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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 the effects of temporary fiscal shocks.
One central finding is that theory can be reconciled with evidence once we allow for
endogenous markups and assume that the traded sector is more capital intensive than
the non-traded sector. More precisely, while both ingredients are essential to produce
the real exchange rate depreciation, only the second ingredient is necessary to account
for the simultaneous decline in investment and the current account, in line with the
evidence. Keywords: Non-traded Goods; Fiscal Shocks; Investment; Current Account;
Endogenous markup.
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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, of both the neoclassical and 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 analyses have been confined to closed economy models and
to one-sector frameworks. In the present paper we instead address the following question:
to what extent can an open economy version of the two-sector neoclassical model account

for the evidence on the fiscal policy transmission mechanism?

Several empirical studies have explored open economy aspects of the fiscal transmission
mechanism. One of the most prominent and consistent set of empirical findings that emerges
is that a rise in public spending produces a contained increase in GDP, a simultaneous
decline in investment and the current account, and most importantly, depreciates the real
exchange rate, see e.g. Corsetti et al. [2012], Enders et al. [2011], Monacelli and Perotti
[2010].2 Monacelli and Perotti [2010] show that a New Keynesian model can account for
these findings, notably the fall in domestic prices relative to foreign prices, as long as
preferences are non separable between consumption and leisure.®> One major contribution
of our paper is to show that the neoclassical model can account for the real exchange rate
depreciation along with the simultaneous decline in investment and the current account,
once we allow for endogenous markups and the traded sector is assumed to more capital

4

intensive.* Our analysis complements Monacelli and Perotti’s [2010] study by showing

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

framework.
2Corsetti et al. [2012] use a sample of 17 OECD countries over the period 1975-2008 while Monacelli and

Perotti [2010] consider a sample of four countries (Australia, Canada, United Kingdom, United States) over
the period running from 1980:1 to 2006:4. Monacelli and Perotti [2010] find a real exchange rate depreciation
for Australia, the United States, and the United Kingdom. Enders et al. [2011] corroborate this conclusion

for the US while Corsetti et al. [2012] confirm this finding for countries with floating exchange rate regimes.
3The intuition behind Monacelli and Perotti’s [2010] result is as follows. The authors assume that prices

are sticky so that a rise in government spending induces a shift in the labor demand curve because firms have
to adjust quantities in face of a demand increase. As a result, the real wage rises. Because the authors allow
for non separability in preferences between consumption and leisure, consumption is increasing with the
wage rate, although under certain conditions. Under complete markets, consumption risk-sharing implies
that the ratio of marginal utilities of consumption are tied to the real exchange rate. By reducing the

marginal utility, the rise in consumption produces a fall in domestic prices relative to foreign prices.
*We follow Jaimovich and Floetotto [2008] in allowing for the markup to be endogenous. This setup

is a multi-sector extension of Linnemann’s [2001] model of an endogenous markup. Considering that only



that the combined effect of counter-cyclical markups and inputs reallocation across sectors
generates a real exchange rate depreciation after a temporary fiscal expansion in a model

with flexible prices, albeit under certain conditions.

Intuitively, whether the traded sector is more or less capital intensive than the non
traded sector, resources are shifted toward the non traded sector because public purchases
disproportionately benefit this sector.® 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. Because producers with market power mark
up prices over the unit cost, the real exchange rate depreciates if both the markup and the
unit cost fall or the decline in the markup more than offsets the rise in the unit cost. The
change in the unit cost crucially depends on sectoral capital-labor ratio adjustments.” When
the traded sector is more capital intensive, for a given real exchange rate, the reallocation
of inputs keeps sectoral capital-labor ratios fixed so that the unit cost is unaffected. More
precisely, a temporary increase in government spending, by implying a rise in future taxes
(that we assume to be lump-sum), induces Ricardian agents to increase labor supply which
drives down sectoral capital-labor ratios. At the same time, because resources are shifted
toward the non traded sector while the traded sector is more capital intensive, capital

increases in relative abundance.®

Hence, the sectoral capital-labor ratios return to their
initial values, thus leaving the unit cost for producing unaffected. Because the markup
falls, non traded producers set lower prices so that the real exchange rate depreciates, in
line with the evidence. Conversely, when the traded sector is more labor intensive, labor
rises in relative abundance. Consequently, capital-labor ratios fall dramatically. The return

on domestic capital rises which pushes up the unit cost by such an amount that the real

exchange rate appreciates (while the markup falls).

By affecting the return on domestic capital, the reallocation of inputs across sectors also

a limited number of intermediate good producers operate in the non-traded sector, the price-elasticity of

demand and therefore the markup faced by each firm depends on the number of competitors.
5Note that we focus on the effects of a rise in public purchases of non-traded goods because time series

of government spending indicate that its non tradable content is substantial, at around 90%.
5The substantial increase in non traded output following a rise in government spending is in line with the

evidence documented by Benetrix and Lane [2010] who find that the relative size of the non traded sector

increases disproportionately after a temporary fiscal shock.
"The unit cost function is a weighted average of the wage rate and the rental rate of capital. A fall in

sectoral capital-labor ratios has opposite effects on cost components as it raises the rental rate of capital
and lowers the wage rate. The latter effect more than offsets the former when the traded sector is more

capital intensive so that a fall in sectoral capital-labor ratios lowers the unit cost for producing.
8While both inputs are reallocated toward the non traded sector, it is only when the traded sector is

more capital intensive that capital increases in relative abundance.



plays a key role in the determination of the responses of investment and the current account.
To see this, consider a temporary increase in government spending. As stressed in the classic
paper by Baxter and King [1993], households respond to a temporary fiscal expansion by
lowering savings, as they try to avoid a large reduction in consumption and/or a large
increase in labor supply. Reduced savings imply a decline in investment or the current
account, or both. As mentioned above, because the reallocation of inputs across sectors
keeps sectoral capital-labor ratios fixed when the traded sector is more capital intensive,
the return on domestic capital is unaffected in this case. Hence, the fall in savings drives
down both investment and the current account, in line with the evidence. With the reversal
of sectoral capital intensities, the two-sector model fails to produce a decline in investment.
When the non traded sector is more capital intensive, the large increase in the return of
domestic capital induces agents to accumulate physical capital so that investment is crowded

in instead of being crowded out.

To address the real exchange depreciation after a temporary fiscal expansion, we draw
on earlier work by Turnovsky and Sen [1995] who develop an open economy model with a
traded and a non-traded sector, but consider elastic labor supply and imperfect competi-
tion in product markets. Coto-Martinez and Dixon [2003] employ a similar framework to
investigate the output effects of fiscal shocks, but they restrict their analysis to a permanent
rise in public spending and consider fixed markups. When the markups are fixed, the real
exchange rate is unaffected if the traded sector is more capital intensive or appreciates with
the reversal of sectoral capital intensities, in contradiction with the evidence. Moreover, in
contrast to the authors, we analyze the implications of a temporary fiscal expansion. Be-
yond the fact that considering a transitory increase in public spending allows us to address
the VAR evidence, a temporary fiscal shock may lower investment while a permanent fiscal
shock always stimulates it.”

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. The non-traded sector is as-
sumed to be imperfectly competitive with an endogenous markup. In section 3, we provide
an analytical exploration of the effects of temporary fiscal shocks, shedding light on the
fiscal transmission with an endogenous markup. In section 4, we report the results of our
numerical simulations and assess the ability of the model to account for the evidence. In

section 5, we summarize our main results and present our conclusions.

9To produce a fall in investment, the fiscal expansion must be temporary in order to induce agents to

reduce their savings.



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.'?

2.1 Households

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

substitution function:

(2]
=11 ¢—1

- (eM | (1)

C (CT,0N) = |3 (CT)
where ¢ is the weight attached to the traded good in the overall consumption bundle
(0 < p < 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:

o0 1 _ 1 1 1 B
U= /0 {1C<t>1 0~y 1L<t>”%}eﬂtdt, (2)

where [ is the consumer’s discount rate, o¢c > 0 is the intertemporal elasticity of substitu-
tion for consumption, and oy, > 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 R. In addition, they accumulate internationally traded bonds, B(t), that yield

0More details on the model as well as the derivations of the results which are stated below are provided
in a longer version of the paper with a Technical Appendix available at http://www.beta-umr7522.fr/

productions/publications/2012/2012-17.pdf.
1 As 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 about 60%).
2The price of the traded good is determined on the world market and exogenously given for the small

open economy.



net interest rate earnings of r*B(t). Denoting lump-sum taxes by Z, the households’ flow

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

where Pc 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) = I(t) — 6x K (2), (4)

where we assume that physical capital depreciates at rate dx. In the rest of this paper, the
time-argument is suppressed in order 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 = (PcA) ¢, (5a
L=[\W]", (
A=X(B—1"), (5¢

R/P — 6k + P/P =r*, (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 thereafter, i.e. 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 C = PLC
where P, = 0P¢/0P; denoting by ac the share of non-traded goods in the consumption
expenditure, we have OV = acPcC/P and CT = PoC — PCN = (1 — a¢) PcC.13

(1—¢)P' ¢

o PT=F " Note that ac depends negatively on the relative price P as

13Specifically, we have ag =

long as ¢ > 1.



2.2 Firms

Both the traded and non-traded sectors use physical capital, K7 and K, and labor, L’
and LY, according to Cobb-Douglas production functions Y7 = (K T)HT (LT)lfaT and
YN = (K N )QN (LN )1_9N, where 67 and 0V represent the capital income share in output in
the traded and non-traded sectors respectively. Both sectors face two cost components: a
capital rental cost equal to R, and a labor cost equal to the wage rate W. The traded sector
is assumed to be perfectly competitive. As described in more detail below, the non-traded
sector contains a large number of industries and each industry is composed of differentiated

monopolistically competitive intermediate firms.

The final non-traded output, YV, is produced in a competitive retail sector with
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 A&;; of firm 4 in sector j is produced using capital and labor, i.e.
X;; = H(K;j,Li;). Each firm chooses capital and labor by equalizing markup-adjusted
marginal products to the marginal cost of inputs, i.e. PHg/u = R, and PHp/pu = 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) where Ly = NLy and Ky = NKy.

Following Gali [1995], we depart from the usual practice by 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 on the firm’s demand curve is minuscule. 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 the fact that output of one variety does not affect the price of final non-traded
output, but influences the sectoral price level, in a symmetric equilibrium, the resulting
price elasticity of demand is:

()

e(N)=¢€— N

N € (1,00). (6)

' This setup builds on Jaimovich and Floetotto’s [2008] framework. Details of its derivation are therefore

relegated to the Technical Appendix of the longer version of the paper.



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 = %
decreases as the number of competitors increases, i.e. py < 0.

We assume instantaneous entry, which implies that the zero-profit condition holds at

R

where we denote fixed costs by 1. The zero-profit condition 7 = 0 can be solved for the

each instant of time:

number of firms.!?

Since inputs can move freely between the two sectors, marginal products in the traded

and the non-traded sector equalize:

o7 (k1) 7' = IZGN )" ' =R, (8a)
) ) =2 ey ) = w )

where we denote by k' = K'/L’ the capital-labor ratio for sector i = T, N,

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

'+1N =L, K'T+KY=K. (9)

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+pPGN =2 (10)

Public spending consists of purchases of traded goods, GT, and non-traded goods, GV .
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, ) and kY =

T
EN (P, ). Using the fact that W = (1 — OT) (k:T)G , the wage rate also depends on P and

5 . . .
15\We assume instantaneous entry since the case of no-entry merely affects the results. In a longer version

of the paper, we provide analytical and numerical results when imposing no-entry.



p, ie. W =W (P,u), with Wp 2 0, 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,u) and
YN = YN (K, L, P,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 sector.

By substituting first W = W (P, ), system (5a)-(5b) can be solved for consumption
and labor supply as follows: C = C’(S\,P) with C5 < 0, Cp <0, and L = L (S\,P, ,u)
with Ly > 0, Lp 2 0, L, < 0. A rise 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 = k¥ a rise in P stimulates or depresses labor supply by raising
or lowering W.

The zero profit condition (7) can be solved for the number of intermediate producers

by inserting first YN =YV [K, L (5\, P, M) , P, u] (with g = p (V). We have:
N=N(K,P,\), Ngz0,Np>0N5;s0. (11)

Since N co-varies with non-traded output YV, 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.

2.5 Macroeconomic Dynamics

We now describe the dynamics. 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:

. YN(K, L P
o YUK L Py
7

—CN(\,P) -GN - 5kK, (12)



where L = L (X,P, u) and pu=p [N (K, P, 5\)]

Linearizing (12) and (5d) which forms a separate subsystem in K and P and assuming
that the Jacobian matrix of the differential equation system has one negative eigenvalue
denoted by 1 and one positive eigenvalue denoted by vo, the general solutions for K and

P are:

K(t) — K = Bie"' 4 Bye™, P(t) — P = wiB1e"'! + w3 Bye?!, (13)

where By and By are constants to be determined and wé is the element of the eigenvector
associated with the eigenvalue v; (with i = 1,2). Two features of the two-sector economy’s
equilibrium dynamics deserve special attention. First, if the markup is fixed and the traded
sector is more capital intensive, we have to set ws = 0 to rule out unstable paths.'® Hence,
the temporal path for the real exchange rate is flat when k7 > kV.17 An endogenous
markup restores dynamics for the relative price. Specifically, P and K move in opposite
directions along a stable path, i.e. wi < 0. Second, when the expansionary policy is
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. Bo
must be set to zero, the economy follows unstable paths over period 1. These are described
by (13).

Substituting (12) and (10) into (3), we obtain the dynamic equation for the current

With a fixed markup, if k7 > k%, the temporal path for the relative price must be flat for the no-
arbitrage condition (5d) to be fulfilled. To see this, suppose that higher demand for non tradables pushes
up the price of non traded goods relative to traded goods, i.e. P rises. The real exchange rate appreciation
produces a shift of resources toward the non traded sector. Because the traded sector is more capital
intensive, capital increases in relative abundance, thus raising the sectoral capital-labor ratios. Hence, the
return on domestic capital R falls, thus requiring that P > 0. A further increase in P raises k/ = Kj/Lj
more which lowers the return on domestic capital and thus requires that P >o. Hence, the real exchange
rate moves away from its steady-state value. To avoid such unstable paths, we have to set ws = 0. This

point is emphasized by Turnovsky and Sen [1995].
ntuitively, as will become clear later, agents respond to a temporary fiscal expansion by raising labor

supply which lowers sectoral capital-labor ratios k7. At the same time, because resources are shifted toward
the non traded sector while the traded sector is more capital intensive, capital increases in relative abundance.
Such a reallocation of inputs restores the capital-labor ratios to their initial values. As a result, both the
wage rate and the rental rate of capital are unaffected, and so is the unit cost for producing. Consequently,
non traded producers do not change their prices. Hence, when the markup is fixed and the traded sector is

more capital intensive, a fiscal shock has no effect on the real exchange rate.



account (denoted by CA = B):
B=r*B+Y"(K,L,P,u)—CT (\,P) -G, (14)

where Y7 — CT — G correspond to net exports. Linearizing (14) around the steady-state

and substituting (13), the general solution for the stock of foreign assets is given by:'®
B(t) = B+ [(Bo— B) = ®1B) — ®2B,] "' + ®1Bye"! + 03By, (15)

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. (15) 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.

2.6 Steady-State

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

P _\IIT(VV

s - ur )QT_GN

equality of marginal products of labor implying , we find that the

R
real exchange is positively tied to the markup:

_ ~ 1—9;
P=T [u (N)} 10 (16)
9T_9N ) ) . . _pi
where I' > 0 is a constant equal to % (7"* + 5K)_ -0V with W/ = (03)9] (1 — 03)1 v

(UN)1-0%
(j =T,N).* According to (16), a fall in the markup depreciates the real exchange rate in

the long run.

Setting K = 0 into (12) yields the market-clearing condition for the non-traded good:
YN [fc, L,Pu (N)} i (1\7) — oV (x, 15) +T+GV, (17)

where I = 6x K. Setting B = 0 into (14) leads to the market-clearing condition for the

traded good:

yT [K L, Py (N)] — B4 CT (X,P) +aT. (18)
8To avoid unnecessary complications, we give analytical expressions for ®; (with ¢ =
1,2) when assuming a fixed markup. If k7 > kY, we have & = —fl’il < 0
and ®, = —Tfsfluz {1 + Ig’—i [JCC'N — o LkT (11 +5K)]}. If kv > kT, we have ®; =
_ 1 N ot 2
o {1 + 52 {UCCN — o LET (o + 6K)]} and g = — 4.

YSetting P = 0 yields R = P (r* 4 6x) which can be solved for k7 by using (8a). Inserting the solution
T

- - 1 - - .
for k7 into eq. (8b) yields W = (\I/T) -7 [P (r* + 6K)} 1ot Computing and inserting the ratio W /R
_ - \0T—oN -
into ﬁ = g—; <%) , and solving for P yields (16).
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The number of firms N is determined by the zero profit condition:
YN [f(,f,,f?,u (N)} [1 - (1/,,L (N))] ~ N¢ =0. (19)

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

intertemporal budget constraint:2°

Bo— B =, (Ko—f(), (20)

where ®1 < 0 describes the effect of capital accumulation on the external asset position
and Ky and By are the initial conditions.?! The five equations (16)-(20) jointly determine

P, K, B, N, and \.

3 Temporary Fiscal Expansion: An Analytical Exploration

In this section, we analytically explore the short-run effects of a fiscal expansion. 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 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.?? The higher 7', the greater the persistence of the shock.??

Our model has two distinctive features: the two-sector dimension and imperfectly com-
petitive product markets with endogenous markups. In assessing the ability of the model
with tradables and non tradables to account for the evidence, we adopt a two-step approach.
First, we emphasize how an endogenous markup produces the real exchange rate depreci-
ation documented by the empirical literature on the effects of fiscal shocks. To do so, we
derive a number of analytical results by abstracting from physical capital. We then discuss
the implications of introducing physical capital in the setup. This allows us to explain how

allowing for endogenous markups is a necessary but not sufficient condition to produce a

20By first substituting the short-run solutions, then linearizing the dynamic equation of the internationally
traded bonds (14) in the neighborhood of the steady-state, substituting the solutions for K (¢) and P(t) and
finally invoking the transversality condition, we obtain the linearized version of the nation’s intertemporal

budget constraint (20).
21Gince for all parameterizations, ®; is always negative, we assume ®; < 0 from now on. Hence, capital

accumulation deteriorates the current account along the transitional path.
22We assume further that at the outset all agents perfectly understand the temporary nature of the policy

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

at this date.
2To derive formal solutions after a temporary fiscal shock, we applied the procedure developed by Schu-

bert and Turnovsky [2002].

11



real exchange rate depreciation. Second, because the simultaneous decline in investment
and the current account is one of the most consistent responses to a fiscal shock documented
in the empirical literature, we analytically assess the ability of the two-sector sector model
to account for this finding. Because considering counter-cyclical markups is not essential to
produce a crowding out of investment and a current account deficit following a temporary
fiscal expansion, we provide analytical results with a fixed markup by assuming that the
number within each non traded industry is large so that the number of competitors has no

effect on the markup.?*

We first explore the implications of an endogenous markup in a two-sector open economy
without physical capital; the main result is that the real exchange rate unambiguously
depreciates after a temporary fiscal shock in a model abstracting from physical capital
accumulation. We assume constant returns-to-scale technology, i.e. Y7 = LT and YV =
LY. Due to perfect labor mobility across sectors, we have 1 = P/u = W where the markup
= p(N) decreases as the number of competitors N increases. Imposing free-entry, the
zero-profit condition can be solved for the number of firms, i.e. N = N (LN ) The resource
constraint for labor reads L = LT + L~. First-order conditions (5a)-(5c) hold. The non-
traded good market clearing condition can be rewritten as follows LY /u = CN + GV while
the traded good market clearing condition is r*B 4+ LT = CT 4+ GT. The intertemporal
solvency condition now reduces to B = By.2

We now investigate the effects of a temporary rise in GV. To begin with, in a model
abstracting from physical capital accumulation, all variables adjust instantaneously to their
long-run levels, except the stock of foreign assets; hence, the tilde is suppressed in order to
increase clarity. By raising (lump-sum) taxes to balance the budget and reducing house-

holds’ disposable income, a fiscal expansion produces an increase in the shadow value of

24Unfortunately, a two-sector model with endogenous markups and physical capital accumulation is ana-

lytically untractable.

25While B remains unaffected after permanent fiscal shocks, a temporary rise in G¥ unambiguously lowers

B in the long-run.
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wealth as shown formally below:26

) [1+M(¢—00)n ,NnNLN}
_ P il . : <1 - e*T*T> > 0,

T Yy 7

dA
dGvN

(21)

temp
where x <0, ¥ > 0, n, v < 0 is the elasticity of the markup to the number of competitors,
and ny ~v > 0 the elasticity of the number of competitors to non-traded labor.2”

The negative wealth effect induces agents to work more and cut real expenditure. Be-

cause the decline in real expenditure is spread over the two goods, the rise in GV more

than offsets the fall in CV so that labor in the non-traded sector unambiguously rises:?8
dL™ (0 LN dA P
# = e2C9e Sl +=>o0 (22)
dG temp Mxwy  dG temp

Higher non-traded output creates profit opportunities, inducing new firms to enter the
market. Hence, the markup g unambiguously falls. Because P = p W and perfect mobility
of labor implies that W = 1, non-traded producers with market power set lower prices as
they perceive a more elastic demand. As a result, the real exchange rate depreciates, in
line with the evidence.

Introducing physical capital implies that the real exchange rate does not necessarily
depreciate. Below, we emphasize that we have to assume that the traded sector is more
capital intensive to generate a real exchange rate depreciation. Specifically, non traded
producers with market power mark up prices over the unit cost UC, i.e. P = u UC.

The unit cost for producing one unit of the non-traded good is a weighted average of the

. . RBNwl—GN
rental rate of capital R and the wage rate W, i.e. UC = ~ ~. For the real
(6M)" (1-6N)' "
exchange rate to depreciate, both the markup and the unit cost must fall or alternatively
the decline in the markup must offset the rise in the unit cost. The adjustment in the unit
cost crucially depends on sectoral capital-labor ratios changes. To see it, take logarithm

and differentiate P = p UC, and use the fact that R=-— (1 — HT) ET and W = HTI%T;

26The term ¥ = o7 + oc¢ (1-ac)we + acwxcac [1 + (1722)“’0 ac (¢ —oc) 'I’]u’NT]N’LN} > 0, with xy =

1 — NN LN {1 - g (l-ac)o+ acac}} > 0, is a function of 7, ~v < 0, Ny~ > 0, the ratio of

consumption expenditure to GDP (wc = Pf,c), and the ratio of non-traded output less fixed costs to GDP
N
(wn = %/“ = %) Note that U and x are positive as long as the markup is not too responsive to

the entry of firms, i.e., 7,,nv < 0 is not too large. This condition always holds for reasonable values of the

markup p.
#"Since the increase in G is only temporary, the present value of the necessary tax increases to satisfy

the government’s intertemporal budget constraint is less than that of an equal but permanent increase in
GV, as captured by the scaling-down term 0 < (1 — eiT*T> < 1lineq. (21).

2 The positive influence of higher G on LY is captured by the second term on the RHS of (22). Because
the wealth effect is smaller after a temporary rise in G than after a permanent fiscal shock, the first term

on the RHS of (22) is less negative and hence LY increases more in the former case (since C falls less).
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denoting the percentage deviation from its initial steady-state by a hat and rearranging
terms, we get:

P=p+ (0" —0N) k", (23)

where kT = kN, According to (23), the markup decline yields a real exchange rate depre-
ciation if the capital-labor ratios k? (with j = T, N) remain fixed because in this case, the
unit cost is unaffected. While a higher labor supply lowers k/ = K//L7 on impact, the
reallocation of inputs across sectors may keep the sectoral capital-labor ratios unchanged.
More precisely, while both inputs are shifted toward the non-traded sector, capital increases
in relative abundance when the traded sector is more capital intensive. In this case, for
given P, the reallocation of inputs keeps capital-labor ratios k’ fixed, thus leaving the unit
cost unchanged. Eq. (23) implies that the fall in the markup lowers the real exchange
rate. Conversely, when the non-traded sector is more capital intensive, labor increases in
relative abundance, thus lowering further the capital-labor ratios. As shown by eq. (23),
if 9N > 0T, reduced capital-labor ratios k7 raise the unit cost by raising the rental rate
of capital. As a result, the real exchange rate may appreciate instead of depreciating. As
discussed in the next section, we find numerically that the rise in the unit cost pushes up

the real exchange rate (while the markup falls) across all scenarios when &V > k7.

We now turn to the responses of investment and the current account following a tem-
porary fiscal expansion. In order to preserve analytical tractability, we assume that the
number of competitors within each industry is large enough so that eq. (6) implies that the
price-elasticity of demand e reduces to €; in this case, the markup is fixed, i.e. u = 5. To
begin with, it should be mentioned that an endogenous markup is not a key ingredient to
produce either a crowding out of investment or a current account deficit.?? The realloca-
tion of inputs plays a key role instead in the determination of investment and the current
account responses. To avoid unnecessary complications, we provide analytical results for
the initial responses for investment and the current account when the traded sector is more

capital intensive than the non-traded sector.?® Formal expressions allow us to analyze the
role of the length of the fiscal shock captured by 7 and of the elasticity of labor supply or.

The response of investment is the result of two opposite effects. On the one hand,
according to Rybczynski’s theorem, a rise in labor supply raises the output of the sector

which is more labor intensive and thus stimulates investment. On the other hand, because

29When discussing numerical results in the next section, we emphasize how an endogenous markup modifies
the responses of investment and the current account. As will become clear later, the fall in the markup

plays a secondary role in the adjustment of investment and the current account.
30 Analytical results when k&~ > k” can be found in the longer version of the paper.
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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 GV which exerts a negative effect on investment.
Hence, higher public spending G may crowd in or crowd out capital investment. Formally,

the initial reaction of investment is ambiguous:

— 1+(1—e—T*T> {

temp <Ucpcé + O’LWE)

a1 (0) o LETP (g + 05) — acpcw}

dGN

<0 (24)

When setting o7, = 0 in (24), the reaction of investment becomes unambiguously negative,
i.e. dI(0)/dGN = ac (1 - e*T*T) — 1 < 0, because the rise in public spending GV exceeds
the fall in CV. Aslong as o7, > 0, the sign of (24) 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 7'),
the more likely it is that investment is crowded out by public spending.?! When the fiscal
shock is short-lived, the negative wealth effect is smaller so that labor supply and hence

YN increases less while consumption of non-tradables CV falls by a smaller amount.

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

[aLmTﬁ (1 + 05) — aCPéN]

dCAO) | _ prT  ply g (1 - e*T*T>

dGN temp (JCPCCN' + ULW[:) ="

(25)
The first term on the RHS of (25) represents the negative impact of reduced savings on the
current account. The second term on the RHS of (25) represents the influence of investment
on the net foreign asset position. When setting oy, to zero into (25), the initial current ac-
count response, given by dCA(0)/dGN = P (1 — a¢) (1 —e " 7), becomes 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. or, is higher), the smaller the decline in investment on impact, and hence 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.

When the non-traded sector is more capital intensive, investment is less likely to be

crowded out by public spending than if k7 > k~. In the latter case, the reallocation of

: ; : o X GT—o LN P
31'More precisely, when 7 is smaller than the critical date 7 = — - In ETC —r V%)- , then
r (oL LkT P(v14+d5)—0c PCN)

investment is crowded out by public spending.
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inputs keep sectoral capital-intensities fixed so that the real exchange rate remains unaf-
fected by the fiscal shock. Conversely, when the non-traded sector is more capital intensive,
the real exchange rate appreciates because the unit cost for producing rises. By shifting re-
sources toward the non-traded sector, the rise in P has an expansionary effect on non-traded

output and thus on investment.

4 Temporary Fiscal Expansion: A Quantitative Exploration

In this section, we quantitatively analyze the effects of a temporary rise in government
spending. For this purpose we numerically solve the open economy model with endogenous
markups. In the following we thus first discuss parameter values before turning to the

short-term effects of the fiscal shock.

4.1 Baseline Parametrization

Since we calibrate a two-sector model with tradables and non-tradables, we pay particular
attention to the suitability of the non-tradable content of the model to the data. Table 1
summarizes the non-tradable content of GDP, employment, consumption, and government
spending, and gives 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 all countries of our sample.??

We start by describing the calibration of consumption-side parameters which we use as
a baseline. The world interest rate which is equal to the subjective time discount rate
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 of tradables is set to 0.5 in the baseline calibration
to target a non-tradable content in total consumption expenditure (i.e. a¢) of 45%, in line
with our estimates. The intertemporal elasticity of substitution for consumption o¢ is set
to 0.5 because empirical evidence overwhelmingly suggests values smaller than one. One
critical parameter is the intertemporal elasticity of substitution for labor supply or. In our
baseline parametrization, we set oy = 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

320ur sample covers thirteen OECD economies over the period 1970-2004. Targeted ratios when calibrat-

ing are the thirteen OECD countries’ unweighted average.
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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 6V are set to 0.4 and 0.3, respectively.?®> Alternatively,
when &V > k7, 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 the thirteen
OECD countries’ unweighted average.

We set GY and G” 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
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).

< Please insert Table 1 about here >

4.2 Short-Run Effects

We now discuss 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. Panels A and B of
Table 2 show the results for this situation, as well as for a number of alternative scenarios.
While panel A gives the response on impact, panel B displays the cumulative responses

over the first two years (i.e. eight quarters) after the shock. In order to emphasize how an

33Table 1 gives the values of 67 (j =T,N). The values of 6T and 6" we have chosen correspond roughly
to the averages for countries with k7 > k~. For these values, the non-tradable content of GDP and labor
are 63% and 66%, respectively. When &k~ > kT, we can use reverse but symmetric values for 8 so that
the size of kT — kY remains unchanged. For 67 = 0.3 and 8" = 0.4, the non-tradable contents of GDP and

labor are 69% and 65%, respectively.
34Close to the average of the values reported in Table 1, the ratios GT /YT and GV /Y™ are 6% and 28%

in the baseline calibration.

17



endogenous markup improves the predictive power of the two-sector model, we numerically
solve the model with a fixed markup as well. Numerical results for a fixed markup are
shown in the first column when k7 > kY and in the seventh column with the reversal of

sectoral capital intensities.

Before analyzing in detail the role of counter-cyclical markups and 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 Corsetti et al.
[2012] which confirms earlier findings by Monacelli and Perotti [2010]. Using a sample
of seventeen OECD countries over the period 1975-2008, it is found that an exogenous
increase in government spending moderately raises output, induces a simultaneous decline
in investment and the current account and depreciates the real exchange rate. In the
following, we discuss the predictions of our model for the behavior of these variables when

kT > kN and when &N > k7T

We first address the response of the real exchange rate to a temporary fiscal expansion.
As shown in panel A of Table 2, P drops on impact across all scenarios, as long as the
markup is endogenous and the traded sector is more capital intensive. When k7 > k%, the
cumulative responses shown in panel B reveal that the real exchange rate depreciates by
0.11% for the baseline scenario while P remains unaffected if the markup is fixed (see the
first column). The intuition behind this result is as follows. By producing a negative wealth
effect, a fiscal expansion induces agents to supply more labor, which lowers sectoral capital-
labor ratios. At the same time, because resources are shifted toward the non traded sector
while the traded sector is more capital intensive, capital increases in relative abundance.
As a result, the reallocation of inputs restores the sectoral capital-labor ratios to their
initial values. Hence, the unit cost of producing is unaffected so that non traded producers
do not change their prices along the transitional path. While this chain of events holds
when markups are counter-cyclical, the shift of resources toward the non-traded sector and
the resulting increase in non-traded output produces an additional channel through which
government spending influences the real exchange rate. More precisely, because a temporary
fiscal shock has an expansionary effect on non-traded output, profit opportunities trigger
firm entry which reduces the markup and thus induces non traded producers to set lower
prices. Consequently, if the traded sector is more capital intensive and the markup is
endogenous, the real exchange rate depreciates in all scenarios following a fiscal expansion,

as shown in panel B of Table 2.

Conversely, whether the markup is fixed or endogenous, the real exchange rate appre-
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ciates when kY > kT as shown in panel A and panel B of Table 2. In this case, resources
move toward the non-traded sector while the traded sector is more labor intensive. Because
labor increases in relative abundance, sectoral capital-labor ratios fall. The rental rate of
capital and thus the unit cost of producing rises, which induces non-traded producers to
set higher prices. Hence, the real exchange rate appreciates in this configuration, although

the markup falls when p is endogenous.

We now turn to the output effects of a fiscal expansion. While employment and thus
GDP increases in all the scenarios where k7 > k¥, labor supply and output rise slightly
or decrease when the sectoral capital intensities are reversed. The reason is that when
kT > kN, agents are induced to supply more labor as a result of the wealth effect. By
contrast, when k% > k7, the appreciation of the real exchange rate drives down the wage
rate by reducing sectoral capital-labor ratios, which in turn counteracts the wealth effect.
When contrasting the output effect in the case of an endogenous markup with that in the
case of a fixed markup, panel A of Table 2 shows that a counter-cyclical markup moderates
the increase in GDP. The reason is that sectoral capital-labor ratios fall slightly when
kT > EN and drop dramatically if kv > k7.3> Hence, with an endogenous markup, the
wage rate declines, regardless of sectoral capital intensities, which in turn moderates the

rise in labor supply, and thus the expansionary effect on GDP.

In line with our theoretical predictions, we find numerically that the short-run response
of investment depends heavily on sectoral capital intensities. On impact, an increase in
GV crowds out investment only if the traded sector is more capital intensive. In this case,
while non-traded output expands as a result of the increase in labor supply, the rise in
public spending GV produces an excess of demand which must be eliminated by a drop
in investment. As shown in the seventh line of panel A of Table 2, the less elastic labor
supply is, the larger the crowding-out of investment. Moreover, as discussed in section 3,
when the length of the fiscal shock increases (i.e. 7 is higher), consumption falls more
because the negative wealth effect is larger so that investment declines less. For k7 > k%,
the cumulative responses reported in the third line of panel B of Table 2 show that a fiscal
expansion crowds out investment by 3.16% of initial GDP if the markup is fixed and by
3.55% if the markup is endogenous. The larger drop in investment when markups are

counter-cyclical stems from the real exchange rate depreciation which exerts a negative

35Tt should be mentioned that when the traded sector is more capital intensive, sectoral capital-labor ratios
only fall if the markup is endogenous while &/ = K7 /L7 remain unaffected if the markup is fixed. More
precisely, for given P, the reallocation of inputs keeps k? unchanged. Because P falls with an endogenous

markup, resources move toward the traded sector; capital-labor ratios k7 drop by a small amount though.
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impact on non-traded output and thus on physical capital accumulation.

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 YV and hence
investment, in all scenarios. The cumulative responses reported in the third line of panel
B of Table 2 show that a fiscal expansion crowds in investment by 3.22% if the markup is
fixed and 4.28% of initial GDP when the markup is endogenous. A counter-cyclical markup
amplifies the rise in investment following a fiscal shock when kY > kT because the entry
of new firms induces non-traded producers to raise output further (i.e. YV rises more) as

they perceive a more elastic demand.

As shown in the eighth line of panel B of Table 2, 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 deteriorates the net foreign
asset position. When kT > k%, the decline in the current account triggered by the fall
in savings is moderated by the drop in investment. The current account deficit after two
years shrinks from 3.91% with a fixed markup of initial GDP to 3.61% with an endogenous
markup because in the latter case, investment falls more. As shown in panel B of Table 2,
in line with our theoretical predictions, the more responsive the labor supply is, the larger
the current account deficit. Moreover, while analytically, increasing the length of the fiscal
shock captured by 7 has an ambiguous effect on the size of the current account deficit
because it moderates the decline in both savings and investment, numerical results reveal
that the latter effect predominates so that the net foreign asset position deteriorates more
when raising 7 from 7 = 16 to 7 = 32.3” When the non-traded sector is more capital
intensive, as shown in panel B of Table 2, the open economy runs a substantial current

account deficit as savings fall while investment rises.

< Please insert Table 2 about here >

36Tt is worth noting that the current account begins to show a surplus on impact when the markup is
endogenous while the current account falls immediately if the markup is fixed, as shown in panel A of
Table 2. The reason is that in the former case, investment falls dramatically. However, the current account

deteriorates rapidly.
37Cardi and Miiller [2011] provide point estimates for GDP, investment and current account responses

after an exogenous increase in government spending by one percentage point of GDP. When comparing our
results when k7 > k™ (panel B of Table 2) with the numbers reported by Cardi and Miiller [2011], we find
that our two-sector model tends to overpredict both the crowding out of investment and the current account

deficit, while it predicts the GDP response pretty well.
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< Please insert Figure 1 about here >

We have also computed the impact and cumulative responses of the real consumption
wage, i.e. W/Po. The analysis of the adjustment of the real wage is of particular interest
since a number of empirical studies, specifically Pappa [2009] and Perotti [2007] for the US
and Benetrix [2012] for eleven Euro area countries, find that the real consumption wage in-
creases following a rise in government spending while the standard one-sector open economy
model predicts the opposite. The reason is that agents supply more labor, which lowers
the capital-labor ratio and therefore the real wage. By contrast, a two-sector neoclassical
model may produce an increase in the real consumption wage due to the combined effect
of the reallocation of inputs and of a counter-cyclical markup. To see it, let us assume that
the traded sector is more capital intensive. In this configuration, the reallocation of inputs
prevents the wage rate from decreasing by keeping the sectoral capital-labor ratios fixed for
given P. Moreover, by producing a real exchange rate depreciation and thus a fall in the
consumption price index, a decline in the markup may push up the real consumption wage.
By contrast, when the non-traded sector is more capital intensive, a fiscal shock unambigu-
ously lowers the real consumption wage by reducing the wage rate W and appreciating the

real exchange rate.

In the light of our discussion above, we concentrate on the most interesting case, i.e.
kT > kN. As shown in the fourth line of panel A of Table 2, if the traded sector is more
capital intensive, the decline in the wage rate more than offsets the drop in the consumption
price index so that the real consumption wage decreases on impact in all scenarios. While
the reallocation of inputs keep capital-labor ratios k7 fixed for given P, the real exchange
rate depreciation induces a shift a resources toward the traded sector, thus reducing k7.
While the capital-labor ratios fall by a small amount, the consecutive drop in W is large
enough to drive down the real wage. The second line of panel B shows that the two-year
horizon cumulative response of the real wage is negative for the baseline scenario. 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 become positive, as displayed in the second line of
panel B of Table 2. 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
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has a positive impact on the wage rate by raising the capital-labor ratios.

The last dimension of the fiscal policy transmission that our model highlights is the
sectoral effects of a rise in government spending. Only a few previous studies have esti-
mated 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.
As summarized in the last two lines of panels A and B of Table 2, across all the scenarios,
we find numerically that a rise in government spending boosts non-traded output, more so

if the non-traded sector is more capital intensive.

4.3 Transitional Adjustment

We now discuss the dynamic effects. The transitional paths of key variables under the base-
line and alternative scenarios are displayed in Figure 1. The responses of GDP, investment
and current account are expressed as a percentage of the initial steady-state output, while
the real exchange rate and the real wage are given as the percentage deviation from the
initial steady state. Horizontal axes measure quarters. The solid line gives results for an

endogenous markup and the dashed line for a fixed markup.

The transitional path of investment is quite distinct, depending on whether the traded
sector is more or less capital intensive than the non-traded sector. Along the transitional
path, capital accumulation clears the non-traded good market. When k7 > k%, the size of
the crowding-out of investment falls over time, but when kY > k”, investment decreases
monotonically as the depreciation in the relative price P (after its initial appreciation)
lowers non-traded output. After about 2 years, the investment flow becomes negative and
the open economy decumulates physical capital until the fiscal policy is removed. At time
T, 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 > kv, because labor increases less when the markup is endogenous than if the
markup is fixed, GDP rises by a smaller amount on impact. 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 kY > k7, 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 negative investment flow which starts after about

two years. At the time the fiscal policy is removed, the economy experiences an investment
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boom which boosts GDP in both cases when the markup is fixed.

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. If the sectoral capital
intensities are reversed, the depreciation in the relative price of non tradables reduces in-
vestment, which exerts a positive impact on the current account. Yet in the latter case,
the current account deficit at a horizon of two years is almost three times larger than if

kT > kN, as shown in the fourth line of panel B of Table 2.

As shown in the fifth row of Figure 1, if the traded sector is more capital intensive, the
real exchange rate falls when the markup is endogenous while the dynamics for P degenerate
when the markup is fixed. In the former case, the dynamics of the real exchange rate are
U-shaped.?® When k7 > k. the fifth row of Figure 1 indicates that the real exchange
appreciates after eight quarters but P remains below its initial level. As displayed in the
last row of Figure 1, while the real exchange rate depreciation is not large enough to push
the real wage on impact, the dynamic path for W/Pc reveals that it increases along the

transitional path and exceeds its initial level after about 6 quarters.?”

5 Conclusion

A robust conclusion emerging from empirical papers is that government spending tends
to depreciate the real exchange rate and to crowd out both investment and the current
account. In this paper, we build a neoclassical model with counter-cyclical markups that
can simultaneously match all these facts. We show 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 markups are endogenous and the

traded sector is more capital intensive than the non-traded sector. While both ingredients

38The 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 domestic capital. According to (5d), for the no-arbitrage condition to hold, the real exchange
rate must decline over time, i.e. P/P < 0. However, the fall in p exerts opposite effects on R. At a certain
date, the decline in the markup is large enough to offset the impact of the relative price on the return of

capital.
39While the initial fall in the real consumption wage does not conform to the findings by Perotti [2007] and

Benetrix [2012], it should be mentioned that the dynamics for W/Pc accommodate pretty well the evidence
documented by Ramey [2011] who finds that the real wage falls on impact, rises along the transitional path

and exceeds its initial level after four or eight quarters, depending on the period considered.
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are essential to account for the real exchange rate depreciation, only the second ingredient

is necessary to account for the simultaneous decline in investment and the current account.

We also find that our model may produce the positive response of the real wage doc-
umented by Perotti [2007] for the U.S. and more recently by Benetrix [2012] who use a
sample of eleven Euro area countries. In our model, the rise in the real consumption wage
stems from the real exchange rate depreciation which lowers the consumption price index
while the wage rate falls by a small amount. Our numerical results reveal that the real
consumption wage increases only if the fiscal shock is short- or long-lived, not if it holds for

a medium term.

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. We believe that allowing for imperfect
mobility of labor across sectors, along the lines of Horvath [2000], might solve these two
puzzles. The difficulty in reallocating labor should produce a rise in sectoral capital-labor
ratios because the non-traded sector experiences a small labor inflow if the cost of shifting is
large enough, regardless of sectoral capital intensities. Higher sectoral capital-labor ratios
lower the return of domestic capital and raises the wage rate. As a result, investment should

fall while the real consumption wage should rise.
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FISCAL SHOCKS IN A TWO SECTOR OPEN
ECONOMY WITH ENDOGENOUS MARKUPS

TECHNICAL APPENDIX



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 3
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 z = x (5\, P, ,u) with A the shadow value of wealth, P the
relative price of non tradables and p the markup, the variable x is only affected by A and
P in the case of fixed markup while x 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. In section M, we solve the model
with endogenous markups by abstracting from physical capital and derive formal solutions
for temporary fiscal shocks.

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(\Pupy), (26)
with
& = %= oS <0 (27a)
Cp = g—g = —ozcac% <0, (27D)
Ly - ‘;’; _ aL’; >0, (27¢)
Lp = SII; = O'LL% = —ULL&/W <0, (27d)
L, = Zi = ULL% = aLLéfm >0, (27e)

where o¢ and o, 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 (26) into intra-temporal
allocations between non tradable and tradable goods, we solve for CT and CV:

ct=ct(\pP), cVN=cV(\P), (28)



with

T CT
C;\ = —UC’T < 0, (29&)
T cr
Cp = acp (9-0c) S0, (29b)
CN
Cﬁv = —oc <0, (29¢)
CN
Cp = ——p (A -ac)d+acoc] <0, (29d)
where we used the fact that —PI‘;?/,P =¢(1—ac)>0and P.C=CV.
C

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:

' =k"(Pp), KN =kN(Pp), (30)
with
okT h
kp = = 31
PTOP T ufu BN KT (312)
ET Ph
kD = Ok _ _ 5 : (31b)
7z ()7 frr (BN — KT)
kN wf
kY = = : 1
P P PZhyy, (kN — kT) (31c)
okN f
kY = = - : 1d
BT op T Phiy (WY D) (31d)
Wage
Equality [f (kT) — kT fp (kT)] = W can be solved for the wage rate:
W =W (P,u), (32)
with
ow h
Wp oP Jrk L (kN — k‘T) s 0, (33&)
ow Ph
W, = ——— =k fukl =k —————— 20 33b
n o Tk, (M)g (6N — KT) < (33b)
Labor

Substituting short-run static solutions for labor (26) and capital-labor ratios (30) into
the resource constraints for capital and labor (9), we can solve for traded and non-traded

labor as follows:
LT =17 (K, Pxpu), LN =LY (K ,Ppu), (34)



with

Lk = %LKT = kTik:N <0, (35a)
N

L = %LPT - u(k:Nl— kT)? ﬁ;ﬁ " /;jfhsz _JLLvlvath} <0 (350)
T T 21 N

o= o Tt P R 0 (69

LY = %LI? = k:NikT >0, (35¢)
N N

Ly = 86LP B _u(kNl_kT)2 [Lf:; l;jQLth _ULL% (kT)Qh} >0 (350)
N T 21N

Li = 8; B [M(k:Nl_ KT)P [Lfk]:h o oy (’“T)Qph} <0 5%)

Ly = 8;; = —aLélﬁ < 0. (35h)

(351)
Output

Inserting short-run static solutions for capital-labor ratios (30) and for labor (35) into
the production functions, we can solve for traded output, Y7 = LT f (kT), and non-traded
output, YV = LVh (kN):

VI =yT(K,P\pu), YN=YN(K Py, (36)
with
oyT f
T _ —
e R (87)
oy’ 1 PLT (h)* LN (uf)? 1
vl — - — o, L—k"kENhf| <0, (37b
F OP (kN — kT | nfek (P)? i “w ! B
oy’ 1 LT (Ph)* LN (uf)? 1
yT — - + — o, L—k"KNPLf| > (37c
p op [ (kN — kT | wfin Phy w 7| > &
oy’ L kNf
T _ —
SO Ve T
oYy h
N —
YBo= g T o 20 (7
oY N 1 PLT (h)* LN (uf)> P 1 2
vy = - + — —orL— (K"h)"| > 0(37f
P oP P (kN — kT | wfek Phy " W( ) 70
oYN 1 PLT(h)* LN (uf)*> P 1 2
vy = - + — —orL— (k"h)"| <0, (37
a O (kN kT | pfen P2hy pot W( ) 078)
oy N L kTh
YN = = - 52— < h
by a)\ GLA]{)N—kT>0’ (37)

From (37b) and (37f), 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 (37a)
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and (37e), a rise in the capital stock raises the output of the sector which is relatively more
capital intensive. From (37d) and (37h), 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. YT = Y7 (K, L, P,u) and YN = YN (K, L, P, j1). The
partial derivatives of sectoral output w. r. t. to labor are:

r_oYT _ kYf

YN kTh
YL a =

N __
oL _kN—k:Tzo’ o= oL __k:N—kT§O° (38)

Useful Properties
Making use of (37b) and (37f), (37a) and (37e), we deduce the following useful properties:

Yy kTh
T P _
YP + PT — —O'LLW § 0, (39&)
P wuf — Ph P
YiE+=YR = = —hy = fi, 39b
TR pkT —kN) — p (390)
T, pYi W
YL + PT = N (39(3)
YN Ph
T 1% _ T
YN + PT == O'LLk' m < 0, (39d)
YN L (KNuf — kT Ph) L
yI L p 2 _— = =o,=W >0 39

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

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

= (Pp), (40)
with partial derivatives given by:
ork h
K = = > 41
'’ 0P~ (kv — k) < (412)
ork Ph
b= =— < 0. 41b
p alu MQ (kﬁN _ k‘T) = 0 ( )

B Equilibrium Dynamics and Formal Solutions

Inserting short-run static solutions (26), (28) and (36) into (5d) and (12), we obtain:

K = ;YN (K,P,\) —CN (X, P) —0xK — GV, (42a)
SRS R . ()]
P = P{r + 0k p } (42b)

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:

(K, P)T =J <K(t) ~K,P(t) - P)T, (43)



where J is given by

bi1 b1
J= , 44
< ba1  boo > (44)
with
\ h 7
b = K —bx=———"< -0k 20, bp=-"L-CF>0, (45a)
7 ’ (kN - kT) 7
= ik f Yr
byt = 0, by = PP ~f =K gy (45b)
" P(V-kT) P

Equilibrium Dynamics
By denoting v the eigenvalue of matrix J, the characteristic equation for the matrix of
the linearized system (43) can be written as follows:

1 P B yT /yN
2 T N K K
vi— =Yg+ =Yy — 0P |v+ = ( —5)20. 46
5 ( K+ YK 0K ) o\ K (46)

The determinant denoted by Det of the linearized 2 x 2 matrix (44) is unambiguously
negative:40

YE (YY
Det J = b11bag = 5 <K — (5}() < 0, (47)
P H
and the trace denoted by Tr is given by
1 P h
TrJ =b11 + by = = Yg%—TY}](\I ——5K:i—5K:T*>O, (48)
P H 1%
where we used the fact that at the long-run equilibrium % =r*+ k.
From (46), the characteristic root reads as:
1 * 2 lej YI](V :
;== + ) —4—=|—=-9 =20 =1,2 49
Vi 9 r \/(T ) P L K <Y ? ) ( )

Using (48), then (49) can be rewritten as follows:

Y, o
v; ;{T*i[é‘—(;‘—&(ﬂ}zo, i=1,2. (50)

We denote by 11 < 0 and v5 > 0 the stable and unstable real eigenvalues, satisfying

v <0<r* <. (51)

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 :

Kt)— K = Bje 4 By, (52a)
P(t)— P = wiBie” +w2Bye"?, (52b)

49Gtarting with the equality of labor marginal products across sectors, using the fact that fp = %hk and

hi/p = 1"+ 0K, it is straightforward to prove that b1y is positive in the case NV > kT



where we normalized wj to unity. The eigenvector w) associated with eigenvalue p; is given

by

, i —b
wh =4 (53)
b12
with
YN h
by = K —dg=—r——< -6 =0, (54a)
)
YN
by = TP -ch >o, (54b)

where C¥ is given by (29d).

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 (51), the stable and unstable
eigenvalues can be rewritten as follows:

wo= —— Iy (55a)

p (icN - JET)
h
vy = W — 6k >0, (55b)

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

Y = p(re+dk) >0, (56a)
YE = Py <0, (56b)
Phypk®
MR =y >0, (56¢)
)
1 .-
v = —KULLk‘T,u(VQ—I—(SK)<O, (56d)
1 =~~~
vi = —KO'LLP/CNV1>0. (56e)

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

heir signs:
T (s ) et e
<Y

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 (51), the stable and unstable
eigenvalues can be rewritten as follows:
h
v = ——— —0g <0, (58&)
o)

vy = —— 1 50, (58b)



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

YY = p(n+dk) <0, (59a)
YE = Puy>0, (59b)
PhyikN
’;f P = <0, (59¢)
1 -~
vV = —KJLLkT,u(ul—i—(SK) >0, (59d)
1 -~~~
vl = —jaLka;Nug <0. (59¢)

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

their signs:
0

w1=<0 (”), W= (Y”ﬁ ”1) +) - (60)

P _CON

Formal Solution for the Stock of Foreign Assets
We first linearize equation (24) around the steady-state:

B(t) =1 (B(t) - B) vyl (K(t) - f() + [YE - B (P(t) - 15) . (61)

where C}, is given by (29b).
Inserting general solutions for K (¢) and P(t), the solution for the stock of international
assets is given by follows:

2
B(t) =1 (B( ) +yl Z Bt + [YE — CF] Y Biwe. (62)

=1

Solving the differential equation leads to the following expression:

B(t)— B = [(BO - B) — 1B — %BQ} et & By Bret + By By, (63)
with . . .
Ny YE 4 [YE - CFwi
o, — Lo &+ VP *P]W27 i=1,2 (64)
Vi —T Vi —T

Invoking the transversality condition for intertemporal solvency, the terms in brackets
of equation (53) must be null and we must set By = 0. We obtain the linearized version of
the nation’s intertemporal budget constraint:

Bo— B =, (Ko—f(). (65)
The stable solution for net foreign assets finally reduces to:
B(t) — B = (K(t) - f() . (66)

Case KV > kT

N o= v (v - )l

~ 1 ~ ~ o~
= Pyg{l—l- f‘)2 [O’CcN—ULLkT (1/24-51()}} 20, (67a)
PVQ
N = Vi (VE - Ch)ud (67)
= Yf =Py <o, (67¢)



where (67c) follows from the fact that w3 = 0. We made use of property (338) together
~ N
with the fact that CIZ = PoCp — PC}].Y to compute YPT —CL=-pP <YTP — Cg) — PcCp —

UijﬂT (1/2 + (5[() 2 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) = q)lK(t).

where K (t) = v1 B1e’tt. 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. N1 > 0, may be rewritten as follows:

1 ~ ~ o~
Vo > —% [O’C’CN — O'LL/{?T (1/2 —F(SK)} . (68)

Note that, for all parametrization, we find ®; < 0. Using (64), ®; (i = 1,2) can be written
as follows:

~ 1 ~ ~ o~ ~
O =P {1 2 [aCcN — o, LET (s + 5@” <0, ®y=-P<0. (69
Puvy
Case kT > kN
M= YE+ (vF - Bl
= Yl =Pu >0, (70a)
Ny = YiE+ (YA - CF) w3,
~ 2 ~ ~ o~
= Pyl{l—l- (:02 [O’CcN—ULLkT (V1+5k)}},§ 0, (70Db)
Py

where (70b) follows from the fact that wi = 0. We made use of property (338) together with
~ N ~~
C% = PoCp—PCY to compute Y —C% = —P (% - cﬁ) —PeCp—op LET (v1 + 0x) = 0.
Using (64), ®; (i = 1,2) can be written as follows:

2
)

d;=-P<0, ®y=-P {1 + = [aCéN — o LET (1, + 5@]} < 0. (71)

PV1

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 (12) into
(3) we get:

B = r*B+r®K(t)+ WL - P:C - PI - Z,
YN
= r*B+(rKK+WL)—PCC—P<—C’N—GN>.
7

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 4+ KKV - P— - cr-a",

= »B+Y?T - T - G7,



where variable cost WL 4+ r®X K% in the non-traded sector and output net of fixed cost in

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

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 IV = 0
into eq. (17).

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:

e [ (P)]

. = r* + 0k, (72a)
YN(fZ’P’A) — ¥ (X, P) —GN —5kK =0, (72b)
B+ YT (f(, P, X) 7 (X, P) —a’ =y, (72¢)

and the intertemporal solvency condition

(BO — B) — (KO — K) . (72d)
The steady-state equilibrium composed by these four equations jointly determine P,K,B
and A.
We totally differentiate the system (72) evaluated at the steady-state which yields in a
matrix form:

hirpkN 5
s 0 0 0 4P 0
Y oN) YR NN dK dGV
(F-cb) o (B-a) o || E 9]
(YE —CF) A (yI'—ct) = =
P P K 2 2 dB 0
0 —d, 0 1

The determinant denoted by D of the matrix of coefficients is given by:
hkd | (VY vy
DET{<N—5K>(Y;_C§\F>_(;_C{\V> [YE"‘T’*‘IH]} (74)

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

= A= e T o N
D = B2 (euWE+ocPeC) >0, i k> kY, (75a)
*x .1 9
= 4z r Y N
p = -5 {<0LWL—|—JCPCC> o (acc o LiT (1/2+5K)> }> 0(75b)
I

where we used the fact that and fk:N—PhkT =W (kN — k‘T) together with — P [k‘Nyg + kT (11 + 5K)] =
Wit kT > kN or —P [kNl/l—i—kT(yg—i—(SK)] =W if kY > k7.

411 the traded sector which is perfectly competitive, we have : YT = Fr LT + K KT = WILT + K KT,
Instead, in the non-traded sector which is imperfectly competitive we have: PZY = PHL N+ PHK KN or

Puz™ = PYN = PH LN + PHx K™ = WLYN +rFKN.



D.1 A Permanent Rise in GT

Case kY > kT

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

40 ocCunw
qu PN D ’
% = PZ;D (UCC'N — O'LEETI/2> <0,

Case kT > kN

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

dC L ocC <0
dG™ (O‘LVVI: + Ucpcé) ’

a A iy
dG" (ULWI: + 0'0PCC~'> ’

dp
dGT 0,

dK (ULiiCT (V1+5K)_UCON> -
dG” V1 (ULWE + Jcpcé> 7
ap Pl (v +6x) = 0cCY) N
dG” V1 (ULWf/ + Jcpcé>

D.2 A Permanent Rise in GV

Case kN > kT

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

(76a)
(76b)
(76¢)
(76d)

(76e)

(77a)

(77b)

(77¢)

(77d)

(77e)

(78a)
(78b)

(78c¢)

(784)

d(g\N = —% [1 + 2;52 (ac(jN — o LE" (vy + 5K)):| > 0,
ddé?\/ = 5\11/)115 (ULil;:NPul — aCC’T> > 0,
e gt oo L e - )} o

Case kT > kN

10



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

dC cP
— = - —% <0, (79a)
dG (aLWL + oCPCC)
dX AP
- = — — >0, (79b)
4G (ULWL + acPcC>
dpP
o = 0 (79¢)
dK' (O’L.Z/]ND]%NVQ — GcéT)
AN T T s < S0, (79d)
dG " (O—LWL i JCPCC>
AB P (oL LPRN vy — 0o C7)
N = — — = 0. (79e)
dG 141 (JLWL + U(jpcc)

D.3 Rewriting the Long-Run Effects

In this subsection, we rewrite expressions of steady-state changes (78) following a permanent
fiscal expansion, i.e. after a rise in GV, when kv > kT. To begin with, it is useful to
introduce some notations:

b= [O—LEI%T (vs + 0x) — acéN} >0, (80)

where ¥ > 0 if labor supply is elastic enough.

EN > kT

Using notation (80), determinant D given by (75b) can be rewritten as follows:
r*wi

(VQ)QLW} > 0. (81)

vy

p=-" [(aLm +ocPeC) +

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

W e
o [(ULWE + UcPoZ~3’> + Z::;% @2} - (82a)
dK B (O’L.Z]:INPl/l — acé’T)
N % [(ULWE + Ucpcé) + Z;:;% \TJ?] -0 (82b)

D.4 TImpact 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+ Bje"t, (83a)
P(t) = P+wiBe™, (83b)
B(t) = B+ ®;Bje", (83c)

where wi =0, & = —Pif kT > kN and with

B, =Ky — K = —dK,

11



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

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

EN > T

Differentiating (364a) w.r.t. time, evaluating at time ¢ = 0, and substituting (82b), the
initial response of investment is:

dI(0) dK V1 (ULi)p/;:Tvl — UCC'T)
N ="NM5AN T > 0. (84)
dG perm dG WIN/ P C~' 'r*w% \ij 2
va | (oW L+ ocFeC) + G5 (V)
Using the fact that ®; = —P, the initial reaction of the current account is:
acA() B (s by dI)
&~ e~ (PR e,

where we used the notation ¥ given by eq. (80) to rewrite ®; given by (69).
kT > kN
Differentiating (364a) w.r.t. time, evaluating at time ¢ = 0, and substituting (79d), the
initial response of investment is:
dI(O) dK (UL.EPI;NVQ — UcéT>

o > 0. (85)

= —]/1

perm dGN (aLm + acPcé)

Using the fact that ®; = —P, the initial reaction of the current account is:

= dK -dI(0)
=Pngewy = Paey

<0.
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 :

PoC
p = ARCYIC g p kT S N, (86a)
P
P é *CvN
D = —1/1(57_00 9 + acifo—cw% > 07 lf kN > kT' (86b)
P vy P

The term in square brackets on the right-hand side of (86b) is positive if the following
inequality holds
r* ON L
vy > —Qo— —=00W;. 87
2 > —a0tou) (57)
*

From (35f), this inequality is satisfied since acr— < 1.
V2

12



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

Case kY > kT

dC 1 —0
T T r* AN )

dG P, [1 + ac )’ %Ucw%}

d\ A

T aes >0,
O'cPCN [1 + aC(T2)2 = Ucw%}

dpP

dG:T 0,

dLT

dGT 57 = v 7Y
Ph 1+ ac = & oow)]

dK

dGT B O‘C* ¢ 1 <0,

Puy [1 + aco ( ’;)2 ?Uch]
AN
dB Qo [ + %Cp UC‘U%}
T =< e >0

Case kT > kN

dC
dGT
d\
dGT
dp
dGT
drT
dGT
dK
dGT
dB
dGT

[0
¢ <.
21

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

Case kN > kT

13

(88a)

(88b)

(88c¢)

(88d)

(88e)

(88f)

(89a)
(89b)
(89¢)
(894d)
(89€)

(89f)



dc p |1+ o Foowd]

— = —— ~ <0 (90a)
N * ’
1 o [1 TOCT,y %“CW%}
_ _ r* CN
dX ek |1+ Grocwd]
WGX T eV e R (90b)
ocC |:]_ + (676 (V2)2 ?Ucwz}
dp
W = 0, (90C>
ar? 1—
e (1= ac) <0, (90d)
dGN r* CON 1
h |:]. + ac (l/2)2 ?Ucw2i|
dK (1—-ac)
e o0 (90¢)
) {1 + ao )’ 70@02}
dB P(1-ac) [1 + V—Z%Ucwﬂ
d(;'iN == - N C’N < 0 (90f)
ve [1-+ a0 g oo
Case kT > kN
dc P
— = 1
N 28 <0, (91a)
d\ )
= —— >0 91b
ON —open 0 (91b)
dp
dGiN = 0, (91C)
dL”T (1-ac)
- = ¢ 1d
dK (I -ac)
oN = " <0, (91e)
dB B P(1—ac)

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 =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, Br,. We rewrite the system of steady-state equations for an arbitrary period

14



i (withi=0,1,2):

hy [/%N (1%)] =", (92a)
YN (f(i, pi) —EN_GN =y, (92b)
7B + YT (K R-) — T —GT =, (92¢)

together with the intertemporal solvency condition

(BZ- - B;ri) - (K - KT> . (92d)

F.2 Steady-State Functions

The new consistent procedure consists in two steps. In a first step, we solve the sys-
tem (92a)-(92¢c) 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 (92a)-(92c) yields in matrix form:

hyck 0 0 dp; 0
Yy -ch) v¥ o dK; | = PLCxdA; +dGY (93)
(YE-C}) YE dB; (1 — ac) PoCidA; + dGT

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

~Z- = constant, a
P (94a)
R = K(wGY), (94D)
B, = B(N,GI.GY), (94c)
with partial derivatives given by:
~ ~ IN _ LT
Ko = 8{(1‘ _ hkkkﬁPoP/cr* _ —UCCJN (kZ ~_ ki ) <0 (95a)
O\ G A h; =
B = 8BZ - hkkkgpc (—PéYIzj + (1 — ac) PCY[](V)
AT aNn G ’
PcC; oc . hi
= = acrt — ——m— |,
N Y ¢ (]Z;N _ ]};.T)
Pcéi oC ~ ~ ~
= X — 5+ (1 — Ph;| <0, 95b
X rPh, jocfi+(1-ac) P (95b)
and
OK;
KGT = TG;F = 0, (963“>
dB; 1
B, = — = — b
aT 6G;TF - >0, (96D)
and
. LN _ T
oo 0K hukYuert (kY —&7) - 97
0B; hiekNue Y fi 1
Bin=— = 2L T8 b
aN 3Gf\7 C P >0, (97Db)

15



where G = hkkkg uchI](V r* which simplifies as follows :
fh
P2 (];N _ %T)

G

Ueer™ < 0. 98
2

The second step consists to determine the equilibrium change of A; by taking the total
differential of the intertemporal solvency condition (92d):

By — ®1K,]d\; = dBz — ®dK7 — [Bey — ®1Kon]dGY — BerdGE,  (99)

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

A=\ (K7, Br, G, GY), (100)
with
ONi Py
A = = ——— <0 101
K= oK, [By — &1K;] (101a)
ONi 1
AB = = 0 101b
5= 9B By — 01K5] (101b)
O\ B
Aer = - Pt o, 101
¢ = 06T [By — 1K, (101c)
O\ By — &1 K]
Agh = — = — > 0. 101d
ST [By — @1K;] (101d)
From (101), we obtain the following properties:
B [B;\ — (I)lKﬂ = 1, (102a)
)\BBGT == —)\GT, (102b)
>\B [B(;N - (b]_KGN} = _)‘G’N' (102(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 (X (Ko, By, G}, GY),GY), (103a)
By = By=B(X\,G},G{) =B (\(Ko,By,G§,GY),GF,GY),  (103b)
Xo = Xo=A(KoBy,G§,GY). (103c)

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

Period 1 (0<t<T)

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

K(t) = Ki+ Bie"'' + By, (104a)
P(t) = P+ wiBie”t + w?Bye™?, (104b)

B(t) = B+ [(BO—B1> — ®1B; — ®yBs| "t +

+®1 Bye”'t + &g Bye?t (104c)

16



with the steady-state values K; and B; given by the following functions (set ¢ = 1 into
(94b)-(94c)):

K, = K(\GY), (105a)
B = B(\GT,GY), (105b)

where the marginal utility of wealth remains constant over periods 1 and 2 at level A; =
Ay = X after its initial jump at time ¢ = 0.

Period 2 (t > T)

Once government spending reverts back to its initial level, the economy follows stable
paths

K({t) = K+ Bl (106a)
P(t) = Py +wiBje, (106b)
B(t) = B+ ® Bjet, (106¢)

with the steady-state values K> and By given by the following functions (set ¢ = 2 into
(94b)-(94c)):

Ky, = K(\GY), (107a)
B, = B(\GI,GY). (107b)

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, K7 and B7, 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@) . (108)
In order to determine the three constants By, Ba, and Bf, and the equilibrium value of
marginal utility of wealth, we impose three conditions:
1. Initial conditions K (0) = Ky, B(0) = By must be met.
2. Economic aggregates K and P remain continuous at time 7.

3. The intertemporal solvency constraint (108) must hold implying that the net foreign
assets remain continuous at time 7.

Set ¢ = 0 in solution (104a), and evaluating first at time ¢ = 7, equate (104a) and
(106a), (104b) and (106b):

K1 + B; + By = Ky, (109a)
K1 4 B1e"7 + Bye”?T = Ky + BT, (109b)
Py +wiB1e"? + wiBye”?T = Py + wiBje T, (109c¢)

where we used the continuity condition.

17



Evaluating K7 and Br from respectively (104a) and (104c), substituting into (108),
and using functions of steady-state values K; and B; given by (103) (for ¢ = 0), (105) (for
i =1), and (107) (for ¢ = 2), the intertemporal solvency condition can be rewritten as

B(\GT,GY) + | (B (2,GE,GY) = B(N\GT,GY)) — ®1B1 — ®2Bs | " 7 + &1 BT
+®9B5¢”?T — B (\,GL,GY) = @1 [K (\,GY) + Bie"'” + By’ — K (\,GY)]. (110)

Then, we approximate the steady-state changes with the differentials:

Ky — Ko=K(\GY) - K (M, GY)) = Kzd\ + KgndGY, (111a)
Ky — Ki=K(\GY)—-K(\GY) =-KgvdGY, (111b)
By — By=B(\GT,GY) — B(X,G},GY) = Byd\ + BgrdG” + BandGN(111c)
By — Bi1=B(\NGL,GY)-B(\GT,GY) = —BgrdGT — BondGY, (111d)

where dX = X\ — ).
By substituting these expressions in (109) and (110), we obtain finally

By + By = —K3d\ — KondGY, (112a)
Bie"'T + Bye?T — BT = —KondGY, (112b)
wiB1e" T + w2Bye?T — wiBlen T =0, (112¢)

and -
Bi{Y{+ ByYy + B;\d/\ =, (113)

where we set

Tl = (I)l, (114&)
Ty = By + (B — By)e 17, (114b)
Q = |:(’Ugj — <I>1Kg]-) e T vg]} dgj j=T,N, (114c)

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

CNoc
K;, = —— <0,
A )\ 120}
K _ >0
GN — Vs )
PCC’ oo
By = =X e
2T
pl/l
B = - 0
GN 1/27“* > ’
PCC' oc
By —®1K5) = ———
( A 1 )\) 2 1/27“*[
p r* CN
Banv — ®1K, = —
(Baw~ 1Kan) s I/2+V2 I3
- ON
Ty, = —P |1+ —= U—Cw%e
P 12
PCC' oo
By —ToK5; = ——— — =
by 2183 N s [V2+Oécy2 B
PCC' oo
WM K5 + BsKondGY = 252" g
1R+ Bxfgy h T*(VQ)Z{ c

and Bgr = 1/r* > 0. We used the fact that ETvy + kNvyp =

expression:

0 = S (1 - e*’"*T) dGT + *i {ul +

r* r*U9

Case kT > kN

[(1—ac) vy —acn] <0,

1
Vo + ag——=00cws
va P

19

ch%] > 0,

5 and the following

]er”7}<ﬂ;N. (116)

Vg + ——=0cw;
v2 P

(115a)

(115b)
(115¢)
(115d)

(115e)

(115f)

(115g)

(115h)

] e T+ (1-ac) 1/2} dG" <o,

(1151)



We write out some useful expressions

N oo
K. - Y oc 11
by by " >0, ( 7&)
1
Koy = — <0, (117b)
41
PG
By = _();\CVUI(;* [(1—ac)vi —acrr] <0, (117¢)
]51/2
B = — 11
aN = > 0, (117d)
e
(By — ®1K;) = —gc‘;f <0 (117e)
P
(BGN - (I)lKGN) == 7'7 > 0, (117f>
B AN
Y, = —P|1+ ¢ 7 2 (1- e”17)] <0, (117g)
P
PC’é oC ’f’* éN 2 —nT
By —ToK; = ——=— —— 1—e™7)| 2 0{117h
by 2 K5 N o V1+acy1 5 oowy (1—e )| = 0(117h)
PcC ]
0K+ By KondGY = _%;S [(1 —ac) +ace™" T} >0, (1171)
1
and Bgr = 1/r* > 0. We used the fact that Koy + BNy = —% and the following
expression: .
_ 1 —r*T\ 3T - T\ qaN
0 =—— <176 )dG = (1/2+V16 )dG . (118)

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

B 1—e 77T
dGlT - % ( - cw) — >0, (119a)
Puy [+ ac 5 Grocw)
Bo
B By
= 11
~dGT T deT (119¢)
dA x
— = Ar(1—e"T) >0, (119d)
dGT temp ( )
B :
where, from (112a), qoT can be written also as follows
By dX
— =—K5—= 12
dGT MGT |,y (120

The solutions for a rise in the government expenditure on the non-traded good are given
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Bi _ [(-e”T)-ac(1-e"T7)]
N i
G va [1+ac; 2)2% oow]
1— —uvoT —r*T _ —uveT
_ _(-ag){i- ) +ac e ) <0, (121a)
[1 toacyp Cf"c“’ﬂ
B - T
o = L <0, (121b)
B; B
dGlN = o7 <0 (121c)
A = (1 — e*llzT) 7(15\ UCCP V2 (6_7”*7 - e_VQT)
N - N 2 < 0
dG temp dG perm (PC) |:V2 + ac%%acw%}
—r*7T —ugT
= v (1—eT) -2 (e ) <o, (121d)
. : By By
where we used expression (90b) to obtain (121d). From (112a), Fled and q0T Can also be
written as follows:
By By dj\ By —vT
W -+ dGiN = _Kj‘dG'ij\[ . — KGN and W = —KGNG 22, (122)
emp

Case k7 > kN
The solutions for a rise in the government expenditure on the traded good are given by:

B1 o ac T

W = le (]. — e ) < 0, (123&)

B

ﬁ = 0, (123Db)

B, By

e = dor (123¢)
dj\ —p*T
— Aor (1= T) > 0. (123d)
dGT |, ( )

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

= —Vll [(1 —ac) (1 - e—”) + e‘”] >0, (124a)

% . (124b)
dgiN - dZIN + Egne
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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 > kN and kY > kT. Transitional
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 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 u = 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 (94)
w.r.t GN:

dc dX
perm perm
dK dX ,
e = Kiiow + Koy 20 depending on whether kY = kT, (125b)
perm perm
dB d\
Teid = B;\W + Bey S0 depending on whether kY = kT, (125¢)
perm perm

where analytical expressions are given by the set of equations (90) and (91).

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:

O ST —T
Sl s {(1—em) -2 (=) Ly, (126)
dGN G rx ON 1

temp |:V2 + v P Ucu)Q}

The sign of the change in the equilibrium value of the marginal utility of wealth can be
determined by noticing that eq. (126) tends towards zero if we let 7 tend towards zero and
tends towards Ao~ if we let 7 tend towards oco. 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, Ao~]. Consequently, we can
deduce that expression (126) has a positive sign.

Using the functions (94), we deduce the long run changes for the real consumption, the
stock of physical capital, and the stock of traded bonds:

dc dA

— = Ci—in <0, (127a)

dGN temp dGN temp

dK d\
emp emp

dB dA

(]G7N . = Bj\dGiN . < O, (127(3)
emp emp

where C5 < 0, K5 <0, and B; <0.
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_ The change of the period 1 steady-state value K1 compared to its initial (given) value
K is given by:
dK dX
1 K
dGN dGgN

+ Kgn,

temp

temp

— V1T r*T
_ U aCHaC[ Gy } >0, (128)

120} |:1 + CKCWO?O'CW%}

where we have substituted expressions of K5 < 0 given by (115a),
(126) and K~ > 0 given by (115b).

The change of the period 1 steady-state value B; compared to its initial (given) value
By is given by:

dGN ‘temp > 0 given by

dBy dX
= By—~« + Bgn, (129)
dGN temp dGN temp
P 1 * CON .
= —— v " { (1 —ac)vy —acry) |1+ TQPUCW%] <1 —e " T)
' r*
2 [1 + ac ) P } (v2)
* C~vN
(rn)® P
where we have substituted expressions of Bs < 0 given by (115¢), ddT;\N > 0 given by
temp

(126) and B~ > 0 given by (115d). We cannot sign eq. (129) because it is the result of
two opposite effects. The first term on the RHS of (129) 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
T AGN

dA
dGN

d\
AAGN

dB

o , (130)

temp

+ Bgwn ; B;\

perm perm 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, (131a)
Btemp < Bperm < Bo, if T >T, (131b)
Bperm < Biemp < Bo, if T <T7T. (131c)
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Case kT > kN B

The equilibrium change of A is:
dA

dGN

=dov (1=¢T) >0, (132)
temp
From (132), we see that that the change of A after a temporary change in GV is smaller

than that after a permanent increase in GV but goes in the same direction. Hence we
deduce the following inequality:

_ dA
dGN

d\

0<7dGN

(133)

temp perm

From (94), we deduce steady-state changes of consumption, the stock of physical capital,
and the stock of traded bonds:

ac d\

— = C5—~ <0 134
dGN temp )\dGN temp , ( a)
dK d\

— = Kj—r >0, (134D)
dGN temp )\dGN temp

dB d\

— = Bs—v <0, (134c¢)
dGN temp dGN temp

where C5 < 0, K5 > 0, and B; < 0. ) .
Changes of the period 1 steady-state values K1 and By compared to their initial (given)
values Ky and By are given by :

dKy dX

Ky —~ + Kgn,
dGN temp dGN temp

1— —r*T
_ (d=zag)tace™ " (135a)
V1

dBy dX

Bs—~ B
dGN temp )\dGN temp " @

P

= —— {(1 —ac)r* —[(1 —ac)vi — acwy] e*T*T} >0, (135b)
T

where we have evaluated the signs of (135a)-(135b) by making use of (117a)-(117d) and

(91Db).

From (133), because the change in the equilibrium value of A following a temporary
change in GV is smaller than that after a permanent increase in GV, by making use of
(134b)-(134c), (125b)-(125¢), and (135a)-(135b), we are able to deduce the following in-
equalities:

f{l < f{perm < KO < f{temp; (136&}
Biemp < Bo < Bperm < Bi. (136b)

G.2 Transitional Dynamics after a Permanent Increase in GV

Case kN > kT

The initial jump of P is obtained by setting ¢ = 0 in (104b) and by differentiating with
respect to GV:

dP(0) L, dK

dGN T 2aGN

perm perm

> 0. (137)

24



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:

* N jod
P |:V2 + 2—20 Uow%] — CNUcw%

dA

dC(0) dP(0) P
= Ci—=| +Cp = .
N AdaN N x
dG perm dG perm G perm PC’ [1/2 + 0407;72 Clé\’ O’Cw%]
ac 1— CNoows
- ( PO‘C) 70y <0. (138)
perm c [VQ + OtC';*2 Cﬁ ch%}
From (138), we deduce the following inequality
dcC(0) dc d\
— =0C5—+ 0. 139
dGN perm - dGN perm )\dGN perm = ( )

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)
Ct)=—-Cocac——= >0, 140
(t) ) (140)
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

< vt N

K(it) = —-un N perme dG" > 0, (141a)
: dK

_ 1 nt N

P(t) = —1vw, N perme dGT <0, (141b)
: dK

B(t) = —11®1——v ntdgh < o. 141
(t) ey perme dG™ <0 (141c)

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
= aew

perm

dc/(0)
aGN

< 0. (142)

perm

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

dK

T - _ vt N 14
(t) "GN perme dG™ <0, (143a)
dK
Alt) = —n®—v “tdGN > 0. 14
C (t) 141 ldGN perme dG" >0 ( 3b)
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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: B
dB(t) B qu)ldGlNeylt B B
AK (1) =Bt —P <0. (144)
ldan

where we used the fact that ®, = —P.

G.3 Transitional Dynamics after a Temporary Increase in GV

Case kV > kT
First, we evaluate the constants By /dGY and By /dG":

By B dA
—_— = — — Kj\ - KGN,
dGN dGN dGN temp

dK .
= —3ov [(1 - e_”2T) + <1 a(; ) (e_T T _ e_l’QTﬂ < 0. (145a)
perm —ac

B —T

7dG2N = —KGNC_VQT S o < 0. (145b)

By evaluating the formal solution for P(t) at time ¢ = 0, differentiating with respect to
GY, and remembering that dP; /dG" = 0, we get the initial jump of P:

P B f( —r*7T _ _—uvaT
ddG(f?f) wy dGlN =~ ddgN (1-eT) - wi<f & e )
temp perm [V2 + % C]S Ucw%:|
dK « *
_ 1 —vT C —r*T —uvoT
= 7w2dG7N perm |:(1 —e 2 ) + (1—040> (6 —e 2 >:| > %146)

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 (90e). From (146), 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 > y% In [ac].

By making use of the short run static solution (26) for C', we obtain the response of real
consumption at time ¢ = 0:

dc(0)
dGN

dA

dP(0)
= ey

dGN

+Cp

temp

<0. (147)

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 (o) dc(0) o | A dX ]
_ 5 | ==~ -
dGN temp dGN perm dGN temp dGN perm
dP(0) dP(0)
— 2 0. 14
+CP dGN temp dGN perm = 0 ( 8)
(149)
From (148), we deduce the following inequality:
dC(0) dC(0)
. 1
dGN perm dGN temp <0 ( 50)
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The initial response of the investment flow following a temporary rise in G¥ is given by:

d1(0) B By Bz
dGN |y YIaGN T aeN
_ (I—ac)(1—e™T)+ac(e7T —e27T) T
[1/2 + 060,72%00“%}
dK [ T ( ac > T T ] T
= -V — l—e™ )+ —— | (e —e 2 —e 27 (250)
LdGN perm ( ) 1—ac ( >

The sign of expression (151) 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 GV, we first linearize the non-traded good market clearing condition
in the neighborhood of the steady-state:

)~ I=YY (K(t) - f() +(vY —cd) (P(t) - 15) .

Using the fact that dI = Ylj(vdf( + (YI_Z,V — Cg) dp — Cﬁvdﬂwmp —dG", and evaluating the
expression above at time t = 0, we get:

& i
“X aGv

dI(0)
dGN

dP(0)
dGN

- (v - )

temp

+o

temp

1. (152)

temp

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

= K 1—e™ Ky—~
dGN temp 2dGN e o ( ‘ ) " )\dGN temp 7
1—e 7 CN dx
_ | 0z oo , (153)
1%) 1%} )\ dGN temp
where we substituted Kov = 1/v9 and K5 = —"V—gc— Substituting (153) into (152) and
using the fact that wi = ﬁ, the initial reaction of investment finally rewrites as:
p—Lp
d[(O) Vo — 11 T O'CcN V1 d)\
— = 1—e™? -1 154
dGN temp < V2 ( ‘ ) M )‘ V2 dG temp ( )

By differentiating the formal solution (104c) 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) R ) o B B
AGN | s dGN|,,, dGN  ?dGN
By By
+l/1¢1dG7N + 1/2@2(1(;7]\[. (155)



In order to simplify the solution (155), we rewrite the term in square brackets as follows

_;15]{[ . — [@101?;]\, + @QdBGQN}
= —[By - ®1Kj] d%v o [Bon — ®1Kgn] + [@1 — D] %,
v+ 5 Grocwy]
= )\)\CZVeVQT — ie_r*T + Vj"* Vo + ZC;VUCW% e 7,
_ _ie—r*T <0, (156)

where we have substituted the expression of the change in the equilibrium value of the
marginal utility of wealth given by (121d), we made use of properties (102), expression
(115f) and inserted these useful expressions:

By By dX
— = — - K; — Kgn <0,
dGN dGN dGN |
1 -~
P — Dy = —V—zCNacw% > 0,
B
7dG2AN = —KGNG_V2T < 0,
Bon — &K P
(GN*~]\} Gv) >0,
[VQ + ZECIB Ucw%} var

By inserting (156) into (155), the expression of the initial response of the current account

reduces to:
dCA(O) ~ 1 éN 1 d]’% o T ac T —uoT
= P 1 — = = 1 - v2 r - va
ream B 21 < + 0o B 702 | qan . (1—e™")+ [ ac <e e )

D~ T | po—vaT
—Pe ™" * + Pe7 2"

. AN
= —P (1—1—16]’5 Ucu)%) dI(0)

V2

) (e_T*T — e_”2T> <0,

where we simplified several expressions as follows:

P PCN
K;\UC702V2 = — =ac > 0,
P PoC
o LEN
vy®y —11®; = —Puy+Pri |1+ ——o0ocw; | <O0.
v2 P

To derive a more easily interpretable expression for the initial reaction of the current
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account after a temporary rise in GV, we use eq. (145a):

(158)

dC'A(0) U B
= P (7T — e T) f
ATeaa ‘ ¢ ) Tntiew
D * dK (676 *
= _p <e—r T _ 6_V2T) B |: 1— 6—1127' + <) <e—'r T _ 6—V2T):| 7
dGN perm ( ) 1—ac
= —ﬁ( T _ *V2T)
—yl(bl (1 - OZC) VQT) + < acC > (671”*7- . el/gT):| < 07
(1 — o ) l—ac
where 0 < ¥ = —%%Vacw% <1
2

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

: B By
K(t) = niqay an et AGN + vy —— Te e”'dGN 2 0, (159a)
P(t) = ulw;dGN entdagN <o, (159b)

where B;/dGY < 0, B3/dGY < 0, and w} < 0. As it can be seen from (159a), 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:

SN SN [_yng/dGN} (160)

I/lBl/dGN

vy — 12

where the term in square brackets is less than one under the condition that the initial
investment flow is positive (see eq. (151)), otherwise the trajectory for investment is mono-
tonic.

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

CA(t) = |:P6_V2(T_t) (1 — e_yl(T_t)) + I/1<I>1 B

pTel ”lt} dG" <o. (161)

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
relative price of non tradables P and the stock of international assets are driven by the
following equations:

Kt) = dGlNdGN et >0, (162a)
P(t) = nwl 5 GNdGN et <0, (162b)
B(t) = ulcbldgNdGN mt < Q. (162¢)

Evaluate (162c) at time ¢, and calculate dCA(T) = CA(T+) — CA(7T ), 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:

— T =1, (163)



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 (104a) with respect to time, evaluate the
resulting expression at time ¢ = 0, and then differentiate with respect to G, keeping in
mind that By /dGY =0 if kT > kV:

= ( —e " T) 1<0,

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

dCA(0) L] dB By B
mhadialn ) = — -0 o
AN | T { GV |, CraeN [ TPagR
— P(1-ac) (1 - e*T*T) > 0, (165)
By - . «
where Vl(bldGN P [(1 —ag) (1 —e " T) +e " T]
In deriving (165), we have also simplified the term in square braces as follows:
dB, By
— 1
dGN temp dGN
d\
= —q|By—®1Ky) —x + (Bay — ®1Kgn) | ¢
dG temp
)‘GN —r*T P —r*T

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:

’ B N eV t
I(t) = K(t)zl/ldGNdG !
_ df{ —r*T N vt —r*T N vt
= Vigaw . <1 —e > dGVe"" —e dG™ e <0, (167)
and
CA(t) = —r* [(n (N GY) = B (M, GY)) +®1dGN} dGNe —|—I/1<I)1dGNdGN et
- P [(1 —ac) (1 - e*”) et — T (a b V1t)} dGN = 0. (168)
There exists a time ¢ = { such that the current account changes of sign:
, 1 e T
t=——1 169
Vo . [(1 —ac)(1—eT) + e""*T] ’ (169)
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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 ) <
0. To see it more formally, we evaluate (168) at time 7 ~:

CA(T7) = PenT |(1=e™7T) —ac (1-e7) | 6™ <0, (170)
At time 7 ~, the investment flow is also negative:
HT) =T [1-(1-ac) (1-¢"7)] <0. (171)

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)  —PeTT0 pue et
dK(t) ,jldfélNeult ’

P~ ac) (1 —e="T) 4 e T] et — (720}
- [(1—ac)(1—eT) e T]ent ) (172)

where we have substituted the expression of the constant By /dG". Over period 0 < {<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 (172), 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 —P).

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:

. B!
It) = K{)=mn 1 GlN dGNent > 0 (173a)

. B!
CA(t) = Bt)=uv® -
( ) ( ) 1 1dGN
Since the period 2 is a stable period, the dynamics are monotonic. If we can determine
the sign of (173) at time t = 7T, we are able to evaluate the transitional dynamics over
the entire period:

dGNent < 0. (173b)

I(TY) = —[Q-ac) (T —eT) - (1-eT)]dGY >0,  (174a)

CA(TT) = P[l-ac)(e"? —eT) - (1—eT)]dGN <0.  (174b)

From (170) and (174b), 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 (171) and (174a),

we see that investment is not continuous in the neighborhood of 7' since at this date, it

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) = YNIK(T),P(T)]-CN[N(T),P(T7)]-GY <0, (175a)

I(TY) = YN[K(TH),P(TH)]-CY[N(T"),P(T")] -Gy >0, (175b)

where GYY = 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
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T > kN - dGT kT > kN - dGgN

Figure 2: Permanent Vs. Temporary Increase in G7 - k7" > kN

the policy is permanently removed. Since capital is a predetermined variable, it cannot jump
neither at time ¢t = 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 (175) that for the market-clearing condition to hold, we must have

dI(T) =dK (T) = —dGY (T) = dGY >0, (176)

where dGV (T) = GY — GY = G} — GIY = —dG". Thus, the non-traded goods market
equilibrium is maintained though the investment in physical capital, & (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 (CN + 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 G, considering both cases: k7 > kY and &V > k7.
Transitional paths are depicted in Figures 2 and 3 for k7 > kY and kY > kT, 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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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 (26) and (94):

dc dX
perm perm

dK dX ,

el = K;\W <0 depending on whether k% = k7, (177b)
perm perm

dB dX

T = Byiir + Bgr 20 depending on whether kY = k”, (177c)
perm perm

where Cor = 0 and Kor = 0. Expressions of the steady-state changes are given by the set
of equations (88) and (89).

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
temp dGT

dA
dGT

(1 . e—”*T) = A (1 - e—"*T) > 0. (178)

perm

We now evaluate the long run changes of key economic variables after a temporary fiscal
shock by differentiating (26) and (94). 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:

dc dX ey dA

— = 5+ =C5(1—-e" — 0 179
dGT temp /\dGT temp A ( ) dGT perm = ( a)
dK d\ ey dA

— = Ky—= =K5(l—e" —= <0 179b
dGT temp )\dGT temp A ( ¢ ) dGT perm ’ ( )
dB d\ e\ dA

dGT temp a B/\ dGT temp B B)\ <1 — ) dGT perm = 07 (1796)

where C5 < 0, K5 < 0 (if &Y > k7)), and By < 0. ) )
The changes of the period 1 steady-state values K; and B; compared to their initial
(given) values K\ and By are given by :

dK, d\

— = Ki— 0 180
dGT remp )\dGT remp <, ( a)
dBy d\

2 = By B 0 180b
G|, ragt |, Trer =t (1800)

where K5 < 0, By < 0 and Bgr > 0. From (177b)-(177c), (179b)-(179¢), and (180a)-
(180b), we are able to deduce the following inequalities:

Rperm < KI = Ktemp < Ko, (181&)
Biemp < Bo < Bperm < B1. (181b)

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

dc d\ ey dA

acr|, = Cagr| =G (1—e )ﬁ <0, (182a)
emp emp perm

dK d\ e\ dA

|, = Magr| = (1 —e ) G >0 (182b)
emp emp perm

dB d\ ey dA

|, = Dagr|, =B (1 " ) S| <o (182¢)
emp emp perm

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

perm

(183)
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

T = i*ln [—BMGT (184)
T

Ber

As the fiscal shock is more persistent, i. e. 7 > ’j', 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, (185a)
Bperm < Biemp < By it T <T. (185h)

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

dK; d\

— = N >0 186
dGT temp )\dGT temp , ( a>
dB, d\

— = By—= Bor 20 186b
dGT remp )\dGT remp + bgr 2 0, ( )

where K5 > 0, B; < 0 and Bgr > 0. The sign of (186b) is indeterminate but we are able
to determine the length of fiscal shock, denoted by 7, for which the steady-state change
(186b) is equal to zero:

ro LBt Bor)

r* By Agr

The existence of time 7 relies upon inequality ByAgr < 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:

By < By depending on whether 7 = 7. (188)

From (177b)-(177c), (182b)-(182¢), (185) and (186a)-(186b), we are able to deduce the
following inequalities:

(187)

KO < f(l - f(temp < Rpermy (189&)
Bperm < Biemp < Bo if T <7, (189b)
Biemp < Bperm < Bo if T>T, (189¢)

where we assume that 7 <.
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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, (190a)
P(t) = P4 wiBeM?, (190Db)
B(t) = B+ ®BjeM, (190c)

where wi = 0 if k7 > kv and with

. dK
By =Ky— K =——-dGT
Lo dGT

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

perm 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 ¢ = 0:

1 CN 1
[1 +acy,; 5 Uch}

dc(0) dA dP(0)
- -2 top _ i
T rAdaT T * ’
dG perm dG perm dG perm P |:1 + QC(IIT)Q%O'Cw%}
1¢N | dC
= |1 —_—— —= 0 192
+ac 500w qar . <0, (192)

where 0 < [1 + aciég aow%} < 1. Therefore, we deduce the following inequality

dX
~ AGT

perm

dC
dGT

_ o
aGT

perm

<0. (193)

perm

Irrespective of sectoral capital intensities, a rise in G 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 (190), with respect to time, one obtains:

dK

. _ t T
K(t) = _Mlﬁ permeul dG < 0, (194&)
. dK
Pt) = —pws— eMtdGT > 0, (194b)
dGT perm
. dK
B(t) = —u®1—~ eMdGT >0, (194c)
dGT perm
K
where ®; < 0 and ;ﬁ oo < 0.
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Along the stable adjustment, real consumption decreases:

. p
C= —O'Ccacf <0, (195)

P
where [ 7" — 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 (190), with respect to time, one obtains

: dK
- _ nit T

K(t) MyaT perme dG* >0, (196a)
P(t) = 0, (196b)
: dK
B(t) = —u®— mtqGt 1

(t) ML r perme dG* <0, (196¢)

dK
where ®; < 0 and a1cT . > 0.

H.3 Transitional Dynamics after a Temporary Increase in GT

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

dP(0)
aGT

. K
= —wi (1 —e " T) d

T <0. (197)

perm

temp

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)
aGT

_ (1 -~ e—r*T) dz(0)

T <0. (198)

perm

temp

By differentiating the formal solution (104c) 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:

5. dK1
i teds

dBy
dGT

dCA(0)
aGT

By

P —.
+ p1 1dGT

*

temp temp temp

The expression in brackets can be evaluated by using properties (102), and the fact that
BgT = _)\GT/)‘B:

dBy dKy dX dX
| == - — = — |Byx——5+ + Bar — ©1 K5 —+ )
dGT temp dGT temp] dGT temp dGT temp
o )\GT T )\GT
__[)\B (1_6 >_)\B]’
= —Bgre T, (199)
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dB dK
Inserting this expression, and remembering that Freii (I”W’ we obtain the reaction of
the current account at time ¢ = 0:

dCA(0) - i
W temp - - Ml@lK:\ <1 — ¢ T) AGT’
. dB .
_ —r*T —r*T
= = mger| (1 . ) <o. (200)

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 (200), there exists a critical value of shock’s
length, 7 > 0, such that the current account response is zero on impact, i. e. B (0) = 0.
Solving (200) for T, we get:

1 1—- #17&%
7T=—1In perm (201)
™ ds
—H1 daT
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 (104a) and (104b):

dK

' B T —r*T t AT
K(t) = oo dGT = - =l (1= T)emtdGT <o, (202)
G ar|
: B T , dK —r*T t 1T
P(t) = mehsre'dGT = —wlp | (1—e"T) a6 > 0, (202b)
G T\
T _ dk —r*T
where we used the fact that B, /dG" = ———= l1—e .
dGT perm

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. (104c) shows that the current account may change of sign
over period 1:

dB

- —r*(7T— T
CA(t) = B(t) = —e " (T794GT — maar

(1 . e‘?‘*’f) entdaT <0, (203)

perm

We have now to determine the conditions under which the current account dynamics dis-
plays a non monotonic behavior. Equation (203) reveals that the stock of international
assets reaches a turning point during its transitional adjustment at time 7 given by

N 1 dB * *
7 =—1In [_MldG'T‘perm (1 —e " T) e’ T] ' (204)

The necessary condition for T > 0, corresponds to:

dB

0<e "7 < —py—
€ MldGT

> 0. (205)

temp

o) o da0

perm

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

L res GT eMtdGT <0, (206a)

/

t T
pws —L dGT eMtdG* > 0, (206b)
where B} /dGT = By /dGT > 0. Over period 2, the current account improves unambiguously
as it can be seen from the time derivative of solution (106c):

. B
B(t) = 1@1dG eMtdaT > 0. (207)
Case k7 > kN
If kT > 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

Mt dGT > 0. (208)

temp

. d\
T
I(t) = K(t) = eMtdGT = = —mKiq57

/thT

Differentiating eq. (104c) with respect to time and remembering that By /dGT = 0 yields
the transitional path for B(t):

dK;
g

dB;

o By
W thT + Ml@l

ATei) ettdGT . (209)

CA(t) = —r*

temp temp

By evaluating this expressions at ¢ = 0, and differentiating with respect to G, we obtain
the initial response of the current account following a fiscal expansion:

dK;,
e

dC A(0)
dGT

dBy

By
+M1®1W'

temp temp

The expression in brackets can be evaluated by using properties (102), and the fact that
BgT = _)\GT/)‘B:

dBy dK; dA dA
aaT - aT temp] = B;\W . + Bgr — 1 K5—+ aaT temp] )
_ |:AGT (1 B e_T*T> B )\GT]
AB Ag |’
= —Bgre "7, (210)
Inserting expression (210) and remembering that B - _ D, i , we obtain the reaction
dGT dGT

of the current account at time t = 0:

dCA(0)
dGT

—e T _ P K5 (1 — e_T*T) AaT,

* dB *
r*T r*T
= —|e + M AT <1—e )
[ G perm

temp

<0. (211)
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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
CA(t) = B(t) = —e 7 T-94GT — mear

(1 - e—T*T) emtdGT < 0. (212)

perm

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

!/

It) = mﬁe“lthT>0, (213a)
B/
CA(t) = m@ﬁemthT<o, (213b)

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.

We first solve the system (72a)-(72c) for P, K and B as functions of the marginal utility
of wealth, A and government spending G". Totally differentiating equations (72a)-(72c)
yields in matrix form:

hukkp 0 0\ /ap
Eren) (om0 || o
OF-ch) v o) NP
0
- _ % —CN ) dA+dGN |. (214)

-7 e

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), (215a)
B = B(\GY), (215b)
with partial derivatives given by:
YN N
K5 = oK <2 CA) 216
H T T (F sy (2162)
m
T (Y5 N Y, T T
OB YK(Q CA) (ff_‘SK)(Yx -C35) )
By=— = . 216
=0 o (F 5 (216b)
o
(216¢)
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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=%% = 3o [aco — o LET (11 + 6k ] it kT > kN, (217a)
11 -
- [JCCN or LET ( u2+5K] 0 if KV > kT, (217b)
)\VQ
OB {JC (PC'NZ/Q—CTZ/1> +1/2PO_LI: [iﬂ —I;T <V1+(5K)}}
Bs=— = <0, if kT QK¥)
o\ UL
{O‘C (PC’Nul — C’Tu2> + v Pop L |:];’NV2 — kT (vo + 5K)} }
= - <0, if kVN(@1Fh)
T*U9 A
and
oK 1 1
Kaov = = = — i kT > EN 21
aN = 5N ﬁ_(SK ” <0 i >k, (218a)
1%
1 1 e N T
R
OB YLt Puy .
Bex = 505 = ~7ym K = ->0 if kT > kN, (218¢)
(% o) 1
YL P
= kK =~ so, if N>k (218d)
* TV
(5 o)
(218e)

Adopting the same procedure as described in section K.7, we derive formal expressions
below for constants By, By and B] when kT > kN. 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

B, [O‘C (PC’Ne_T*T + éT) —oLLP (VQI;?N + (11 + dK) iﬁT@_r*T)}
dGN - V1 ((TcPoé-i— ULV~VI~/> ’
O 0 e Gt i ) PP
V1 (aCPcC + ULWL>
d%v _— (219b)
dZiN - dZIN + Kgve ™
. [(chcé + O'LWI:) (1 — e*"lT) + (1 j e”*T? ]:3 (JLJZJET (11 4+ 0k) — GCC’NH > (2190
1 (JCPCC + O'LWL)
ddGAN = Aon (1-¢777) >0, (2194)
temp
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where Ao~ represents the change in the equilibrium value of the shadow value of wealth
after a permanent increase in GV (see eq. (79b)).
General solutions for K and P are:

K(t) - K = Bje' 4 By, (220a)
— P = wiBje" 4 wiBye™, (220b)

Differentiating eq. (220a) 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:

By By
~ Gy T aey

Substituting (219a) and using the fact that 22 = 0, the initial reaction of investment is:

den
dI(0) _ [(UCPCC + ULWE’) + (1 o efT*T) P (ULE%T (14 0K) — UCC’N)}
dGN temp = —n ” <UCPCC' N aLI/T/E) )
= |1+ (1-eT) [P 460~ 0P <0 (221)
= — - <o.

(JCPCO + aLm)

Eq. (221) corresponds to eq. (24) 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 T such that when T < 7T, government spending crowds out investment. Investment
falls when

o LETP (vy + 65) — acPC*N)

<0,

s (1—e—T*T) (

(JCPCC' + ULWEI>

[gLi;;Tﬁ (1 + 0 — JCPGN}

e T > 1+ — —
[aLLk:TP (1 + 0x) — JCPCN}
) (aCéT - aLi/;Nfoyz) )
T < — In PO — = T,
r (aLLk:TP (1 + 0x) — GCPCN>

where we used the fact that W+ Pk7 (11 + oK) = —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) — &8y — (I)QBQ} ¢t & Bt + $yBoe?!, (222)

Differentiating eq. (222) 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:
dBy
dGgN

By By

o, B1® By®,
dGN dGN

dCA(0) )
dGN TP aGN

dGN

*

+ 1

- ¥1
temp

temp
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Using the fact that

_dBi| g B g B
dGN |,y AGN T TPAGN
d\
= — (BA—@le)mt —i—(BGN—(I)lKGrN) ,
emp
A . P _.
— % T _ _;eﬂ" 7 (223)

the initial reaction of the current account can be rewritten as follows:
dCA(O) = r* T ~ Bl
ETehd = —Pe " — VlP—dGN,

@Jﬁﬁwﬁwm_qﬁag

temp

_ 13(1—6—’“*7) 14 <0,

<JCPCC' + ULWE>

p@mpm+@ywa%ﬂ

= —Pe T4 P |1+ <1 - e—T*T) <(224)

(JCPCC' + JLWE>

where we used the fact that & = —P. Eq. (224) corresponds to eq. (25) 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.

The solutions after a rise in GV are:

By B> d\ (1 — 6_V2T) d\
— = ——-K5—~ —Kegn=—"+——"2 - K5—~ 22
dGN T TeL ) v NAGN temp@ 5a)
By €_V2T
— = - 225b
dGN vy (225b)
B B
= 22
dGN T dGV’ (225¢)
dX . ((1)1 _ @2) (e—T*T _ e—VQT)
— = A (1=e77T) + >0, 225d
AGN | o ( ) vo (By — ®1K3) (225d)
where we computed the following relationship to sign (225d)
w) AN FIT
- Dy = -2 [acc — or LET (s + 5K)} <0. (226)
2

The sign of (226) holds when labor supply is elastic enough (i.e., for plausible values of o).
Using the fact that 0

1 — aN ; .
By 01Ky~ (Bom—1Kn)’ eq. (225d) can be rewritten as follows:

Ao {(1 B e_"*T> (21— Py) (e T —ew2T) } >0,

V9 (BGN - q)lKGN)

) * (P, — D —r*7T _ _—uvoT
— Agw (1—6_TT>—T( 1= P (e ), (227)
VQP —7r* ((131 — CI)Q)

dA
dGN

temp
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where Bov — ®1Kqgn is given by

P - -
BGvN—(I)lKGN = — 4+ 22 UCCN—ULLkT(V2+5K) ,
o (r2)
P & -0
= — 15
r* 1)

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

P YR AL (Yo :

1)~ T =K <K(t) - K) + (u o) (P(t) - P) .
: 7 YR R YE N\ g7 Yy N\ ax N

Using the fact that df = “&dK + (Y& - ) dP + <2 Yol ) dA[,,,,, — dGY, and

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

AN 7T -
dI(0) <Y1£V C’N> dP(0) [UCC —oLLE" (s + 5K>] dA L (228)
bl ) = (£ —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:
dGN temp B WZdGN . KGN (1 e ) + KS\dGiN temp ’
(1 _ 671/27) [UcéN - O'LIN//;:T (VQ + (SK)} d\
9 )\VQ dGN temp
where we substituted Koy = 1/v5 and K5 = —%% [UCC’N — o LET (15 + (5K)} (see (217b)).
Substituting (229) into (228), using the fact that wi = <Ylj\}_l’2>, and collecting terms,
P _CON
» P

the initial reaction of investment can be rewritten as:

N 71.T -
temp V2 1P A dGN
(230)

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 GV, we obtain the initial response of the current account following a temporary
fiscal expansion:

— 1.

temp

dC A(0) _ o _dB _ o, B 5, By
dGN temp dGN temp dGN dGN
By By
+V1(b1dG'7N + VQ@QW. (231)
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In order to simplify the solution (231), we rewrite the term in square brackets as follows

dél Bl BQ
— | = 4,22
G|, [ raey * QdGN}
dA By
= = (BZ\ - ‘I’IKX> dGN remp — (Bgy — ®1Kgn) + [@1 — &9 AN
- ((I)l - (I)Q) (e—r*T - e—VQT)

= —(By - ®1Ky)  Agr (1-¢77)

( A 1 A){ GN e + VQ(B;\—@lKj\)

¢ — @
— (Bgy — ®1Kgn) — MB*V2T7
V2

¢ - . .

_ (=) e (Bay —®1Kon)e ™7,
Vo

P —r*T

= —x€ <0, (232)
where we have computed the following expression to get (232):
P wy AN 7T
(Bax = @1Kgn) = = + o [acc — or LR (s + 6K)} > 0. (233)
V2

Inserting (232) into (231), the initial response of the current account can be rewritten as
follows:

dgé]g()) temp = PeTiem {P * jf [UCGN — o Lk" (2 + 5K)} } dZN + 1Py dgN7
AT ok P )
= —Pem7T Z—; [ooéN — oLk (1 +5K)} 21;2) . Pig?v) - (234)

where %?@ |t6mp is given by (229) and ((1116;1\7 ‘ temp is given by (230). To get (234), we used

dr(o)

the fact that dan ’temp 41 dGN + VQdGN

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.

J.1 Formal Solution for Financial Wealth
The law of motion for financial wealth (S(t) = A(t)) is given by:
A(t)=r*A(t) + W (P) L (\,P) — Pc (P)C (\,P) — Z, (235)

with Z = GT + PGV,
The linearized version of (235) is

A(t) = r* (A@) — A) + M (P@) - P) (236)



with M given by

M

(Wpi n VVLP) - (C*N 4+ PoCp + GN) ,

= LWp(l+oz)— [ON(l—ac)JrGN],

= —{K (V2+5K)+ [O’Lz/];ZT (1/2"‘(5]{) —O'C'éN}} < 0. (237)
From the second line of (237), 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 = LY + LT and K = kTLT + kNLY which allows to simplify

1 [?N + LET (vs + 65¢) u} to K (va + 0x).
The general solution for the stock of financial wealth is given by:

~ - M 1 M 2 N M 1 M 2
A(t) =A+ (A() — A> — @2 By — w2 Byl e” t—l— iBleylt + w2 Bgeult.
vy —1r* vg —1* vy —1r* vg —1*
(238)
Invoking the transversality condition, we obtain the stable solution for financial wealth:
~ Muwl
Aty =A 2_Bett 239
()= A+ pien, (239)
and the intertemporal solvency condition
- Mol -
A dy= "2 (K - Ko) . (240)
vy —rT

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

Differentiating (240) w. r.t. G (i = T, N), long-term changes of financial wealth are given
by:

dA Wl /- - -y dK
=2 (g LR v, — ) S 241
T (Bve o1l = 0cC™) (o (241)

Differentiating (239) w. r.t. G* (i = T, N), we get the dynamics of savings:
. Mwl B1 ;
= A(t) = 2 dGien! 242
S(t) (t) = g dGZdG et (242)
where fél = _((115

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:

. ~ Mw x Mws
St:At:*(A—A)— 2. | et 2_pent 243
0= A0 = (- 4) - Mmoo Mg,y
with 3 B B . B
(40— A1) = (Bo— B1) + Py (Ko — K1) + Ko (P — P2). (244)
Over the stable period 2, savings evolve as follows:
i MW% 1wt
S(t)=A(t) = p—— Bje™". (245)



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:

A(t) - Ay = (B(t) = By) + P (K(t) — Kz) + K (P(t) - P»).
Then we evaluate at time ¢t = 0:
Ag— Ay = (Bo— Ba) + Py (Ko — Ko ) + Ko (P(0) = ),
where we used the fact that A(0) = Ao, B(0) = By, K(0) = Ko and assumed that the small
open economy starts initially from the steady-state, i. e. Ag = A9 = A, Bp = By = B,

Ky = Ky = K. Substituting P(0)— P, = wi By into the expression above and differentiating
w.rt G* (i = T, N), long-term changes of financial wealth are given by:

dA - dX
rredl) (Bs +PK:) 257 < (246a)
emp emp
dA - dX
i, (Bs + PKs) 25 <O (246b)
with -
) PC
(B;\ + PK;\) - _chrf <0. (247)

Case kT > kN

Since w} = 0 whenever the traded good sector is relatively more capital intensive, and
because Bs/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 kY > k), we can
calculate the long-term changes of financial wealth as follows:

dA . dX
|, - (BA + PKA) |, <O (248a)
emp emp
dA . dX
v - (Bs + PKs) =5 < (248D)
emp emp
with ~
- ocPcC
By + PK; = -~ <. 249
X T OHSY e (249)

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 T" 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.

47



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 = UOI (ij)b”wldj]fl, (250)

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:*?

N S [N 17T
Q) =N 1 [/0 (X) < dz] : (251)

where XZ]\JI 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 w1 (ooT 1
HN:P[/O (Q;V)de} /0 P;QNdj. (252)

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

o = (ZJ) v, (253)

and the price of the final output is given by:

1
1 1—w
1-w g,
P:(/O P d]) , (254)

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 le\][ is a price setter. Intermediate output XZJ\; is produced using capital ICf\; and
labor Eﬁfj:

Xl = H (K55, £35) - (255)

Denoting by P; ; the price of good i in sector j, the profit function for the jth sector
good producer denoted by 7T§V is:

) N 1\ 1 N
my = P;NT=T (/ () - di> - / Py X i (256)
0 0
The demand faced by each producer ij\jf is defined as follows:
P\ €Ol
xhN=(=22) == 257
7,7 ( PJ > N ? ( )

2By having the term N T in (251), the analysis abstracts from the variety effect and concentrates
solely on the effects of markup variation.
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and the price index of sector j is given by:

N 11
_1 e\
P;j =N T (/0 Pil,j dz) . (258)

Combining (253) and (257), the demand for variety XZJ\; can be expressed in terms of
the relative price of the final non-traded good:

Pii\ [P\ YV
N _ 2Y) J
X = (73]- > (P> 7 (259)

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 WZJ\; is:

my =P H (KN, L)) —rKKY — WLl — PFC. (260)

The demands for capital and hours worked are given b% the equalities of the markup-
adjusted marginal revenues of capital PifK and labor ijiL, 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 =P;H (K, L)) —r*KY = WLy —pFC+n; [H(KY, L)) — &7] (261)

where X]-N 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:

PiHk +nHg = o, | (262a)
PiHp +nHy = W, (262h)
nj = PiHj, (262¢)
Combining (316a)-(316b) with (316¢), by assuming that firms j are symmetric, yields:
1
P;Hy (1 - ) — K, (263a)
€j
1
P;H, (1 . 6) =W, (263b)
J

P!
J [
where we used the fact that PAN = o

We consider a symmetric eqliilibrium where all firms in the intermediate good sector
produce the output level XZ]\]’ = XV with the same quantities of labor ﬁlN] = £V and
capital IC{VJ = KN. Hence, the aggregate stock of physical capital and hours worked are
KN = NKY and LV = NLV, respectively. They also set the same price P; ; = P. Hence,
eqs. (254) and (258) imply that P = P.

Remembering that the markup is given by p =

€. first-order conditions can be rewrit-

e—17
ten as follows:
H
pPE — K (264a)
n
H
Pt —w. (264D)
I
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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 9
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)=¢€— N e (1,0). (265)

de e€—w ou eN eEN M
NE=gNT w2 O MWEGNT T e-1e <% (%9

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, LN) —rKKN —WLN — PNFC = 0. (267)

Substituting the short-run static solution for non-traded output (36), the zero-profit con-
dition (267) can be rewritten as:
1

YV (K, P\ pu(N)) (1 — u(N)> = NFC. (268)

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\), (269)
where partial derivatives are given by:
ON YNwre
= — _x 7Y > 270

where * = K, P, \, wpc = NFC/ YN corresponds to the share of fixed costs in markup-
adjusted output and we set
Y N, N
X:N{[nyN,u(M—1)+1]M—WFC . (271)
Inspection of (271) shows that x < 0 if 1, n 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 (36)
and (28) respectively, into the non-traded good market-clearing condition (12), and inserting
short-run static solution for capital-labor ratio in the non-traded good sector (30) into the
dynamic equation for the real exchange rate (5d), and substituting the short-run static
solution for the number of firms (269) yields:

YN{K, P, u[N (K, P)}

L __ N o _ N a
K= u[N (K, P)] B o= G 2
- . hi, (KN {P, n [N (K, P)]})
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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:

. \T s T
<K, P) =J <K(t) ~K,P(t) - P) , (273)
where J is given by
bi1 b2
J= , 274
< ba1  boo > (274)

where elements evaluated at the steady-state are:

b = Y;V %—“—N (1— ;&“) . (275a)
bz = Y;V ?}—“j p<1— {j&”) - C, (275b)
b1 = ];hkkMN’iVKkN (hkf;:lli:]v - kgﬁ) , (275¢)
bpy = —];hkk kN — “N;VPkN < thZN - kgv“ )] . (275d)

Equilibrium Dynamics
The sign of the determinant denoted by Det of the 2 x 2 Jacobian matrix (274) is
ambiguous:

Det J = bi1baa — bi2bar
vy vyI p N, [ h kLY
= (K - 5K> Ky = kN N kN - HNH
% P pu % hirk k

YV NN YE (Y o\ Py (e R o
7 YN | p po )\ kN kN

and the trace denoted by Tr is given by:

— 2V Ng
o

TrJ = bu+bggzyf+%v—5;<
= T, (277)
where we used the fact that YTE + % = }L—’“ = r* + {k; the positive sign follows from

Ng > 0 and puy < 0. If the elasticity of the markup to the flow of entry is not too large,
then determinant (276) 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:

1
Viz2{TrJi\/(TrJ)2—4Det J}EO, i=1,2. (278)
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We denote by v1 < 0 and v5 > 0 the stable and unstable real eigenvalues, satisfying
v <0<r* <. (279)

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 (52) with eigenvector w} associated with eigen-
value u; given by:
vi — b1

why =

280
b (280)

K.5 Formal Solution for the Stock of Foreign Assets

Inserting first short-run static solutions for Y7 and C7 given by (36) and (28), respectively,
substituting the short-run static solution for the number of firms given by (269), into eq.(3),
and linearizing around the steady-state gives:

B(t) = (B(t) - B)+ [V + YT unNi] (K(t) - K)+[(YF + Y, uxNp) - CF] (P(t) - P),

(281)
where C}, is given by (29b).
Using the fact that P(t) — P = w} (K(t) - f(), setting
Ny = [Yi + Y] unNk] + [(YP + Y,/ unNp) — Ch| w3, (282)

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) - K) , (283)
and the linearized version of the nation’s intertemporal budget constraint is given by:

B—By=®, (f( - KO) : (284)

where we used the fact that By = 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+ (N + NPW%) Bie" + (Ng + pr%) Bae?*. (285)

Linearizing the short-run static solution for labor L = L (P, u), using the fact that
= p(N), and substituting the appropriate solutions, the solution for L(t) reads:

L#t) = L+Lp(P@#)~P)+ Ly (u(t) — ), (286)
. P P
= L+Lp|ws— T (Nk + Npwy) | Bie”"' + Lp |w3 — ThN (Nk + Npw3) | B1e”'(287)
where we used the fact that L, = —%.
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Linearizing the short-run static solution for the wage rate W = W (P, u) and substitut-
ing appropriate solutions yields:

W) = W+ Wpwl (K(t) - K) + W (N(t) - N) ,

~ P
= W+ Wp |ws — EMN (Nk + Npw3) | Bie”™' + Wp
where we used the fact that W, = —W%JD.

K.7 The Two-Step Procedure: Wealth Effect and Government Spending

By analytical convenience, we rewrite the system of steady-state equations, assuming that
0 = 0:

" [kN[Eﬁ’ﬂ)} =, (2892)
;YN (f(, P, X) N (X,P) —GN =y, (289h)
*B+yT (f(, P, X) _cT (X, P) —aT =y, (289¢)

together with the intertemporal solvency condition

(B . BO> _ <K - K0> , (289d)

where Ky and By correspond to the initially predetermined stocks of physical capital and
foreign assets, and fi = (f(, P, X).

Derivation of Steady-State Functions

In a first step, we solve the system (289a)-(289¢) 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 (289a)-(289c) yields in matrix form:

vy Uy di
Y _ob (7 _ 5K) 0 iR
(Y2 - CE) Vi ™
_ YN < PYN
= —(;—c§V>dA+f§(1+Yﬁ +1>du+dGN : (290)

ST - CT)dx - YTdp
where we used the fact that uf = P [h — hyg (kN — k:T)] and ™ = r* at the steady-state to

m

. A Yy YN N N PYY
rewrite r* — hkkkiy as Wh—ﬂ) = TK’ and — (% — ’;—2) = ’//7 (1 + 54 + 1).

The equilibrium value of the marginal utility of wealth A, government spending G and
the markup p determine the following steady-state values:

P = P(u), (291a)
K = KGN ), (291b)
B = B(\GV,p), (291c)
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where partial derivatives are given by (217) and (218), and partial derivatives with respect
to the markup are:

oP 4 P\ vy h
Pp=— = —Ltom=—|=| L =P (292a)
8,u hkkkp % YK f
. N . Yy Yy
w05 7 "+ o) S = 5 Cp (292b)
B ou Y Yie (Y& ’
(F-0) | Fu( o)

where we used the fact that Phyek — V¥ = —hg = —pu (r* + 0x) and hyek = — 25 p1.

In order to get more interpretable analytical expressions, we use the negative and posi-
tive roots found with a fixed markup since they are good approximates of the negative and
positive roots found with an endogenous markup. Partial derivatives (292) can be rewritten
as follows:

p
P,o= ——2so, it K>k, (293a)
K2
P
- 20 it kN> AT (293b)
229
yN o P vy
K, = — — (™ +0x) L~ Sg)CP| s0, if kT >kEN, (203
I o [(T + 0k) " (n+0k)Cp | =0, i > k%, (293c)
yN P N
= 50— - — [ 7«*+5K)P—(u2+5K)C{.¥] >0, if kN >k, (293d)
[V ) 140 %] 1%
where we used the fact that hppk® = —%Y—]g? to derive the first equality of (293a). In
addition, we made use of the following property Y/fv = —%YF],V and YMT = —%Yg to

determine (293c)-(293d). Finally, use has been made of property (338) to rewrite Y — C%
and property (39b) to simplify pYE + ©Y 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 (26)
that hold in the long-run, in terms of A and u:

C:m(j\,u), L:n(j\,,u), (294)

where partial derivatives are given by (27) evaluated at the steady-state (that’s why we
substitute respectively the notations m and n for C' and L) and

aC -
my = = ozccrcC’ﬂ <0, if KT >k"N, (295a)

8,u 1%}

~ V2 . N T
= — f k k 2
Ozco'ccyl <0, i > , ( 95b)
oL LET Ph Pr*
7 Wof on

oL LET PYR pr+

woopYE op
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 (295¢) as follows: n, =

W =W (u, (296)
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where the partial derivative w. r. t. p is given by:

o 8W __I;:TPBPT*

W, =" = <0, 297
B op o (297)
~n PYN 5 4 N -
where W, = kT 704 e with {4 = —% <.

Finally, following a similar procedure, we may express the rental rate of physical capital
as a function of u:
=1 (), (298)

where the partial derivative w. r. t. p is given by:

~K p

K = agu - —r*;% >0, if KT >kEV, (299)
~K P

rKo= agu - —T*E% >0, if &V >k7. (300)

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 (289d):

[vs — ®1K)]dX\ = — [vgy — 1K ov]dGY, (301)

from which may solve for the equilibrium value of A as a function of government spending
on the non-traded good:

A=A (GY), (302)
with X [ 1 K]
_ _ gy — 1 igN
Aan = 5oy = DR (303)
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:

YN:[/OI(Q;V)de]A, (304)

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.
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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:*3

1 N e—1
QY =N"=1 [ /O () - dz’] , (305)

where XZ]\JI stands for output of firm ¢ in sector j and e 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 w1 oo 1
HN:P[/O (Qj-v)wdg} —/O P;QNdj. (306)

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

P
and the price of the final output is given by:

1
1 T—w
P= ( /0 P}‘%j) , (308)

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 ij\]f is a price setter. Intermediate output XZJ\; is produced using capital ICf\; and
labor E%‘

oY = (PJ> v (307)

Xi{\]f- = H (/chj, Lij) ) (309)

Denoting by P; ; the price of good ¢ in sector j, the profit function for the jth sector
good producer denoted by 7r§V is:

N —L N NNEL L = N N1
The demand faced by each producer XZJ\; is defined as :
.\ T O
X - (Z) =8 (311)
J
and the price index of sector j is given by:
N T
_1 e\
P; = N 1- ( i P dz) : (312)

Combining (307) and (311), the demand for variety XZ]\JI can be expressed in terms of
the relative price of the final non-traded good:

P\ (P LYY
Ni 1”‘7 7-]
- (Z) " (B) 19

4By having the term N T in (305), the analysis abstracts from the variety effect and concentrates
solely on the effects of markup variation.
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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.
Each firm j chooses capital and labor to maximize profits. The profit function for the ith
producer in sector j denoted by WZ]\; is:

my = PH (KY, L)) — KK = WL — PFC. (314)

The demands for capital and hours worked are given by the equalities of the markup-
adjusted marginal revenues of capital PiHK and labor PjHL, 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:

HY =P;H (KY, LY) =8N —wel — PRC +n; [H (KN, L)) — &), (315)

where XjN stands for the demand for variety j; firm j chooses IC;V and Eév to maximize
profits treating the factor prices as given. First-order conditions for the non-traded sector
write as follows:

PjHk +nHx = %, (316a)
PHL fnH, = W, (316b)
njg = PHj, (316¢)
Combining (316a)-(316b) with (316¢), by assuming that firms j are symmetric, yields:
1
PjHK <1 - ) = TK, (317&}
€j
1
P;HT, <1 — e) =W, (317b)
J
where we used the fact that ’P;? ~ = _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 ﬁf\[] = £V and
capital IC{VJ = K. Hence, the aggregate stock of physical capital and hours worked are
KN = NKY and LV = NLV, respectively. They also set the same price P; ; = P. Hence,
egs. (308) and (312) imply that P = P.

Defining the markup as follows p = —%5, first-order conditions are:
H
PEE =K (318a)
1
H
P=E —w. (318b)
1

We further assume no-entry so that profits can be positive. Aggregating over the number
of competitors, aggregate profits can be rewritten as:

" = NrV¥ = PH (KN, LY) —r® KN —WLN — PNFC. (319)

Using constant returns to scale in production, i.e. Y~ = Hx Ky + Hy Ly, substituting
the short-run static solution for non-traded output (36), using the fact that PHy /p = &
and PHy/p =W, we have:

nv =1V (K,P,\) =P [YN (K,P,\) (1 — ;) - NFC] : (320)
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where the partial derivatives
K, P, )\ are given by:

of aggregate profits in the non-traded sector with respect to

N N
n
o 1
== = pPYY(1-=)2=0 321b
K="5K K ( M) <Y ( )
v 1
Iy = aax = PYyy" (1 — u) <0. (321c)

L.3 Equilibrium Dynamics
Inserting short-run static solutions (26), (28) and (36) into (5d) and (12), we obtain:

. YN (K,P,\) TV (K,P,\ S
i - (/; 7)\)_1_ (p’ ’)\)—CN()\,P)—(SKK—GN» (322a)
N

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:

. AT N AT
<K, P) —J <K(t) _ K, P(t) - P) , (323)
where J is given by
bin b2 )
J= , 324
< ba1  b22 (324)
where the elements b11, bi2, ba1, boo are given by:
v 1 h
by = K+y;g<1_)_5K_ ML ) (325)
p p (kN . kT>
b = L& ~P—~—ON:P+YN<1—>—CN>O, 325b
12 LT T Cr P . P (325Db)
ik f v
by = 0, bgy=_—PFP A K < (325¢)
p PV -kT) P

where we used (321a) to determine (325b).
The determinant denoted by Det of the linearized 2 x 2 matrix (324) is unambiguously
negative:

YT
Det J = by11b9g = K

) e (1-0)] - %
K g vy (1-2)] =
P[(M m)ToK p P

and the trace denoted by Tr is given by

(YA —6x) <0,  (326)

1 P 1 1
Tr J = b1+ b = 3 (Y§+ﬂYI§V> — o+ Y <1— u) =+ Yy (1_u> >0, (327)

hg

where we used the fact that at the long-run equilibrium =& = r* + §g.
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The characteristic root reads as:

1
vi =g {TrJ + \/(TrJ)2 - 4DetJ} =20, i=1,2. (328)

Using (326) and (327), the characteristic root can be rewritten as follows:

Ly Y N Yie :
3 (YK—5K)+?1 (Vi — k) — 5|20 i=12 (329)

Vi

We denote by v1 < 0 and v» > 0 the stable and unstable real-valued eigenvalues,
satisfying
v <0<r* <. (330)

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" 4 Bye"?, (331a)
P(t)— P = wiBie"! + wiBye”!, (331b)

where we normalized w! to unity. The eigenvector w) associated with eigenvalue v; is given
by
Wi = i (332)
bi2

with b11 and byo given by (325a) and (325b), respectively.

Case kN > 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 (329), the stable and unstable

eigenvalues can be rewritten as follows:

YL f
o= w_ o F (333a)
P P (k‘N _ k:T>
h
= Y -0k =-——— -0 >0. 333b
2 K K (];;N B ];T) K ( )
We sign several useful expressions:
vy = (v2 +0K) >0, (334a)
YE = Py <0, (334b)
PhypkN
ke s, (334c)
1 -
vV = —KULLICT (v2 +6K) <0, (334d)
1 -~
vi = —iaLLPk:N vy > 0. (334e)

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

their signs:

1

Case kI > kN

ch) Ej) w2:<(1) <+>).

99
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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 (329), the stable and unstable

eigenvalues can be rewritten as follows:

"

9]

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

<+>>-

As in the case of free entry and fixed marked, no entry implies that when the real exchange

their signs:

Yy -

Yie f

(+))’ W2 —

h

P :_p@zv_,;T)

va2—v

—CF)

(o

0

> 0.

— 0 <0,

(336a)

(336D)

(337)

rate remains unaffected after a permanent fiscal shock (since wi = 0) when k7 >V.
We can deduce the signs of several useful expressions:

YR = (n+dk) <0,
YE = Puy>0,
Phygk e <0

/_,L )
1 -~

Y;\N = —KULL]{T(V1+5K)>O
1 - ~s

v = —XO'LLP]{NI/2<O.

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 (322a) into (3) we

get:

B =

Using the fact that LT

+ LN =

L, KT + KN =
aggregate profits in the non-traded sector, i.e., IV =

B+ rEK(@t)+WL+1Y — PoC — PI - Z,
"B+ (r"K+WwWL)+ 1" — PoC - G"

PYN

WiLN —

dynamic equation for the current account can be rewritten as follows:

B = m»B-0T-G" +
—-P YN - NFC],
= »B4+YT -COT -

Inserting general solutions for K (¢) and P(t), the solution for the stock of international

assets is given by follows:

B =r* (BW) -

(WLT + 75 KT] +

GT

)+YKZBeW

(WLN 45KV +

[PYYN —

2
— C};] Z Biwéeyit.

i=1

60

(338a)
(338b)

(338c¢)
(338d)

(338¢)

—pPGN —p (YN -CcV¥ -GN -NFC).

WLN — KK

(340)

K, and substituting the expression of
rKKN —PNFC, the

— PNFC]

(339)



Solving the differential equation leads to the following expression:

B(t)— B = KBO - B) 3B — QQBQ} et + &y Biet + By Bae?t, (341)
with . - S
N YE+ Y- OB wi
By = = K e *P]WQ, i=1,2. (342)
Vi —T Vi —T

Invoking the transversality condition for intertemporal solvency, the terms in brackets
of equation (341) 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) . (343)

The stable solution for net foreign assets finally reduces to:

B(t)— B =, (K(t) - f() . (344)
Case kN > kT
N = YE+ (YE-Ch)wy =P+ (Y - CEwi 20, (345a)
Ny = Yi+ (Yp —Ch)ws, (345b)
= YF =Py <o, (345¢)

where we used the fact that w3 = 0. Hence we have:

N. P
P I (346)

Vo — 1% Uy — 1

Case kT > kN

Ny = Yi+ (Y -C})
Ny = YE+ (YF-of)

ws = Py > 0, (347a)
w3 = P+ (YA — Ch) w3 S0, (347b)

where we used the fact that w) = 0. Hence we have:

N P
S S (348)

v —1* v —1r*

L.5 Savings Dynamics

The stock of financial wealth is A = B + PK. Differentiating with respect to time, substi-
tuting the dynamic equations for for‘eign bonds (3), capital stock (4), and the real exchange
rate (322b), i.e., A= B 4+ PK + PK, the stock of financial wealth evolves as follows:

A=rA+wWL+TN — PoC - Z. (349)

Substituting short-run static solutions for the real wage, labor supply, aggregate profits,
consumption price index, consumption, eq. (349) can be rewritten as follows:

A=r*"A+W(P)L (X P)+TIV (K, P,)) — Pc (P)C (P,)) = G" = PGN,  (350)
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where we used the fact that Z = GT + PG . Linearizing (350) in the neighborhood of the
steady-state, we have:

A=r(A@) - A) + M (P@) - P) + 1Y (K(t) - K) (351)
where
M = WpL+WLp+1Y - PLC — PoCp — GV,

- Iy . 1 -
= WpL(1+01)+ 7 + PY}Y (1—M>—CN(1—00)—GN. (352)

The general solution for the stock of financial wealth is:

~ ~ N 1 N 2 X
A(t) _ A+ (AO_A>_HK+MW231_HK+MW2BQ eTt
v —1r* Vo — 1*

N 1 N 2
+HK + MMZ Bleult 4 HK + Mw2 BQ€V2t.
vy —7r* Vg —1*

(353)

Invoking the transversality condition, we obtain the stable solution for financial wealth:

H% + Mw% Bleylt

At)y=A 354
()= A+ —EL2E et (354)
and the intertemporal solvency condition
~ e 1,
A—AO:LA/SU?(K—KO). (355)
vy —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 > kV.

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:

b [ (P)]

. =r*+ g, (356a)
i (IZ P X) + m (I; " X) —cN (X,P) ~ kK —GN =0, (356b)
*B+YT (f(, P, X) _cT (X, P) T =y, (356¢)

and the intertemporal solvency condition

(Bo . B) - (KO - f() , (356d)

where we used the fact that % +YN/u =YN - NFC. The steady-state equilibrium
composed by these four equations jointly determine P, K, B and \.

We totally differentiate the system (356d) evaluated at the steady-state which yields in
a matrix form:

gk

. 0 0 0 dp 0
(O =) V¥ oo (N ooy o [ AR fdar )
(Yp-Cp) Yx (7 -C)) da G

0 —®; 0 1 dB 0
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The determinant denoted by D’ of the matrix (356) of coefficients is given by:
Rk
D= L; PR = o) (Y3 = C5) = 03 = &) Vi + @]} (358)

Assuming k7 > k%, then the determinant D’ reads as:

r _VIVQ I T ~
D= -2 { (aLWL +UCPCC)
+M (1 _ 1) [aCéN o LT (7 + 5K)} } > 0. (359)
= H

where we used the fact that vy = r* — vy + (v1 + dK) (1 — %) Moreover, we computed the

following expression:

kNV2+kT(y1+5K) - _LJF/JL
P (kN —ET) EN — kT

w 1
= ——4+YY(1-=
P+K< u)’

= —%—i—kT(Vl—l-(SK) <1—;> . (360)

The steady-state changes following an unanticipated permanent increase in GV are given
by:

dpP

ey~ (361a)
% - _;hk];kg (Yic +77@1), (361b)
o - l;hkzkg (Y3 =5 (361c)
% - ¢1%' (361d)

Assuming that k7 > k%, the steady-state changes for K and A can be rewritten as
follows:

N 5 N
4 P (o, LiVv
— = < ) <0, (362a)
dGN
[( LWL + O'Cpcc> }
_ P
Do P >0, (362b)
dG (r* —11) [(aLWL n UCPCC) n r}
where 0 < 52—~ = e < 1 and we have set
(r*—v1) 1127(111+5K)(17l)
. P 1 - ..
= (Zl + k) (1 — > [JCC’N — o Lk" (r* + 5K)} > 0. (363)
T —1 W
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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+ Bie"t, (364a)

P(t) = P+wiBe, (364b)

B(t) = B+ ®Bje"t, (364c)
where w} =0, & = —Tfsfil if k7 > kN and with

B = Ky — K = —dK,

where we made used the fact that K 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.

kT > kN

Differentiating (364a) w.r.t. time, evaluating at time ¢t = 0, and substituting (79d), the
initial response of investment is:

dI(O) dk P (UL.EI‘%NVQ —O’CCI;T>
— = —U—x = — - = 0. (365)
dG perm dG 121 [(ULWL + JCPCC) + F}
Using the fact that ®; = —r,li”fjl, the initial reaction of the current account is:
dCA(0) Pvy,  dK Py dI(0)
= p— <
dGN perm TV YLaGN r* —uy dGN perm s 0. (366)

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 II
which is defined as follows:

I = / Y (t)e " tdt. (367)
0

Substituting the short-run static solution for IIV given by eq. (320) and linearizing around
the steady-state, we have:

V() = IV + [IF + IR wj] (K(t) — f() ,
where we used the fact that P(t) — P = w} (K(t) - f() We set

T =T + T wl. (368)
Substituting the linearized version of II"V(#) into eq. (367) and solving yields;

oy T
I r* —uvp

Il (369)
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where we substituted the stable solution for K (t) given by eq. (331a).
Differentiating (369) w.r.t. GV, the change in the present value of profits is given by

ST SR U G DY nily  dK
dGN 2 dGN (= 1) AGN
d\ (1/1 + 5K) <1
dGN \r* (1% — vy)

P(I/l + 5K) ( 1>
- (1-=,
- U

P(l—i) (V1+(5K) d\ |:ULEI~CT (T’*—F(SK)—O'CaN]
_ - 1
™ (r* — 1) dgN A 10> 0{370)

_ ;) (oL LPET (" + 610) — 0 PC™|

where we used the fact that By = —dK, wd = 0 which implies that T = H%, and dIIV =
Hﬁ—\vd)\ + Y dK to get the first line, we used the fact that di = K3dA + KondGY (see eq.
(373a )), expression of K5 given by eq. (374a) and the fact that
LPE" 5 1
oL (1 +9x) (1—>>0,
A Iz

Y = P(v+6k) <1 - i) < 0. (371b)

(371a)

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
kT > EN since when sectoral capital intensities are reversed, we are not able to derive
useful (i.e., interpretable) expressions.

We first solve the system (356a)-(356¢) for P, K and B as functions of the marginal
utility of wealth, A and government spending G". Totally differentiating equations (356a)-
(356¢) yields in matrix form:

(Yo' =Cp) (Y& —dk) 0 A
Yp-Cp)  Yg oo dB
0
— |~y eMyaitaey . (372)

- (=67

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), (373a)
B = B(\GV), (373b)
with partial derivatives given by:
_oK (T -6))
3 YE(YN —CN) - (Y - 6k) (YT - CT
A > (YK — (5K)
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We sign expressions when k7 > kN:

o)
=

11 ~ Jope
K; = = [UCCN — o LkT (1) + 6K)] >0, (375a)
oD {O‘C (PONVQ — C’TV1> + v Por L |:];‘Nl/1 — kT (v1 + 5K)} } .
g =98 _ _ 0, if kT >KkN\375b
AT oA r*UIA <9 1 > K\(375b)
and
0K 1 1
Kiwn=s—rr = ———— = <0, 376a
G 8GN YI](V - 5[( 141 ( )
OB YL Puy
Bon = —o = — K = - > 0. 376b
N = HGN (VY — oK) r* v (376D)

To derive solutions for temporary fiscal shocks, we have to solve the following system:

By + By = —K5d\ — KondGY, (377a)
BT + Bye”?” — Bie"T = —KgndGY, (377b)
waB1e" T + w3Bye?T — wiBjenT =0, (377¢c)

and B
B1YT{ 4+ ByYs + B;\d)\ =, (378)

where we set

Ty Py, (379a)
To By + (D) — By) 27T (379b)
o (Bay — ®1Kgn) e T — Bon | dGY. (379¢)

Adopting the same procedure as described in section K.7, we derive formal expressions
below for constants By, Bs and B] when kT > EN. We were unable to derive useful formal
expressions with the sector reversal of capital intensities.

Case k7 > kN

When considering elastic labor and no entry, the solutions after a rise in GV are:

B { [(UCPCC + ULWE) + F} + rffi (1 - e_T*T) [ULI:];?T (v1 +90K) — UcéN:| }
ey 1% [(CTCPclé + ULWi) + F} 2 1380a)
% =5 (380b)
dZiN = dglN + Kgne ™7
1 i Tf’i’f, (1—eT) {ULD;T (1 + 65 — UC@N}
on (1 - 1T) ! 1 [(Jcpcé + O'LWE) + I‘} <0 (380c)
ddGXN temp dov (1=7T) >0, (380d)

where Ao~ represents the change in the equilibrium value of the shadow value of wealth
after a permanent increase in GV (see eq. (362b)).
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General solutions for K and P are:
K(t)— K = Bje"'! + Bye, (381a)
P(t)— P = wiBje" + wsBye?. (381b)
Differentiating eq. (381a) 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, N By
— =v Vo—c.
dGN |, dGN T T2AGN
Substituting (380a) and using the fact that deN = 0, the initial reaction of investment is
given by:
dI(0) , B,
AGN |, HaGN

[ULE];‘TP (I/1 + 5}() — O'CpéN}

= 2 (1= I < (882)
™= |:<O'CPCC—|—O'LWL> +P}
The general solution for the stock of foreign assets is given by:
B(t) =B+ [(Bo—B) = @181 — ©B,| "' + 01 Bie™ + By By, (383)

Differentiating eq. (383) w.r.t. time, evaluating at time ¢t = 0 and differentiating w.r.t.
GYN, we obtain the initial response of the current account after a temporary rise in G'V:

dC A(0) dB, B By B9, By ®,
—_— =7 |- —® —® .
aN |, GV |, Traey T RagN | Tagy TGy
Using the fact that
_dB o B4 B
dGN |,y AGN T T2AGN
d\
= —|(Bx—®1K3) x5 + (Bagy — ®1Kgn) |
dG temp
—p* pVQ %
— _(Bn — ® K T 72 T 384
( GN 1 GN)e T*(T*—l/l) ) ( )
the initial reaction of the current account can be rewritten as follows:
dCA(O) _ ﬁl/z eir*T — ﬁl/z Bl
dGN | (r*—u1) Y =) dGN?
PVQ e vy (ULIZ]%TP (1/1 + (5[() — O’CpC'N>
= — (1 —e ) 1+ ~ - — =0,
r—n - [(JCPCC + aLWL> + F}
_ PVQ Peir*r]-
(r* — 1)
PVQ ]51/2 — [GLE];T (1/1 + 5K) - UCON:|
. 14— (1-e e E 1)
(r* — 1) (r* — 1) |:(0'0P00 + aLWL) n r]
where we used the fact that ®; = —f £ ,2/1.
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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, c0) is:

T 00
= / I (t)e " tdt + / Y (t)e ""tdt. (386)
0 T

The linearized 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) = 4+l (K(t) - fq) = I + ¥ By,

V@) = 1+l (K(t) - KQ) = 1Y + ¥ Blent,
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. (386)
and solving yields:

(1- e_(’“*_”l)T) e 7

o = ¥ B
r* K1 (r* — 1) + *
—(7’ —I/l)T
ny¥p < 387
+ K1 (T‘* — Vl) ( )

Using the fact that B; + By = —K;\dj\ — KszdGN, with By = 0 and Kgonv = 1/v4,
and differentiating eq. (387) w.r.t. G, the change in the present value of profits after a
temporary fiscal expansion is given by

am | OF A | wIY dA | TOR(-e"T)
e temp r* dGN temp * (T* - Vl) dGN temp r (7’* — 1/1)
d/_\ (V1+5K) 1 < ~~m . N
= 3 1—— LPEL (7% + 61) — 0~ PC
dGN temp AT (r* — 1) L [UL (r*+6x) —oc ]

P (1 +x) <1_1>7

™ (r* —vp) 1%

p(1_1
L PO ) [ 0 0] 1) 0
= (1 — e—T*T> dci;il_IN perm, (388)

where we used the fact that dITY = TIY — TI})Y = INdK; + Hf—\vdj\ and dI1} = TIY — 11} =
IYAK +TINdA, and dK; = Ky — Ko = K5dA+ KvdGY, and dK = Ky — Ko = KxdA and
d%—j}v{ temp and substitute expressions
of H% and Hﬁ—\v given by eq. (371) to get the second line, substitute the expression of the
change in the equilibrium value of the marginal utility of wealth given by (380d) and (362b)
to get the third line. Eq. (370) shows that the change in the present value of profits is a
scaled-down version of the change after a permanent fiscal shock.

collected terms to get the first line, we factorize by
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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:

HWQ::ﬁ¥+@%Km—KQ,
= ﬁi\/ + @1316V1t + @2326112157
N () :fw+@%Km—Kg=ﬁ§+@mam
where O = H% + ng% since the relative price dynamics do no longer degenerate and
0? = H% since w3 = 0.

Substituting linearized versions of IV (¢) for periods (0,7) and (T, 00) into eq. (386)
and solving yields:

(1 o ef(r*fz/g)’f)

o = +@BJ +02B,
r* (r* — 1) (r* — o)
ﬁé\fe—r*']' L 6—(r*—u1)’7
+ +60'B—. 389
* X )

M Solving a Two-Sector Model with Endogenous Markup

In this section, we provide the main steps to solve the two-sector model without capital
accumulation. This allows us to isolate the fiscal policy transmission in open economy with
endogenous markups.

The small open economy produces a traded and a non traded good by means of a
production technology described by linearly homogenous production functions that use
labor only. As previously, the output of the non traded good (YV) can be used for private
(CN) and public consumption (GV). The output of the traded good (Y1) can be consumed
by households (CT) and the government (GT), or can be exported (Y7 — CT — G7T).

M.1 First-Order Conditions

Households
Households decide on consumption and worked hours by maximizing lifetime utility (2)
subject to the flow budget constraint given by:

B(t) = r*B(t) + W) L(t) — Z(t) — Pe (P(t)) C(t). (390)

Denoting the co-state variable associated with eq. (390) by A, the first-order conditions
characterizing the representative household’s optimal plans are:

C = (Po)) ¢, (391a)
L:<$W>%, (391D)
A=X(B—1"), (391c)

and the appropriate transversality conditions. We impose 8 = r* in order to generate an
interior solution for the marginal utility of wealth. Hence, we have A = .

Firms

There are two sectors in the economy: a perfectly competitive sector which produces
a traded good denoted by the superscript 7' and an imperfectly competitive sector which
produces a non-traded good denoted by the superscript N. Both the traded and non-traded
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sectors use labor, LT and LY, according to linearly homogenous production functions. The
technology of production in the traded sector is described by the following production
function: YY = LT. We assume that each producer of a unique variety of the non-traded
good has the following technology X JN = E;-V where £; is labor. In this subsection, we
emphasize the main changes. Further details about the imperfectly competitive non-traded
sector and the derivation of endogenous markups can be found in section K.

Both sectors face a labor cost equal to the wage rate W. Combining first order condi-
tions derived from profit-maximization which state that factors are paid to their respective
marginal products together with the assumption of perfect mobility of labor across sectors

yields:
= ow (392)
I

Hence, according to (392), the real exchange rate is equal to the markup while the wage
rate must remain unchanged:

P=ypu, and W =1. (393)

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(N)=e— (EN“’), N € (1,00). (394)

Because the price-elasticity of demand e increases with the number of firms N, the
markup p = %5 is decreasing as the number of competitors rise:

p=p(N), py<O0. (395)

The partial derivatives of the price-elasticity of demand and the markup with respect to
the number of firms are:

86N_6—w

_beN on N !
ne’N_(?N e  Ne

0 = — = — < 0. 396
> U, NN ON 1 ne,Ne_1< (396)

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
and denoting by LV aggregate labor in the non-traded sector with Ly = NLy, the zero
profit condition (in the aggregate) is:

PLYN —WLN — PNy = 0. (397)
where 1) corresponds to fixed costs. Using (392), the zero-profit condition (397) can be
rewritten as:

N (1 - 1) = Np. (398)
p(N)
Aggregating labor over the two sectors, gives us the resource constraint for labor:
T+ N =1, (399)

where Ly = NLy.
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M.2 Short-run Static Solutions

Inserting W =1, eq. (391b) can be rewritten as follows:

L= <A>0L . (400)

v
Solving (391a) and (391b), we get:

C=C(\P), L=L()\), (401)
where partial derivatives are given by:

dC = —chdS\—UcandP, (402a)

L -
dL = opzdh (402b)

Inserting short-run solution for consumption (401) into intra-temporal allocations be-
tween non tradable and tradable goods, allows us to solve for CT and CV:

ct=ct(\pP), cVN=cN(\P), (403)
where
T T
dc? = —acc;dA + ac% (¢ — oc)dP, (404a)
N cN N
dC = _JCTd)\ 5 [(1—ac)d+ acoc)dP, (404b)

The zero profit condition (398) can be solved for the number of producers in the non-
traded sector:
N=N(LV), (405)

where the number of competitors is positively related with production in the non-traded
sector LY as shown formally below:

ON _ Ny
oLN LN (w _ %77#71\7)

where 7, v < 0 is the elasticity of the markup to the number of competitors and is defined
by (396).

Eq. (393) which states that P = p can be solved for the relative price of non-tradables
by inserting (405):

> 0, (406)

pP=p(L"Y). (407)

Differentiating implies a negative relationship between the relative price of non-tradables
and labor in the non-traded sector:

OP P
LN N, NTINLN TN <0, (408)

where 1y v = N ~LN/N > 0 (with Ny~ given by (406)) is the elasticity of the number
of competitors to non-traded output Y~ = LV,
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M.3 Market Clearing Conditions

Inserting short-run static solutions for C given by (403) into the non-traded good market

clearing condition gives us:
LN <
—=c"(\,P)+G"N. (409)
1
The non-traded good market clearing condition can be solved for non-traded labor by using
the fact that P = p and inserting the short-run static solution (407) for the relative price
of non-tradables: )

N =N (\,GN), (410)
where LJS\V < 0 and LgN > 0. The effects of A and GV on LV can be derived as follows.
Insert first (407), totally differentiate (400), denote by we = P%C the ratio of consumption
expenditure to GDP, and by wy = PY;,V/“ = % (remembering that Y = Y7 + %YN =
LT + LN since P = pu, YT = LT and YV = L") the ratio of non-traded output less fixed
costs to GDP, we have:

N P
aLy = _LOXCICE 45 4 ZaaV, (411)
AXWN X
where we used the fact that ”fNN = PL(’;VN = O‘g}tc and we set
acw
X=1—=nuNnn N {1 — 5Nc [(1—ac)p+ aco'c}} > 0. (412)

While the sign of (412) is ambiguous, because 7, n is small, x is positive.
Combining the short-run static solution for the relative price of non-tradables P =
P (LN ) together with the short-run static solution for non-traded labor (410), we have:

P=P(\G"), (413)

with P; = Prv LY >0 and Py = Prv LYy <0
Inserting first the short-run static solution for labor supply (401) and for non-traded
labor (410), the resource constraint for labor can be solved for L7, ie., LT = L (5\) —
N (S\,GN). We get:
L"=1L"(\G"), (414)

where L%\F =L5— Lf—\v > 0, L?;N = —ngv <0.

M.4 Equilibrium Dynamics and Formal Solutions

Combining the non-traded good market clearing condition (409) and the flow budget con-
straint yields the current account equation:

B(t) =r*B(t)+ LT —cT - GT. (415)

Inserting the short-run static solution for traded labor (414) and for consumption in
tradables (403) together with (413), into the current account equation (415) yields:

B(t)=r*B(t)+L" (\,&")-cT [\, P(X\,G")] - G". (416)

Keeping in mind that the marginal utility of wealth is constant over time, i.e., A(t) = A,
and linearizing (416), we get:

B(t) =1 (B(t) - B) . (417)
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The general solution is: 3
B(t) = B+ Dy, (418)

where Ds is a constant to be determined. Invoking the transversality condition, the stable
solution is:

B(t) = B, (419)
and the intertemporal solvency condition (ISC) reads:
B = B. (420)

M.5 Steady-State

Inserting the ISC (420) and appropriate short-run static solutions which obviously hold in
the long-run, the steady-state can be reduced to one equation

By + LT (A\,GN) - CT [\, P(X\,G")] - GT =0. (421)
Equation (421) can be solved for the marginal utility of wealth:
A=x(GY). (422)
Totally differentiating (421) yields:
{ULi + UCC;\T - Lf-\v 1+ C];TOZC (¢ —oc) 77;¢,N77N,LNI~5V } dx
o P

—L8y ~ | aG™.

1+ —=ac (¢ —oc) M NTIN,LN 57

Dividing both sides by GDP (i.e., Y = L), using the fact that ¢t = (zadwe an4 %T =

IN T oy
(1 — ac)we where we set wy = PYY/u/Y = LY /L and we = PcC/Y, and collecting
terms, the change in the marginal utility of wealth is given by:

P [1 + % (¢ —oc) Uu,N”N,LN}
perm Y/X v

dA
dGN

> 0, (423)

where we set

(1 —-ac)we
WwN

1+

aowWo o
UV =0r+0c(l—ac)wec+ orere I:

ac (¢ —o¢) 77M7N77N7LN:| > 0. (424)
Eq. (424) has a positive sign as long as 1,y < 0 is not too large which holds when p
takes reasonable values. Hence, a rise in government spending raises the marginal utility
of wealth )\ and thereby yields a negative wealth effect which exerts a negative impact on
consumption and a positive influence on labor supply.

Totally differentiating (410) (using (411)) and substituting (423), the change in non-
traded labor is given by:

drN
dGN

Plor +wc (1 —ac)oc]
W

dGN

d\
N N
= L3 + Loy =

perm

> 0, (425)

perm

where x > 0 is given by (412) and ¥ > 0 is given by (424). Because non-traded labor
rises, profit opportunities induce firm to enter the market (see eq. (406)); since the number
of competitors increases, the markup falls (see eq. (395)); as a result, intermediate-good
producers in the non-traded sector set lower prices which results in a real exchange rate
depreciation (see eq. (408)).
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M.6 Derivation of Steady-State Solutions

In this section, we derive steady-state solutions in the case of an endogenous markup. The
steady-state reduces to two equations:

B+ LT -CT -Gt =0, (426a)
together with the intertemporal solvency condition
B = By, (426b)

which jointly solve for the stock of traded bonds B and the marginal utility of wealth .
We first solve the system (426a) for B as a function of the marginal utility of wealth,
A and government spending GV. To do so, substitute solutions for traded labor (414) and
for consumption in tradables (403), into the traded good market clearing condition (426a),
by inserting first solution for the relative price of non-tradables (413) P = P (/\, aGN ), we
have:
B+ LT (\,GN) - T [\, P (\,GN)] -GT =0. (427)

Solving for (428), we get the steady-state value of B can be expressed as a function of
the shadow value of wealth and government spending G™:

B=B(\G"), (428)
with partial derivatives given by:
0B (LT — T - CLPy)
B;\ = ﬁ == - A {\r’* 5 (429&)
0B (LLy — CEPgn)
BGN = 8G'7N — - G T* 5 (429b)

where L1 = Ly — LY >0, Py = Pov Ly >0, and Ly = =LYy <0, Pov = Prv Ly <0.
Using (411), partial derivatives (429) reduce to:

YU
By = _r*jx <0 o
P |:1 + % (¢ — UC) 77M,N77N,LN}

'

where U > 0 is given by (424).

M.7 Derivation of Formal Solutions after Temporary Fiscal Shocks

In this section, we provide the main steps to derive formal solutions for key variables after
a temporary unanticipated fiscal shock, by applying the procedure developed by Schubert
and Turnovsky [2002].

The small open economy is initially in steady-state equilibrium, i.e., A = Ag and B = By.
We suppose now that government expenditure changes unexpectedly at time ¢ = 0 from
the original level G(J)V to level GI¥ over the period 0 < ¢t < 7, and reverts back at time 7°
permanently to its initial level G¥ =Gy =GY.

Period 1 (0<t<7T)

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

B(t) = By + Dye™ ™, (431)

where D5 is a constant to be determined.
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Period 2 (t > 7)
Once government spending reverts back to its initial level, the economy follows stable

paths )
B(t) = Bs (432)

During the transition period 1, the economy accumulates (or decumulates) foreign as-
sets. 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 formal procedure is to calculate the deviation of A such that
the country satisfies one single and overall intertemporal budget constraint, given the new
relevant initial condition, By, accumulated over the unstable period (before the shock is in
effect). Therefore, for the country to remain intertemporally solvent, we require:

B, = Br. (433)
Setting ¢ = 0 in solution (431); evaluate at time ¢ = 7 and equate (431) and (432):
By + Dy = By, (434a)
By + Dy T = By, (434b)
Then, we approximate the steady-state changes with the differentials:
Bi — By=B(MNGY) - B(X,GY) = Byd\ + BondGY, (435a)
By — Bi=B(\NGY)-B(\GY)=—-BgndG". (435b)
By substituting these expressions into (434a) and (434b), we obtain finally
Dy = —Byd\ — BendGY, (436a)
Dye” T = —BndGY. (436b)

The two equations (436a)-(436b) jointly determine Do and .
Solving yields:

Dy = —Bgve " TdGN <0, (437a)
d\ .
— =don (1—e77T) >0, (437b)
i, =lox(1=¢77)

where A\gnv corresponds to the change in A when the rise in government spending G is
permanent; it is given by:

B

Agny = ——22 > 0. (438)

Bx
Note that (438) coincides with (423). Inserting (423) into (437b) yields the change in
the marginal utility of wealth following a temporary rise in government spending on non-
tradables G'V:

dA
dGN

P {1 + % (¢ — o—c)m,NUN,LN] (1

—r*T
A . 0. 439
Y 7 ¢ ) > (439)

temp

Eq. (439) corresponds to eq. (21) in the text. Importantly, following a temporary
fiscal shock, the marginal utility of wealth increases less than after a permanent rise in G*V.
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When analyzing the effects of temporary fiscal shocks, we have to consider two periods,

, (0,7) and (T,00), and thus two steady-states. Since we are interested in responses

of key macroeconomic variables in the short-run, we derive first the change in non-traded

labor over the first period. To do so, we totally differentiate the solution for non-traded
labor (410):

dLN _dLN(0)

_ Y
dG~ |~ dGV

A dGN

+ LYy >0, (440)

temp

temp

where ALY /dGN = dLN(0)/dGYN because non-traded labor adjusts instantaneously to its
steady state associated with period 1 (i.e., period (0,7 ); moreover, we have LJS\V < 0 and

% > 0 and we used the fact that dLY = LY — L) = LV (A, GY) = LY (X, GYY) with
Gy GO = dG". Because the marginal utility of wealth increases less after a temporary
rise in GV than after a permanent increase in GV , the negative impact on L produced
by the wealth effect (which reduces CV) is smaller. Keeping in mind that LV rises after
a permanent fiscal shock, we can infer from this that non-traded labor increases more
following a temporary fiscal shock.

Substituting LN < 0 and L > 0 given by (411) into (440), the change in non-traded
labor in the short- run followmg a temporary fiscal shock can be rewritten as follows:

P
+=>0, (441)

temp

weacoc LY d
Mxwy  dGN

dLN (0)
dGN

temp

where x > 0 (given by (412)). Eq. (441) corresponds to eq. (22) in the text.
Differentiating (407) and inserting (441) yields:

P 4Ly
= Nu,NTIN,LN N AdGN

dP

oF <0. (442)

temp

temp

where 7, v <0 and 7y v > 0.
Over the unstable period, the economy decumulates traded bonds. To see it formally,
differentiate the general solution for traded bonds (431) with respect to time:

B(t) = r*Dye™"t < 0, (443)

where the sign is stemming from Dy < 0.
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