP p (kN — kT)? [fkk P2hy, Ok W( ) }> ’ (51f)
oLN 1 [LTPh p2LN f 1 2 }
LY = = —orL— (KT)" Ph| <0, (51
: o [u(kN — kT L fek Phy, g W( ) (51e)
oLN L kT
N _
(51i)
Output



Inserting short-run static solutions for capital-labor ratios (46) and for labor (51) into
the production functions, we can solve for traded output, Y7 = LT f (k:T) and non-traded
output, YV = LVh (k:N)

v =yT(K,P\pu), YN=YN(K PXpu), (52)
with
T oy" foo
YK — 0K = _k;N — kT s 0, (533)
oy’ 1 PLT(h)* LN (uf)? 1
vI — - — o L—Kk"kNhf| <0, (53b
r OP (kN —kT)* | wfwk PV hy W ! 5P
oyT 1 LT (Ph)?* LN (uf)? 1
yT — - — o, L—KkTENPhf| > (53¢
# op (kN =KD | 1S Phig w T] > ®5
oyT L EN f
T
W e T 20 o
oy N h
N —
Y& = o w20 (95)
oY N 1 PLT (h)* LN (uf)> P 1 2
vy = S — ~orL— (K"h)"| > 0(53f
P opP PN — kT | wfek Phy,  p " W( ) 30
oY N 1 PLT (h)* LN (uf)> P 1 2
YN = = — ~orL— (K"h)"| <0, (53
: O (kN —kTV | i Py, " w () o3
oy L kTh
N —
WS o T w0 (53h)

From (53b) and (53f), an appreciation in the real exchange rate attracts resources from the
traded to the non-traded sector which in turn raises the output of the latter. From (53a)
and (53e), a rise in the capital stock raises the output of the sector which is relatively more
capital intensive. From (53d) and (53h), an increase in the marginal utility of wealth raises
labor supply and thereby increases output in the sector which is more labor intensive.

For clarity purpose, in the text, we write out short-run static solutions by expressing
output in terms of labor supply, i.e. Y7 = YT (K,L,P) and YV = YV (K,L, P). The
partial derivatives of sectoral output w. r. t. to labor are:

T N N T
yT = oY kN f >0, YLN:aY _ k' h <0,
OL kN — kT oL EN — kT
Useful Properties
Making use of (53b) and (53f), (53a) and (53e), we deduce the following useful properties:

(54)

Yy kTh
yi+p2 - 5L <
P+ . or, RN T S 0, (55a)
P wf — Ph P
T, pYi -
YL +P7 = y (55(3)
YN Ph
T |4 _ T
YN (k:N nf — kT Ph) L
Y+ P2 = =o,=W >0 55
5+ B LY (BN k) oLy > 0, (55e)

where we used the fact that uf = P [h — hyg (kN — kT)] and kNuf—kTPh =P (h — thN) (kN — k:T) =
uWw (k:N — k:T).

In addition, using the fact that r = f; [kT (P, u)], the rental rate of capital denoted
by 7 can be expressed as a function of the real exchange rate P and the mark-up pu:

P =K (P, ), (56)



with partial derivatives given by:

ork h

K = e >
ork Ph

H = = — <

B Equilibrium Dynamics and Formal Solutions

Inserting short-run static solutions (42), (44) and (52) into (5d) and (30), we obtain:

K = ;YN (K,P,\) —CN (\,P) — 6k K — GV, (58a)
> = plrryg o P
P = P{r + 0k p } (58b)

Linearizing these two equations around the steady-state, and denoting # = K, P the long-
term values of x = K, P, we obtain in a matrix form:

. oN\T - N\T
(K, P) =J (K(t) — K, P(t) - P) , (59)
where J is given by
_ [ buin b2
J= < e ) (60)
with
Y h Y
by = S —bk=———<-0k20, bp=---Cp>0, (6la)
1 u (kN _ kT) I
- kN f YL
byr = 0, bog= PP — Nf ——— 1} (61D)
p P(V-k") P

Equilibrium Dynamics
By denoting v the eigenvalue of matrix J, the characteristic equation for the matrix of
the linearized system (59) can be written as follows:

1 P - vE vy
2 T N K K
vi— =Y +=Yy — 6P |v+—=|— -0k | =0. 62
5 ( K+ YK 0K ) 5 ( | K) (62)
The determinant denoted by Det of the linearized 2 x 2 matrix (60) is unambiguously
negative:42
YE (YY
Det J = b11b99 = 5 <K — 5}() < 0, (63)
P H
and the trace denoted by It is given by
1 p h
TrJ:bn—l—bgg:P(Yfg—l—NY[]{V>——5K:k—éK:r*>0, (64)
K H

where we used the fact that at the long-run equilibrium }L—’“ =r*+ k.
From (62), the characteristic root reads as:

1 s YL (Y;(V ) ,
vi= =t kg (r)t -4 | 2§ =0, i=1,2. 65
) \/< et (CE g ) b2 (65)

42Starting with the equality of labor marginal products across sectors, using the fact that f = ghk and

hi/p = 1"+ 0K, it is straightforward to prove that bi1 is positive in the case EN > kT
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Using (64), then (65) can be rewritten as follows:

1 YL Y
=i | K )]}>o, i =1,2. 66
) 2{T [P <u AT A (66)

We denote by v; < 0 and 5 > 0 the stable and unstable real eigenvalues, satisfying
v <0< <. (67)

Since the system features one state variable, K, and one jump variable, P, the equilibrium
yields a unique one-dimensional stable saddle-path.

Formal Solutions

General solutions paths are given by :

K(t)— K = B 4 Bye"?, (68a)
P(t) — P = w}iBje" 4 wiBye?, (68b)

where we normalized w! to unity. The eigenvector w} associated with eigenvalue y; is given
by

. i — b
wh =21 (69)
b12
with
\ h
b11 = 7K—(5 = = = —(SK 20, (70&)
)
v
b12 - 7 - CP > 0, (70b)

where C¥ is given by (45d).

Case kN > kT

This assumption reflects the fact that the capital-labor ratio of the non-traded good
sector exceeds the capital-labor of the traded sector. From (67), the stable and unstable
eigenvalues can be rewritten as follows:

wo— —— 1y (71a)

P (;;N - z;T)
P
vy = m — 8 >0, (71b)

since we suppose that &V > k7.
We can deduce the signs of several useful expressions:

YY = p(n+dk) >0, (72a)
Y Py <0, (72b)
PhykN
’;f P —v1 >0, (72¢)
1 -~
v —XO'LL]CT,U, (o +dK) <0, (72d)
1 -~~~
Vi fiaLLPk:N v > 0. (72e)

We write out eigenvector w’ associated with eigenvalue v; (with ¢ = 1,2), to determine

their signs:

(73)



Case kT > kN

This assumption reflects the fact that the capital-labor ratio of the traded good sector
exceeds the capital-labor ratio of the non-traded sector. From (67), the stable and unstable

eigenvalues can be rewritten as follows:

h
vy — —0g <0, (74a)
)
) —% >0, (74b)
P (kN —&7)
since we suppose that k7 > kV.
We can deduce the signs of several useful expressions:
v p (v +8k) <0, (75a)
v Puy > 0, (75b)
Phypky
P —1y <0, (75¢)
1
1 .-
vy —XULLk‘T,u (v1 +8K) >0, (75d)
1 - s
v —XULLPkN vy < 0. (75€)

We write out eigenvector w® associated with eigenvalue v; (with i = 1,2), to determine

their signs:
1 1 (+) 2 VQV
W= , wi= syt () |- (76)
(o) o=

P _ (N
w P

Formal Solution for the Stock of Foreign Assets
We first linearize equation (31) around the steady-state:

Bty = (B(t) - B) + Vi (K(t) - K) + [v§ - CF] (P(t) - P). (77)
where CL is given by (45b).

Inserting general solutions for K (t) and P(t), the solution for the stock of international
assets is given by follows:

2 2
B(t) =r* (B(t) — B) +YEY Biet + [VE — CE] Y Biwhe. (78)
=1 =1

Solving the differential equation leads to the following expression:
B(t)— B = [(BO - B) — 1B, — @sz} et + 1 Bt + By By, (79)

with

N VI [vE - CF)uh

Vi —1r* Vi — 1"

d; = L i=1,2. (80)

Invoking the transversality condition for intertemporal solvency, the terms in brackets

of equation (69) must be null and we must set By = 0. We obtain the linearized version of
the nation’s intertemporal budget constraint:

By— B =, (Ko—f(). (81)
The stable solution for net foreign assets finally reduces to:

B(t) - B =, (K(t) - K) . (82)
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Case kY > kT

Ny = Y+ (Yp —C})ws,
1 ~
— Py {1 n ;’—2 [acoN — o LET (s + 5K)} } >0, (83a)
v
Ny = Yi+(Yp —Cp) w3, (83b)
= vF =Py <o, (83c)

where (83c) follows from the fact that w3 = 0. We made use of property (355) together
~ N
with the fact that CF = PeCp — PCY to compute Y - CF = =P (X2 — ¢} ) = PoCp -

O’Lf/zJT (1/2 + (SK) = 0.
The sign of ®; is ambiguous and reflects the impact of capital accumulation on the
foreign asset accumulation along a stable transitional path:

B(t) = &K (t).

where K (t) = v1 B1e"*t. Following empirical evidence suggesting that the current account
and investment are negatively correlated (see e. g. Glick and Rogoff [1995]), we will impose
thereafter:

Assumption 1 ®; < 0 which implies that N1 > 0.

The condition for the assumption to hold, i. e. N > 0, may be rewritten as follows:
wl ~ ~ -
vy > —?2 [O'C'CN—O'LL]{JT (V2+6K)] . (84)

Note that, for all parametrization, we find ®; < 0. Using (80), ®; (i = 1,2) can be written
as follows:

~ 1 ~ ~ ~ ~
$; =—P {1 + 1;”2 [JCON — oLk (g + 5@” <0, ®=-P<0. (85)
V2
Case kT > kN

M o= YE+(VE - CF)ul,
= Y = Pu >0, (86a)

Ny = Yi+ (Yp —C})wi,

~ 2 ~ ~ o~
— Py {1 + ];"2 [aCCN — or LI (1 + 5,9)} } <0, (86b)
4!

where (86b) follows from the fact that wi = 0. We made use of property (355) together with
~ N ~~
Ccl = PCCP—PC’JJS[ to compute Y2 —CL = —P (YTP — Cg) —PcCp—opLEkT (11 + k) 2 0.
Using (80), ®; (¢ = 1,2) can be written as follows:

~ ~ 2 ~ ~ o~
d=-P<0, ®y=-P {1 42 [aCCN — o LET (v + 5@] } < 0. (87)

PI/1

C Derivation of the Current Account Equation

In this section, we derive the current account equation. Substituting the definition of lump-
sum taxes Z by using (10), the market clearing condition for non-traded goods (13) into
(3) we get:

B = r*B+r®K(t)+ WL - P:C - PI - Z,

N
= r*B+(rKK—|—WL)—PCC—P<Y—C’N—GN>.
o
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Using the fact that LT + LV = L, KT + KN = K, , the dynamic equation for the
current account can be rewritten as follows:
. YN
B = B+ [WL' + K] + [WLN + X KN] - P—
1

—ct-g*
= rB+Yl —ct - g7,

where variable cost WLY 4+ KK in the non-traded sector and output net of fixed cost in

R N
that sector, i. e. YT = ZN | cancel each other.*3

D Long-Run Effects of Permanent Fiscal Shocks: The Case
of Elastic Labor Supply

In this section, we derive the steady-state effects of permanent fiscal shocks by maintaining
the assumption of an elastic labor supply. Since we assume free entry, then we set oV =0
into eq. (20).

Inserting first the appropriate short-un static solutions, the steady-state of the economy
is obtained by setting K, P, B = 0 and is defined by the following set of equations:

M =r*+ 0k, (88a)

7
YN<IZ’P’A) _cN <;, [3) —GN — kK =0, (83b)
rB+YT (R, PA) - T (N P) -G =0, (88c)

and the intertemporal solvency condition
(BO . B) ) (KO - f() . (88d)
The steady-state equilibrium composed by these four equations jointly determine P,K,B
and .
We totally differentiate the system (88) evaluated at the steady-state which yields in a

matrix form:

hirkN -
e 8 i 0 0 0 P 0
(YL —C}.Y) Y§ s (B _ev) oo dK | _ dg¥ 29
" . neoooA ax Kled (89)
(YA —-CF) YE Yyl -cl) ;
P P K by by r dB 0
0 —dq 0 1

The determinant denoted by D of the matrix of coefficients is given by:
hirkN [ (YR vy
D= ’T{(lfj —5K) (3 =C5) - (; —C?) [YEH*@J} (90)

We have to consider two cases, depending on wether the non-traded sector is more or
less capital intensive than the traded sector:

_ 7 ~ e T N
D = 2% (ULWL+00P00> >0, if K>k, (91a)
* 1 2
_ e i ~ Wy AN FIT
D = 52 {(oLWL + aCPCC) o (acc o LET (v + 5K)) } > 0(91b)
it kN > kT,

where we used the fact that and f&N—PhkT =W (kN — kT) together with — P [kNVQ + kT (g + (5K)] =
Wit kT > kN or —P [ENvy + kT (v2 + 0k)] = W if KN > kT,

43In the traded sector which is perfectly competitive, we have : YT = F LT + K KT = WLT + +KKT.
Instead, in the non-traded sector which is imperfectly competitive we have: PZYN = P%LN + PH—J‘ KN or

PuzN = PYN = PH, LY + PHr KN = WLYN + KKV,



D.1 A Permanent Rise in GT

Case kN > kT

If kN > k7', the steady-state changes after a permanent rise in G7 are:

dC JCC’ V19

et = b Y
T = Fap (00" ~orliir) 50
% - @1%20.

Case kT > kN

If k7 > k", the steady-state changes after a permanent rise in G7 are:

dC . Ucé’ <0

dG" (ULVT/IN/ + UcP(jé) 7

a A i,

dG" (ULVNVE + Ucpcé) ’

dP

dGT 0,

dK B <JLE]~€T (V1+5K)—JcéN> .
dG™ V1 (JLVNVi + UCPCC'> 7

dB B p(UijfT(l/l—l-(SK)—UcéN) —0
dG™ V1 (JLVNVi + UCPCC'> '

D.2 A Permanent Rise in GV

Case kN > kT

If kN > k7', the steady-state changes after a permanent rise in GV are:

(92a)
(92b)
(92¢)
(92d)

(92e)

(93a)

(93b)

(93c)

(93d)

(93e)

(94a)
(94b)

(94c¢)

(94d)

ddé:fv = e (onBR P~ 000") >0
e = s (ou L P 0cC) {1+ 2 00l o1 IR s 4 50] b <ot

Case kT > kN



If kT > kY, the steady-state changes after a permanent rise in GV are:

> P
d—CN I SE— (952)
dG (O’LWL + O‘Cpcc>

A AP
D A __ >0, (95b)
dG (O‘LWL+ Ucpcc)
dP
oy = 0 (95¢)
A (o1 LPEN v, — 00CT)
N = — =< s0, (95d)
dG 1 (O’LWL + UCPCC>
dB ]5 (O'LEP];NVQ — UCC'T>
TAN = - = 2 0. (958)
dG 121 (ULWL—FO'CpCc)

D.3 Rewriting the Long-Run Effects

In this subsection, we rewrite expressions of steady-state changes (94) following a permanent
fiscal expansion, i.e. after a rise in GV, when kv > k7. To begin with, it is useful to
introduce some notations:

U = o LkT (1y 4 6) —ocCN| =0, (96)

where ¥ > 0 if labor supply is elastic enough.
N > kT
Using notation (96), determinant D given by (91b) can be rewritten as follows:

rrod -
(V2)22 @2} > 0. (97)

Vi

D= B [(ULWE + UCPCC') +

If kv > k7, the steady-state changes after a permanent rise in GV are:

ol
aeN [(ULWE + Ucch) + E::;Z; @2} -0 (98a)
daF (o2 LEY Poy = 00CT)
o _VQ [(ULVNVﬂ + Ucpcé) + (T;:;%z \iﬂ] 0 (98b)

Eq. (98a) corresponds to eq. (26) in the text.

D.4 Impact Effects

This section estimates the impact effects of a permanent fiscal expansion. The stable
adjustment of the economy is described by a saddle-path in (K, P)-space. The capital
stock, the real exchange rate, and the stock of traded bonds evolve according to:

K(t) = K+ Bie"t, (99a)
P(t) = P+wiBet, (99b)
B(t) = B+ ®Bje", (99¢)

where wi =0, & = —Pif kT > kN and with
By =Ky — K = —dK,

where we used the fact that K is initially predetermined, i.e., K(0) = K.

10



We derive below the initial reactions of investment and the current account.

EN > kT

Differentiating (381a) w.r.t. time, evaluating at time ¢ = 0, and substituting (98b), the
initial response of investment is:

dI(0) dK 121 <ULI~/I3/;:TV1 — UCC'T)
dGN = _VldGN = - - — 2 > 0. (100)
perm 12%) [(ULWL + Ucpcc) + ZV:;QQ (\I/) ]

Eq. (100) corresponds to eq. (27) in the text. Using the fact that ®; = —P, the initial
reaction of the current account is:
dC' A(0)
dGN

)
perm

B dK (4 ws =\ dI(0)
= —q)ll/lm = — (P— ]/2\11) dCTY7N

perm

where we used the notation ¥ given by eq. (96) to rewrite ®; given by (85).
kT > kN
Differentiating (381a) w.r.t. time, evaluating at time ¢t = 0, and substituting (95d), the
initial response of investment is:
dI(O) dK (O'LIZPI’%NVQ — UcéT>
dgN

perm - dGN (ULWE + 0'0PCCN'>

>0. (101)

Eq. (101) corresponds to eq. (25) in the text. Using the fact that ®; = —P, the initial
reaction of the current account is:

dCA(0)

. dK - d1(0)
dGN -

Y4agN = AN

<0.

perm perm

E Long-Run Effects of Permanent Fiscal Shocks: The Case
of Inelastic Labor Supply

In this section, we derive the steady-state effects of permanent fiscal shocks by assuming
that labor supply is inelastically supplied.

We have to consider two cases, depending on whether the non-traded sector is more or
less capital intensive than the traded sector :

b
p = _telcCoc e pr N (102a)
PA
P ~ * YN
p = _nfcCoc] T G| >0, i kY > kT (102b)
PX vy P

The term in square brackets on the right-hand side of (102b) is positive if the following

inequality holds
r* CvN L
Vo > —Qo——=0CW,;. 103
s> —act ool (103)
*

r
From (51f), this inequality is satisfied since ac— < 1.
)

E.1 Long-Run Effects of a Rise in G7

Case kN > kT

11



dC 1 —0

T = o ’
1 P {1+ ac i Grocul]
d\ A
e ces >0,

occPCN [1 —I—ac(z)g = crcw%}
dpP
dGT 0,
dL7T
aGT 57 ai a0
dK
aGT T af*éw 7<%
Py [1 + ac )’ ?O'Cw2]
~N

dB ac [1 + u%cp JC‘*’%} 0
Teis —_— > 0.

Case kI > kN

12 [1 + ac 7(;;)2 %aow%]

dc 1

ety <0,

d\ A

dGT U;Y]gé'N>O’
T

jé%r - %g% >0,

aK

o = —gZ>o,
B

é%if = %é? <0

E.2 Long-Run Effects of a Rise in GV

Case kN > kT

12

(104a)

(104D)

(104c)

(104d)

(104e)

(104f)

(105a)
(105D)
(105c¢)
(105d)
(105¢)

(105f)



ac 2 {1 + ﬁ%\lacw%}

= = . <0, (106a)
dGN Po [1+ aoin Grocuwl)]
. N PO
d\ A peiallel
7 = s [ )l P } > 0, (106b)
ocC [1 + ac (;2)2 %acw%}
dp
dGiN = 0, (106(3)
- -
a (1-ac) <0, (106d)
dGN rx CN 1
h [1 + aCi(V2)2 ?Ucw2:|
dK 1-—
= (1=ac) >0, (106¢)
dGN r* CN 1
1%] |:1 + a¢ (V2)2 ?Ucwz}
dB P(l—ac) [14—%2%0000%}
2 [+ ao s Groow))
Case kT > kN
dc P
— = —— 0 107
G 7 < (107a)
dX Qe
= —— >0 107b
dP
— 1
ac 0, (107¢)
dL” (1—-ac)
dK (1-ac)
= 1
N ” <0, (107e)
dB P(1—ac)
_— = E— . 1 f
N ” >0 (107f)

F Derivation of Formal Solutions after Temporary Fiscal
Shocks with Inelastic Labor Supply

In this section, we provide the main steps to derive formal solutions for key variables after
temporary fiscal shocks, by applying the procedure developed by Schubert and Turnovsky
[2002]. For simplicity purpose, we assume that g = 1 and dx = 0 since our objective is to
derive transitional dynamics analytically.

F.1 Steady-State

As in Schubert and Turnovsky [2002], we define a viable steady-state i starting at time 7;
to be one that is consistent with long run solvency, given the stocks of capital, K7, and
foreign bonds, B7,. We rewrite the system of steady-state equations for an arbitrary period

13



i (withi=0,1,2):

hi [l%N (ﬁy)] — (1082)
YN <f(i,15i> N _GN =y, (108b)
7B + YT (fg, g) —CT - GT =0, (108c)

together with the intertemporal solvency condition

(Bi - Bf[i) _ (K - KT> . (108d)

F.2 Steady-State Functions

The new consistent procedure consists in two steps. In a first step, we solve the system
(108a)-(108¢) for P;, K; and B; as functions of the marginal utility of wealth, \;, the
government expenditure on the traded and non-traded goods, i.e. GT and GV. Totally
differentiating equations (108a)-(108c) yields in matrix form:

hkkk?g 0 0 df:’i 70
(Y —-cB) YY o dK; | = PLCxdA; + dGY (109)
(Yg - CIY;) YIZ; r* dB; (1 —ac) PcCsdA; + dG;TF

The equilibrium value of the marginal utility of wealth \; and fiscal policy parameters,
GT, G¥, determine the following steady-state values:

P, = constant, (110a)
K; = K(NGY), (110Db)
B; = B(\,GIa), (110¢c)
with partial derivatives given by:
. - IN _ 1T
K- = 8{{1 _ hkkkgpopé‘r* _ Cciiz‘N (kl _ kl ) <0 (111&)
o G N b
B = 8?1 _ hkkkgpc (—Pé«YIY; + (1 — ac) Pcylév)
AT oM G ’
Pcéi ac * iLz
= T Y | T T
i YR (kY —&T)
P C; -
- - T"PCh [ ofi + (1—ac)Ph} <0, (111b)
and
OK;
KgT = W 0, (112&)
OB, 1
and
- IN _ T
0K; hkkkguccr* (k’L - kj@ )
Kow= 2B _ Lz, 113
GN aGN G 3 < (113a)
0B, hgkNueYE  fi 1
where G = hkkkg uCCYI](V r* which simplifies as follows :
fh
G= / Ucer™ < 0. (114)
p2 (;;N _ /;T>
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The second step consists to determine the equilibrium change of A; by taking the total
differential of the intertemporal solvency condition (108d):

[By — ®1K,]d\; = dBz — ®dK7 — [Bey — ®1Kon]dGY — BordGE,  (115)

from which may solve for the equilibrium value of \; as a function of initial stocks at time
7; and government spending:

A=\ (K7,Bz,,G",GY), (116)
with
A = 88]?; - —%_@m <0, (117a)
Ap = 882; - & _1(1)1[()\] <0, (117b)
Aot = ;ZT = _[B;%;K;] > 0, (117¢)
Aoy = ;C?E'V = —[B[%NX — iﬁ;ﬂ > 0. (117d)

From (117), we obtain the following properties:

A [Bs —®1K5] = 1, (118a)
)\BBGT - —)\GT, (118b)
>\B [BGN - (I)lKGN] = —)\GN. (118(3)

F.3 Formal Solutions for Temporary Fiscal Shocks

We assume that the small open economy is initially in steady-state equilibrium, denoted
by the subscript ¢ = 0:

Ky = Ko=K (M, G)) =K (A (Ko, Bo,G§,GY),GY) (119a)
By = By=B(N\,Gt,GY) =B (\(Ko, By, Gy.GY),GE,GY). (119b)
)\0 == 5\0 = (Ko,Bo,Gg,GéV) . (1196)

We suppose now that government expenditure changes unexpectedly at time ¢ = 0 from
the original level GZ (resp. GY') to level GT (resp. G¥') over the period 0 < t < 7, and
reverts back at time 7 permanently to its initial level, G% = GT = GT (resp. G¥ = Gév =
am).

Period 1 (0<t<T)

Whereas the fiscal expansion is implemented, the economy follows unstable transitional
paths:

K(t) = K+ Bie" + Bye™', (120a)
P(t) = Py +wiBie"t + wiBye™t, (120Db)

B(t) = B+ [(Bo — 31) — & By — ®yBs| "t +
+®1 B1e" 4 &9 Boe?!, (120¢)

with the steady-state values K; and B; given by the following functions (set ¢ = 1 into
(110b)-(110c)):

Ky = K(\GY), (121a)
B = B(\GT,GY), (121b)

where the marginal utility of wealth remains constant over periods 1 and 2 at level \; =
Ao = A after its initial jump at time ¢ = 0.
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Period 2 (t > 7)
Once government spending reverts back to its initial level, the economy follows stable
paths

K(t) = K+ Bjet, (122a)
P(t) = P+ wiBie "lt (122b)
B(t) = By+ ®1Bje ”lt, (122¢)
with the steady-state values Ky and By given by the following functions (set i = 2 into

(110b)-(110¢)):

Ky = K(\NGY), (123a)
B, = B(\G}.GY). (123b)

During the transition period 1, the economy accumulates capital and foreign assets.
Since this period is unstable, it would lead the nation to violate its intertemporal budget
constraint. By contrast, the adjustment process taking place in period 2 is stable and must
satisfy the economy’s intertemporal budget constraint. At the same time, the zero-root
problem requires the equilibrium value of marginal utility of wealth to adjust once-and-
for-all when the shock hits the economy. So A remains constant over the periods 1 and 2.
The aim of the two-step method is to calculate the deviation of A such that the country
satisfies one single and overall intertemporal budget constraint, given the new relevant
initial conditions, K+ and B, prevailing when the shock ends and accumulated over the
unstable period. Therefore, for the country to remain intertemporally solvent, we require:

Br — By = &, (KT - f(z) . (124)
In order to determine the three constants By, Ba, and Bj, and the equilibrium value of
marginal utility of wealth, we impose three conditions:
1. Initial conditions K (0) = Ko, B(0) = By must be met.
2. Economic aggregates K and P remain continuous at time 7.

3. The intertemporal solvency constraint (124) must hold implying that the net foreign
assets remain continuous at time 7 .

Set ¢ = 0 in solution (120a), and evaluating first at time ¢ = 7, equate (120a) and
(122a), (120b) and (122b):

f(l + B; + BQ = K, (125&)
K1 4 Bie"'7 + Bye”?T = Ky + BT, (125b)
P, +wiBie"T 4+ w2Bye?T = Py + w%Bie”lT, (125¢)

where we used the continuity condition.

Evaluating K7 and B7 from respectively (120a) and (120c), substituting into (124),
and using functions of steady-state values K; and B; given by (119) (for i = 0), (121) (for
i =1), and (123) (for ¢ = 2), the intertemporal solvency condition can be rewritten as

B(\GT,GY) + | (B (X,GE,GY) = B(N\GT,GY)) — ®1B1 — ®2Bs | " 7 + &1 By T
+®2B5¢”?T — B(\,GL,GY) = @1 [K (\,GY) + Bie"'” + Bye?? — K (\,GY)]. (126)
Then, we approximate the steady-state changes with the differentials:

Ki — Ko=K(A\GY) - K (X\,GY) = Kyd\ + KgndGY, Ta)
Ky — Ki=K(\GY)-K(\NGY)=—-KenvdGY, ( b)
By — By=B(\GT,GY) — B(X,G},GY) = Byd\ + BgrdG” + BandGN(127c)
By, — Bi=B(\NGL,GY)-B(NGT,GY) = —BgrdGT — BondGY, (127d)
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where d\ = \ — ).
By substituting these expressions in (125) and (126), we obtain finally

By + By = —K3d\ — KgnvdGY, (128a)
Bie"T + Bye”T — BlenT = —KgndGY, (128b)
wiB1e"' T + w2Bye?T — wiBleT =0, (128c¢)

and -
B Y1+ ByYy + B;\d/\ =y, (129)

where we set

Tl = CI>1, (130&)
Ty = Oy + (B — Dy)e 7, (130D)
Q) = |:('Ugj — <I>1ng) e T 'Ugj] d¢/ j=T,N, (130c)

where Kor = 0.
Case kN > kT
We write out some useful expressions

CNoc
Ky = —— <0, 131
by N (131a)
1
Kogv = — >0, (131b)
%)
PCC' oo
By = TR [(1—ac)vs —acr] <0, (131c)
Py,
B = — >0 131d
GN VQT* ? ( )
PoC oc r* CN
(By —®1K5) = X o 1/2—1—04072?00(4)% <0, (131e)
P r* CN 1
(BGN — q)lKGN) = V27“* Vo + VZPO'CWQ] > 0, (131f)
- N
T, = —P 1+~Ucw;e”ff], (131g)
9]
B Tok- PoC oc r* CN 1 T L
A 208\ - _TT*V 120 Oz(j; = O—C(.Uze < 07 (131 )
PcC *ON »
0 K5 + BsKendGY = -2 %€ _Jag v+ ———ocwh| e 7T + (1 —ag) vy pdGN <0,
A (vr) vy P
(131i)
and Bor = 1/r* > 0. We used the fact that IE:TVQ + IE:Nul = —% and the following

expression:

v +i@o wile T L daN (132)
7 |

0 = S (1 - e*r*7> dGT + f) {Vl +

r* r*U9

Case kT > kN
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We write out some useful expressions

N oc
Ky = ——>0, 133
hY N o (133a)
1
Koy = — <0, (133b)
141
PCC~' oc
By = X e [(1—ac)v —acrs] <0, (133c)
ﬁllg
B = — 0 133d
GN DT >0, ( )
PCC’ oc
P
(BGN - q>1KGN) - ’[“7* > 0, (133f)
- CNoc
Y, = —Pl1+—"2w2(1—-eT)]| <o, 133
2 b o2 ( )] (133g)
PoC oc r* CN _
By —ToK5 = X e |0 oowd (1 —e™7T)| = 0(133h)
PcC »
O K5 + ByKendGY = —C_;\C (ZC [(1 —ag) +ace™” T] > 0, (1331)
r i
and Bor = 1/r* > 0. We used the fact that kv + kNvy = —% and the following
expression:
1 x x
O =—— (1 e T) aGT + (1/2 e T) aGN. (134)
r* r*uy

Case kN > kT
The solutions for a rise in the government expenditure on the traded good are given by:

By ac(1—e "7
T 3 ( - GN) 17 0, (135a)
Py [1 + ac ) 7acw2}
B
dG—Z’T = 0, (135b)
By B
S dGT T dGT (135¢)
dA x
e At (1 e T) >0, (135d)
dGT temp
B :
where, from (128a), qor can be written also as follows
By dX
— =-K5—= 136
dGT AGT | ey (136)

The solutions for a rise in the government expenditure on the non-traded good are given
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By [(1 — e_VQT) —ac (1 — e_T*T)]
doy =~ "
1 v |1+ ac i Gocwd)
1— 1— oz + —r*T _ —ueT
_ _(-ag)(1—em) - O‘?N(e ) 0, (137a)
Vo [l +ac s %Ucw%}
By E_VQT
s = _ 0 137b
dGN o (137b)
B B
= 1
v = 2aw <0, (137c)
Bl e st el
dG temp dG perm (PC') |:1/2 + 060%01;\] acw%}
—r*T _ —uvT
= A (1—emT) - 2 (e — ) <0, (137d)
|:V2 + chp Ucw%}
where we used expression (106b) to obtain (137d). From (128a) B and —= can also
_ T dGT dGT
be written as follows:
Bl BQ dj\ B2 - T
dGN +dGN :_Kj\dGiN —KGN a.nd dGN :—Ksze 24 (138)

Case kI > kN

temp

The solutions for a rise in the government expenditure on the traded good are given by:

B x
e Va; (1 e T) <0, (139a)
1
B
ﬁ 0, (139b)
B By
o = 0
dA R
e At (1 e T) > 0. (139d)
dGT temp
The solutions for a rise in the government expenditure on the non-traded good are given
by:
Bl 1 —r*T
B 1, ~7),
el ” [( ac) + ace
1 * *
- [(1 —ac) (1 e T) e 7} > 0, (140a)
1
B
dG—QN = 0, (140D)
Bi Bl -7
aov = aon theve ™
1 X
= — |17 —ac (1-¢"7T)] <0, (140c)
1
dA *
A = Aow (1 — T) > 0. (140d)
dGN temp

G Transitional Dynamics after a Rise in GV

In this section, we investigate in details the dynamics of key variables after a permanent
and temporary rise in GV, considering both cases: k7 > kY and kY > kT. Transitional

19



paths are depicted in Figures 2 and 4 for k7 > kY and &V > kT, respectively. To keep
analytical tractability, we assume that labor supply is fixed, i.e. we set o, = 0. Since these
two parameters do no affect qualitatively the results, we further assume that the non-traded
sector is perfectly competitive, i.e. we set p = 1, and we set the rate of depreciation of
physical capital to zero.

G.1 Long-Run Effects

We derive the ultimate steady-state changes of the economic key variables after a permanent
rise in government spending on the non-traded good by differentiating the functions (110)
wrt GN:

ac dX
perm perm
dK dA ,
N = K;\dG—N + Koy 20 depending on whether kY = kT, (141b)
perm perm
dB dX
FTeLd = Bj‘dGiN + Boy <0 depending on whether kY = kT, (141c)
perm perm

where analytical expressions are given by the set of equations (106) and (107).

We turn now to the long run changes of macroeconomic aggregates after a temporary
fiscal expansion by considering two cases.

Case kN > kT

The equilibrium change of \ is:

dj\ —r*7T _ _—1weT
| = evq(-emT) - v (e — )Ly (142)
temp |:V2 + ,% CF~‘ acw%}

The sign of the change in the equilibrium value of the marginal utility of wealth can be
determined by noticing that eq. (142) tends towards zero if we let 7 tend towards zero and
tends towards Agn if we let 7 tend towards co. In addition, the term in square brackets
is an increasing and monotonic function of parameter 7. Therefore, the change in \ after
a temporary rise in government spending lies in the range [0, \o~]. Consequently, we can
deduce that expression (142) has a positive sign.

Using the functions (110), we deduce the long run changes for the real consumption,
the stock of physical capital, and the stock of traded bonds:

ac d\

— = C5—= <0 143
dGN temp )\dGN temp , ( a>
dK d\

— = K5 <0, (143b)
dGN temp dGN temp

dB d\

— = Bs—v <0, (143c)
dGN temp dGN temp

where C5 < 0, K5 <0, and By < 0. )
~ The change of the period 1 steady-state value K compared to its initial (given) value
K is given by:

dK,y dX
el - K. K
dGN temp )\dGN temp " o
(1—ac)+ac [1 + (T;)g é; Ucw%el’ﬁ] e T
_ Z 144
v [l—i-oz r OV, wl} -0 (144)
2 C (V2)2 2 CcWwWy
where we have substituted expressions of K5 < 0 given by (131a), %‘ temp > 0 given by

(142) and Kg~ > 0 given by (131b).
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 The change of the period 1 steady-state value B; compared to its initial (given) value
By is given by:

dB, dX

= B;\i +BGN, (145)
dGN temp dGN temp

P 1 e )
= —— — { (1 —ac)vy —acry) |1+ LQ—NGCwé (1 —e " T)
rTU2 [1 + ac T*gcfacw%} (r2)” P
(1r2)* P
r* éN L
+ |1+ ac ——0Ccw; Vl} 20,
(2)* P
where we have substituted expressions of Bs < 0 given by (131c), ddT;}V > 0 given by
temp

(142) and Bgn > 0 given by (131d). We cannot sign eq. (145) because it is the result of
two opposite effects. The first term on the RHS of (145) is negative and is an increasing
function of parameter 7 and may be dominated by the second term B~ which is positive.
We can infer that the shorter-lasting the rise in government expenditure, the more likely a
higher steady-state value B; compared to its initial (given) value By.

It is interesting to compare the magnitudes of the long run changes in the stock of
international assets between a permanent and a temporary fiscal expansion:

_ dB
~dGN

dA
dGN

o dA
TGN

perm

dB
dGN

+ Bgy Z By

perm

) (146)

temp temp

dA
where Boy > 0, By < 0 and —+
dGN perm

magnitude of the long run change in the stock of foreign assets is the period of implemen-
tation of the government policy. More specifically, simulations indicate that there exists
a time 7 = 7 for which the two changes are equal. For high durations of the policy, i.
e. T > T, the deterioration of the net foreign asset position features a greater magnitude
after a temporary fiscal expansion compared to a permanent policy. This result is reversed
when the public policy is implemented over a short period, say 7 < T.

From steady-state changes following permanent and temporary rise in government ex-
penditure on the non-traded good, we can deduce the following inequalities regardless of
the length of the shock:

= Ag~v > 0. The key factor that determines the

Kiemp < Ko < Kperm < K1, (147a)
Biemp < Bperm < Bo, if T >T, (147D)
Byerm < Biemp < Bo, it T <T. (147c)

Case kT > kN B
The equilibrium change of A is:

dA

Dl (1m0 (145)

temp

From (148), we see that that the change of A after a temporary change in G* is smaller
than that after a permanent increase in GV but goes in the same direction. Hence we
deduce the following inequality:

_ dA
dGvN

dA

0<7dGN

(149)

temp perm

From (110), we deduce steady-state changes of consumption, the stock of physical capital,
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and the stock of traded bonds:

ac dX

— = 55—+ 0 150
dGN remp )\dGN remp <y, ( a)
dK dA

— = K5s——~ 0 150b
dGN temp )\dGN temp - ( )
dB dX

— = Bj—= <0, (150c)
dGN temp )\dGN temp

where C5 < 0, K5 > 0, and By < 0. ) .
Changes of the period 1 steady-state values K; and B; compared to their initial (given)
values Ky and By are given by :

dK; dX

= Ky—| +Kgn,
dGN temp dGN temp

1— —r*T
_ (-ag)tace™” (151a)
V1
dB, dX
L — By——=| +Bgw,
dGN temp dGN temp
P

= T {(1 —ag)r* —[(1 - ac)n — acry] e‘T*T} >0, (151b)

where we have evaluated the signs of (151a)-(151b) by making use of (133a)-(133d) and
(107Db).

From (149), because the change in the equilibrium value of A following a temporary
change in G is smaller than that after a permanent increase in GV, by making use of
(150b)-(150c), (141b)-(141c), and (151a)-(151b), we are able to deduce the following in-
equalities:

f(l < errm < KO < Ktempy (1523)
Biemp < By < Bperm < Bi. (152b)

G.2 Transitional Dynamics after a Permanent Increase in GV

Case kN > kT

The initial jump of P is obtained by setting ¢ = 0 in (120b) and by differentiating with
respect to GV:

dP(0)

dGN

| dK

= —w2 —_—
N
perm dG

> 0. (153)

perm

From the short run static solutions, and by substituting the change in the equilibrium value
of the marginal utility of wealth and the initial jump of the relative price of the non-traded
good, we get the initial jump of consumption:

- D = CN AN
dc(0) o D dP(0) P lus+ 5 S ocwl] - CNoow)
N AqaN P OGN - < O
dG perm dG perm d@ perm Pc [1/2 + Oéc% C}é\/ ch%}
ac 1— CNocw)
- dov| EEE T <o (154
perm c [1/2 + O‘C,TTQ CP Ucw%}
From (154), we deduce the following inequality
dC(0) dc dA
— =C5—~ 0. 155
gy perm = gy perm AdGN perm - ( )
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The rise in the marginal utility of wealth and the initial appreciation in the relative price of
the non-traded good lowers C'(0) below its steady-state value. Along the stable adjustment,
real consumption rises: .
. P(t)
C(t) =—-Cocac——+=>0 156
(t) caopiy >0 (156)
where the relative price of the non-traded good depreciates along the stable adjustment
when the non-traded sector is relatively more capital intensive. Otherwise, the relative
price of the non-traded good’s and thus the real consumption’s temporal paths are flat.
The dynamics of the key economic variables after a permanent rise in government spend-
ing falling on the non-traded good are as follows:

. dK
K — vit N 1
(t) VI9AN perme dG™ >0, (157a)
: dK
_ 1 vt N
P(t) = —VW 3N perme dG"Y <0, (157b)
: dK
B(t) = —11®1——v ntdgh <. 1
(t) Py perme dG" <0 (157¢)

Note that the long run changes of K and B are opposite to those after a permanent rise
GT.

Case kT > kN

If k7 > k¥, the initial change in the real consumption is solely affected by the change
in the equilibrium value of the marginal utility of wealth and jumps immediately to its new
lower steady-state level:

_dc
~dGN

perm

dA
= Oaoy

perm

dc/(o)
dGN

<0. (158)

perm

Over time, investment decreases and the stock of international assets rises:

dK

T — vt N 1
(t) VISAN perme dG™ <0, (159a)
dK
A = —1d—= ntqghN . 1
C (t) 141 ldGN perme dG" >0 ( 59b)

As will be useful later, we calculate the slope of the trajectory after a permanent fiscal
expansion in the (K, B)-space by differentiating the solutions for B(t) and for K(t) w.r.t

time: 5 .
dB(t) 1Py dGlN et -
aK (1) = " By ot =-P<0. (160)

danN

where we used the fact that ®; = -P.

G.3 Transitional Dynamics after a Temporary Increase in GV

Case kV > k7
First, we evaluate the constants By /dG"Y and By/dG":

Bl BQ d;\
- 2 K ~ K,
NTell aGy NGy,
dK _ ac - _
_ 1— voT r*7T voT ) 161
dGN perm |:( ‘ )+<1—C¥C> <e ‘ ):| <0 ( 6 a)
B2 - T 6_V2T
(1G7N = —KGNe = — Ve < 0. (161b)
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By evaluating the formal solution for P(t) at time ¢ = 0, differentiating with respect to
G", and remembering that dP; /dG" = 0, we get the initial jump of P:

dP B dK T _emeT
PO g B GOy el e
G temp G G perm [1/2 + % CP O'Cu}%}
d[N{ (0% *
= 1 —12T c —r*T —vT
= —w2dG7N - |:(]. — € 2 ) =+ <1—ac> (e — € 2 ):| > %162)

where we have inserted the steady-state change of the capital stock after a permanent fiscal
expansion falling on the non-traded good given by (106e). From (162), we can see that the
magnitude of the initial appreciation in the real exchange after a temporary fiscal expansion
may be magnified if the policy is implemented during a long period, i. e. for 7 > u% In [ae].

By making use of the short run static solution (42) for C, we obtain the response of real
consumption at time ¢ = O:

d\
Y iTel]

dc(o)
dGN

dP(0)
PragnN

<0. (163)

temp temp temp

It is now convenient to evaluate the magnitude of the downward jump of real consumption
after a temporary rise in GV compared with that after a permanent fiscal expansion by
computing the following expression:

dc(0) dc(o) o | ax ]
_ — 5 | % _
dGN temp dGN perm dGN temp dGN perm
dP(0) dP(0)
C - = 0. 164
e dGN temp dGN perm = ( )
(165)
From (164), we deduce the following inequality:
dC(0) dC(0)
. 1
dGN perm dGN temp <! ( 66)

The initial response of the investment flow following a temporary rise in G¥ is given by:

d1(0) By By
N = vty
dGN temp dGN dGN

I (1 _ ac) (1 _ 6—1/27) + ac (e—r*T _ e—VQT) B 671/2’]—

[1/2 + ac% C};V ch%]
dK —nT ac —r*T —nT —nT
_ _ 2 T e _ o
= VigaN . [(1 e )+<1ac> (e e ) e (260)

The sign of expression (167) is not clear-cut. As investment plays the role of clearing the
non-traded goods market, its sign depends on the jumps of the relative price of the non-
traded good and of the marginal utility of wealth. On the one hand, the relative price of
the non-traded good appreciates which raises the return on domestic capital by reducing
EN. On the other hand, the increase in P raises the capital user cost. The latter effect is
larger, the shorter-living the fiscal shock.

To derive a more easily interpretable expression for the initial reaction of investment af-
ter a temporary rise in G, we first linearize the non-traded good market clearing condition
in the neighborhood of the steady-state:

uo—f:nga@—K)+uﬁk{$)@%Q—P)
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Using the fact that df = YIJ(VdK' + (Y}év — Cg) dpP — C%\Vdj\{temp —dGV, and evaluating the
expression above at time t = 0, we get:

cNodx

ap
- 7CTX AGN

- (v - o) S

Gy | T

~ 1. (168)

temp temp

Using the fact that dP = 0, we evaluate the initial jump of P which is given by:

aGv |, “aey ~ 9 |Kex (=) Kqaw|
1 — e 27T AN gy
_ | =) oY A (169)
1) 120} A dGN temp
where we substituted Kgov = 1/v5 and K5 = —%GTN Substituting (169) into (168) and
|4 )

using the fact that wi = =y the initial reaction of investment finally rewrites as:

Y (170)

temp

v — 11 s 0cCN vy dA
= 1— 2 cez e
=) e R

By differentiating the formal solution (120c) over period 1 for B(t) with respect to time,
then evaluating the resulting expressions at ¢ = 0, and differentiating with respect to G*,
we obtain the initial response of the current account following a temporary fiscal expansion:

dCA(0) L 4B o B4 B
AGN | dGN |,  dGN T TPAGN
By By
+V1@1d(;7N + V2(p2dG'7N' (171)

In order to simplify the solution (171), we rewrite the term in square brackets as follows

dB; B By
- —|® P
G|, [ e 2dGN}
dA By
= —[B; — & K5] — — [Bay — 01K Py — Py] ——
[ A 1 )\] dGN temp [ GN 1 GN] +[ 1 2] dGN?
A —r*T _ —1vaT A 1 -
— _Z2G% (1 — eiV?T) — b2 (6 - ~N€ ) + GY + fCNO'Cw%KGNef’&T’
Y e+ ESocul] [ A v
_ AGN voT P —r*T P r* ON 1 —voT
B ‘ r* + | vy P el ’
P _.
= ——e "7 <0, (172)
;

where we have substituted the expression of the change in the equilibrium value of the
marginal utility of wealth given by (137d), we made use of properties (118), expression
(131f) and inserted these useful expressions:

Bl Bg dj\
= — - K;\ — KGN <0,
dGN dey ~ UGN |,
1 -
P —Py = _ZCNUCM% > 0,

B

7dG2N = —Kgve T <0,
By — ®1K, P
(Bor —mKer) _ P
[1/2 + %%ch% var



By inserting (172) into (171), the expression of the initial response of the current account

reduces to:

dCA(O) ~ 1 éN 1 d_f{ T ac T — T

— = P14+ —"— — 1—e ™ rT _ g
dGN remp 4 ( + vy P oCcwy aAGN - ( e ) + 1—ac <e e )

—Pe T 4 ]56_”27,
- 1CN dI(0)
= —Pl1+ == 1) =22\
( P ”C“’?> dGN
.y <e*T*T — 671}27—) <0,

perm

where we simplified several expressions as follows:

p pcN
K;\ucigyg = — =a¢c > 0,
P2 PoC
o LY
vo®yg —11®1 = —Puro+Pri |1+ ——=ocwy | <0.
vy P

To derive a more easily interpretable expression for the initial reaction of the current
account after a temporary rise in GV, we use eq. (161a):

{(1 B 6-1/27') i (liécac> (B—T*T - e—uﬂ'):|

(173)

(174)

dC'A(0) L T By
= P (e T e ) pndy
v ‘ ¢ ) Tnigen
) * dK ac .
= _p (6—7' T _ 6_V2T> R Mt |: 1 — e—llzT + < ) (e—r T e—V2T>:| ’
dGN perm ( ) 1- ac
— _15 <e—r*T o 6—1/27'
_I/I(I)l (1 —OZC) I:(l e—l/zT) 4 ( ac > ( —r*T —VQT>:| < 0
1) (1 — ac\i/) l—ac
where 0 < ¥ = —%Cgacw% <1

Now, we investigate the dynamics for K (¢) and P(t) over the unstable period (0,7),
say period 1:

By By

K(t) = VlweylthN -+ V2W6”2thN z O, (175&)
. Bl u
P(t) = ylw;dTNe gl <o, (175b)

where B;/dGN < 0, By/dGY < 0, and wi < 0. As it can be seen from (175a), investment
dynamics are the result of two opposite forces. If the initial investment flow is positive, it
must be negative at time ¢ along the trajectory:

L [_ ung/dGN} |

i’:
V1 — V9 VlBl/dGN

(176)

where the term in square brackets is less than one under the condition that the initial
investment flow is positive (see eq. (167)), otherwise the trajectory for investment is mono-
tonic.

The current account dynamics over period 1 are described by the following equation:

CA(t) = [Pe_VZ(T —t) (1 —e (T —t>) + V1<1>1£1Ne”1f} da <o. (177)

We turn now to the analysis of transitional dynamics over the stable period 2. By
making use of standard methods, the adjustments of the stock of physical capital, the
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relative price of non tradables P and the stock of international assets are driven by the
following equations:

. B’

K(t) = dGNdGN et >0, (178a)
P(t) viws 1 GN LdagVNent <o, (178b)
B(t) = ylcpldGN et < 0. (178c)

Evaluate (178¢) at time ¢, and calculate dCA(7T) = CA(T+) — CA(T ), we can
see that the current account is continuous in the neighborhood of time 7. Thus we have
CA(T)=CA(T"). Performing the same procedure of investment, we obtain:

dI (7) By -

GN :—I/gdGNe2 =1. (179)
When the policy is removed at time 7, i. e. government spending falls by an amount
equals to dGN (T) = GY — GV = —dGY, investment must rise to guarantee that the

market-clearing condition holds at time 7.

Case kT > kN

Like after a permanent fiscal expansion, an unexpected transitory rise in government
spending on the non-traded good leaves unaffected the relative price of the non-traded
good both in the short run and in the long run. To evaluate the investment dynamics,
we differentiate the solution for K (t) given by (120a) with respect to time, evaluate the
resulting expression at time ¢ = 0, and then differentiate with respect to G", keeping in
mind that Bo/dGN = 0 if k7 > kV:

U = =k fo-se (-]
— ( e " T) 1<0,
= ((111G(27) . (1 — e_T*T> —e T <. (180)

Applying standard methods, the initial response of the current account following a
temporary fiscal expansion on the non-traded good is given by:

dBy By

*

= — B P
" { AGN | e LaGN }

= P(1-ac) (1 - e*T*T) >0, (181)

dC A(0)
dGN

temp

where 11 ®; dg oy [(1 —ag) (1 — e_T*T) + e_r*ﬂ.

In deriving (181), we have also simplified the term in square braces as follows:

dB; By
_ oL
dGN |y dGN
dX
= — (B;\ — ‘I)lKj\) dGiN ) + (Bsz — ‘1)1Ksz) ,
emp
A . P _.
= %6*7“ T = —e 7 <o. (182)

We investigate the dynamics of the stocks of physical capital and traded bonds by taking
the time derivative of formal solutions prevailing over period 1:

By

— < _ N Vt
I(t) = K(t)—uldGNdG !
dK T gV gt o T g N it
= - 1—e "7 )dGV e —e ™ TdGT e <0, (183)
dGN perm< )
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and

CA(t) = —r* [(n (A GY) = B (2, G)) + (I)ldglN] dGNert 4 y@ldglNdGNeVlt,
= P [(1 —ac) (1 — e_r*7> et — e T <er*t — e”ltﬂ dGg™ = o. (184)

There exists a time ¢t = ¢ such that the current account changes of sign:

f—_1 e (185)
=——1n
Vo (l1—ac)(l—e™T)+e T’

where the term in square brackets is positive and lower than one. Over period 1, the
current account improves first while the negative investment flow more than outweighs
the smoothing effect. At time ¢, these two effects cancel each other and after this date, the
current account deteriorates as the smoothing behavior predominates, such that CA (7 7) <
0. To see it more formally, we evaluate (184) at time 7 ~:

CA(T™) = penT [(1 — e*”J) —ac (1 - e*T*T>] da™ <o. (186)

At time 7 —, the investment flow is also negative:
T ) =T [1-(1-ac) (1-¢"7)] <0. (187)
We have now to compare the slope of the trajectory after a transitory fiscal expansion over

period 0 < t < f in the (K, B)-space with the slope of the trajectory after a permanent
fiscal expansion:

dB(t) - —Pe~"(T-1) + 1Py ngN ev1t
dK (2) e !

B P { [(1 —ac) (1 _ e*T*T) + e*r*T] et _ e,,,*(Tit)}
- [(1—ac) (1 —e™T) 4 e T]ent ) (188)

where we have substituted the expression of the constant By /dGY. Over period 0 < f<t,
the numerator is positive and the denominator is negative. Thus the slope of the trajectory
is negative in the (K, B)-space. Comparing the terms in numerator and in denominator
of (188), it is straightforward to show that the slope in absolute terms is lower than P.
Therefore, the slope is negative and lower (in absolute terms) than the slope of the trajectory
after a permanent fiscal expansion (equal to —]5).

We turn now to the investigation of transitional dynamics of key macroeconomic vari-
ables over the stable period, say period 2. By adopting the standard procedure, we get:

/

It) = K@)=u 1 GlNdGNe”lt >0 (189a)
. B’
CA(t) = B(t)=mn5 GlN dgNent < 0. (189b)

Since the period 2 is a stable period, the dynamics are monotonic. If we can determine
the sign of (189) at time t = 7T, we are able to evaluate the transitional dynamics over
the entire period:

I(TT) = —[1-ac) (T —e™T) — (1-eT)]dGY >0,  (190a)
CA(T") = P [(1-ac) (e”lT - e_VzT) -(1- 6_V2T)] da <o. (190b)
From (186) and (190b), we deduce that the current account is continuous in the neighbor-

hood of 7, such that CA(7~) = CA(7T") < 0. At the opposite, from (187) and (190a),

we see that investment is not continuous in the neighborhood of 7' since at this date, it
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ET > kN - dGT KT > kN - dGN

Figure 2: Permanent Vs. Temporary Increase in G7 - kT > kN

must clear the non tradable market. To see it formally, we write the non tradable clearing
market condition at time 7~ and at time 7 T:

I(T7) = YN[K(T),P(T)]-CN[N(T).,P(T)]-GY <0, (191a)
I(TT) = YN[K(TY),P(TH)]-CN[A(T"),P(T")] -Gy >0, (191b)

where G = Gév . Goods market equilibrium is subject to two discrete perturbations: one
at time £ = 0 when the government raises the public spending, the other at time ¢ = 7 when
the policy is permanently removed. Since capital is a predetermined variable, it cannot jump
neither at time ¢ = 0 or at time ¢t = 7. In addition, the marginal utility of wealth jumps at
time ¢ = 0 and remains constant from thereon. So we get A = A (7~) = A (7). Finally,
when the tradable good sector is relatively more capital intensive, a rise in government
spending leaves unaffected the relative price of the non-traded good both in the sort-run
and in the long run, such that P = P (7~) = P (7). With output constrained at time 7
by the capital stock and by the relative price of the non-traded good, it therefore follows
from (191) that for the market-clearing condition to hold, we must have

dI (T) = dK (T) = —dGN (T) = dG" >0, (192)

where dGV (7) = GY — GY = GY — GY¥ = —dG". Thus, the non-traded goods market
equilibrium is maintained though the investment in physical capital, K (7). Since at time
T, government expenditure reverts back to its original level, the investment flow changes
of sign and turns out to be positive as a greater share of the non tradable production (Y*V)
may be allocated to investment (I) since the global consumption (CV + GV) falls.

H Transitional Dynamics after a Rise in G7

In the text, we consider only an increase in GV. In this section, we analyze the effects
of an increase in GT. Hence, we provide details on the dynamics of key variables after
a permanent and temporary rise in GT, considering both cases: k7 > kY and kY > k”.
Transitional paths are depicted in Figures 2 and 3 for k7 > kv and &V > k7T, respectively.
To keep analytical tractability, we assume that labor supply is fixed, i.e. we set o7, = 0.
Since these two parameters do no affect qualitatively the results, we further assume that
the non-traded sector is perfectly competitive, i.e. we set p = 1, and we set the rate of
depreciation of physical capital to zero.
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-dGT - T > T

EN > kT

>kl -dGT -T < T

kN

Figure 3: Permanent Vs. Temporary increase in GT - kN > kT

dGN - T < T

EN > kT -

SET-dGN - T > T

kN

> kT

Temporary Increase in GV - &V

Figure 4: Permanent Vs.
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H.1 Long-Run Effects

It is convenient to determine first the long run changes of the real consumption, the stock
of physical capital and the stock of foreign assets following a permanent rise in government
spending on the traded good by differentiating (42) and (110):

ac dX
perm perm

dK dX

— = K5—= <0 depending on whether kY = k7, (193b)

dG’ perm G’ perm

dB dX .

T = B;\W + Bgr 20 depending on whether kY = kT, (193c)
perm perm

where Cor = 0 and Kor = 0. Expressions of the steady-state changes are given by the set
of equations (104) and (105).

We compare the once-for-all jump of the marginal utility of wealth after a permanent
increase in public spending on the traded good with respect to its change after a permanent
rise: _
_dA
~dGT

dA
dGT

(1 - e*’”*T) = At (1 - e*’“*T) > 0. (194)

temp perm

We now evaluate the long run changes of key economic variables after a temporary fiscal
shock by differentiating (42) and (110). Since the signs of expressions depend crucially on
the sectoral capital intensities, we consider two cases.

Case kN > kT

When the non-traded sector is relatively more capital intensive, the variations of macroe-
conomic aggregates in the long run are given by:

ac dA o\ dX

— = C5—= =C5(1—eT) == <0 (195a)
T A T T )

dG temp dG temp ( ) dG perm

dK dA o\ dX

— = Ky—— =K (1—e"7T) == <0 (195b)
T A T A T )

dG temp dG temp ( > dG perm

dB dX e\ dA

— = By—= =Bs(1—-e" —= 0 195

dGT oy AAGT temp A ( c ) dGT| ... <Y (195¢)

where C5 < 0, K5 < 0 (if k¥ > kT), and By < 0. ) )
The changes of the period 1 steady-state values Ky and B; compared to their initial
(given) values K\ and By are given by :

dK; d\
— = Ks—= 0 196
dGT remp /\dGT remp <y, ( a)
dB, d\

= By—= B 0 196b
dGT temp AdGT temp " . - ( )

where K5 < 0, By < 0 and Bgr > 0. From (193b)-(193c), (195b)-(195¢), and (196a)-
(196b), we are able to deduce the following inequalities:

f(perm < Kl = f{temp < Ky, (197&)
Btemp < By < Bperm < Bs. (197b)

Case kT > kN
When the traded sector is relatively more capital intensive, the variations of macroeco-
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nomic aggregates in the long run are given by

dc d\ ey dA

— = C5—= =5 (1—eT) =2 <0 (198a)
T A T T )

dG: temp dG temp ( ) dG perm

dK dX e\ dA

— = Ki——| =K5(1-e"7)—22 >0, (198b)

dGT temp dGT temp ( ) dGT perm

dB d\ ey dA

— = Bs—— =B (1—e"7T) = . 1

dGT temp )\dGT temp A ( ) dGT perm <0 ( 980)

It is interesting to compare the magnitudes of the long run changes in the stock of
international assets between a permanent and a temporary fiscal expansion:

dB . dB
7dGT = B;\)\GT + BGT z B;\)‘GT (1 — e_r T) =

= o7 (199)
perm

temp

The key factor that determines the magnitude of the long run change in the stock of foreign
assets is the period of implementation of the government policy. More specifically, there
exists a time 7 = 7 for which the two changes are equal which is given by

~ 1 B;
7=—In [—AAGT] . (200)
T GT

As the fiscal shock is more persistent, i. e. 7 > ’i’, the external asset position deteriorates
more than after a permanent fiscal shock. We can summarize our results as follows:

Biemp < Bperm < By if T>T, (201a)
Bperm < Biemp < By it T <T. (201b)

The changes of the period 1 steady-state values K; and By compared to their initial
(given) values K\ and By are given by :

dK, d\

R = Ks—— 0 202
acT |, AqaT . >0, (202a)
dB; d\

— = By—— B =20 202b
dGT remp )\dGT remp + G <Y, ( )

where K3 > 0, By < 0 and Bgr > 0. The sign of (202b) is indeterminate but we are able
to determine the length of fiscal shock, denoted by 7, for which the steady-state change
(202b) is equal to zero:

1 Bs B
N [W] . (203)

B;\)\GT
The existence of time 7 relies upon inequality BxAgr < ByAgr + Bgr < 0 which in turn

implies that the term in square brackets is positive and less than unity. Consequently, we
get the following inequality:

B; < By depending on whether 7 = 7. (204)

From (193b)-(193c), (198b)-(198¢), (201) and (202a)-(202b), we are able to deduce the
following inequalities:

K() < Kl = f{temp < errma (205&)
Byperm < Biemp < By if T <17, (205h)
Biemp < Bperm < Bo if T>T, (205¢)

where we assume that ’f’ <T.
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H.2 Transitional Dynamics after a Permanent Increase in G7

As shown previously, the stable adjustment of the economy is described by a saddle-path
in (K, P)-space. The capital stock, the relative price of the non-traded good, and the stock
of traded bonds evolve according to:

K({t) = K+ Bjett, (206a)
P(t) = P+wiBeM (206b)
B(t) = B+ ®;BieM, (206¢)

where wis = 0 if k7 > k" and with

. dK
Bl =Ky— K = ——-dGT
P00 acri¢

where we made use of the constancy of K at time ¢t =0 (i. e. Ky is predetermined).

Case kN > kT

Using the fact that the steady-state value of the relative price of the non-traded good
remains affected by a permanent rise in G7, the initial jump of P is given by

dP(0)
dGT

L, dK
el

perm

<0. (207)

perm

From the short run static solutions, and by substituting the change in the equilibrium
value of the marginal utility of wealth and the initial jump of P, we get the response of real
consumption at time ¢t = 0O:

ax |1+ acg; Groow]

dc(0) . dP(0) s P
T \qaT PTGT - « '
dG perm dG perm dG perm PC |:1 + a¢ (;2)2 %ogu}%}
oy | dC
= |1 —— —= 0 208
+ao 500w | qar . <0, (208)

where 0 < [1 + 0407120; Ucw%} < 1. Therefore, we deduce the following inequality
dc dX dc(0)
— =C5—+ < < 0. (209)
dGT perm dG” perm Gt perm

Irrespective of sectoral capital intensities, a rise in G7 induces a once-for-all upward jump
of the marginal utility of wealth which reduces real consumption. If £V > kT the initial
fall of C' is moderated by the depreciation in P at time ¢t = 0 and falls by less than in the
long run.

Differentiating solutions (206), with respect to time, one obtains:

: dK
- _ nit T
K (t) MgaT peTme dG* <0, (210a)
: dK
_ 1 t 1 ~T
P(t) = —mwygap permem dGcT > o, (210b)
: dK
- pit T
B(t) ’ulq)lidGT perme dG* >0, (210c)
dK
where &1 < 0 and a1cT . < 0.

Along the stable adjustment, real consumption decreases:

: P
C= —UcCO&CP <0, (211)
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P
where [ r* — acﬁ corresponds to the consumption-based real interest rate. After its

initial depreciation, the relative price of the non-traded good appreciates to revert back to
its initial value. This appreciation lowers the consumption-based real interest rate below
the world interest rate which stimulates real consumption.

Case kT > kN

Differentiating solutions (206), with respect to time, one obtains

: dK f T
K(t) = _MW perme‘“ dG* > 0, (212a)
P(t) = 0, (212b)
: dK R
B(t) = —Hl(blﬁ permeul dG" < 07 (212C)
dK
where ®; < 0 and a1cT o > 0.

H.3 Transitional Dynamics after a Temporary Increase in G7

Case £V > kT
By evaluating formal solution for P(¢) and differentiating with respect to G7, we get
the initial jump of P

dP(0)
aGT

o\ dK
= —wi (1 —e " T)

T <0. (213)

temp perm

By adopting a similar procedure, we obtain the initial response of the investment flow
following a temporary rise in government spending on the traded good :
dI(0)
dGT

- (1 - e*’”*T) i) (214)

dGT

temp perm

By differentiating the formal solution (120c) over period 1 for B(t) with respect to time,
remembering that Bs/dGT = 0, then evaluating this at ¢ = 0, and differentiating with
respect to G, we obtain the initial response of the current account following a fiscal
expansion:

dK,

dCA(0)
el

dGT

dBl Bl

dGT

*

+ p1Py

temp temp

The expression in brackets can be evaluated by using properties (118), and the fact that
Bch = _/\GT/)\B:

dB; dK; dX dX
— | —= — P — = — |By—=7 + Bar — ®1K5—+ ,
dGT temp dGT temp] dGT temp dGT temp
)\GT —r*T )\GT
- 1) dar]
{ \g ( ¢ g ]
= —Bgre "7, (215)
Inserting this expression, and remembering that ﬁ =o ﬁ ¢ obtain the reaction of
g XP ) g dGT — ¥1 dGT , Wi

the current account at time ¢t = 0:

dCA(O) —r*T —r*T
dGT e = —e — /1,1(I)1K/‘\ (1 —e ) )\GT,
N dB N
— T T R _ T <
e mier| (1 e ) <. (216)
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The initial current account response is the result of two conflictory forces: (i) a smoothing
effect which deteriorates the current account, and (ii) the negative investment flow which
improves the external asset position. From (216), there exists a critical value of shock’s
length, T > 0, such that the current account response is zero on impact, i. e. B (0) = 0.
Solving (216) for 7T, we get:

L [P i
T=—In perm |- (217)
r ds
—H1 dGT
perm

where the term in square brackets is higher than one.
The dynamics for K and P over period 1 are derived by taking the time derivative of
equations (120a) and (120b):

dK

’ _ pit T _ _ T\ it T

K(t) 1 dGTe dG MaT . (1 e ) eMtdGt <0, (218a)

. 1 B1 dK "

_ pit T _ T\t T
P(t) f11ws dGTe dG Wy~ |, (1 e )e dGT >0, (218b)
dK ]
T _ T
where we used the fact that B, /dG" = acT . <1 e )

While the P and K go in the same direction as after a permanent rise in G7, differenti-
ation with respect to time of eq. (120c) shows that the current account may change of sign
over period 1:

dB

> —r*(T—t T
CA(t) = B(t) = —e 7 T04GT — MGt

(1 —e T ) emtdGT < 0. (219)

perm

We have now to determine the conditions under which the current account dynamics dis-
plays a non monotonic behavior. Equation (219) reveals that the stock of international
assets reaches a turning point during its transitional adjustment at time 7 given by

1

T dB —r*T\ r*T
T = gln [_Mldcﬂ“‘perm (1 —e ) e ] . (220)

The necessary condition for T >0, corresponds to:

T dB

< _Mlﬁ (1 — e_r*T) & M

0<e Keis

> 0. (221)

temp

perm

If the fiscal expansion lasts a short period, i. e. 7 < T , the current account initially
deteriorates and the stock of foreign assets decreases monotonically until time 7. If the
fiscal expansion lasts a time period longer than T, the current account initially improves
before reaching a turning point at time T. Subsequently, the current account deteriorates
until time 7.

Once the government policy has been removed at time 7, the relative price of the non-
traded good keeps on depreciating and the capital stock converges towards its new lower
steady-state value:

/

mIaT GT LermtdaT <0, (222a)

) ATei) e‘“thT > 0, (222b)

where B} /dGT = B;/dGT > 0. Over period 2, the current account improves unambiguously
as it can be seen from the time derivative of solution (122c):

. Bj
pit T
B( ) qu)l aaT ef'dGt > 0. (223)
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Case kT > kN
If k7 > k", the dynamics for P are flat as after a permanent fiscal expansion since the
constant By/dG7T is zero, i.e. P(t) = 0. The investment flow is positive over period 1

- B dA
I(t) = K(t) = mﬁemthT = K5 qgr| @G > 0. (224)

temp

Differentiating eq. (120c) with respect to time and remembering that By/dGT = 0 yields
the transitional path for B(t):

dK,

B Pt

fdGT

temp

dB;

CA(t) = —r* 0T

dGT

x B
" tdGT + m(I)l—le’“thT. (225)
temp
By evaluating this expressions at ¢t = 0, and differentiating with respect to G, we obtain
the initial response of the current account following a fiscal expansion:
dK;

dB;
P —
4Gt

dGT

dC A(0)
dGT

By
+,U1(I)1W-

*

temp temp temp

The expression in brackets can be evaluated by using properties (118), and the fact that
BGT == —AGT/)\BI

dBy dK, dA dA
- W temp - 1W temp] - BS\W temp - BGT - (PlKXW temp] ’
= — [/\GT (1 — e—T*T> _ )‘GT]
/\B )\B ’
= —Bgre 7T, (226)
Inserting expression (226) and remembering that dB <I>1£, we obtain the reaction
dGT dGT

of the current account at time ¢ = 0:

dCA(O) —r*T —r*T
T . = —¢ — 11 P1 K (1 —e ) Agr,
. dB .
_ —r*T R =T
_ [e tmger| (1-e7)] <0, (227)

If k7 > kN, both the smoothing effect and the positive investment flow lead to a decumula-
tion of foreign assets. Consequently, the current account deteriorates initially and the stock
of internationally traded bonds keeps on decreasing over period 1:

dB

> —r*(T—t T
CA(t) = B(t) = —e " T-Y4dG — 3T

(1 - e—’”*T) entdaT <0, (228)

perm

Over period 2, the stocks of physical capital keeps on decreasing and the current account
deteriorates monotonically:

!/

It) = MﬁedeT>o, (229a)
Bl
CA(t) = ulfblﬁe‘“thT<0, (229b)

where B} /dGT = B;/dGT < 0.

I The Effects of Temporary Fiscal Shocks: The Case of Elas-
tic Labor Supply

In this section, we derive formal solutions by assuming elastic labor supply. We consider a
traded sector alternatively more or less capital intensive than the non-traded sector.
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We first solve the system (88a)-(88c) for P, K and B as functions of the marginal utility
of wealth, A\ and government spending G'V. Totally differentiating equations (88a)-(88c)

yields in matrix form:

hikkd

o ! 0 [ar
o) (i) o] (3
wiocpy g e )\

0
| (B —eM)an+agy
o A
- (7 - 05) dA

(230)

Steady-state values of K and B can be expressed as functions of the shadow value of

wealth and government spending G™:

K = K(\GY),
B = B(\GV),
with partial derivatives given by:
Y—N
0K (3 oy )
A S (e
(5 —ox)
Y. Y
o5 1?(;—{?) (f—&amf 1)
B;\Ea =

(231a)
(231D)

(232a)

(232D)

(232¢)

We sign expressions depending on whether the traded sector is more or less capital

intensive than the non-traded sector:

0K 11 N - e TN
K)\:aij\ = —XZ |:O'CO _O'LLk V1+6K] lf k >k s
11 ~
- -Tfpdﬂ a@#ﬂg+%] 0 if KV > kT,
A V9
OB {UC <PCNI/2—CTI/1> +1/2PO'LI: []; —];T (V1+5K)]}
By=— = <0
AT 9N U\ ’
{O'C (ﬁCN'Nyl — C’TV2> + w1 PorL [ENVQ — kT (vo + 5K)] } .
pr— I < ’
T*U9 A
and
oK 1
Koy = = == f k"> EY
GN aGN ﬂ o ” < 0 1 >
m
_ 1 N T
vF P >0 if kY >k
M
OB YT PVQ
Bon= — = — K =— >0, if kT >kN
GN aGN (% B 5[() * T*Vl
YL P
=~ & =250, i KNS ET
(o)
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if kN (238H)
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Adopting the same procedure as described in section K.7, we derive formal expressions
below for constants By, B2 and B] when ET > EN. We were unable to derive useful formal
expressions with the reversal of capital intensities. Yet, in the latter case, analytical results
derived by assuming inelastic labor supply are in line with numerical results and thereby
elastic labor supply does not affect qualitatively the results.

Case kT > kN

The solutions after a rise in GV are:

By [UC <150N€7T*T + C’T) —orLP <V2]~€N + (v1 + 6k) ]Z:Tefr*’]'>}

dGN 1 (UCPCé + O'LVNVE)

[(JCPCC' + ULV~VI~/) + (1 — e’T*T) P <O’Lil~§T (v1 +90K) — JcéN)}

- 2 (Ucpcé + ULWE> =
By
dGIN ’
dglN - dglN +Rgve
[(acPCC' + ULV~VI~/) (1 — 671’17—) + (1 — e’T*T) P (ULE%T (v1 +90K) — UCC’Nﬂ
- 1 (O'Cpcé + JLVNVE)
d(g;\f t An (1 - e*”) >0,
emp

where A\~ represents the change in the equilibrium value of the shadow value of wealth
after a permanent increase in GV (see eq. (95b)). Eq. (235d) corresponds to eq. (30) in

the text.
General solutions for K and P are:

K(t)—K = Bje'+ By, (236a)
— P = wiBie" 4+ wiBye™!, (236b)
Differentiating eq. (236a) w.r.t. time, evaluating at time ¢ = 0 and differentiating w.r.t.

G!, we obtain the initial response of investment following a temporary rise in government
spending on the non-traded good:

dI(0) . B e Bs
dGN |,y AGN T T2AGN
Substituting (235a) and using the fact that B2 — (), the initial reaction of investment is:

da~

)

((0cPoC + oL WL) + (1= e T) P (o1 LET (1 + 0) — 0cC™ )|
-
temp 1 <UCPCC' + O'LWE>

. [JLz];T]S(Vl—I—(SK) —JcpéN]
- - 1+(1—e*7" ) : -
(O'Cpcc + ULWL>
Eq. (237) corresponds to eq. (31) in the text. Since the length of the shock 7 plays a

key role in driving the initial response of investment, it is useful to determine the critical
length 7 such that when 7 < 7, government spending crowds out investment. Investment

<0. (237)
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falls when

(aLz;;Tp (1 + 05 ) — aCPC*N)

14+ (1 - e—T*T) <0,

(JCPCC’ + ULWI:)

) (oL LETP (1 + bx) — 00 PCY|
e T > 14

[ULI:];‘TP (I/1 + 5[() — O'CpéN} ’
) (aCéT - aLi;;Nm) )
T < _7* h’l o _ — = 77
r (oLLk:TP (1 + 0x) — crcPCN>

where we used the fact that W+ PkT (11 4+ 0k) = —PENvy. The term in brackets in positive
but smaller than one. When 7 is smaller than the critical length 7, then investment is
crowded-out by public spending.

The general solution for the stock of foreign assets is given by:

B(t) = B + |:(BO — B) — &1 By — (I)QBQ:| er*t + (I)lBleylt + (I)QBQSVQt, (238)

Differentiating eq. (238) w.r.t. time, evaluating at time ¢t = 0 and differentiating w.r.t.
G, we obtain the initial response of the current account after a temporary rise in G™:

dC A(0) | 4B B 4 B . B1®, . By®,
dGN | dGN |, dGN " TAGN | T THaGN TGN
Using the fact that
_dB B o B
AGN |,y dGN T T2AGN
d\
= — (BA—CI)lK)\)iN +(BGN—¢1KGN) 3
dG temp
)\GN —r*T P —r*T
— T T 239
)\B T’*e ’ ( )
the initial reaction of the current account can be rewritten as follows:
dC'A(0) =T - By
= —Pe "’ —yP——
ey |, ¢ TeL
5 . <JLE]~€TP (1/1 + (5[() — UcpéN>
- P(l—e””T) 1+ <0,

<UCPCO + O’LWE>

[ULEI];TP (1/1 + 5K) — JcpéN] §( )
20

— P T 4P |14 (1 - e*?"*T) . -
(O'Cpcc ¥ aLWL)

where we used the fact that ®; = —P. Eq. (240) corresponds to eq. (32) in the text.
Case kY > kT
While we are unable to derive full expressions for temporary shocks if the non traded
sector is more capital intensive than the traded sector when considering elastic labor sup-
ply, we are able to provide useful (i.e., interpretable) expressions which are included and
discussed in the text. Below, we provide details about the derivations of these useful ex-
pressions.
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The solutions after a rise in GY are:

_ R _

% - _% - ;\% temp “ha s _(1’(/322) - KXdC(lJi)\N temp(7241a)

d%v _ _e_::T’ (241b)

dgiN = dZ—IN, (241c)

d%v - Aoy (1 - e—””*T) L& _f?;gej; I;:)_VQT) >0, (241d)
where we computed the following relationship to sign (241d)

By — Dy = —jf [aCC*N — o LET (s + 5K)} <o0. (242)

The sign of (242) holds when labor supply is elastic enough (i.e., for plausible values of o7.).

. 1 o AGN . .
Using the fact that Br—01Ky) — (Bom—b1K )’ eq. (241d) can be rewritten as follows:

3 . —r*T =T
da AGN {(1 — e_r*T) — (@1 — P2) (e ¢ ) } > 0,

dGN

120} (BGN — q)lKGN)

— Aw {(1 - e—’”*T) (B B (T e } >0, (243)

temp

VQP —r* ((I)l - (1)2)

where Bov — ®1Kgn is given by

P ! - .
BGN — (I)IKGN = + w22 [UcCN — ULL/{T (1/2 —i—(SK)} ,
()
P & -
)
r* 1%

Eq. (243) corresponds to eq. (33) in the text.

To derive a more easily interpretable expression for the initial reaction of investment
after a temporary rise in GV, we proceed as in section G. Hence, we first linearize the
non-traded good market clearing condition in the neighborhood of the steady-state:

) - I = va <K(t) - f() + (Yf - C{.Y) (P(t) - 15) .

N

: YR R Y N\ g7 Yy N\ ax N
Using the fact that df = “&dK + (Y& - ) dP + <; Yol ) dA[,,,, — dGY, and

evaluating the above expression at time ¢t = 0, we get:

AN FiT -
T <Y1£V CN) i [UCC o 5K)] a 1. (244)
=\ = (£ —Ch _ 1.
dGv temp H dGv temp A dG" temp
Using the fact that dP = 0, we evaluate the initial jump of P which is given by:
—usT CN — o LET 5 3
(1 e ) oc oL (2 +0K)| 4
2 Ao dGN temp
where we substituted Kgv = 1/v5 and K5 = —%% [JCC'N — o LET (p + 5K)} (see (233b)).
Substituting (245) into (244), using the fact that wl = (Ylj\}_l’?>, and collecting terms,
P _CON
1 P
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the initial reaction of investment can be rewritten as:

dI(0)
aGN

~N 7.7 -
_(r—n (1 B e“’QT) N 2 [UCC — ULI::IC (vo + (5K)] d\
temp V2 vy A dGN

Eq. (246) corresponds to eq. (34) in the text.

By differentiating the formal solution for foreign assets over period 1 for B(t¢) with
respect to time, then evaluating the resulting expression at ¢ = 0, and differentiating with
respect to G, we obtain the initial response of the current account following a temporary
fiscal expansion:

— 1.

temp

(246)

dC A(0) _ o _dB _ &, B 5, By
dGN temp dGN temp dGN dGN
By
+11 P —— dGN + Py —— 1N (247)

In order to simplify the solution (247), we rewrite the term in square brackets as follows

dBl Bl BZ
2 e L Py
G|, [ raey * szN}
dX By
= —(By—®1K;3) FTed . — (Bgy — ®1Kgn) + [P — Dy doN
o ((I)l — @2) (B_T*T — e_VQT)
= —(By—®1K3){ v (1—e 7
(B — 21 A){GN< ¢ )+ vy (By — ®1K3)
b — P
— (Bgny — ®1Kgn) — Meﬂ&ﬂ
%)
) —® . .
(@=L T (Bgn — &1 Kgn) e 7T,
V2
P _.
= T <, (248)

where we have computed the following expression to get (248):

oWl ; _
(Baw — ®1Kgn) = + 2 [JCCN — o LET (s + 5K)} > 0. (249)
2

Inserting (248) into (247), the initial response of the current account can be rewritten as
follows:

dCA(O) o R ~ UJ% ~N =T B
9N . = —Pe -1 <P+ . [UCC —orLk" (vy + 5K)} dGN + Vg@gdGN,
_ D,—1r*T 2! N F7 B ~ B B2
= —Pe —y—z[acC’ — o LET (1/2—1—51()} deGN P< dGN+V2dGN>’
D~ " AN 7T dr(0) 5d(0)
= P T4 — oLk x| - pY 2
‘ 19 ocC L (V2+ K) gy temp dGN temP’ ( 50)
where ((112(2) ‘ temp 15 given by (245) and glw‘ temp 15 given by (246). To get (250), we used
the fact that %’wm[) = dGN + 1 dGN' Eq. (250) corresponds to eq. (35) in the
text.
J Savings

Since the current account can be alternatively expressed as net exports plus interest earnings
from traded bond holding, or as the savings less investment, we provide details for the
derivation of steady-state and dynamic effects of fiscal shocks on savings.
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J.1 Formal Solution for Financial Wealth

The law of motion for financial wealth (S(t) = A(t)) is given by:

Aty =r*A(t)+ W (P)L (\,P) — P (P)C (\,P) — Z, (251)

with Z = GT + PG,
The linearized version of (251) is:

At) = (A(t) - A) +M (P(t) - P) : (252)
with M given by
M = (WeL+WLp)— (N +PoCp+GY),
= EWp(1+01) ~ [CN(1-0c) +G],

= —{E @ +01)+ [oL LA (2 + bx0) — 00 CV] } < 0. (253)

From the second line of (253), if oo < 1 as empirical studies suggest, then the term
in square brackets is positive and M is negative. The last line has been computed by
using the fact that L = LN + LT and K = kTLT + ENLN which allows to simplify
i [Y/N + LET (vo + dK) /J} to K (vg + dK).

The general solution for the stock of financial wealth is given by:

1 2 2
Muw; Mwj Mws;

- - X Muwl
A(t) =A+ (AO — A) — By — Byl e” t + iBleylt -+ Bgeult.
vy —1r* Vg — 1% vy —1r* Vo — ¥
(254)
Invoking the transversality condition, we obtain the stable solution for financial wealth:
Muwl
Alt)=A 2_PBrentt 255
()= A+ 2B, (255)
and the intertemporal solvency condition

- Mol -

A—AO:#(K—KO). (256)
vy — r*

J.2 Steady-State and Dynamic Effects of a Permanent Fiscal Shock

Differentiating (256) w. r.t. G! (i = T, N), long-term changes of financial wealth are given
by:

dA  wl /- - ~n) dK
=22 (g LiTv, — =3 2
Elel Vo ( vo +orLk" vy — ocC ac ( 57)
Differentiating (255) w. r. t. G* (i = T, N), we get the dynamics of savings:
. Mwy By
t) = A(t) = 2 dGle! 2
S(t) (t) Vlyl—r*dG’Ge , (258)
where Cﬁ;l = —gg

J.3 Steady-State and Dynamic Effects of a Temporary Fiscal Shock

We now evaluate the transitional dynamics of saving after a temporary shock, dG; (i =
T,N).

Case kN > kT

Over the unstable period 1, savings evolve as follows:

1
Mw;

vy —r

1
Muws;

r*

S(t) = A(t) = r* [(Ao - fh) - *Bl] e+ 1 Bie"t, (259)

vy —

42



with
(40- A1) = (Bo—Bn) + Py (Ko — K1) + Ko (P = P2). (260)
Over the stable period 2, savings evolve as follows:

1
Mw;

v —1r*

S(t)=A(t) =n Bjent, (261)

To compute steady-state changes of the stock of financial wealth, we linearize A(t) =
B(t) + P(t)K(t) in the neighborhood of the final steady-state. We have:

At) - Ay = (B(t) = By) + P (K(t) - K>) + K (P(t) - Py)
Then we evaluate at time ¢ = 0:
Ag— Ay = <Bo—f32> + Py (Ko—fQ) + Ko <P(0) —152> ;

where we used the fact that A(0) = Ao, B(0) = By, K(0) = Ky and assumed that the small
open economy starts initially from the steady-state, i. e. Ag = Ay = fl, By = By = B,
Ky = Ky = K. Substituting P(0) —Py= w3 By into the expression above and differentiating
w.r.t G' (i = T, N), long-term changes of financial wealth are given by:

dA . dX
— = (Bs+ PK5) — <0, (262a)
dGT temp < ) dGT temp
dA . dx
V|, " (BA + PKA> agv|, <O (262b)
emp emp
with ~
_ PoC
(B;\ + PK;\) - _UCXTS <0. (263)

Case kT > kN

Since wi = 0 whenever the traded good sector is relatively more capital intensive, and
because By/dG' = 0, the transitional dynamics for saving degenerate and the financial
wealth jumps immediately to its new steady-state level.

Adopting a similar procedure than previously (i. e. in the case EN > k:T), we can
calculate the long-term changes of financial wealth as follows:

dA - dX
| - (BA + PK/\) acr|, < (264a)
emp emp
dA . dA
acv|, " (BA + PKQ agw|, <O (264D)
emp emp
with ~
_ P-C
Bs + PK; = _“Cj\ <o (265)
T

K The Case of Endogenous Markup

The framework builds on Jaimovich and Floetotto [2008]. While we consider the case of an
endogenous markup, the framework is identical to that with a fixed markup, except that
in the latter case the number of competitors is large enough so that the price-elasticity of
demand is not affected by firm entry. There are two sectors in the economy: a perfectly
competitive sector which produces a traded good denoted by the superscript 7" and an im-
perfectly competitive sector which produces a non-traded good denoted by the superscript
N. We assume that each producer of a unique variety of the non-traded good has the
following technology X JN = H (K, L;) where K; is the capital stock and L; is labor.
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K.1 Framework

The final non-traded output, Y, is produced in a competitive retail sector using a constant-
returns-to-scale production function which aggregates a continuum measure one of sectoral
non-traded goods:

vV = Uol (Qj.v)w;ldj]wul, (266)

where w > 0 represents the elasticity of substitution between any two different sectoral
goods and Qév stands for intermediate consumption of sector’j variety (with j € [0, N]).
The final good producers behave competitively, and the households use the final good for
both consumption and investment.

In each of the j sectors, there are N > 1 firms producing differentiated goods that are
aggregated into a sectoral non-traded good by a CES aggregating function. The non-traded
output sectoral good j is given by:44

N 1 NNy
Qj =N 1 U (Xij)
0

where le\]f stands for output of firm ¢ in sector j and € is the elasticity of substitution
between any two varieties.

Denoting by P and P; the relative price of the final good and of the jth variety of the
intermediate good, respectively, the profit the final good producer is written as follows:

N w—1 ﬁ 1
nmv=pr [/ Q) = dy} —/ P; Q5 dj. (268)
0 0

Total cost minimizing for a given level of final output gives the (intratemporal) demand
function for each input:

di] o (267)

oY = (ij) v (269)

and the price of the final output is given by:

1
1 T—w
- ( /0 P}‘“’dj) , (270)

where P; is the price index of sector j and P is the price of the final good.
Within each sector, there is monopolistic competition; each firm that produces one
variety X; N- is a price setter. Intermediate output XZAJ[ is produced using capital ICZJ\; and

labor Ef?;.
XN =H (K, L) - (271)

INE
Denoting by P; ; the price of good i in sector j, the profit function for the jth sector
good producer denoted by 7r§v

N -1
7er E'PjN_Eil (/ (Xz]’\;) c > / P,JXNdZ (272)
0
The demand faced by each producer XZJ\; is defined as follows:

P\ ol
N _ i,j J
X = ( P; ) N (273)

and the price index of sector j is given by:

Pj= N1 (/ Pi- edz) _E. (274)

1
4By having the term N~ T in (267), the analysis abstracts from the variety effect and concentrates
solely on the effects of markup variation.
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Combining (269) and (273), the demand for variety XZJ\JI can be expressed in terms of
the relative price of the final non-traded good:

P\ (P ¢ YN
N — l’] 7‘7
i = (Pj> <P> N (275)

In order to operate, each intermediate good producer must pay a fixed cost denoted by
FC measured in terms of the final (non-traded) good which is assumed to be symmetric
across firms. Each firm j chooses capital and labor to maximize profits. The profit function
for the ith producer in sector j denoted by 7TZA; is:

my = PH (KY, L)) — KK — WL — PFC. (276)

The demands for capital and hours worked are given bz the equalities of the markup-
adjusted marginal revenues of capital 2225 and labor PjM—L, to the capital rental rate €
and the producer wage W, respectively.

K.2 First-Order Conditions

The current-value Hamiltonian for the j-th firm’s optimization problem in the non-traded
sector is:

HY =i (KN, LNy — oKk —wel —pFC +; [H (KN, V) — xN] (277)

where XjN stands for the demand for variety j; firm j chooses its price P; to maximize
profits treating the factor prices as given. First-order conditions for are:

PiHix +nHg = o, | (278a)
PiHp +nH, = W, (278Db)
nj = PiHj, (278¢)
Combining (333a)-(333b) with (333c), by assuming that firms j are symmetric, yields:
1
PiHg (1 — e) =i (279a)
J
1
PiH, (1 - e) - W, (279h)
J

P!
i _1
where we used the fact that AN = e

We consider a symmetric eqﬁilibrium where all firms in the intermediate good sector
produce the output level XZ]\JI = XV with the same quantities of labor ﬁ,fvj = £V and

capital IC%- = KN. Hence, the aggregate stock of physical capital and hours worked are
KN = NKN and LY = NLV, respectively. They also set the same price P; ; = P. Hence,
egs. (270) and (274) imply that P = P.

Remembering that the markup is given by p =
ten as follows:

e

—<3, first-order conditions can be rewrit-

H

P=E — K (280a)
I

P}ff _— (280D)

We follow Yang and Heijdra [1993] and Jaimovich and Floetotto [2008] by taking into
account the influence of the individual price on the sectoral price index:
(e —w)
N Y
As will be useful later, we calculate the partial derivatives of the price-elasticity of
demand and the markup with respect to the number of firms:

e(N)=¢e— N € (1,00). (281)

Jde e—w ou EN eEN [
N=on T Nz 0 “N:aiN:_(efl)QZ_e—1E<O’ (282)
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where we let p = 5.

We further assume that free entry drives profits down to zero in all industries of the
non-traded sector at each instant of time. Using constant returns to scale in production,
i,ee. X =H(K,L)= HgK + HpL, and the zero profit condition, in the aggregate, we
have:

PH (KN, L) =X KN —WLN — PNFC = 0. (283)

Substituting the short-run static solution for non-traded output (52), the zero-profit con-
dition (283) can be rewritten as:

1

N Y o
Y™ (K, P, p(N)) (1 )

) = NFC. (284)

K.3 Short-Run Static Solution for the Number of Firms

The zero profit condition can be solved for the number of producers in the non-traded
sector: -
N =N (K,P)), (285)

where partial derivatives are given by:

Ny=—=— Z 0, (286)
where © = K, P,\, wpc = NFC/Y" corresponds to the share of fixed costs in markup-
adjusted output and we set

N
X = Yo { [y, (p—1) +1] mLN - ch} : (287)

N

Inspection of (287) shows that x < 0 if 1, y is not too large. This implies that an input
inflow in the non-traded sector that raises YV and thereby yields to profit opportunities
results in firm entry which lowers the markup.

K.4 Equilibrium Dynamics and Formal Solutions

Inserting short-run static solutions for non-traded output and consumption, given by (52)
and (44) respectively, into the non-traded good market-clearing condition (30), and inserting
short-run static solution for capital-labor ratio in the non-traded good sector (46) into the
dynamic equation for the real exchange rate (5d), and substituting the short-run static
solution for the number of firms (285) yields:

YNA{K, P, u[N (X, P)]}

’ _ N . N a
K = NP OV (P) — 65K — GV, (2884)
5 x hy, (BY {P, u [N (K, P)]})

For clarity purpose, we dropped variables which are constant over time from short-run
static solutions.

Linearizing these two equations around the steady-state, and denoting by = = K, P the
steady-state values of x = K, P, we obtain in a matrix form:

(K, P)T —J <K(t) ~K,P(t) - P)T, (289)

where J is given by

J

b1 b2
) 290
< ba1  boo ) (290)
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where elements evaluated at the steady-state are:

T Y;V %_LN (1_ }’j&”) — bk, (291a)
by = Y;V ?jv—“j P<1— ;&“) — o, (291D)
b1 = I/jhkkuN,iVKkN (thZN - kgvﬂ) , (291c)
by = —ihkk - MN:VPI“N (hk’Z’;N - kgj‘)] . (2914)

Equilibrium Dynamics
The sign of the determinant denoted by Det of the 2 x 2 Jacobian matrix (290) is
ambiguous:

_(YE ~
~ e F po \ kN kN

v 1—Y’M Yg+ E—CN L e (L A (292)
7 YN | P po )\ kN kN

Det J = bi1bog — biabog
yI p N kLY
K4 = kN EY p( hi Mu)]
P

_HN N
0

and the trace denoted by Tr is given by:

YE vy
TrJ = b11+522:7K—|—7K—5K
W P

YN
= BN T S, (293)
1

T N
where we used the fact that 25 + YT{( = %’f = r* + {k; the positive sign follows from

Ng > 0 and py < 0. If the elasticity of the markup to the flow of entry is not too large,
then determinant (292) is negative so that the condition for saddle-path stability with real-
valued roots holds. Such a condition requires that the markup must be initially not too
large.

Characteristic roots from J write as follows:

yiE;{Tri:\/(Tr J)? — 4Det J} >0, i=1,2 (294)

We denote by v1 < 0 and v > 0 the stable and unstable real eigenvalues, satisfying
v <0< r* <. (295)

Since the system features one state variable, K, and one jump variable, P, the equilibrium
yields a unique one-dimensional stable saddle-path.

General solutions are those described by (68) with eigenvector w} associated with eigen-
value p; given by:
vi — b1

wy =

296
. (296)

K.5 Formal Solution for the Stock of Foreign Assets

Inserting first short-run static solutions for Y7 and C7 given by (52) and (44), respectively,
substituting the short-run static solution for the number of firms given by (285), into eq.(3),
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and linearizing around the steady-state gives:

B(t) =1 <B(t) - B)+[Y§ + Y7y Nic] (K(t) - k)+ [(VE + YT un Np) — CF] <P(t) . 15) ,

(297)
where C% is given by (45b).
Using the fact that P(t) — P = wj (K(t) - K), setting
Ny = [Yi + Y] unNg] + [(YP + Y, unNp) — CB| w3, (298)

solving for the differential equation and invoking the transversality condition for intertem-
poral solvency, the stable solution for net foreign assets finally reduces to:

B(t) — B = (K(t) - f() , (299)
and the linearized version of the nation’s intertemporal budget constraint is given by:

B—By=ad (f( - Ko) : (300)

where we used the fact that B; = Ko — K.

K.6 Solutions for L, N, and W

Linearizing the short-run static solution N = N (K, P) yields the solution for the number
of firms:

N(t) = N+ Ng (K@)~ K)+Np(P@)-P),
= N+ (Ng + Npwy) Bie"" + (N + Npw3) Bae™". (301)

Linearizing the short-run static solution for labor L = L (P, u), using the fact that
1= (N), and substituting the appropriate solutions, the solution for L(t) reads:

L(t) = L+Lp(P()=P)+ Ly () - i), (302)

P
w% — EMN (NK + pr%)

N P
= L+ Lp Bie"'' + Lp wg—ﬁ,w (Nk + Npw3) | B1e**'(303)

where we used the fact that L, = —LpP

o
Linearizing the short-run static solution for the wage rate W = W (P, u) and substitut-
ing appropriate solutions yields:

W) = W+ Wpw (K(t) - f() + W (N(t) - 1\7) ,

~ P P
= W+Wp |ws — ah (Nk + Npw3) | Bie”" + Wp |wi — b (Nk + Npw3) | Bae(304)
where we used the fact that W, = —Wﬁ L.

K.7 The Two-Step Procedure: Wealth Effect and Government Spending

By analytical convenience, we rewrite the system of steady-state equations, assuming that
o = 0:

el \B)) [kz () ”, (305a)
;YN (f{, P, X) oLl (X, 15) GV =, (305h)
*B+YT <K P, X) _cT (X, P) T =y, (305c¢)

together with the intertemporal solvency condition

(B - Bo> ) (f( - Ko) , (305d)
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where Ky and By correspond to the initially predetermined stocks of physical capital and
foreign assets.

Derivation of Steady-State Functions

In a first step, we solve the system (305a)-(305¢) for P, K and B as functions of the
marginal utility of wealth, X, government spending G together with the mark-up. Totally
differentiating equations (305a)-(305¢) yields in matrix form:

hikkp 0 0 dP
N N ~
(e-op) e o || 4k
0F-cEf vp o) \db
= vy N\ gy _ (Y _y¥ N
—(;—Cx)d)\—(ﬁ—#z)d;mtd(} : (306)
-7 - e -y
where we used the fact that pf = P [h — hy (kN — k:T)] and }L—’“ = r* at the steady-state to
rewrite r* — hkkkiv as W = %

The equilibrium value of the marginal utility of wealth A, government spending G and
the markup p determine the following steady-state values:

K = KW\GY. ), (307D)
B = B(\GV.p), (307¢)
with partial derivatives given by:
0K 11 N - e T N

B=%7 = 1% (aco — oy Lk 1/1>>O it kT > kN, (308a)

11 - - -
- (Uch —ULLk:TI/2> >0 if kY > kT, (308h)

)\1/2
0B 11 SN AT oo
By=%%7 = ~3o7 [ac (fc +RC )+aLth] <0, (308c¢)
and
OK 1 1
Kin=—o = —0 = — if kT > EN
&N = Han i n U1<0 it kT > kN, (309a)
1 1

= —v—=—>0 if KV >k", (309b)

Y /n o

OB Yiu f
Bon = —- = ——KL — 21 >, 309
o = 5aw YV T (309¢)
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OP P PYY P
P=7 = =K _ "o i KTk, (310a)
O popYg 1229
P
= o0 it kN T (310b)
ury
0K P Yy vy
K,=— = [P—ulcg] +—— <0, if k' >kY, (310c)
ou uvive | 7%
P Ty N] v : N T
= —— —w(p | +—5—=s0, if ">k, 310d
UV [ L 2~p 11215 = ( )
oB P [~ (YN - - -\ LNf
B,=+— = ——|P iT——Cﬁ —I—(ULLkTVl—ﬂUCCN) + / =0
o uve | "o r* | pr*
if kT >kN  (310e)
Pl (Y N FiT vo =], LN
- T p(T ol +<0LLI<: vy — 2o6C ) +=1 =y
prr | w2 r i mr
it KV >kT  (310f)
where we used the fact that hypk® = —%YT’E to derive the first equality of (310a). In
addition, we made use of the following property YMN = —%Y]ﬁv and YMT = —BYE to

determine (310c)-(310d) and (310e)-(310f). Finally, use has been made of property (355)
to rewrite Y2 — C% and property (55b) to simplify pY;F + pY2 which is equal to Pur* in
the long-run.

Since the change in the markup modifies the long-run levels of real consumption and
labor supply through the steady-state change in the relative price of non tradables, it is
convenient to rewrite their steady-state functions, i.e., their short-run static solutions (42)
that hold in the long-run, in terms of A and pu:

C:m(x,u), L:n(jx,,u), (311)

where partial derivatives are given by (43) evaluated at the steady-state (that’s why we
substitute respectively the notations m and n for C' and L) and

my, = i = acooé% <0, if KT >N, (312a)
— acocCZ <0, if KN > kT, (312b)
V1
oL LET Ph Pr*
n, = = _IL B 7; (312¢)
o W f w

O’LE/I;JT PYIJ(V Pr*

wWoopYE opt
Following the same procedure, i. e. substituting the steady-state function for the real
exchange rate into the static solution for wage evaluated at the steady-state, the steady-

state function for wage can be rewritten as follows:

We computed (312c) as follows: n, =

W =W (n), (313)

where the partial derivative w. r. t. p is given by:

_8W——IA{Z‘T fLPT’*

W, = — = <0, (314)
T op ;o
g PYY e YR
where W, = k ﬁTT with Y—E =—3 < 0.

Finally, following a similar procedure, we may express the rental rate of physical capital
as a function of u:
=1 (n), (315)



where the partial derivative w. r. t. pu is given by:

ok P

K= 57 - —T*EZ—; >0, if KT > kN, (316)
oK P

o 57 - —T*E% >0, if &V >k (317)

Derivation of the Equilibrium Value of the Marginal Utility of Wealth
In a second step, we determine the equilibrium change of A by taking the total differ-
ential of the intertemporal solvency condition (305d):

[vs — ®1 K] d\ = — [vgy — ®1Kon]dGY, (318)

from which may solve for the equilibrium value of \ as a function of government spending
on the non-traded good:

A=A (GY), (319)
with O [ 1 K]
_ __VgN — F1AgGN
Ay = 5o = oy B ] (320)
L No-Entry

In this section, we develop an alternative version of the two-sector model with a perfectly
competitive sector producing a traded good and an imperfectly competitive sector pro-
ducing a non-traded good. We assume that each producer j of a unique variety of the
non-traded good has the following technology X]N = H (K;, L;) with K; the capital stock
and £; labor. While in section L we consider a model with free entry and endogenous
markups, in this section, we solve the model by considering no-entry which implies that the
markups are fixed but profits are no longer driven down to zero.

L.1 Framework

The final non-traded output, YV, is produced in a competitive retail sector using a constant-
returns-to-scale production function which aggregates a continuum measure one of sectoral
non-traded goods:

vV = Uol (ij)“:ldj]ﬁl, (321)

where w > 0 represents the elasticity of substitution between any two different sectoral
goods and Q;-V stands for intermediate consumption of sector’j variety (with j € [0, N]).
The final good producers behave competitively, and the households use the final good for
both consumption and investment.

In each of the j sectors, there are N > 1 firms producing differentiated goods that are
aggregated into a sectoral non-traded good by a CES aggregating function. The non-traded
output sectoral good j is:*°

€

N 1 N N e—1 . e—1
Qf =N 1 {/0 (X:5) dl] : (322)

where Xl]\][ stands for output of firm ¢ in sector j and € is the elasticity of substitution
between any two varieties.

Denoting by P and P; the relative price of the final good and of the jth variety of the
intermediate good, respectively, the profit the final good producer is written as follows:

w—

N 1 ﬁ 1
nm=r [/ (o)) « dj} —/ P;QNdj. (323)
0 0

1
4By having the term N~ T in (322), the analysis abstracts from the variety effect and concentrates
solely on the effects of markup variation.
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Total cost minimizing for a given level of final output gives the (intratemporal) demand
function for each input:

oF = (7;j'>_ v (324)

and the price of the final output is given by:

1
1 T—w
= ( /0 P}—Wdy) , (325)

where P; is the price index of sector j and P is the price of the final good.

Within each sector, there is monopolistic competition; each firm that produces one
variety X; N is a price setter. Intermediate output XZ]\; is produced using capital ICZA; and
labor C;’\f].

N N pN
X =H (K5, L) - (326)

INE
Denoting by P; ; the price of good ¢ in sector j, the profit function for the jth sector
good producer denoted by 7T§V is

. N = N
7r§v =P;N 1 (/ (XN) c dz> —/ Pi,j/'\f'i]’\]f»di. (327)
0 0
The demand faced by each producer XZZ\; is defined as :
P\ o
xN — ) -7 2
" ( Pj ) N 32

and the price index of sector j is given by:

P; = le</ Pledz>_. (329)

Combining (324) and (328), the demand for variety XZ]\JI can be expressed in terms of
the relative price of the final non-traded good:

Pij\ (P YV
N _ (T ) o
w-(3) (3) F (330)

In order to operate, each intermediate good producer must pay a fixed cost denoted by
FC measured in terms of the final good which is assumed to be symmetric across firms.
Fach firm j chooses capital and labor to maximize profits. The profit function for the ith
producer in sector j denoted by 7TZ-N - is:

m=PiH (KY, £Y) ="Ky — WLl — PFC. (331)

U J o
The demands for capital and hours worked are given by the equalities of the markup-
adjusted marginal revenues of capital PiflK and labor Pjﬂi, to the capital rental rate €
and the producer wage W, respectively.

L.2 First-Order Conditions

The current-value Hamiltonian for the j-th firm’s optimization problem in the non-traded
sector writes as follows:

N N pN KN N N pN N
where XJN stands for the demand for variety j; firm j chooses IC;V and E;V to maximize

profits treating the factor prices as given. First-order conditions for the non-traded sector
write as follows:

PiHk +nHr = o™, | (333a)
PyHL +nH, = W, (333D)
nj = PiHj, (333¢)
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Combining (333a)-(333b) with (333c), by assuming that firms j are symmetric, yields:

1
P;Hy (1 - 6> =k, (334a)
J
1
PjHL, (1 - 6) =W, (334b)
J

P )
i — _ 1
where we used the fact that XN T e

We consider a symmetric eqﬁilibrium where all firms in the intermediate good sector
produce the output level XIJ\J’ = XV with the same quantities of labor Efvj = £V and
capital /Cf\g = KN, Hence, the aggregate stock of physical capital and hours worked are
KN = NKY and LY = NL¥, respectively. They also set the same price P; ; = P. Hence,
egs. (325) and (329) imply that P = P.

Defining the markup as follows y = _%5, first-order conditions are:

Hy

Pi = TK’ (335&)
I
H

PTL = W. (335b)

We further assume no-entry so that profits can be positive. Aggregating over the number
of competitors, aggregate profits can be rewritten as:

Y = NoV = PH (KN, L) — KN -~ WLN — PNFC. (336)

Using constant returns to scale in production, i. e. YN = HxkKn + Hi L, substituting
the short-run static solution for non-traded output (52), using the fact that PHy /u =
and PHp /i = W, we have:

_ - 1
¥ =" (K,P,\) =P [YN (K,P,\) <1 - ) — NFC] : (337)
1
where the partial derivatives of aggregate profits in the non-traded sector with respect to
K, P, \ are given by:

o v 1
Iy =—— = +PYN<1—>>0, 338a
P ) P P 1 ( )
oy 1
Iy = S PYY (1 - u) >0, (338b)
o 1
Iy = =5 pY;¥ (1 — u) <0. (338c)

L.3 Equilibrium Dynamics

Inserting short-run static solutions (42), (44) and (52) into (5d) and (30), we obtain:

N Y N )
P (IZ,R)\)JFH (I;Pv/\)_CN()\’P)_(gKK_GN, (339a)

P = P{r*—i—éK—hk[kZ(P)]}, (339b)

where we used the fact that YV — NFC = % + %.

Linearizing these two equations around the steady-state, and denoting # = K, P the
steady-state values of x = K, P, we obtain in a matrix form:

(K, P)T =J (K(t) —K,P(t) - P)T, (340)
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where J is given by

J= ( b bz ) : (341)

ba1 b2

where the elements 011, b12, ba1, boo are given by:

e 1 h
bll == K‘FY[J(V(l—)—(SK:H_éKzO’ (342&)
u p (kY — kr)
DARE | A O N 1
b = P4 ~P—~—CN:P+YN(1—>—CN>0, 342b
12 " b 2 P " P 0 P ( )
_ha kN f A
byy = 0, bgy=_—PFP A K <. (342¢)
" PV -kT) P

where we used (338a) to determine (342b).
The determinant denoted by Det of the linearized 2 x 2 matrix (341) is unambiguously
negative:

YL T/YY 1 YL
Det J =byibye = K | (£ —§ >+YN<1>}:5 YA —6x) <0, 343
11922 P |:(’u K K 1 P( K) ( )

and the trace denoted by Tr is given by

1 P 1 1
TrJ=by+byp=—=|YE+ =YY | -0x+Y¥ <1 — ) =+ Yy (1 — > >0, (344)
P K 1% M
where we used the fact that at the long-run equilibrium % =1r*+0K.
The characteristic root reads as:

1
vi =g {TrJ + \/(TrJ)2 - 4DetJ} =20, i=1,2. (345)

Using (343) and (344), the characteristic root can be rewritten as follows:

;{(Y§—5K)+Y§i [(Yﬁ—é@—%”

v

0, i=1,2. (346)

N

We denote by v1 < 0 and 2 > 0 the stable and unstable real-valued eigenvalues,
satisfying
r <0< < V9. (347)

Since the system features one state variable, K, and one jump variable, P, the equilibrium
yields a unique one-dimensional stable saddle-path.
General solutions paths are given by :

K({t)—K = Bje"! + Bye, (348a)
P(t)— P = wiBie”! + w3Bye"?, (348b)

where we normalized w! to unity. The eigenvector w} associated with eigenvalue v; is given
by
wiy = Vit (349)
b12

with b1 and by given by (342a) and (342b), respectively.

Case kV > kT

This assumption reflects the fact that the capital-labor ratio in the non-traded good
sector exceeds the capital-labor in the traded sector. From (346), the stable and unstable

eigenvalues can be rewritten as follows:

YT
n = K= —% <0, (350a)
P P (k‘N _ k:T)
h
vy = YE -6 = — 6k > 0. (350D)
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We sign several useful expressions:

YI](V = (rn+dg)>0, (351a)
Yt = Py <o, (351b)
PhipkN
’Z“ L= _y >0, (351c)
1 -~
vV = —KJLLkT (o +dK) <0, (351d)
1 -~~~
vi = —XULLPkNl/l > 0. (351e)

We write out eigenvector w’ associated with eigenvalue v; (with i = 1,2), to determine

their signs:
1 +
w= v Eg , w?= < L (+) > (352)
(7 =cf) !
Case kT > kN

This assumption reflects the fact that the capital-labor ratio in the traded good sector
exceeds the capital-labor ratio in the non traded sector. From (346), the stable and unstable
eigenvalues can be rewritten as follows:

h

(-8)
o VE

P __]5<]}N_;;T>

v = Y -0k = — 0 <0, (353a)

> 0. (353D)

We write out eigenvector w’ associated with eigenvalue v; (with i = 1,2), to determine

their signs:
_ (1 () 2 _ 0 354
YT ( 0 ) T\ iy ) 5

As in the case of free entry and fixed marked, no entry implies that when the real exchange
rate remains unaffected after a permanent fiscal shock (since wi = 0) when k7 >,
We can deduce the signs of several useful expressions:

YY = (n+6k) <0, (355a)
YE = Puy>o0, (355b)
Phypk®
’Z“ P = <0, (355¢)
1 ~-
vV = —iaLLkT (1 +dK) >0, (355d)
1 - --
v = —jaLLPkNug < 0. (355¢)

L.4 Current Account Dynamics

In this subsection, we derive the current account equation, the stable path for foreign assets
and the intertemporal solvency condition. Substituting the definition of lump-sum taxes Z
by using (10), and the market clearing condition for non-traded goods (339a) into (3) we
get:

B = rB+rfKt)+WL+1VN — PoC — PI - Z,
= "B+ (" "K+WL)+1I" —PcC-G" —PGN —P (YN -CN -GN —NFC).

Using the fact that LT + LY = L, KT + KV = K, and substituting the expression of
aggregate profits in the non-traded sector, i.e., IV = PYN —W LN —¢+KKN _ PNFC, the

55



dynamic equation for the current account can be rewritten as follows:

B = m#B-C" —G" + [WLT +rKKT] + WLN + K KN] 4+ [PYN - wLN — K KN — PNFC]

—P[YN - NFC],
= PB+YT-cT -G7,

Inserting general solutions for K (¢) and P(t), the solution for the stock of international
assets is given by follows:

2 2
B(t) =r* (B(t) — B) + YL Biet + [Y — CF] > Biwhe. (357)
=1 i=1

Solving the differential equation leads to the following expression:

B(t)— B = [(BO - B) — 1B — <1>232} et + & Bt + By Boe, (358)
with - . Mo
N YL+ YT - wi
By = = K Y *P]“’?, i=1,2, (359)
Vi —T Vi —T

Invoking the transversality condition for intertemporal solvency, the terms in brackets
of equation (358) must be zero and we must set By = 0. We obtain the linearized version
of the nation’s intertemporal budget constraint:

Bo— B =, (KO - K) . (360)

The stable solution for net foreign assets finally reduces to:

B(t)— B =, (K(t) - K) . (361)
Case kN > kT
Ny = YE+(YE-ChHwl=Pui+ (Y -C})ws 20, (362a)
Ny = Yi+ (Y3 —Ch) w3, (362b)
= Y£ =Py <0, (362¢)

where we used the fact that w3 = 0. Hence we have:

Dy = = . (363)

Case kT > kN

Ny = Yi+ (Y -C})

wa = Puy > 0, (364a)
Ny = Yi+ (Y3 -Chw

1

2

3=DPu+ (Y - ChHwi <0, (364b)
where we used the fact that w) = 0. Hence we have:

oy =1 P (365)

v —1* v —1r*
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L.5 Savings Dynamics

The stock of financial wealth is A = B + PK. Differentiating with respect to time, substi-
tuting the dynamic equations for foreign bonds (3), capital stock (4), and the real exchange
rate (339b), i.e., A = B+ PK + PK, the stock of financial wealth evolves as follows:

A=r"A+WL+TIV — PoC - Z. (366)

Substituting short-run static solutions for the real wage, labor supply, aggregate profits,
consumption price index, consumption, eq. (366) can be rewritten as follows:

A=r*A+W(P)L (A, P) + 11V (K, P,)\) — Po (P)C (P,A) —=GT — PGN,  (367)

where we used the fact that Z = GT 4+ PG . Linearizing (367) in the neighborhood of the
steady-state, we have:

A=r* (A(t) — 21) + M (P(t) - 15) + Iy (K(t) — K’) (368)
where
M = WPIN/—I-VNVLP—FHg —Péé—POCP —GN,

- Iy . 1 -
= WpL(1+401)+ 2 + PYY (1—M>—CN(1—00)—GN. (369)

The general solution for the stock of financial wealth is:

- . e 1 vy 2 N
A(t) = A+|:(A0—A>_ K+MWQBI_ K+Mw232:|€rt

v —r* vy — ¥
N 1 N 2

+HK + MWQ Bleylt 4 HK + MUJQ BQ@VQt.
v —r* 1

(370)

Invoking the transversality condition, we obtain the stable solution for financial wealth:

_ H% + Mw% Byt

Alt)=A 371
()= A+—E10 (311)
and the intertemporal solvency condition
- 15 L
A—Aozw<K—Ko>. (372)
VG —r

L.6 Long-Run Effects of Permanent Fiscal Shocks: The Case of No-Entry

In this subsection, we derive the steady-state effects of permanent fiscal shocks by assuming
that labor supply is elastically supplied. To keep things simple, we assume that the traded
sector is more capital intensive, i.e. kT > k.

Substituting first the appropriate short-un static solutions, the steady-state of the econ-
omy is obtained by setting K, P, B = 0 and is defined by the following set of equations:

“%Z@”:w+@, (373a)
YN(];(;P,S\) +HN ([;(5,]5,5\) N (XP)-(SKI?—GN:O, (373b)
*B4+YT (K P, X) _cT (X,P) a7 =y, (373c¢)

and the intertemporal solvency condition

(Bo - B) . (KO - f() , (373d)
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where we used the fact that 1 + YN /u =YN — NFC. The steady-state equilibrium
composed by these four equatlons jointly determine P, K, B and .

We totally differentiate the system (373d) evaluated at the steady-state which yields in
a matrix form:

hiik

iy 0 0 0 dpP 0

(Y —ch) YN -6 (YN -cCN) 0 dK | _ | dG¥

wi-ch v oor-dh e || @ T aer o B
0 —Pq 0 1 dB 0

The determinant denoted by D’ of the matrix (373) of coefficients is given by:

hikd N
D' = L’; PR —ok) (Y —oF) — (v - ) [YE + @]} (375)
Assuming k7 > k", then the determinant D’ reads as:
r_ V1V2
D= { (LWL +o0PeC)
P 5 1 - .-
+M (1 - > [JCC'N — o LET (r* + 5K)} } > 0. (376)
T —1 W

where we used the fact that vo = 1* — v + (11 + k) (1 — i) Moreover, we computed the

following expression:

kN
- I :
P(kN _ k‘T) kN _ kT

%% 1
P K( u)’
w

= ~ 5 + kT (v1 + 0K) (1 - ,lll) . (377)

kNvo + KT (1 + 6k

The steady-state changes following an unanticipated permanent increase in GV are given
by:

ddcg _ o, (378a)
d%\N _ _l;hkzkg (YT + @), (378D)
% _ l;]”bimfg (v7 -7y, (378c¢)
% = @1%. (378d)

Assuming that k7 > k%, the steady-state changes for K and A can be rewritten as
follows:

% PlopLkNvy — o
dK L 2 c
do8v ~ ( r ) s 0, (379a)
dG [ oW +JCPCC) }
dA Py 1
= = 2 _— >0, (379b)
dG (r =) KULWL + UCPCC> + F}
where 0 < 2~ = 22 < 1 and we have set
(r*=uv1) VQ—(Vl—"-(sK)(l—l)
I = 1 ~ -
P Plnton) (1 - > [00CN — L LET (1 + 35)] > 0. (380)
= H

Eq. (379b) corresponds to eq. (29) in the text.
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L.7 Impact Effects of Permanent Fiscal Shocks: The Case of No-Entry

This section estimates the impact effects of a permanent fiscal expansion when the traded
sector is more capital intensive than the non-traded sector. The stable adjustment of the
economy is described by a saddle-path in (K, P)-space. The capital stock, the real exchange
rate, and the stock of traded bonds evolve according to:

K(t) = K+ Bje"t, (381a)

P(t) = P+wiBet (381b)

B(t) = B+ ®Bjet, (381c)
where wi =0, & = —% if k7' > kY and with

B, = Ky— K = —dK,

where we made used the fact that Ky is predetermined.

We derive below the initial reactions of investment and the current account by assuming
that the traded sector is more capital intensive than the non traded sector.

ET > kN

Differentiating (381a) w.r.t. time, evaluating at time ¢ = 0, and substituting (95d), the
initial response of investment is:

~ 0 FI.N CrT
dI(O) dK P(ULLI{ Vo —O0C B >
dGiN = —1 dGN = — = = 2 0 (382)
perm 121 [(O’LWL + 00P00> + F}
Using the fact that ®; = —Tfs L 12,1, the initial reaction of the current account is:
dC A(0) . dK - d1(0)
=P =_P < 0. 383

L.8 Effect on Aggregate Profits of a Permanent Fiscal Expansion

Since the wealth of households depends now on the present value of profits, the wealth
effect triggered by a fiscal expansion is modified compared to the case of free entry. In this
subsection, we compute the change in the present discounted value of profits denoted by 11
which is defined as follows:

Il = / Y (t)e™"tdt. (384)
0

Substituting the short-run static solution for II"V given by eq. (337) and linearizing around
the steady-state, we have:

N (¢) = IV + [ + IR wj] (K(t) — K’) ,
where we used the fact that P(t) — P = w} (K(t) - f() We set

T =TI + Y ws. (385)

Substituting the linearized version of IV (¢) into eq. (384) and solving yields;

B f{N+ B

r* r* —u

I (386)

where we substituted the stable solution for K (t) given by eq. (348a).
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Differentiating (386) w.r.t. GV, the change in the present value of profits is given by
o IOf dx opIf dK
dGN o dGN o (r* — 1) dGN
d;\ (V1+6K) 1 57T =~ AN
= _ 1—— LPE" (r* + 6k) — oc PC
dGN Mr* (r* — 1) W [GL (" +0x) = o0 }
P (11 + Ok) (1 1>

_r*(r*—yl) o

1
P(l— l) (V1+5K) d\ [O'LE/I;IT (r*+5K) —UcéN]
= - . . +1% > 04387)
™ (r* — 1) dGN A ’

where we used the fact that By = —dK, wi = 0 which implies that T = H%, and dIIV =
H]XVd)\ + YK to get the first line, we used the fact that di = KydA+ KondGY (see eq.
(390a )), expression of K5 given by eq. (391a) and the fact that

LPET 1
m, = -2t B+ k) <1 — > >0, (388a)
A I
. 1
Y = P(v+6k) (1 — u) < 0. (388b)

Eq. (387) corresponds to eq. (28) in the text.

L.9 The Effects of Temporary Fiscal Shocks: The Case of Elastic Labor
Supply

In this section, we derive formal solutions for temporary shocks under no-entry, by assuming
elastic labor supply. The derivations of formal solutions are only possible if we assume
ET > EN since when sectoral capital intensities are reversed, we are not able to derive
useful (i.e., interpretable) expressions.

We first solve the system (373a)-(373c) for P, K and B as functions of the marginal
utility of wealth, A and government spending G". Totally differentiating equations (373a)-
(373c) yields in matrix form:

oy o o) o ||k
(YP - CP) Y r* dB
0
= | —(N-cNydr+daN | . (389)

T T\ 1%
— (Y/—\ -3 ) dA
Steady-state values of K and B can be expressed as functions of the shadow value of
wealth and government spending GV:

K = K(\GY), (390a)
B = B(\GY), (390D)
with partial derivatives given by:
K YN -y
K; = oK _ —M, (391a)
o Y —ox)
z YE(YYN - o) — (Y - 6k) (Y] —CT
o\ r* (YK — 5K>
We sign expressions when kT > kV:
0K 11 <N -
K=%% = ~Tur [acc — o LET (i + 5K)] >0, (392a)
8B {UC <]50NV2 —éTV1> —|—I/2pUL[~/ [i{Nl/l —];‘T (1/1 +5K)]}
By=—= = _ <0, if kT > k{392b)
o\ r* I\
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and

0K 1 1
Kin=E—oooe = ——=—<0, 393a
GN 6GN YI]{V - (5[( 141 ( )
83 YT Pl/g
Bon = — K - 0. 393b
GN aGN (YI](V _ (SK) T* T*Vl > ( )

To derive solutions for temporary fiscal shocks, we have to solve the following system:

By + By = —K5d\ — KondGY, (394a)
Bie"'T 4 Bye?T — BT = —KondGY, (394b)
wiB1e"T + W2Bye?T — wiBjenT =0, (394c)

and -
B1YT{ 4+ ByY9 + B;\dA =, (395)

where we set

Tl = (I)l, (396&)
Ty = By (B — By) 2T (396b)
Q1 = |(Bey —®1Kgn)e ™™ T — Baw | dGY. (396¢)

Adopting the same procedure as described in section K.7, we derive formal expressions
below for constants Bi, By and Bi when k7 > k. We were unable to derive useful formal
expressions with the sector reversal of capital intensities.

Case kT > kN

When considering elastic labor and no entry, the solutions after a rise in GV are:

By { KacPcé + ULWf/> + F} + T{Dfil (1 - e—r*T) [oLf/l;:T (1 + Orc) — UcéN}}
et 21 [(UCPCO + JLWE> + F}
By
ay = O
dgiN = dglN + Kszef’le
- 1 . Tfsfi (1 — e—'r’*T) |:O'LI~/];3T (1 + 6x) — Ucé’N}
- T (1-enT) 4 2 [(aCPcéJraLWE)JrF} >0,
ddG;;V . AgN (1 — e_T*T) >0,
emp

where Ao~ represents the change in the equilibrium value of the shadow value of wealth
after a permanent increase in GV (see eq. (379b)).
General solutions for K and P are:

K(t)— K = Bje" 4 Bye", (398a)
P(t) — P = wlBje"! + wiBye?'. (398b)

Differentiating eq. (398a) w.r.t. time, evaluating at time ¢ = 0 and differentiating w.r.t.
G", we obtain the initial response of investment following a temporary rise in government
spending on the non-traded good:

dI(0) _, B . B
~laGgN T 2agye

dGN

temp
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Substituting (397a) and using the fact that 22— = 0, the initial reaction of investment is

. dan
given by:
dI(0) _ By
dGN |,y dGN
vy ) [ULI:];‘TP (1/1 +5K) —O’CpéN}
= — 1+*7(1—67TT> ~ ~ - §@99>
= |:<O'CPCC+ULWL> +F}
Eq. (399) corresponds to eq. (37) in the text
The general solution for the stock of foreign assets is given by:
B(t) = B + [(B() — B) — OBy — @2B2:| €T*t + (I)lBleylt + (I)QBQ€VQt, (400)

Differentiating eq. (400) w.r.t. time, evaluating at time ¢ = 0 and differentiating w.r.t.
G, we obtain the initial response of the current account after a temporary rise in G":

dC A(0) L|odB By By B9, By ®,
= — - b ——P—— | +11 + 12 .
dGN temp dGN temyp dGN dgN dGN dgN
Using the fact that
dB, B o B
AN - — ¥
dGN temp dGN dGgN
d\
= — |(By — ¢1Kj) ETen + (Bagy — ®1Kgn) |,
temp
= —(Ban —®1Kon)e T = Pro 1 401
= —(Bgy —P1Kgn)e ——me ) (401)
the initial reaction of the current account can be rewritten as follows:
dCA(O) PVQ T pVQ Bl
— = ——e -,
[CE N PO, (r* — 1) (r* —v1) dGN
- FIT P AN
P . (oL ERTP (11 + 650) — 00 PCV)
. (1_6—”) 14— § - >0,
[ rre=n [(Ucpcc—FULWL)—i-F}
_ _ PVQ pe_T*T
(7“* — 1/1)
- - FIT P HAN
Puy Pu, oy (LI Py = 00 PCY)
-2 p 1+*7(1— ) _ 7 VYs0p)
(T 7V1) (T 7V1) [(O'Cpcc—l—O'LWL) +F]
where we used the fact that ®; = —T{Dfil. Eq. (402) corresponds to eq. (38) in the text.

L.10 Effect on Aggregate Profits of a Temporary Fiscal Expansion

Since the wealth of households depends now on the present value of profits, the wealth
effect triggered by a fiscal expansion is modified compared to that under free entry. In
this subsection, we compute the change in the present discounted value of profits after a
temporary fiscal expansion. Hence, the present value of profits denoted by II evaluated over
two sub-periods (0,7) and (7, 00) is:

T o0
Il = / Y (t)e " tdt + / Y (t)e~"tdt. (403)
0 T
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The linearized versions of aggregate profits in the non-traded sector over period 1 (say over
(0, 7)) and over period 2 (say over (T, 00)) are:

m¥@) = O+ (K1) - Ky ) =T+ B,
mN(@) = Y 4T (K@) - Ro) = Y + I Blen,

where we used the fact that wi = 0 so that the dynamics for the relative price degenerate
and the fact that the constant By = 0.

Substituting linearized versions of IIVV(¢) for periods (0,7) and (T, c0) into eq. (403)
and solving yields:

H{V (1 — e_r*T) (1 — e_(r*_”l)T) ﬁéve_r*T

o = ¥ B
r* + kb (r* — 1) 7>
N /e—(r*—lq)T

Using the fact that By + By = —K5d\ — KondGYN, with By = 0 and Kov = 1/,
and differentiating eq. (404) w.r.t. G, the change in the present value of profits after a
temporary fiscal expansion is given by

W a | amy @ maee
e temp r* dGN temp r* (T* - Vl) dGN temp r* (T* — 1/1)
dA (11 + 0k) 1 U .
- i 1—= LPEY (r* + 6) — oo PC
dgN temp AT (r* — ) m [UL (" +6K) —oc ]

P(1-1) (v +6x)

- _ (1 — e_T*T) {)\Gw [ULil;:T (r*+dx) — JcéN] + 1} >0,

r* (r* — 1)
x dI1
ey )
dGN perm
where we used the fact that dITY = IV — I} = INdK; + Hf—\vdj\ and dI1} = TIY — 11} =
MY AK +TIVdA, and dK; = K1 — Ko = K3dA+ KovdGY, and dK = Ky — Ko = KxdA and

collected terms to get the first line, we factorize by

ddG—)}V’ temp and substitute expressions
of H% and Hﬁ—\v given by eq. (388) to get the second line, substitute the expression of the
change in the equilibrium value of the marginal utility of wealth given by (397d) and (379b)
to get the third line. Eq. (387) shows that the change in the present value of profits is a
scaled-down version of the change after a permanent fiscal shock. Eq. (387) corresponds to
eq. (36) in the text.

When kY > kT, we computed the present value of profits numerically by adopting a
similar procedure. First, linearizing versions of aggregate profits in the non-traded sector
over period 1 (say over (0,7)) and over period 2 (say over (7,00)) are:

V) = 1+ et (K(t) - fg) ,
= I} + ©'Bie"" + ©Bye™,
() = 1 +e? (K(t) - f(g) = ) + ©'Bent,
where O! = H% + ng% since the relative price dynamics do no longer degenerate and
02 = IT¥ since w2 = 0.
Substituting linearized versions of II'V(¢) for periods (0,7) and (7', 00) into eq. (403)
and solving yields:

Iy (1 — e 77 1 — g~ (r—v)T 1 — e~ (r"—v2)T
_ M (1-e )+@lB1( € ' )+®232( € 27)
r* (r* — 1) (r* —12)

ﬁé\fe—r*'f L e~ (" —p1)T

(406)

(405)
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