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Abstract

An open economy version of the Baxter and King’s [1993] model is constructed with
habit formation to investigate the dynamic and steady-state effects of an expansionary bud-
get policy. In line with empirical evidence, consumption is weakly responsive, investment
is crowded out, the drop in savings drives the current account into deficit and government
spending multipliers display small values. The sensitivity analysis shows that the effective-
ness of the fiscal policy (1) decreases as habit persistence gets stronger, (2) increases with
labor supply responsiveness, (3) falls with trade integration. Finally, we find that habit
persistence weakens the connection between government spending multipliers and both the

elasticity of labor supply and exports-to-GDP ratio.
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1 Introduction

There has been recently a renewed interest in fiscal stimuli among policy makers as an instru-
ment of stabilization. Coincidentally, the exploration of the macroeconomic effects of fiscal
shocks has received notable attention in the empirical literature. While there is a dispersion of
estimates across countries and time periods, it is possible to draw up a list of major empirical
facts. However, as will be shown later, the theoretical explanation of these regularities remains
unsatisfactory as the predictions of the open economy version of the Baxter and King’s [1993]
model are at odds with empirical facts. In this paper, we show that empirical evidence can be
easily reconciled with neoclassical theory as long as agents display a habit-forming behavior.
Empirically, four key regularities can be established. A large strand of the empirical liter-
ature finds that an expansionary budget policy raises both worked hours and GDP, yet reveal
that fiscal multipliers display small values (see e. g. , Perotti [2005] and Mountford and Uhlig
[2008]). More precisely, Perotti [2005] documents a decrease in government spending multipli-
ers in the post-1980 period in comparison with the pre-1980 period. One of the most prominent
and consistent findings of the empirical literature is that investment is crowded out by public
spending in the short-run (see e. g., Afonso and Sousa [2009], Blanchard and Perotti [2002],
Mountford and Uhlig [2008] and Perotti [2005]). In contrast, empirical findings about the im-
pact of fiscal policy on consumption are rather diverse; in our view, the overall conclusion that
can be drawn is that consumption is weakly responsive to fiscal policy on impact (see e. g. ,
Afonso and Sousa [2009], Mountford and Uhlig [2008], Perotti [2005] in the post-1980 period).
Finally, for 14 European Union countries over the period 1970-2004, Beetsma, Giuliodori and

Klaassen [2008] find that a government spending shock produces a trade balance deficit.

To emphasize the necessity of introducing time non-separable preferences to accommodate
these empirical evidence, it is convenient to shed light on the mechanics of transmission of
fiscal shocks in the baseline neoclassical RBC framework (see e. g. , Karayalgin [1999]).! In
the open economy version of Baxter and King’s [1993] model, households perceive the rise in

public spending as a tax liability. The consecutive fall in the real permanent income induces



the representative agent to consume less and work more. Due to the fixity of the rate of time
preference, consumption overshoots its steady-state level and thereby releases resources for
capital accumulation. Since saving behavior plays a minor role, the resulting investment boom
drives the current account into deficit and raises the size of expenditure multipliers.

However, these conclusions enter in sharp contradiction with recent empirical findings.
First, consumption reacts very smoothly to a fiscal shock. Second, investment is crowded out
by public spending instead of being crowded-in. Third, short-term and long-term spending
multipliers display small values since they average less than 0.5 in the long-run (see e. g.
Hemming et al. [2002] for a review). Finally, while estimates suggest that a fiscal shock causes
a deterioration in the external asset position, empirical evidence documented by Freund [2005]
reveals that short-run current account deficits episodes are more associated with a decline in
savings than with an increase in investment.

Our main contribution is to show that the introduction of a habit-forming behavior in a
two-good open economy version of the Baxter and King’s [1993] can account for the empirical
evidence related to the macroeconomic effects of fiscal shocks. Implicitly, in our framework,
the consumers’ reaction to a fiscal impulse is a mix of Ricardian and Keynesian behaviors. In
a Ricardian manner, forward-looking consumers react to the rise in government expenditure
by cutting real expenditure. In a Keynesian manner, households reduce their real consumption
on impact but by a smaller amount than the decline in their disposable income. As higher
government spending withdraws resources to the private sector and households’ consumption
reacts weakly to the fiscal shock, an excess demand arises in the home goods market. Hence, due
to consumption inertia, investment is crowded out by public spending. The fall in investment
lowers expenditure multipliers which thereby display smaller sizes than those predicted by
standard models assuming time separability in utility. Since households wish to sustain their
original standard of living, the resulting drop in private savings worsens the current account. In
addition, the economic boom following a fiscal expansion is associated with a decumulation of

internationally traded bonds, thus corroborating the counter-cyclicality of the current account



found in the data (see e. g. , Backus, Kehoe and Kydland [1994]).

Oddly, so far, the literature has been silent about the connection between households’
preference parameters and the effectiveness of fiscal policy. Plotting initial and steady-state
expenditure multipliers against the weight of habits in utility, we show that stronger habit
persistence lowers the effectiveness of fiscal policy. The reason is that (1) in the short-term,
investment is crowded out further by public spending, and (2) in the long-term, consumption
and exports fall by a larger amount. A second key policy question is how consumption inertia
and labor responsiveness interact in determining the effectiveness of fiscal policy. Like Baxter
and King [1993], numerical experiments revealed that government spending multipliers rise as
labor supply is more responsive. However, existence of consumption inertia prevents a balanced-
budget fiscal policy from displaying an expenditure multiplier greater than unity by moderating
the initial stimulus of demand triggered by higher public spending. Finally, estimating the
response of multipliers to a greater trade openness, we find that trade integration reduces the
effectiveness of fiscal policy. Yet, habit persistence weakens the relationship between multipliers

and trade openness.

The remainder of the paper is organized as follows. In section 2, we develop an open econ-
omy version of the neoclassical model with habit formation. Section 3 shows how consumption
inertia allows to reconcile the predictions of the neoclassical model with recent empirical evi-
dence and discusses the mechanics of transmission of fiscal shocks. In section 4, we conduct a
sensitivity analysis by estimating the relationship between the effectiveness of fiscal policy and

key preference parameters. Section 5 summarizes our main results and concludes.

2 An Open Economy Model with Habit Formation

We consider a semi-small open economy that is populated by a large number of identical
households and firms that have perfect foresight and live forever. The country is assumed to
be semi-small in the sense that it is price-taker in international capital markets but is large

enough on world good markets to influence the price of its export goods.



2.1 Households

At each instant the representative household consumes domestic goods and foreign goods de-
noted by ¢P and cf’, respectively, which are aggregated by means of a CES function:

_P
c= cpé (CD)%—F(l—gp)é (cF)% d)il, (1)

where ¢ is the weight of the domestic good in the overall consumption bundle (0 < ¢ < 1)
and ¢ corresponds to the intratemporal elasticity of substitution between domestic and foreign
consumption goods.

The representative agent is endowed with a unit of time, supplies a fraction n(t) as labor,
and the remainder I(t) = 1 — n(t) is consumed as leisure. At any instant of time, households
derive utility not only from their current real consumption ¢(¢) but also from their current level
of habits denoted by s(t). Hence, assuming that the felicity function is additively separable

in consumption and labor, the representative household maximizes the following objective

e 1 c(t) 175_ n(t)l—i_ﬁ i
v {1_6[@@))7] W } ar @)

where 3 is the consumer’s discount rate, ¢ > 0 corresponds to the coefficient of relative risk

function:

aversion, and vy > 0 stands for the weight attached to habits s into utility; ox > 0 is the Frisch

elasticity of labor supply (or intertemporal elasticity of substitution for labor supply).

The habitual standard of living is defined as a distributed lag on past real consumption:

s(t) = a/ c (CD(T), CF(T)) e 7t=7)qr, (3)

—o0
where the parameter ¢ indexes the relative weight of recent consumption in determining the
reference stock s. Differentiating equation (3) w.r.t. time gives the law of motion of habit

stock:
5(t) = o [e(t) — s(t)].- (4)

Intuitively, the larger o, the greater the weight of consumption in the recent past in determining

the stock of habits, and the faster the reference stock adjusts to current expenditure.



In line with Carroll, Overland and Weil [2000], we have assumed that the utility derived

from current and past consumption takes an iso-elastic form. The felicity function can be

rewritten as u(c,s) = T [(0)1_7 (ﬁ)q o according to which, agents derive utility from a
geometric weighted average of absolute and relative consumption where ~ is the weight of
relative consumption. If v = 0, the comparison of real consumption to the reference stock turns
out to be irrelevant and the case of time separability in preferences is obtained. If « is positive,
agents care about their relative consumption in deriving utility. In this case, they are aware
that for a given fall in current consumption, the utility loss is now reduced by the consecutive
decrease in habits. Because the slope of the indifference curves along a constant consumption
path rises, individuals’ impatience increases. Therefore, real consumption deviates from the

usual perfectly smooth temporal profile and declines over time, whenever the real interest rate

is unchanged.

By shifting the time paths for consumption and thereby savings, the introduction of habits
affects the long-term response of consumption to a change of private wealth dictated by the
long-run intertemporal elasticity of substitution (henceforth, IES). More specifically, by noting
that habits coincide with real consumption in the long run, setting ¢ = s into the iso-elastic
function above yields a long-run IES denoted by v equal to m which is higher than
the standard IES 1/e¢ as long as € > 1. By contrast, the reference stock is fixed over a short
interval of time. Hence, the short-horizon and long-horizon elasticities will not coincide as long
as y > 0.2

Households supply n(t) units of labor services for which they receive the wage rate w(t).
They hold the physical capital stock for which they receive the capital rental rate. In addition,
they accumulate internationally traded bonds, b(), that yields net interest rate earnings r*b(¢),
expressed in terms of the foreign good. Denoting by T' the lump-sum taxes, the flow budget

constraint is equal to households’ real disposable income less consumption p.c and investment

I expenditure:



where p. is the consumption price index and p the relative price of the foreign good (or the

real exchange rate). Investment I leads to capital accumulation:
k(t) = 1(t) = 6xck(t), (6)
where 0 < dx < 1 is a fixed depreciation rate.

2.2 Firms

A large number of identical and perfectly competitive firms produce a final good which can
be consumed domestically, invested or exported. They use physical capital k£ and labor n,
according to a constant returns to scale production function, Y = F'(k,n), which is assumed
to have the usual neoclassical properties of positive and diminishing marginal products. Factor
markets are assumed to be competitive, so that capital and labor are paid their marginal

products, i. e. , F, = 7 + §x for capital and F,, = w for labor.
2.3 (Government

The government finances public spending by raising lump-sum taxes T according to the fol-
lowing balanced condition T = g” + pg®; ¢P and pg’ correspond to the government purchases

falling on the domestic and the foreign good respectively, measured in domestic units.
2.4 Macroeconomic Dynamics

In an open economy model with a representative agent having perfect foresight, a constant rate
of time preference and perfect access to world capital markets, we require that S = r* in order
to generate an interior solution. This standard assumption made in the literature implies that
the marginal utility of wealth, A, will undergo a discrete jump when individuals receive new

information and must remain constant over time from thereon.?

The adjustment of the semi-small open economy towards the steady-state is described by
a fourth order dynamic system which comprises the accumulation equation of habits (i. e.,
eq. (4)) and the dynamic equation for the real exchange rate dynamics which equalizes the

rates of return on domestic 7 and foreign assets r* + p/p.* The third equation is the law
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of motion of real consumption which relates the optimal profile of ¢ to the difference between
the consumption-based real interest rate, r = r*+ (1 — «.) %, and the rate of time preference,

denoted by p(t):

% [l + 056687(1_6)] [7”* + (1 - ac) Z —p(t)|, (7)

where 0 < % [1 + o€ 6637(1*6)] stands for the short-run IES under time non separable preferences
which is smaller than 1/e. The key point to note is that the rate of time preference is variable
over time. The reason is that habits gradually adjust to their steady-state value which in turn

leads to a discrepancy between the current and future marginal utility of consumption.

Denoting by X the exports to the rest of the world, we impose a domestic good market

clearing condition to fully describe the macroeconomic equilibrium:®

k:F(k,n)—cD—X(p)—ékk—gD, (8)

where investment adjusts to equalize supply and aggregate demand along the transitional path.
Hence, capital accumulation is affected by habit persistence which impinges on consumption

in the domestic good cP.
Consumption inertia also influences the transitional adjustment of the stock of financial
wealth denoted by a and thereby the current account dynamics which is the reflection of

savings and investment behavior:

a(t) —k —bp(t), (9)

Q
=
—~
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where we denote by ca the current account measured in terms of the domestic good; the stock
of financial wealth a(t) = p(¢)b(t) + k(t) evolves according to the following law of motion:
a(t) = r&t)a(t) + w(t)n(t) — T — pe (p(t)) c(t) where savings are equal to the real disposable

income less total expenditure in consumption goods.

2.5 Steady-State

We now discuss the salient features of the steady-state. The assumptions of constant returns

to scale and an exogenously given world interest rate imply that the steady-state capital-labor



ratio remains unchanged after a fiscal expansion. Since the steady-state value of the capital-

ST

labor ratio remains fixed, i. e.

1
= <T*0_‘§SK) 77K the marginal product of labor and thereby

the wage rate are also unaffected in the long-run. By substituting the wage rate into the labor
o ~ 1A E)OEON
supply decision evaluated at the steady-state, we get n = [,Y—f (1—ag) (5) } . Hence,
a decrease in private wealth measured in terms of the domestic good (i.e., a rise in \/p)
stimulates labor supply in the long-run.
Setting ¢ = p = 0 and using the fact that real consumption coincides with the habit stock
once economy reaches the long-term equilibrium enables us to derive the steady-state level of

real consumption:

()]

As long as households attribute a positive weight to relative consumption (i. e., v > 0) the

rate of change of ¢ is influenced by the long-term IES with time non separable preferences,
v, which exceeds 17=0 = 1/e. Therefore, confronted to a given reduction of private wealth,
habit-forming consumers experience a larger steady-state fall in consumption than households

displaying standard preferences.b

The market-clearing condition for the home good determines the steady-state value of the
real exchange rate. The relative price p adjusts so that the production of domestic goods is

exactly outweighed by a demand counterpart:
Y (Ap) =c” (\p) + X (B) + dxk (A 5) + 9", (11)

where we have rewritten ¢ = p, (1 — a.) ¢ as ¢? (X, p). Equation (11) allows us to express the
steady-state value of the real exchange rate as a function of X and ¢”,i.e.,p=p (5\, gD), with
px > 0 and p;p < 0. Consider a rise in gP, assuming that 0x = 0 for simplicity. If preferences
are time separable and the economy is closed, a fiscal expansion crowds out consumption in
the domestic good ¢ by reducing private wealth which results in a multiplier inferior to 1. If
preferences are time non separable, ¢? declines dramatically in response to the rise in A which

yields a multiplier much less than 1. Finally, in an open economy with habits, private demand



for the domestic good shrinks more in comparison with a closed economy through an additional
channel. The long-run real exchange appreciation triggers a larger reduction in the size of the
long-run multiplier by causing a decline in exports and by inducing agents to consume less of
the domestic good.

In a framework that considers standard preferences, the current account is mainly affected
by investment fluctuations, due to the fixity of the time preference rate which implies a flat
temporal path for consumption. Instead, the assumption of time non separable preferences
implies that both investment decisions and consumption choices affect the external asset po-
sition. More precisely, the linearized version of the intertemporal solvency condition allows
the steady-state level of net foreign asset position to be determined by the long-run levels of
physical capital and habits: (l; - b(_)) = ®; (lzz — ko) + @5 (5 — s9) with ®; < 0 and 3 > 0
for all parametrization. The intertemporal budget constraint describes the long-run trade-off
between capital and habits on the one hand, and net foreign assets consistent with solvency on
the other hand. A steady-state decrease in habits (increase in capital) causes a decumulation

of the stock of foreign assets by causing a drop in savings (a rise in investment).

3 Fiscal Expansion and Habit Persistence

In this section, we explore the macroeconomics effects of a rise in government spending on the
domestic good (¢g”). While the model can be solved analytically, we propose some numerical

simulations to illustrate key theoretical results and discusses fiscal policy implications.”

3.1 Benchmark Parametrization

We start by describing the calibration that we use as a benchmark. The world interest rate
which is equal to the subjective time discount rate 3 is set to 3.5%. The elasticity of substitution
between domestic and foreign goods ¢ is set to 1.5. Exports are assumed to take a power form
X = X (p) = yxp"X with vx > 0 a scaling parameter. The real exchange rate elasticity of

exports denoted by vy is set to 0.8 in line with estimates by Bayoumi [1999].8 Government
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spending as a share of GDP ¢/Y is 20%. The import content of government expenditure is set
to 10%. Finally, the production function takes a Cobb-Douglas form Y = F (k,n) = k*<nl-9x
with the share of capital in output which is assumed to equal 0.35. Finally, we set dx to 0.035
so as to be consistent with a ratio investment-GDP roughly equal to 18%.% All the previous
parameter values remain unchanged in the analysis below. Next, we turn to the parameters

for which we conduct some sensitivity analysis.

Our baseline setting for the weight of the domestic good ¢ is 0.95 which corresponds to an
import content of consumption («.) of 15% approximately. Two additional critical parameters
are the weight of habits in utility, v, and the speed o at which the standard of living catches
up with current consumption. From empirical results provided by Sommer [2007], estimations
of ~v fall in a range between 0.7-0.8. We set v to 0.8. The relative-risk aversion parameter, ¢,
is set to 2.5, yielding a long-term IES of 0.77. We set o to 0.65 which means that the time
required to close 95% of the discrepancy between s(t) and c(t) following a change in ¢(t) is
roughly four and a half periods. The last critical parameter is the intertemporal elasticity of
substitution for labor supply on. In our benchmark parametrization, we set oy to 0.4 which

is halfway of the values documented by the empirical literature and chosen by RBC models.'?

Quantitative estimation of macroeconomic effects of a rise in government spending shock
by 1 percentage point of initial output are reported in Table 1. We consider seven alternative
scenarios: time separable preferences (i. e. , ¥ = 0), benchmark parametrization (i. e. , v = 0.8,
o = 0.65, oy = 0.4, p = 0.95), a smaller weight of habits in utility (i.e., v = 0.3), a faster
speed at which habits catch up with current consumption (i. e. , 0 = 0.95), a weakly responsive
labor supply (i. e., onx = 0.2), a highly responsive labor supply (i. e., oy = 1), and a larger
trade openness (i. e., ¢ = 0.825). Computed transitional paths of key variables are displayed
in Figures 1 where we abbreviate time separable preferences in “T'S pref.”. In all figures, the
responses of consumption, GDP, employment and investment are expressed as deviations from

initial steady-state values scaled by initial GDP (in percentage).
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3.2 Steady-State Effects of a Permanent Fiscal Expansion

We now discuss the steady-state changes after a fiscal expansion summarized in Table 1A.
By increasing lump-sum taxes and thereby lowering the representative agent’s real disposable
income, a permanent balanced-budget fiscal expansion induces agents to raise labor effort while
reducing real consumption. The positive labor supply effect stimulates capital by shifting up its
marginal product schedule which boosts output. Whereas households’ consumption falls, the
stimulus of output is not large enough to compensate the excess of demand in the home good
market triggered by higher public spending. This requires a rise in the relative price of the
domestic good (i. e. , a real exchange rate appreciation). The fall in p depresses consumption
in the domestic good &’ more and causes a decline in exports X , regardless of the form of
preferences.

Table 1A provides a sensitivity analysis regarding the long-term effects of raising public
spending. The first line allows us to compare the long-run adjustment of consumption de-
pending on whether preferences are time separable or time non separable. Whereas consumers
cut their real expenditure by around 0.45% of initial GDP if preferences are time separable
(i. e. , v = 0), ¢ declines by roughly 0.65% for the benchmark parametrization (i. e. , v = 0.8).
Intuitively, as the weight of habits in utility increases, households are more reluctant to cut
their real expenditure in the short-run. Thereby, households decumulate more financial wealth.
Since agents must ultimately satisfy their intertemporal solvency condition, a larger steady-
state fall in consumption is required. From the fifth line, the necessary decline in the stock of
foreign assets rises from 0.3% to about 0.45% of initial GDP as « is raised from 0 to 0.8. The

response of output to a fiscal impulse will be addressed later in section 4.

< Please insert Table 1 about here >
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3.3 Habits Reconcile Theory with Empirical Facts

In this subsection, we discuss the short-run reaction of the open economy and show that the
introduction of habit persistence in consumption allows to reconcile the predictions of the
neoclassical model with recent empirical evidence.

Consumption Reacts Weakly to a Fiscal Expansion

Mountford and Uhlig [2008] found that consumption does not change significantly in re-
sponse to a positive spending shock in the U.S. This empirical result has been recently confirmed
by Afonso and Sousa [2009] for additional OECD countries like the U.K., Germany, and Italy.
To address the tenuous response of consumption, it is convenient to simplify the analysis by
assuming that the capital stock is fixed, which implies a one-dimensional stable path for con-
sumption. Substituting the stable solution for ¢(¢) evaluated at time ¢ = 0 into the households’

budget constraint yields the initial optimal reaction of consumption:

- (34)

where II > 1, A = (r* — 1) —1I (%) r*; —%T*_T’“ represents the short-run marginal propen-

Er*,ul = pr* [bo + W(0)]

o A Pe

1+ : (12)

prr[bo+W(0)]
Pe :

sity to consume (henceforth, MPC) of the real permanent income In a small

open economy model where the relative price of foreign goods p is exogenous, II = 1 and

A = —£L (o0 +7*), the short-run MPC simplifies to T;J:T“}. If preferences are time separa-

ble (i.e., v = 0), the stable root p; reduces to —o which results in a MPC equal to unity.
In contrast, as long as people care about habits in deriving utility (i. e., v > 0), inequality
o > —pq holds, which implies that the short-run MPC is unambiguously inferior to one. The
explanation relies upon the behavior of the time preference rate which is variable over time.
Following a fiscal expansion, agents expect a long-term fall in their usual standard of living.
However, when the fiscal expansion is implemented, the stock of habits does not change, so
that the marginal utility of current consumption exceeds that of future consumption. This
provides a strong incentive to reallocate expenditure in present and yields a smaller than unity

short-term MPC. Consequently, real consumption falls on impact but less than the decline in

13



the real disposable income. Considering now the case of an endogenous real exchange rate,
the short-term MPC rises. The reason is that the real exchange rate depreciation allows for
a smoother real consumption temporal path. Such a consumption behavior is consistent with
the intertemporal solvency condition as long as consumption falls by a larger amount in the
short-run than if the real exchange rate was constant over time. Yet, the MPC is always smaller
than unity, as long as < ﬁ, which holds for our baseline parametrization.

Figure 1(a) displays the dynamic adjustment of consumption in the benchmark case and
compares it to alternative scenarios. In all scenarios, households behave in a Ricardian manner
and thus react to the fall in their after-tax lifetime income by reducing their real expenditure.
However, in a Keynesian manner, consumption does not adjust immediately and fully, as long
as household care about habits in deriving utility. More precisely, the short-run MPC displays
a value inferior to one. Hence, habit-consumers prefer to adjust less-than-fully now and more-
than-fully later (see the blue line). By contrast, households having time separable preferences
exhibit a much larger short-run MPC which results in an over-reaction of consumption on
impact (see the red dotted line). Openness is also an important factor in determining the size
of the response of consumption. More precisely, a rise in trade integration moderates the drop
in consumption by softening the reduction in private wealth measured in domestic units (see
the black line). Finally, as expected, the initial response of consumption to a fiscal shock is all

the weaker as labor supply is more responsive since the fall in the real permanent income is

less pronounced (see the dotted black line).
Public Spending Crowds Out Investment

One of the most prominent and consistent findings of the empirical literature on fiscal policy
is the crowding-out of investment by public spending. However, the Keynesian explanation of
this empirical fact remains unsatisfactory.'! Similarly, the prediction of the baseline neoclassical
model, as exemplified by Baxter and King [1993], is also at odds with empirical facts. As we
shall see now, short-run consumption inertia plays a major role in accommodating this empirical

fact. To derive the initial response of investment, we differentiate the market-clearing condition
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for the home good:

dI(0) = dY(0) — ©dp(0) — (cP/c) de(0) — dg”, (13)

X

where © = >

[VX + %gf)ac} > 0 captures the impact of a change in the real exchange rate
on exports and consumption. On the one hand, the stimulus of output and the fall in private
demand (i. e. , exports and private consumption) releases resources for capital accumulation
(see the first and second terms on the RHS of (13)). On the other hand, higher public purchases
withdraw resources from the private sector, which implies the possibility that investment falls
in the short-term (see the last term on the RHS of (13)). If preferences are time separable
(i. e., v = 0), output rises and consumption falls dramatically which results in a short-run
stimulus of capital accumulation. In contrast, as long as consumption inertia is strong enough,

an excess of demand arises in the home goods market which must be eliminated by a fall in

investment.

How do preference parameters influence the size of the crowding-out of investment by public
spending? For various values of preference parameters, the resulting dynamic adjustment of
investment is illustrated in Figure 1(f). If consumption inertia is strong enough (ie., vy = 0.8,
o = 0.95) and/or labor supply is weakly responsive (ie., on = 0.2), investment expenditure
is more likely to be crowded out by public spending in line with empirical evidence (see the
blue and black lines). The reason is that consumption does not decrease and output does not
rise enough to more than offset the rise in public spending. By contrast, an expansionary
budget policy stimulates capital accumulation as long as v approaches 0 and/or labor supply is
highly responsive (see the red dotted, black dotted and red lines). Initial investment responses
relative to initial GDP are summarized in the fourth line in Table 1B. If habits are irrelevant
or weak (i. e., v =0 or v = 0.3), or labor supply reacts strongly (i. e. , oy = 1), investment is
crowded in and rises by about 0.10-0.20% of initial GDP. Conversely, in the baseline scenario or
assuming a high speed of habits, a rise in government spending by 1% of GDP lowers investment
by 0.13-0.15% of GDP and crowds out further investment (by 0.25%) if labor supply is weakly
responsive. Trade openness also influences considerably the size of the crowding-out. More
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precisely, a rise in export-to-GDP ratio from 11% to 21% moderates the drop in investment
from 0.13% of GDP to 0.02%. The reason is that a rise in trade openness amplifies the negative
impact of the real exchange appreciation on exports.

A Current Account Deficit Attributed to Savings Behavior

An important issue in an open economy framework is the reaction of the external asset
position to a fiscal shock. In accordance with estimates by Beetsma, Giuliodori and Klaassen
[2008] who find that an increase in public spending yields a fall in trade balance, the open
economy experiences a current account deficit in all scenarios, as shown in the sixth line in
Table 1B. Yet, the explanation of the current account deficit differs across cases. To see
this, recall that the current account balance net of the depreciation of foreign assets, i. e.
ca(t) + bp(t), is equal to savings a(t) less capital accumulation k(t). We depicted the current
account adjustment for the benchmark scenario and time separable preferences in Figures 1(d)
and 1(e) respectively. As portrayed in Figure 1(d), if consumption inertia is strong enough,
the initial fall in investment fails to offset the large drop in savings, which results in a current
account deficit. This conclusion is supported by empirical evidence documented by Freund
[2005] according to which current account deficits are mostly demand-driven in the short-
term. As summarized in line 6 of Table 1B, higher values of v leads to a greater current
account deficit triggered by a larger reduction in savings. Conversely, if preferences are time
separable, as considered in Figure 1(e), the consumption behavior causes a rise in savings and
an investment boom, the latter leading to a current account deficit on impact. Besides habit
persistence, trade openness raises the size of the current account deficit as well. The reason is
that as the economy is more open, government spending crowds out consumption by a smaller
amount which results in a larger reduction in savings while investment falls much less. Our
results are in line with those documented by Corsetti and Miiller [2006] who find that more
open economies than that of the US (Canada and the UK) experience greater current account

deficits while the effects of fiscal shocks on investment are moderate.
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3.4 Fiscal Policy Transmission with Habits

We now discuss the adjustment of the open economy illustrated in Figures 1. For pedagogical
purpose, we begin with the more simple case displayed in the red dotted line where agents
do not care about habits (i. e., v = 0). In response to the fall in real disposable income,
individuals cut sizeably their real expenditure and work more. As the real exchange rate must
overshoot its steady-state value, the fall in the relative price drives down exports and depresses
further consumption in the domestic good while stimulating labor supply. The resulting excess
of supply in the home good market allows investment to be crowded in which yields a current
account deficit. The dynamic response of employment, pictured in Figure 1(c), shows that the
real exchange rate depreciation exerts a negative impact on worked hours. Yet, as illustrated
in Figure 1(b), capital accumulation is strong enough to push up output which increases mono-
tonically. Over the transition, consumption follows a rising temporal path driven by the higher
than steady-state consumption-based real interest rate.

Adding habits change dramatically the mechanics of transmission of fiscal shocks. The
benchmark scenario is portrayed in the blue line. On impact, consumption responds weakly
so that investment is crowded out. As illustrated in Figure 1(b), the short-run decumulation
of physical capital and the gradual decline in employment drives down output over a first
phase, which contrasts markedly with the dynamic adjustment without habits. Regarding the
consumption-side, the initial rise in the time preference rate p is large enough to offset the
increase in the consumption-based real interest rate and leads to a decreasing temporal path
for households’ real expenditure portrayed in Figure 1(a). The gradual decline in the reference
stock reduces p which falls monotonically. Once consumption has decreased by a sufficient
amount, the economy experiences an investment boom, which boosts GDP after five periods
and exerts a negative impact on the current account. Finally, after 12 periods, the declining
time preference rate equalizes the slippery slope side of the consumption-based real interest
rate’s hump-shaped transitional path, which induces a rising temporal path for consumption,

as illustrated in Figure 1(a).
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< Please insert Figures 1(a), 1(b), 1(c), 1(d), 1(e), 1(f) about here >

4 Effectiveness of the Fiscal Policy and Habit Persistence

Our task in this section is to investigate the connection between the effectiveness of fiscal policy
and key households’ preference parameters. More specifically, we provide an explanation of the
small value of government spending multipliers found in the data and its declining size in the

post-1980 period.
4.1 The Long-Term Government Spending Multiplier

We first investigate the size of the long-term balanced-budget expenditure multiplier by differ-

entiating the home good market-clearing condition w. r. t. g¢P:'2

dy P de X P\ dp
= £ 2 1. 14
P~ Zdg? ' p ( ) + (14)

vx tacd— | —5
p ) dgP

According to the first term on the RHS of (14), the reduction of real consumption which spreads
over the two goods, depresses private demand for the domestic good and thereby output. The
second term on the RHS of (14) reflects the negative impact of the long-term real exchange

D and exports after a rise in g”. Whereas private demand falls after a

rate appreciation on ¢
fiscal expansion falling on the domestic good, its decline is less than the rise in government
spending by 1 percentage point of GDP. Consequently, in either seven scenarios, the expenditure
multiplier is positive but inferior to 1. The response of output varies markedly across the seven
scenarios. In particular, as habit persistence gets stronger (i. e., v gets closer to unity), real
consumption and exports fall by a larger amount which result in a smaller spending multiplier.

Lines 2-4 in Table 1A shows the effects on output components. Each component is scaled by
initial GDP which enables us to disentangle their contribution to the response of output. The
multiplier is equal to nearly 0.7 if preferences are time separable, a value which is much higher

than empirical evidence suggests. If v = 0.8, output rises by only 0.5%: consumption in the
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domestic good and exports fall by 0.54% and 0.06% of initial GDP respectively while investment
increases by 0.09% of initial GDP. Trade integration also slightly reduces the effectiveness of

fiscal policy by reducing exports more, though moderating the drop in &”.

4.2 The Short-Term Government Spending Multiplier

We now investigate the size of the short-term expenditure multiplier by evaluating the home

good market-clearing condition at time ¢ = 0 and differentiating w. r. t. ¢P:

dv(0) _ P de(0) ‘e
dgP c dgP dgP dg

dp(0) | dl(g) +1, (15)

with © = % |:1/X + %qﬁac} > 0. The first term on the RHS of (15) represents the negative
influence of the short-term decline in consumption. While at first glance consumption inertia
should raise the effectiveness of the fiscal policy by softening the drop in real consumption
on impact, the second and the third terms counteract the positive influence of habits. More
precisely, as habit persistence gets stronger, the real exchange rate appreciates more on impact
which in turn depresses exports more. Additionally, investment is crowded out by a larger
amount by public spending. Since these two effects predominate, the fiscal policy is less effective

as y approaches unity and o takes higher values.

Numerical experiments reported in Table 1C show that across cases, the initial multiplier
displays a smaller value than the steady-state multiplier due to the larger drop in private
demand. As in the long-run, habits persistence lowers sizeably the effectiveness of fiscal policy.
As we can see in lines 2-4 in Table 1B, for the benchmark parametrization, following a rise in
government spending by 1 percentage point of GDP, consumption in the domestic good and
exports fall by 0.36% and 0.11% respectively, while investment drops by 0.13% of initial GDP.
Hence, the fiscal impulse yields a rise in output by only 0.4%, a value close to VAR results
summarized by Hemming et al. [2002].'2 Instead, if 7y is set to zero, the multiplier exceeds 0.5 as

the open economy experiences an investment boom, though consumption declines dramatically.
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4.3 Sensitivity Analysis

Our analysis shows that three critical parameters matter in determining the value of government
spending multipliers: (1) the weight of relative consumption in utility ~, (2) the elasticity of
labor supply oy, and (3) trade integration which we measure by the ratio of exports-to-GDP
ratio. We have conducted a sensitivity analysis with respect to these three parameters. We
allow v to vary from 0 to 0.94, o from 0.05 to 4, and ¢ from 0.98 to 0.20 implying an exports-
to-GDP ratio which falls between 7%-52%. Figures 2(a)-2(h) plot the long-term and short-
term expenditure multipliers against these three key parameters, considering time separable

preferences in Figures 2(e) and 2(h).!4

Figure 2(a) shows that the size of the long-term expenditure multiplier monotonically de-
creases as individuals pay more attention to relative consumption in deriving utility. The
closer to unity -, the larger the long-term fall in real consumption and thereby the smaller the
long-term expenditure multiplier. Interestingly, the short-term expenditure multiplier displays
a non monotonic pattern w.r.t. . As shown in Figure 2(b), the size of the impact multi-
plier rises slightly as long as v exceeds 0.9. As stressed above, stronger habits moderate the
short-term fall in consumption but amplify the decline in investment. If consumption inertia
is strong enough, the former effect prevails, which results in a positive relationship between

habit persistence and spending multipliers.

< Please insert Figures 2(a), 2(b), 2(c), 2(d), 2(e), 2(f), 2(g), 2(h) here >

As illustrated in Figures 2(c)-2(d), like Baxter and King [1993], both long-term and short-
term expenditure multipliers rise with the intertemporal elasticity of substitution for labor o .
The reason is that following a demand boom triggered by public spending, domestic supply
must rise. The more responsive labor supply, the larger the steady-state rise in employment,

which boosts further capital accumulation in the long-run. However, as long as ~ is set to
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0.8, the long-term expenditure multiplier does no longer exceed unity for plausible values of
on. More precisely, raising the elasticity of labor supply from 0.1 to 2 yields a rise in the
long-term expenditure multiplier from 0.2 to 0.9. Setting v equal to zero now raises dY /dg®
from 0.3 to 1.1 as illustrated in Figure 2(e). The explanation is that the steady-state reduction
of consumption is more pronounced as long as agents care about past consumption. This
consumption adjustment moderates the demand boom for the domestic good and thereby the
long-run stimulus of output.

Perotti [2005] finds stronger GDP response to government spending shocks in the pre-1980
period than in the post-1980 period. Since one major development that has occurred since the
middle seventies is that all industrialized economies have become more open over time, we now
tackle the question: how trade openness influences effectiveness of fiscal policy? Figures 2(f)
and 2(g) plot the expenditure multipliers against the exports-to-GDP ratio. Interestingly, both
steady-state and impact multipliers fall as trade openness increases. More precisely, a rise in
the exports-to-GDP ratio from 10% to 50% lowers the steady-state multiplier from 0.49 to 0.43.
The smaller response of GDP to a fiscal impulse in more open economies is supported by recent
findings documented by Beetsma et al. [2008]. To understand the negative relationship between
government spending multipliers and openness, recall that in a more open economy, a higher
import content of consumption (i. e. , an increase in «..) induces households to substitute further
the domestic for the foreign goods after a given real exchange rate appreciation. Additionally,
because the exports-to-GDP ratio is higher, a fiscal expansion crowds out exports more. Finally,
2(g) shows that the short-term multiplier reacts more to a rise in trade openness due to the
real exchange rate overshooting behavior on impact.

One additional striking result is that habit persistence weakens the relationship between
expenditure multipliers and trade openness. More specifically, increasing trade openness from
10% to 37% (by reducing ¢ from 0.95 to 0.5) lowers the long-run spending multiplier from
0.49 to 0.46 in the case of habits, and from 0.68 to 0.58 if preferences are time separable, as

illustrated in Figures 2(f) and 2(h) respectively. Hence, a rise in trade integration should have
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played an important role in driving down the size of government spending multipliers over
time, but it cannot account for the whole decrease in the effectiveness of fiscal policy in the
post-1980 period as long as habits are considered.'® The small reaction of spending multipliers
to globalization originates from the strong sensitivity of consumption in the domestic good to

trade openness in the case of habits.!6

5 Conclusion

Open economy versions of Baxter and King’s [1993] model considering standard preferences
find that consumption reacts strongly to a fiscal shock so that investment is crowded in. The
consecutive capital accumulation yields a current account deficit and results in large govern-
ment spending multipliers (see e. g., Karayalcin [1999]). However, recent empirical evidence
cast doubt over the predictions of the baseline neoclassical model. In our contribution, we
have shown that the introduction of a habit index into the utility function helps improving the
predictive power of the Baxter and King’s [1993] model by modifying the chain of events fol-
lowing a fiscal expansion. More precisely, following a rise in public spending, real consumption
exhibits a tenuous response as habits imply a sluggish response of consumption to the decrease
in the real disposable income. Since the fall in private consumption is not large enough to offset
higher public demand for the domestic good, investment is crowded out by public spending
in the short-run, which pushes down the size of the short-term spending multiplier. At the
same time, savings drop dramatically, which yields a current account deficit. Because habit-
consumers prefer to adjust real consumption less-than-fully now and more-than-fully later, the
resulting sizeable steady-state decline in real consumption lowers the size of the long-term
spending multiplier.

One additional important issue that our paper addresses is the role of trade openness. We
find that larger trade integration drives down spending multipliers by depressing exports more
and yields a greater current account deficit. These results are in line with estimates by Beetsma,

Giuliodori and Klaassen [2008] which show that a public spending shock has a smaller effect
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on output of more open economies, and a stronger effect on the trade balance which exhibits
a stronger deterioration. Finally, since one major development that has occurred since the
middle seventies is that all industrialized economies have become more open over time, the
negative connection between trade openness and effectiveness of the fiscal policy could provide
an explanation of the weaker GDP response to government spending shocks in the post-1980

period than in the pre-1980 period found in the data.

Notes

!Baxter and King [1993], Heijdra [1998] who relaxes the perfect competition assumption on product markets,
Gal{ et al. [2007] who introduce “rule-of-thumb” consumers, Karayalgin [1999] who considers an open-economy
version of the Baxter and King’s model, commonly assume that preferences are time separable. One notable
exception is Karayalgin [2003] who constructs a one good open-economy model in which agents possess habit-
forming endogenous time discount rates. Karayalgin’s article pursues a different goal and his results differ
from ours. Karayalgin aims at providing an explanation of endogenous persistence in response to fiscal shocks;
additionally, the savings behavior and the resulting current account adjustment enter in sharp contrast with
those derived in our paper. More specifically, Karayalcin finds that consumption over-reacts, private savings
rises which together with the fall in investment drives the current account into surplus.

2More specifically, if we calculate the IES over a short interval of time, we will find that the short-run IES is
smaller than 1/e.

3We drop the exposition of first-order static conditions for reason of space. Full discussion can be retrieved
in a longer manuscript.

“Since the number of predetermined variables (s and k) equals the number of negative eigenvalues, and the
number of jump variables (¢ and p) equals the number of positive eigenvalues, there is a unique two-dimensional
convergent path towards the steady-state. Equilibrium dynamics and formal solutions can be retrieved in a
longer version of the paper.

SExports are positively correlated with the relative price of foreign goods, i. e. X, > 0. An increase in p,
makes the domestic good cheaper and thereby stimulates exports.

6 Additionally, equation (10) shows that ¢ depends on a novel preference parameter o. A higher o and thus
a faster catching-up of the habit stock softens the change of ¢ by moderating the decumulation or accumulation
of financial wealth along the transitional path.

"For reason of space, we restricted ourselves to a rise in g”. Analytical and numerical results after a rise in
government spending falling on g% are available from the author upon request.

8For 21 industrialized economies over 1965-1992, Bayoumi [1999] estimates significant export response elas-
ticities ranging from 0.31 contemporaneously to 0.79 after four years. Since the dynamic system is linearized
around the steady-state, we choose the long-term value.

9For the benchmark parametrization, total consumption expenditure, consumption expenditure, exports, and
net exports as a share of initial GDP are 63%, 53%, 11%, and -2% respectively.

10While empirical studies based on micro data find small values, say falling in the range 0.1-0.4, the real
business cycle literature often sets higher values for oy, say broadly equal to or higher than unity. See e. g. ,
Mankiw and Weinzier] [2006] for a discussion on that subject.

1 Standard Keynesian theory predicts that public spending crowds out investment through increases in interest
rates. However, Mountford and Uhlig [2008] who find that empirically “government spending shocks crowd out
both residential and non-residential investment without causing interest rates to rise”, cast doubt over the
standard Keynesian explanation.

2For the sake of analytical simplicity, we abstract from physical capital depreciation in this section and thus
set dx to zero.

3Hemming et al. [2002] review the GDP responses to a fiscal shock across several empirical papers. In
Mountford and Uhlig [2008] and Perotti [2005], the impact spending multiplier falls in a range between 0.2-0.4
over 1960-2000, exception for Germany where the spending multiplier exceeds 1. In line with the results of
Perotti [2005], Corsetti and Miiller [2006] find the reaction of GDP to a fiscal shock is small and only significant
for Australia where GDP increases by 0.42.

1411 a previous version of the paper, we conducted a sensitivity analysis with respect to the speed of adjustment
of habits . Since government spending multipliers weakly react to a change in o, we omitted this analysis for
reason of space.
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15See Canzoneri et al. [2007] who suggest several factors like monetary policy explaining the smaller size of
government spending multipliers in the post-1980 period.

16 According to numerical results, a rise in trade integration from 10% to 37% implies that & falls by -0.34%
of initial GDP instead of -0.54% if v = 0.8, and decreases by -0.29% instead of -0.40% if v = 0. To see it
more formally, differentiate (10) w.r.t. p which yields dé/¢ = v (1 — a.)dp/p with v the long-run IES and
(1 — @) the domestic content in total consumption expenditure. As 7 gets closer to unity, the long-run IES v
takes larger values. Hence, for a given real exchange appreciation, lowering the share of domestic goods (1 — a.)
moderates as much the reduction in real consumption as individuals care more about habits in deriving utility.
Consequently, habits weaken the sensitivity of spending multipliers to trade integration.
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A Preliminary Definitions, Useful Properties and Short-Run
Static Solutions

Preliminaries for Consumption-Side

The instantaneous utility is assumed to take an iso-elastic form:

ule,s) = 1; [S%r_e. (16)

Partial derivatives are given by :

ve = 510179 5, (17a)
ue = —nclmeg~h1=9+1] (17b)
Uee = —ec”IH)s=(1=9) (17¢)
we = Y=g+ SO0 o > (17d)
Us = —y(1—€)c s N9t S0 joi e>1. (17e)

Preliminaries for Production-Side
We denote by :

o Ay =— Ff 2o >0 the absolute value of labor demand elasticity;

° ai = % > 0 the share of output paid out to the capital input and 1 — ax = % >0

the share of output paid out to the labor input;

® OKN = 5’#}? i > (0 the substitution elasticity between capital and labor;

Un
Unnm

° oN = = L > 0 the intertemporal elasticity of substitution for labor;
N

° vy = % > 0 the elasticity of exports with respect to the real exchange rate.

Useful Properties

Since the production function Y = F'(k,n), is assumed to be a linear homogenous produc-
tion function, it possesses the following useful properties:

k n
F = _ngk = _EF”"’ (18a)
FipFpp — F2 = 0. (18b)

n

First-Order Conditions

Denoting by A and £ the shadow prices of wealth and habits, the macroeconomic equilibrium
is described by the following set of equations:

uc (¢, s) + o€ = . (19a)

vp (n) = —;w, (19b)

F, =% 46, F,=w, (19c¢)
A=A(B—-1%), (19d)
é:<ﬁ+0)§_u8(67‘9)’ (196)

p:p[Fk (k7n)_5K_r*]7 (19f)
k=F(kn)—c?—X(p)—g° — ok, (19g)

b= 219 [r"pb + F (k,n) —pe (p) e =1 = (97 +pg")], (19h)



together with the accumulation equations of habits (4) and physical capital (6) and the transver-
sality conditions:

< A
tlirn Esexp (—r*t) = tlim Abexp (—r*t) = 1tlim —kexp (—r*t) = 0. (20)

—>Oop

Using the fact that w = F, (k,n), the first-order condition (19b) for labor rewrites as
—vp (n) = %Fn which can be solved for employment 7n:

n=n (S\,p, k) , (21)

where the partial derivatives are given by

ny = gi_\l - %x >0, (22a)
n, = ZZ = —X% <0, (22D)
o= Sr ot BAK sy, (220)
where we let
= (m > 0. (23)

The market-clearing condition (11) can be solved for investment in physical capital:
I=1(\cp,k,g"), (24)

where the partial derivatives are given by

L = gﬁ = By = 2 (1— ag) >0, (250)
o= Y= -C=u <o (25b)
I, = gi = Fpnp, — (X, — pplic) = —1; [x(l —ag) + if( (uX + c)l(,)acgb)} < 0, (25c¢)
I, = gi:Fk—Fank:Oq;Y[l—I—Xm} >0, (25d)
Ip = aagID = —1<0. (25¢)

All parameters are defined above and we have computed expression (X, — pplc) as follows:

O=X,—pplc= X vx + fa(xb > 0. (26)
p (& p X

We used the fact that —% = ¢ (1 —a.) > 0, denoting by ¢ the intratemporal elasticity of
substitution between the domestic good and the foreign good.

As it will be useful later, we investigate the sign of the following expression by making use
of property (18a):

BN )
Fop+ Fopnp = Foo [—2Y ) <0, 27
ik + Frenni kk<0N+ﬁN (27)

and

Firdp + Fip [nid, — (I — 0k) nyp)
= np [Fkan — TKF]m] -0 (Fkk + Fknnk) > 0. (28)



Derivation of the Dynamic Equation for Real Consumption

We establish the law of motion of real expenditure along an optimal path. Our aim is
to rewrite the dynamic equation for consumption in a more usual form, making easier the
economic interpretation of analytical results.

By differentiating equation (19a) w. r. t. time, substituting (4) and (19e), and making use
of (19a) to eliminate &, we get:

‘= ul [(ﬁ+a) <u - p;f) b oty — g0 (C— 5) — p;A (1— a) ﬁ . (29)

Using the iso-elastic form (16) for utility, we can rewrite (29) as follows:

¢_1 ¢ . oy [P eqama ] P 0P
o= {J'ye<s)+a’y(1 )+ (B + )[p s 1]—1— p (1 ac)p}. (30)

€

To rewrite the law of motion of real consumption in a more interpretable form, we calculate
the time preference rate denoted by p, defined as the proportional rate of decrease of marginal
utility of real consumption expressed in present value terms (see e. g. Epstein [1987]):

_dIn{[uc (¢, s) + o] exp (—6t)}
dt

b= (31)

é(t):O‘

By substituting the accumulation equation for habits (4) and the dynamic equation for its
shadow price (19e), and eliminating & by making use of (19a), the rate of time preference
writes as follows:

o) =+ 2 fou — v (e 5) 4 (34 ) (- P22 (32)

Using the iso-elastic form (16) for utility we can rewrite (32) as follows:

pcfﬁsfv(lfﬁ)

p=5- T o) (PRt ) ont tar-9) @)

By making use of (33), we wan rewrite the temporal path followed by real consumption
(30) as:

€ —63—"/(1—5)

c‘:c<1+60§) [r*+(1—ozc)i—p(c,s,p)}» (34)

Consumption rises or falls depending on wether the consumption-based real interest rate (the
first term on the RHS in square brackets) is above or below the endogenous time preference
rate (the second term on the RHS). The multiplicative term falls between 0 and 1 (since
c s 0= = p X — o€ > 0). Hence, the relationship between the rate of change of real con-
sumption and the consumption-based real interest rate is smaller than 1/e which corresponds
to the IES with time separable preferences. Consequently, the short-term IES with time non
separable is smaller than the inverse of the coeflicient of relative risk aversion.

B Equilibrium Dynamics and Formal Solutions

Some Useful Linearized Expressions



Useful expressions evaluated at the steady-state denoted by a tilde write as follows:

D e T o alemti—gfto(1=9)
—|—ﬂ+0_u5 = ¢leh Tis >0, (35a)
PO it PE2E| = Tpae-alBaot-mlz0.  (50)
Ue + S U
ot ton] 1/l +e(l=)], (35¢)

|:Ucc + %—:Q;F}
et 55ls  [B+0 (1)

puccc - UeeC - € (ﬁ + U) o 07 (35d)
SO - Dge (1 9[Bro - >0, (359
~ ﬁ + 20 =~ . _ch . ~—1
[ucc+ ﬂ+JF] = — [y+e(l—7)]c " <0, (35f)
where I is given by (37).
We first linearize the time preference rate:
pt) =B+ Dlte (B+0)(c(t) —¢) + D (B+20) T (s(t) = 3) + (+9) (p(t) —p)  (36)
PeA PeA P

with -

I = ues + muss > 0. (37)

The sign of I depends on the magnitude of the cross partial derivative of the felicity function,
Ues. We assume from now and thereafter that the marginal utility of real consumption is
sufficiently increasing in the reference stock such that the preferences of the representative
agent display adjacent complementarity and I is positive (see Ryder and Heal [1973]).

Then, substituting first the dynamic equation for the real exchange rate given by (19f) and
the short-run static solution for labor given by (21), we linearize the dynamic equation for real
consumption (34):

) = —22 L pelt) = 0 = p s(0) = 5) + (1~ ) B + Fios] (k) — )
(1= a0 Frany = ] (0o0) =) |- (39)

Substituting the linearized version of the time preference rate, (38) rewrites as follows:

ety = (B+o)(et)—¢)+ g ngf (s(t) —5) + ﬁz\izc (1 = ac) [(B+ ) = pFrnny| (p(t) — P)
- f\ < [Fiok + Fonnu) (k‘(t) - if) ; (39)
with
B;ngf’ = —l {oe—(1—¢€¢)[f+0(1—7)]} <O
Ape [»34—0'(1—7)]
Puce cFro)

Saddle-Point Stability Conditions

Inserting the short-run static solution for labor (21) into the dynamic equations for real
consumption (34) and the real exchange rate (19f), inserting the short-run static solution for
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investment (24) into the accumulation equation of physical capital (6), linearizing these together
with the accumulation equation of habits (4) around the steady-state, and denoting long-term
values by a tilde, we obtain in a matrix form:

(s, é k,p)T —J (s(t) — 5, ct) — & k(t) — &, p(t) — p)T, (40)

where J is given by

—0 o 0 0
ﬁ;fcgl“ B+o as3 a4
T=1 0 L = L | (41)
0 0 »p [Fkk + Fknﬁk} ﬁﬁknﬁp
with
_ APe - -
agz = —— (1 —ac) [Fkk + Fknnk} , (42a)
_pucc
)\pc IR
au = o (1—ao) [(B+0) = 5Faiy| (42b)
UeeP

and I' > 0 evaluated at the steady-state is given by (37).

Denoting by p the eigenvalue, the characteristic equation for the matrix J (41) of the
linearized system writes as follows:

,LL4 + b1M3 + bQ/LQ +b3u+b4 =0, (43)
with
by = —trJ = —-2r* <0,
o = g2 JoBro) [ B2\ s a7 e
by =My = () { = [ucc+<ﬁ+a r +p(Fkk+Fknnk> I~ L7 (1 - )
- ﬁ(~k—5K>Fknﬁp}20
o (o[ (B3N] L (m a N [r s e
b3=—-M3z = r Tioe |:ucc+<ﬁ+0_ r +p<Fkk+Fknnk) Ip Icaccﬁ2 (1 ac)
- ﬁ(~k_5K Nknﬁp}>07
(

by = DetJ = M{ [u + (ﬂ 12”> f] Iy B+ B (L = 2y (T = 00 ))

[ E—

where My and Ms are respectively the sum of all diagonal second and third order minors of
J (see Dockner and Feichtinger [1991], p. 45). We used the following property (I — k) +
DFinnpy = r* to determine (44c).

For the sake of clarity, we drop from now and thereon the tilde over the partial derivatives
evaluated at the steady-state. The positive signs of (44c) and (44d) stems from the following
inequality:

o B+o
cc 2, o Uss - CcC» 4
U +B+2au < <6+20_>u (45)

Imposing (45) ensures that adjacent complementarity is not too strong and that the dynamic
system exhibits a saddle point stability (see Becker and Murphy [1988]).



The characteristic polynomial of degree four (43) can be rewritten as a characteristic poly-
nomial of second degree:

b3 .
0% + r—*ﬁ + by with 0 =p(r*—p). (46)
By evaluating first the eigenvalues 6 from the second order polynomial and then calculating p
from the definition of @, the four eigenvalues of the upper-left four by four submatrix in the
Jacobian are given by

_ 1 2 b3 b3\ .
pi=grtE (P2 S (T* —an | Y, i=1,2,3,4, (47)
with
p1 < po <0 <7<z < pg. (48)

and having the following properties
G e T e A C] (49)

The determinant of the matrix given by (44d) is positive, i. e. bs > 0. This is consistent
with there being either 2 negative and 2 positive roots, 4 positive, or 4 negative roots. Since
the trace of the matrix J is equal to 2r* = —b; which is positive and the trace is equal to the
sum of eigenvalues, only the first two cases must be considered. By Descartes rule of signs,
necessary and sufficient conditions for the characteristic equation to have just two positive
roots is that either by < 0 or b3 > 0. From (44c), b3 > 0 so we can exclude the case of four
positive roots. Since the system features two state variables, s and k, and two jump variables,
¢ and p, the equilibrium yields a unique stable saddle-path.

Following Dockner and Feichtinger [1991], the necessary and sufficient conditions for saddle-
point stability with real roots are:

=50, (50a)
b3\ 2
0<dbi<( 7). (50b)

2
The first condition (50a) holds if the inequality (44c) is fulfilled. Expression <%> — 4b4 can

be rewritten as:
bs )’ _ [o(B+o0) B+20) -
(T*) —db = { Ucc tee B+o t

— P |(Frr + Frnng) | I, — ICXLSZ (1—ac) | — (I — 0r) Frnnp 2
| (

UccP

O'(ﬁ—l—20‘)f[ APe
Uce Cuccl5

As the second condition may quite plausibly not hold, the system (41) exhibits saddle-point
behavior (as we have shown previously) but the stable roots may be either real or complex.

In the former case, trajectories may be monotonic or humped. Hence, in the latter case, the
dynamics involve cyclical behavior.

- 4

(1 = ae) (Fir + Frnng) Z 0. (51)

Formal Solutions

Setting the constants A3 = A4 = 0 to insure a converging adjustment for all macroeconomic
aggregates, the stable paths are given by:

s(t) =5 = AjeMt  Ager?t (52a)
c(t) —¢ = wiAjeMt 4 w3 Ajet?t (52b)
k(t)—k = widjef? +wlAzer2t (52c)
p(t)—p = wiAle“lt + wZAge“Qt, (52d)



where the eigenvectors wj» associated with eigenvalue u; are given by

s ()
; (ﬁFkn”p - Hi) I (‘7 + Ni)

wh = - , 53b
5= o 0 — )t 5o Fen + Fon Ly — (To — 05) mp]}) (53b)
. 5 (Fip 4 Frn .

v = P (Fik + F nk)w§7 (53¢)

(PFinnp — ;)

where we used the fact that Fy,nj +pFj,n, = 0. We normalized w% to unity. The two constants
write as follows:

dk — w2d3 wids — dk
Ay = 372 Y Pt huiiiy 54
B R R o

To determine the signs of eigenvectors, we have to establish the signs of useful expressions.
The first one is straightforward:

b b\ 2
=3 <5> — 4by > 0. (55)

T* T*

This inequality holds while the eigenvalues are real.

Making use of (49), we can establish some conditions for the signs of the following expres-
sions:

paprs + DI Fir + Fip [Ipng — (I — 6x) np)} S 0,
depending on wether p{I,Fyr + Fpp [Ipnk — (Iy — ) npl} S o (B+0),  (56a)
paps + Pk + Fin [Iyng — (Ix — 0 ) np)} 2 0,
depending on wether p{I,Fyr + Fpn {[Ipnx, — (I — 0x)npl} 2 0 (B+0), (56b)

Since for plausible (and a large range of) values of preferences and production-side parameters,
inequality 0 < p [IpFir + Fin (Ipng, — (I — 0x) np)] < 0 (8 + o) holds, we deduce that s +
P UpFik + Fin (Ipnie — (I — 6x) nyp)] < 0 and piopig + p [ IpFig + Fip (Iprgs — (Ip — 6x) np)] <0
(see inequality (56a)).

In light of the above, we assume that 0 < p{I,Fii + Fin [Ipng — (I — 0k ) npl} < o (B + o)
which implies in turn:

(r* — 1) p1 + p{IpFik + Fin [Ipre — (Iy — 0k ) mp }

= papr + p{IpFrr + Fien [Iyn, — (I, — 0 ) np} <0, (57a)
(r* — p2) po + p{IFir + Fip [Lpng — (Ix — 0k ) npl}
= pap2 + D {IpFrk + Fin [Iyng, — (Ix — 0 ) np)} < 0. (57b)

In addition, the sign of eigenvector (o + p1) can be established as follows:

(0 4+ p1) 20 depending on wether p{I,Fyr + Fion [Ipne — (Ix — dx)npl} S o (B+0).
(58)
Imposing the inequality has the following implications for eigenvectors wi and w3:

(0+u1) >0, (0+p2)>0 if p{L,Fpr+ Fin[Ipng — (Iy — 0x)npl} <o (B+0), (59)

where it is straightforward to infer that (o + pg) > 0 since p; < pg < 0.

An another way to show that the eigenvector wj is positive is to use the second line of
(J — pilyxq) w} = 0 which allows to derive another expression of wj:

FEOT 1 2= (1—a.) (B+0 — ) wj

(.UZ — Uce
? (B+0 — pi)

>0, i=1,2, (60)
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where we used the fact that wg = —%

(42a)-(42D)):

and we estimated the following expression (see

pFinnyp — i A
G4 — o3 ~(p knTlp ,uz) _ ADc (

= — l—ae)(B+o—p;) <0, i=1,2.
b (Fkk + Fknnk) p2ucc C) ( MZ)

From expression (60), it is straightforward to show that wi > 0 for i = 1,2 as long as w} > 0,
by making use of properties (49).
Signs of Eigenvectors

We write out the four eigenvectors w?, corresponding with stable eigenvalues p; with i = 1,2,
to determine their signs

1 (+)
(J+,u1) (+)
wl = (PEgnnp—p1)le(o+pm) ?) ) (61)
o{(r*—p1)pr+p{Ip Frops+Flon [Ipne— (I —0 5 )npl 1 } ’
_ Pkt Fonni)lc(o+p) (+)
o{(r*—p1)p1+p{Ip Fer+Frn[Ipne—(Ik—0K )npl } }

where the sign of (pFj,np — p1) is undetermined, similarly to the case of time separable pref-
erences.

1 (+)
otp2 (+)
w? = (BFinmp—2)Te (0+112) G (62)
o{(r*—p2) p2+D{Ip ik +Fin [Ipnk— Lk —0r )rip] }} )
_ P(Frp+Frnng) Lc(0+p2) (+)
o {(r*—p2) p2+5{Ip Fik+ Fen[Ipnk— (T —6x )np|

where the sign of and (pFj,n, — p2) is undetermined, similarly to the case of time separable
preferences.

Formal Solution for Labor

To compute the formal solution for labor, we linearize the short-run static solution (21) for
labor around the steady-state:

n(t) = = ny (p(t) — B) + i (K(8) — k). (63)

Substituting the stable solutions for p(¢) and k(t), we get:

n(t) —n = LiAje"' + LyAgel?, (64)

with
Li = mws+nywy, (65a)
Ly = mpws + nyws. (65b)

Formal Solution for the Stock of Foreign Assets
The accumulation equation for traded bonds is:

X (p(t))
p(t)

We first linearize equation (66) around the steady-state:

b(t) = r"b(t) + — . (p(t) e(t) — g (66)

b(t) = (b(t) = B) + 2 () = 5) — pl. () (e(t) — ) (67)

with

ol
Il

X
o=
p

| — |
'@z‘ B

(rx — 1)+ 6FDF] =

] > 0, (68)

el =
el =
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where the elasticities of exports and imports w. r. t. the real exchange rate are:

X /!
uX:7pp>0, I/F:fpc(}?:qf)(lfozc)>0. (69)

Expression (68) gives the net exports reaction expressed in terms of the foreign good to a
change in the real exchange rate. We assume that the generalized version of the Marshall-
Lerner condition, i. e. with an unbalanced trade balance, holds. Hence, a rise in the relative
price of import goods leads to an improvement of the trade balance evaluated at the steady-
state, so we set > 0.

Inserting stable solutions for ¢(t) and p(t), given respectively by (52b) and (52d), the
solution for the current account writes as follows (we set A3 = A4 = 0 to eliminate unstable
paths):

2 2
b(t) = r* (b(t) - 5) +Q Z Ajwherit — pl, Z Ajwberit (70)
i=1 i=1
Solving the differential equation yields:

~ ~ N1A1 N2A2 *

N1 A Ny A
+ 1 1* eult + 2 2* eugt’ (71)
H1—T Ho — T
where } 3
Ny = Quj — plwy,  No = Quj — plws. (72)

Invoking the transversality condition for intertemporal solvency given by (20), we obtain
the linearized version of the nation’s intertemporal budget constraint:

~ N1A1 4 NQAQ

bo—b= (73)

For the national intertemporal solvency to hold, the terms in brackets of equation (71) must
be null, such that the stable solution for net foreign assets finally reduces to

5 NlAl

b(t) — b gt 4. 224>

p1 —7r* p2 — 1%

ekt (74)

Inserting the values for the constants A; and Ay given by equations (54), we obtain the
linearized version of the national intertemporal budget constraint expressed as a function of
initial stocks of capital and habits:

b—bozq)l(];‘—ko)—F(I)Q(g—So), (75)

with

(=) Na— (2 — 1) N X
s (1 =) (pg — %) (w3 —w3)’ (e
~ (p2 = ) wiNy — (1 — r*) wiNy
L Py AR o By (76D)

Formal Solution for the Stock of Financial Wealth

Financial wealth measured in terms of the domestic good, a(t), is equal to the sum of the
stock of foreign assets, p(t)b(t), measured in terms of the foreign good and the capital stock.
The law of motion for financial wealth (S(¢) = a(t)) is given by:

a(t) = r* (t)a(t) + w(t)n(t) — pe (p(t) c = T, (77)



where lump-sump taxes cover overall government spending, i. e. T = g” +pg’". Remembering
tha:c w = F, and v = F, — §x and substituting the short-run static solution for labor
n ()\,p, k:,), linearizing (77) in the neighborhood of the steady-state, we get:

d(t) = r* (a(t) - d) + [(Fkk + Fknnk)ﬁg + ank} <k(t) — k;) — Pe (C(t) _ 5)
- [(Fknﬁé - Fn> np — (& + ¢" )] (p(t) = D), (78)

where we used the fact that 7% = F, — 0 = r* at the steady-state; we used properties
(18) and a = pb + k to rewrite (Fix + Finng) @ + (Fin + Fanng) 7o and Fipnpa + Fppnpit as
(Fyr + Frnng) pb and Fi,nppb respectively.

By inserting the stable solutions, using the fact that w} = —%
terms, the solution for the stock of financial wealth writes as follows:

wj, and rearranging

. ~ ~ X F, ng Fkan . ]
a(t) = r*(a(t)—a)— r— )b+ =+ = L ( — )| Wt A ettt
0 = rew-a-3 [( )bt S = (TR ) i,
2 .
— pe Y Awhett (79)
i=1
where we used the fact that (EF + gF) =r*b+ %;.
Solving the differential equation leads to:
S1A So A x S1A So A
a(t)—a=|(ag—a)— 171 2272 oty PUL ot 2422 pat (80)
A A p1—1* p2 — 1%
where
T X F, Nk Fkan 1 1
S1o= = [pab+ = " - — pews < 0, 81
' pao P - P (Fik + Frnnk) < T (81a)
T X F, Nk Fkan 2 2
Sy = —|wsb+— - - —~ 0 81b
2 M3 + ﬁ + ﬁ(Fkk + Fknnk) < Fkn 2 Wy Pcwo < ’ ( )

with (Fgx + Frnnk) < 0 and ng > 0, and eigenvectors wi, wi, w%, w% are positive for all
parametrization.

Invoking the transversality condition for intertemporal solvency, we get the linearized ver-
sion of the households’ intertemporal budget constraint:

S1A So A
[ B2

p =1 gy =t

ang — a =

(82)
For the intertemporal solvency to hold, the terms in brackets of equation (82) must be null, so
as the stable solution for the stock of financial wealth finally reduces to:

S14 So A
a(t) —a=lemt p P22
1 —=r w2 —r

ek2t, (83)

Formal Solution for GDP
Linearize the production function in the neighborhood of the steady-state:

Y(t) =Y + B, (k(t) — k) + By (n(t) = 7).

Remembering that Fy, = r* + dx, and using expressions of L; and Lo given by (65), the stable
solution for overall output writes as follows:

Y(t) = V+Yi (k) k) + Y, (p(t) - 5).

2 2
= Y+Y Z wéAie“it +Y, Z wiAieMt, (84)
i=1 i=1
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with
Y= (r*+0k) + Fonp =1, >0, Y, = F,n, <0. (85)

C Steady-State Changes of Government Spending Shocks

The steady-state of the economy is obtained by setting ¢, §, l%, 1'),13 = 0 and is defined by the
following set of equations:

-~ o ~ Dc (]5) A
ue (G, 8) + Ug (G, 8) = —, 86a
(0.3 + g7 (0.5) = (36a)
c=35, (86b)
. B - .

r* 4+ 0 = Fy k:,n()\,p,k)} , (86¢)
b+ F [l%, n (/_\,15, k)} —pe ()& — Sxch — gP — pgF =0, (86d)
F b (A5 E) | = (1= ) pe (5) &+ 0k + X (5) + 97, (86¢)

and the economy’s intertemporal budget constraint
<I~) — bo) =P, (iﬂ — k‘o) + ®y (§ — 80) , (86f)

where we used the fact that at steady-state I = dxk, and we have substituted the short-run
static solution for labor which obviously holds in the long-term.

C.1 Steady-State Changes

Totally differentiating equations (86) yields in matrix form:

B+20\ T peA(l—ae) c _
[“cc + ( Bto ) F} == 5 0 0 dé
0 F/mnp Fknn;\ Fk:k + F]mnk 0 d@
_p, (Ip n m) I (h—dx) P jg
— (1= ) pe I, I (I — k) 0 I
—d, 0 0 —dq 1
0
0
= dgP + pdg” : (87)
ng

dbg — ®1dky — Padsg

We used the fact that <6F +gF - r*l;) = X/p (see (89)) together with F,n, = I, + © and
N=06— X/ﬁ to rewrite (anp - %) as follows (Ip —i—ﬁfl).
Domestic Good g”

The steady-state effects of an unanticipated permanent increase in government expenditure
falling on the domestic good are obtained from the total differential of the equilibrium system

11



(86) w.r.t. gP:

dé ds De ~ TPeC
dp Finny B+20_] . (Frek + Frnn) pe < &
= cc r o — — @y — cPc s ; b
= Bl B2y ey, B P g, ) S0, (st
d\ (Frx + Flmnk) pc;\ (1—ae) , .,
dng = - D ]52 (p?“ Dy — acpc)
|:ucc + %12;1—\ -
_# {Fknnpr*ﬁq)l - ]59 (Fkk + Fknnk)] 2 Oa (88C)
dk Fn B+20] .
s I e
Fin  aepe ~ (+) (+)
+— = Dor*p — Pe)=7——+-—> 07 88d
D/npp (27"}7 Oép) (+) (+) ( )
db dk ds
— = P—+DPy—<0 88
dgP 1ng + 2ng <Y, (88e)

where &1 <0, 3 > 0, (Por*p — acpe) < 0 and D > 0 for all parametrization.

Totally differentiating the short-run static solution for labor (21) and substituting relevant
expressions (88), the steady-state change of employment after a permanent rise in gP is:

dn d\ N dp N dk
— = N5s——+n,—— +Np——
dgP A dgP P qgD k dgP’
F + 20 =~ = -
— _% {— [ucc + %HF] nps + %acnp (Por*p — acpc)} >0,
Frpxn <Pc)2 X el
= - — +e(l— - |vx + — (a.V + (1 — « -1
D P [’V ( 7)] . X b% ( c ( c) ¢)
F ~ ~F
RRXTLC 5y > 0, (89)
¢

where the sign of (89) comes from assumption (Po7*p — acpe) < 0. As long as this inequality

holds, and thereby labor rises, as longer as a fall in real consumption by one unit induces an

improvement in the balance of trade by a larger size than the fall in interest receipts.
Import Good g

The steady-state effects of an unanticipated permanent increase in government expenditure
falling on the foreign good are obtained from the total differential of the equilibrium system

12



(86) w.r.t. to g

de _ ds _ Pc ~ * _ (+)
dp D 8+ 20
dgﬁ — 5 |:ucc+ﬁ+o_rj| [FkchS\+Fkn (nkjj\,n;\ (Ik*(;K))]
(pe)?
—p (L= ac) (Fik + Fnng) > 0, (90Db)
d75‘ _ _ﬁ(Fkk+Fknnk) (1_ac)pc 25\
dg¥ D p
e + 52T
— 5 Pl(Fk + Finr) Ip = Finry (I = 0x)] > 0, (90c)
dk Fin B+ 20 s
dgﬁ — D{ — [ucc + B‘HTF] n;poO +p2 (1— ) ozcnp},
Frnxn pe X P
= ——= 1— — e— (¢ — ,
PP e (1) S |vx+ap (0 -1)| >0 (90d)
db dk ds
— = O——= +Dy—— <0 90
dgF ldgF + 2dgF <Y, (90e)

where ®; < 0 and ®3 > 0 and D > 0 for all parametrization. We used the fact that
{FirIs + Fn IneI5 — nx (I — 0k )]} = nyx (FeeFn — Frnr™) < 0 to compute the sign of (90b).
The sign of (90d) holds, i. e. the capital stock is permanently raised after a rise in government
spending in ¢, if ¢ > v, that is if the long-term IES with time non separable preferences is
less than the intratemporal elasticity of substitution ¢. As empirical evidence overwhelmingly
suggest, the intertemporal elasticity of substitution for consumption is smaller that unity, i. e.
v < 1; additionally, since domestic and foreign goods are substitutes, we set ¢ > 1; hence, the
inequality ¢ > v holds.

Totally differentiating the short-run static solution for labor (21) and substituting relevant
expressions (90), the steady-state change of employment after a permanent rise in g% is:

dn dX dp dk
dgf = MagF TTragE T ggE
Fiexii (pe)? X b
= — 1—~)]— — (¢ — . 1

The sign of (91) holds, i. e. employment is permanently raised after a rise in g/" as long as the
inequality ¢ > v is fulfilled.

C.2 Wealth Effect and Direct Effect: The Two-Step Solution Procedure

In this section, we calculate the signs of the partial derivatives of the steady-state functions
obtained in the first step of the two-step solution procedure by solving system (86a)-(86e) with-
out the intertemporal budget constraint (86f). Totally differentiating the system of equations
(86a)-(86e) yields in matrix form:

lod cx —Qc
e + (Gt22) 7| BArec) 0 0 dé
0 F;mnp Fip. + Fiong 0 d]?
—pe (Ip + m) (I — 6x)  pr* j’g
—(1—046)]90 Ip (Ik—(SK) 0
pe s
Fﬁ dAdX
_ —LEnhy B 2
dg” + pdg" — I;dA (92)
dgP — I5d\

13



The determinant of the system matrix is given by:

G = ]57‘* |:ucc + <%—:_2;> f:| {Fkkfp + Fin, [nklp — (Ik — 5[() np]}

c 1- c 2 N
+pr* [p(pa)] (Fiok + Frpni) A <0, (93)

where the sign of G follows from (26) and (27).

From system (92), we can calculate the partial derivatives of the following steady-state
functions:

ko= k(\g".g"), (94a)
§ = ¢=m(\g”.d"), (94b)
p = p(XAg”.g"), (94c)
B = v (xagDng) ) (94d)
with
_0¢c per*
my = 5 = G {Fkklp—l—Fkn [nkfp— (Ik—(SK) np]}
TA(1— e
+G(~Q){Fkk~[)\+Fkn [nkI;\—n;\ (Ik—(SK)]}} <0, (95&)
_ oe ™ peA (1 = a) (+)
mgp = agiD:—Ef(Fkk—i-Fknnk):g < 0, (95b)
mgr = aagCF =0, (95¢)
B+20
a~ Uee + Bto F .
Py = —Z_):—[ ( ) }rp[(Fkk—i—Fknnk)I)\—FknnA(Ik—éK)}
o\ G
+% (1 — ac) (pc)2 (Fkk + Fknnk) = E_; + E_; >0, (95d)
B+20
o et (BF)T] L (+)
pgD = 8gD = G T p(Fkk =+ Fknnk) = g < 0, (956)
op
ng = 097F = 07 (95f)
_ 0k 1" pFn B+ 20 = pi(l—oac)
kx = ECRE {[UCC+<B+J>F]n)‘@_ﬁacnp >0, (95g)
_ Ok P B+20\ ] _ (-)
ng = 290 = G Frnnp [ucc + <ﬂ+0’ > F] = =) > 0, (95h)
ok :
ng = agiF = O, (951)
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where the signs follow from several expressions which have been computed:

Al — e
{Fkk[p + Fi., [nkIp — (Ik — (51() np]} + ¥ {Fkkfj\ + F., [nklj\ —ny (Ik — 5K)]}
= —O (Fur + Finng) + acny [FrpFy — Frpr™] > 0, (96a)
npls — nyl, = n;0 > 0, (96b)
A
np + (1 — ) En;\ = aeny < 0, (96¢)
B+ 20 ~ p? (1—a)
[ucc <ﬂ+ I' ny© — Tacnp
p0[7+6(1_ 7)] o b
= S Zn. X — (¢ — 0 96d
B P Tp VX+0‘CX(¢ v)| <0, (96d)
[(Fkk + F;mnk) I F;mn)\ ( k= 5}()] = ny [Fkan — F;mr*] < 0, (966)

To determine the sign of (96a), we used the fact that (I — 0x) = (Fx — 0r)+ Fung = r*+Funyg
at the steady-state. The sign of (96d) holds as long as ¢ > v, i. e. if the long-term IES with
time non separable preferences is smaller than the intratemporal elasticity of substitution ¢.

Substituting the steady-state function for the capital stock (94a) and the real exchange rate
(94c¢) into the static solution for employment (21), the long-term level of labor can be expressed
in terms of marginal utility of wealth and exogenous policy parameters:

:N(S\,gD,gF), (97)

where partial derivatives are given by:

- 8j_ preny 0+ 20 ~ N
N o= =g [ <ﬁ+0_>r] [FkkG—I—(l—ozc)np(Fkan—Fknr)
F *
n %pg (1 - ae)ae =0, (98a)
i on B npﬁr*Fkk B4 20
Ny = 57 = G [ucc+<ﬂ+a r| >0, (98b)
on

C.3 Short-Term Effects of a Fiscal Expansion: The Case of Inelastic Labor

The derivation of trajectories turn out to be quite complex in the case of elastic labor. By
contrast, as long as employment is fixed, we are able to fully characterize transitional dynamics.
In this subsection, we characterize the transitional dynamics by assuming that labor is fixed
for analytical simplicity. Yet, tt is worthwhile noticing that the results derived in the case of
inelastic labor hold with elastic labor.

We start the investigation of transitional dynamics by evaluating the constants after a
government spending shock, ¢/ (with j = D, F):

A 2 ds

Sl B 2% 50, j=D,F, (99a)
dg’ wg—wg dg’

Ay w3 ds .

— = ———— <0, =D,F 99b
dgi Aowldg <0 I=DE (99b)

where wi > 0, w3 > 0, d3/dg? < 0.
From (99), we deduce the following property:

A2 w3 A1 .
iy~ w0 (100)
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Setting ¢ = 0 into (52d), differentiating with respect to ¢”, and noting that (ﬂ% = 0, the

real exchange rate appreciates initially following an unanticipated permanent rise in government
spending on the domestic good:

dp(O) dﬁ 1 Al 2 AQ
ng = ng +W4ng +W4ng,
_dp N wiw? —wiwl] ds
- dgP wi —wl dgP’
ik Pe ) (510 o [ el () Ao (101)
= ——= r -« === = — .
D p« p 2 cPe wg — w% p ﬁ

Then, we derive the initial reactions of investment and the rate of change of the real
exchange rate:

d:g(g) = legl)d/;) + uzw?,(ﬁi),
ddpg(g) = lei(;;j + Mzwz(;;ﬁja
_ [uwi:g :5260300%] deD —0. (102b)

We investigate in more details the condition of the non-monotonic adjustment of the invest-
ment in physical capital. More specifically, we must determine wether there exists a critical
value of time, t = £ > 0, such that investment , i.e. T (f) =k (f) = (0. Setting the time
derivative of the stable solution of physical capital at zero, and solving for ¢ yields:

) 1 2Ay/dgP
i In [“2”5{ 2/ QD} , (103)
p1 — p2 piwsAr/dg
where p11 — 12 < 0 and the necessary condition for £ > 0 corresponds to:
2 D 1
pow3As/dg dk(0)
0< ————————F—=<1 < 0. 104
pawi Ay /dgP dg” (104)

If condition (104) holds, the stock of physical capital initially decreases before reaching a
turning point at time £. Subsequently, investment is crowded-in and the stock of capital goods
increases towards its unchanged steady-state level (because we assumed that labor supply is
inelastic).

Regarding the transitional path followed by the real exchange rate, it is convenient to
rewrite the time derivative of its stable solution by using the fact that w} = %wgz

A
B(t) = ~pFiwy T pdg” (1 - e(mw)f) el2t > 0, (105)
g

To sum up, after a rise in g, the relative price of the foreign good jumps initially downward
and then the real exchange rate depreciates along a stable monotonic transitional path.
We have now to derive the initial reaction of the current account. At this end, we differenti-

ate the two-dimensional stable solution for b(¢) w. r. t. time, evaluate at ¢ = 0 and differentiate
w.r.t. ¢/ (with j =D, F):

db(0) N A Ny A
dod M T qg THe S
g p1 — r*dg’ p2 — r*dg’
— ) WIN, — — ) wlN ds
_ w1 (pe — 1) ws Ny M2(M12 7“2“3 2 i’ j=D,F (106)
(p1 —*) (2 — ) (w3 — w3) dg’

N GO
__(+)X()<07
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where used the fact that (w§ —wj) > 0. From (106), the current account unambiguously
deteriorates at time ¢ = 0.

To investigate in more details the conditions under which the stock of foreign bonds adjusts
non monotonically, we have to determine wether there exists a critical value of time, denoted
by t =t > 0, such that the stock of traded bonds reaches a turning point along the stable
trajectory, i. e. ca (f) =b (f) = 0. Setting the time derivative of the stable solution of traded
bonds equal to zero and solving for ¢, we get:

1 iz (j — ) NaAg/dg?

t= In .
1 — 2 p1 (2 —7*) N1 Ay /dgd

(107)

where N7 < 0 for all parametrization and Ny 2 0. In the case Ny > 0, the critical value of
time along the transitional path does not exist since the term in square brackets is negative.
Since Ny is positive for all parametrization, the current account stays in deficit along entire
adjustment.

Setting ¢ = 0 into the stable solution of real consumption, differentiating with respect to
¢’, and substituting constants given by (99), we obtain the initial response of real consumption
following an unanticipated permanent rise in government spending:

de(0)  de o+ p\ Ar N o+ 2\ Ao
dg dg¢J o dgJ o dgJ
2 11 42
piws — pows | dc () .
= (M mpews Al 2) o y<0, j=D.F 108
[a(wg_w;,)] g = ’ 10%)

where w3 —wi > 0 and pwi — powl < 0 (after tedious computations).

Regarding real consumption’s transitional path, there exists a critical value of time, t =
t > 0, such that the real consumption reaches a turning point, i. e. ¢ (tv) = 0. Setting the time
derivative of the stable solution of consumption equal to zero and solving for £, we get:

y 1 3As/dg?
- 1 [—’Wf Q/dg} : (109)

p1 — 2 piwy A1/dgl

where i1 — p2 < 0 and the necessary condition for £ > 0 corresponds to:
2 j :
pows Ao /dg’ deé(0)

0< ——F—F—— & = < 0. 110
pwy Ay /dg? dg’ (110)

If condition (110) holds, real consumption initially decreases before reaching a turning point
at time £. Subsequently, the real consumption rises towards its new lower long-run level.

Then, we investigate in more details the condition of the non-monotonic adjustment of the
reference stock. Adopting the same procedure than previously, there exists a critical value of
time, t = ¢ > 0, such that the habit stock reaches a turning point, i.e. $ (t) =5 (t) = 0.
Setting the time derivative of the stable solution of the reference stock equal to zero and solving
for £, we get:

, 1 Az /dg?
f=—— In [—W] : (111)
B = ph2 p1Ar/dg?
where p11 — p12 < 0 and the necessary condition for £ > 0 corresponds to:
ppAg/dg? ds(0)
0I< ——————<1l & = < 0. 112
p1 Ay /dg? dg’ .

If condition (112) holds, the stock of habits initially decreases before reaching a turning point
at time f. Subsequently, accumulation of habits turns to be positive and the reference stock
increases towards its new lower steady-state level, i. e. s overshoots its long-term value.

17



C.4 The Short-Term and Long-Term Marginal Propensities to Consume
with Habits

In this subsection, we provide the main steps of derivation of the short-run and long-run
marginal propensities to consume (MPC). The fact that stable paths are two-dimensional
complicate substantially the derivation of MPC. Hence, we found convenient to simplify the
model by abstracting from capital accumulation.

Households maximize the following objective function:

U:/OOO{ ! [ () }1_6—7Nn(t)1+w}exp(—ﬁt)dt, (113)

1—e€ [(s(t)” 1+ en
subject to the flow budget constraint

P(DB(E) = r*p()b(t) + w(t)n(t) - pec — T, (114)

and the accumulation equation of habits (4). The government finances government spending
on the domestic good g by levying lump-sum taxes 7T

Macroeconomic Equilibrium

The macroeconomic equilibrium is described by the following set of equations:

P N
uc (¢, s) + 0 = pat (115a)

A
vp (n) = —;w, (115b)
Fy (n) = w, (115¢)
A=X(B-1Y), (115d)
§=(B+0)¢—us(cs), (115¢)
F(n)=(1-ac)pc+X(p)+y, (115f)

together with the accumulation equation of foreign assets (180), the accumulation equation of
habits (4) and appropriate transversality conditions; (1 — «.) p.c stands for the consumption
in the domestic good.

Solving (115b) for labor yields n = n (5\, p). Substituting the short-run static solution for
labor into the market-clearing condition for the home good (115f) and solving for the real
exchange rate yields:

p=11(\cg"), (116)
where
II; = —m > 0, (117a)
10, = m <0, (117b)
M,» = anpl_@ <0, (117¢)

with © = X (nx + (1 — a0 ) > 0.

Differentiating (115a) with respect to time, substituting (4), (115e) and (182), eliminating
¢ by making use of (115a), yields the dynamic equation for real consumption:

A .
¢ = —\Ifll% (7“* —p (c,s,p, )\)) , (118)
where 5
C HC
q/:1+p1; C(l—ac)—c. (119)
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Linearizing (184) together with the accumulation equation of habits (4) around the steady-
state, and denoting long-term values by a tilde, we obtain in a matrix form:

(3,0)" = J (s(t) = 5,c(t) — &), (120)
where J is given by
1= (s 500 ) (121)
ST (B+o0)
with .
G142t ol=9_ ¢ <~1_O‘C)WF > 1. (122)
cBH0) ¥ x(1-ax)+ $vx + Ep(1 - o)

Using (35b), the determinant denoted by Det of the linearized 2 x 2 matrix (188) is unam-
biguously negative:

Det J = —\i’_l% B4+ 0(1—7) {['y—i—e(l—y)] —(1—ae) H};é} <0, (123)

where 0 < U~ < 1. The trace denoted by Tr is given by:
TrJ=06=r">0. (124)

The characteristic roots obtained from the 2 x 2 linearized matrix J write as follows:

1
i =g {Iw + \/(T&J)Q - 4Detj} >0, i=1,2 (125)

Since the system features one state variable, s, and one jump variable, ¢, the equilibrium yields
a unique one-dimensional stable saddle-path. It is straightforward to show that setting v =0

yields a stable root which simplifies to /[{ZO = —o0.
Stable solutions paths are given by:
s(t) — 5 = BieM', c(t) — é = wiByett, (126)

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

wg:<”+”i>>o, i=1,2. (127)

g

Eigenvector wi = (%) is positive if and only if:

B+o(l=ly+ed -] <e(B+0). (128)

It can be shown that condition (128) is satisfied as long as € > 1.
Consumption, Habit Persistence, and Permanent Income
Solving (180) and invoking the transversality condition yields:

/OO Pe . () e " Tdr = b(0) + W(0),
0

where W (0) denotes non-financial wealth, defined as the present discounted value of the future
flow of real disposable income expressed in terms of the foreign good, i.e.

W(0) = /0 h [w(T)p”((TT))_T] e " Tdr.

Linearizing %c(t) around the steady-state, substituting the stable solution for con-

sumption c(t) = &+ Tt (s(t) — 3) into the intertemporal budget constraint, this enables us
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to derive the long-run level of real expenditure, ¢, which satisfies the intertemporal solvency
condition given a stable adjustment:
I (0 4 1) r* — 1 pr* [bp + W(0)]

C = ——= + = , 129
¢ A o %0 A Pc ( )

where pr* [bg + W (0)] /pc is the permanent income defined as the annuity value of financial and
non financial wealth expressed in terms of the foreign good deflated by the consumption price
index. Additionally, we set:

T [1 C(—ay) HN‘T —14 U-a)y >0, (130a)
P X (1= aK) + Frx + ELo(1-ao)
A = (7 —m) < > (130b)
where I > 1.

Before deriving formal expressions of the marginal propensity to consume (MPC), we set
the following assumption :

—H1

Assumption 1 II <~

which in turn insures that 0 < A < r* — u1. From an economic point of view, inequality
IMm<? = holds as long as the domestic content of total consumption expenditure (1 — a) is
small, and both the share of exports in GDP X / Y and the import content of total consumption
expenditure are large. Yet, as we shall see below, Assumption 1 holds even if the economy
displays a small trade openness.

The term in front of the real permanent income “—#* > 0 on the RHS of (129) represents
the long-run MPC of the real permanent income. Setting v = 0 implies the multiplicative term
reduces to unity so that the long-run MPC is equal to one. Unlike, relaxing time separability
in utility implies that the long-MPC turns out to higher than one, at the condition that
(04 p1) > 0 which is satisfied.

Evaluating now the stable solution of ¢(¢) at time ¢t = 0, using the fact that § = ¢, and
substituting (129), this enables us to derive the optimal initial level of real consumption:

- (34)

where T*_T”l > 0 represents the short-run MPC the real permanent income. As long as in-

- Er*m ot = pr* [bo + W(0)]

o A Pe

, (131)

equality 0 < II < 7"*7,_7*’” holds (see assumption (1)), optimal consumption at time ¢ = 0 is
positively correlated with the initial stock of habits and the short-run marginal propensity to
consume the real permanent income is smaller than unity. Notice that 0 > ,u7>0 > ,u?:O = —0.
The reason is that without habits, dynamics do not degenerate but the adjustment towards the
long-run equilibrium gets faster. Hence, the consumer without habits display a larger short-run
marginal propensity to consume.

In a small open economy model where the relative price of domestlc goods is exogenous and
thereby remains constant over time, we have ¥ =II =1 and A = BL (g + r*). Consequently,
the short-run and long-run marginal propensities rewrite as follows:

(o + ) o (r* — p1) pr* [bo + W(0)]

- so + : 132a
o+ (o 1) pe (132a)
* — pq pr* by + W (0
0 = T TP O (1320)
DPe

From (132b), the condition for the short-term MPC to be smaller than unity is o+ > 0 which
always holds as long as v > 0. In words, the short-run MPC is smaller with an exogenous p than
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with an endogenous p. The reason is as follows. Along the transitional path, the real exchange
depreciates which in turn implies a smoother real consumption adjustment (due to the the rise
in the consumption-based real interest rate which compensates the high time preference rate).
Such a consumption behavior is consistent with the intertemporal solvency condition as long
as the consumption falls by a larger amount in the short-run than that prevailing with a real
exchange rate constant over time. Without habits, ,u?zo = —o such that the short-run and
long-run MPC coincide and are equal to unity.

How is Relevant Assumption 17

In this paragraph we provide a numerical analysis which supports Assumption 1 since
inequality I < 54 could not be derived analytically. Adopting the benchmark parametriza-
tion discussed in sectlon 4.1, we set: the weight of habits into utility v at 0.8, the relative-risk-
aversion coefficient € at 2.5, the speed at which habits catch-up with current consumption o
at 0.65, the weight attached to consumption in the domestic good ¢ at 0.95, the elasticity of
substitution between the foreign and domestic good ¢ at 1.5, the output share of labor income
1 — ax at 0.65, the fixed time discount rate 8 = r* at 0.035, the elasticity of exports with
respect to the real exchange rate vx at 0.8, the share of domestic goods in consumption expen-
diture (1 — a,) at 85%, the ratio of exports to GDP X/Y at 10%, the share of consumption in
the domestic good in GDP ¢” /Y at 57%, the share of consumption in the foreign good pc!” /Y

at 10%, the elasticity of labor supply with respect to the marginal utility of wealth y = ;]’VN fé\’N

at 0.35 (setting o and Oy at 0.4 and 2.9). Numerical results for p1 given by (125) and II
given by (130a) are as follows: p; = —0.06, r = 2.85, and II = 2.11. Hence, assumption
1 is satisfied for our benchmark parametrlzatlon Notice that our calibration uses US data for
the period 1980-2008. Since the US economy is less open than most of OECD countries and
because II lowers as trade openness rises, we expect that this condition holds for a large range
of parametrization.

C.5 Long-Term and Short-Term Effects of a Fiscal Expansion on the Con-
sumption in the Domestic Good

Using the fact that ¢ = (1 — a.) pec, the steady-state change of consumption in the domestic
good after a permanent rise in gP is

deP p dp dé
where the negative sign follows from (88a) and (88b). Since consumption in the domestic good
influences the size of the spending multiplier, we compare the magnitude of the decline in &”
with the drop in total expenditure in consumption goods:

deP dé r*Fknnpq)poOzc
ng_pcng = D —H{ac+ (1 —a) o[y +e(l—9)]}
F + F 2o | X
ot Fom) peae | X gL ey <0, (134)
D b | P
where we used the fact that pQ = 2 VX +é&Fp (1 —ae) — %; and one useful expression (35f).

Using the fact that ¢’ = plc, the steady-state change of consumption in the foreign good
after a permanent rise in g% is

det’ " dp aepe dé
15D = —¢(1 —ac)?ng + =5 g SO (135)

where the undetermined sign follows from (90a) and (90b).

Linearizing c¢” = (1 — a,) pec around the steady-state, evaluating the resulting expression
at time ¢ = 0 and differentiating with respect to ¢g” yields:

dc”(0) _ - dp(0)
ap —¢1-e)@ py

+ (1 c)pc

<0, (136)
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where the negative sign follows from (101) and (108).

C.6 Time Preference Rate Dynamics

The specification of a habit-forming behavior implies a variable time preference rate. Following
an unanticipated permanent fiscal expansion, the time preference rate rises initially and then
decreases over time toward its steady-state value, 3. The reaction of p reflects the temporary
gap between the marginal utility of current consumption and the marginal utility of future
consumption. In this section, we determine the stable transitional paths for the time preference
rate which have been computed numerically.

The solution of the time preference rate is obtained by linearizing (32) in the neighborhood
of the steady-state and using the fact that p = G:

p0) = 042 (5 0) o) - 8+ L (54200 s - )+ L0 (54.0) ) - ),
- g+p (B +0) [Erdie + Sy Ape'], (137)
where
P A G = L <0 0
2 = G e G g <0 0o

with T given by (37). To determine the signs of Z; and =g, we made use of (60), i.e. wi =
r2e [y Pe (1—ac) (B+o—pui)w)
N (o= > 0.

We estimate the initial reaction of the time preference rate by evaluating (137) at time
t = 0 and by differentiating w.r. t. ¢’ (j = D, F):

dp(0) pucC Ay Az
PO Pt (54 0) |22t + 2222 (139)

D Welfare Analysis

In this section, we investigate the welfare effects of an unanticipated permanent rise in gov-
ernment spending, ¢/, falling on the domestic good (j = D) or the foreign good (j = F). We
denote by ¢ the instantaneous welfare:

o(t) = u(c(t), s(t) + v (n(t)), (140)
and by U its discounted value over an infinite horizon:
= /OOO o(t) exp (—pt) dt. (141)

We repeat by convenience the steady-state value of real consumption (see (10)):
— 1
A et
5:[(6+U>pc~} ! ! . (142)
fro(l=7)/) b

Differentiating the felicity function u (¢) w.r.t.. ¢ and s and evaluating at the steady state
using (193) yields:

~ [y e(l-y)] fto > PeA
U = C = — > 0, 143a
(7o) % 7 (1452)
C ()] W) PA _ -
Ug = c = — = —vyu, < 0, 143b
v 7<ﬁ+aa—v> 5o (143b)
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where a tilde over partial derivatives indicate that they are evaluated at the steady-state.
Furthermore, we have computed several useful expressions:

1~ B+o pA [c(1—7)+m
Al = UeWo + ug = </8—|—0‘<1—’y)) ﬁ |:0':| < 0, (144&)
o~ 92~ B+o peA [0 (1 —7) + po

where we imposed the following condition which holds for plausible values of parameters (as
shown by numerical experiments):

o(l=7)4+u <0, o(l—7)4us>0. (145)

D.1 Instantaneous Welfare Effects

We first linearize the instantaneous utility function (190) in the neighborhood of the steady-
state:

¢(t) = ¢+ uc (&,5) (c(t) — &) + us (8,3) (s(t) — §) + vn (n(t) — 71), (146)
with gg given by
¢ =u(Ee) +v(n), (147)
where we used the fact ¢ = § at the steady-state.

By substituting solutions for s(t), ¢(t) and n(t), we derive the two-dimensional stable solu-
tion for instantaneous welfare:

o(t) = ¢+ [ucw% 4+ ug + anl] Ajettt 4 [ucwg + ug + anQ] Aget?t (148)
where L, = nkw?{ —|—npwi and Ly = nkw§ +npwi; we drop the superscript tilde to save notation;
we stress that the partial derivatives are evaluated at the steady-state, i.e. wu. = u.(¢,¢),
us = us (¢, ¢), and v, = vy, (N).

Differentiating (200) w. r.t. ¢’ yields the steady-state change of instantaneous welfare:

do dé dn .
@_(uc+us)@+vn@<0a ]_DvFv (149)
where u. +us = (1 —y)u. > 0 and v, = —%Fn < 0. Since dd—;; < 0 and g—;j > 0, households

unambiguously experience instantaneous welfare losses in the long-run. As ~ gets closer to
unity v and labor supply gets less responsive, i. e. oy gets smaller, agents pay less attention
to the drop in absolute consumption in deriving utility and supply less labor, which in turn
dampen welfare losses.

We estimate the initial reaction of instantaneous welfare by evaluating (201) at time ¢ = 0
and differentiating w. r. t. ¢7:

dg(0) _ d¢ A
dgj = d793 + [Al + UnLl] digz + [Al + UnLﬂ

Az
dgJ’

j=D,F, (150)

In a semi-small open economy model with fixed labor, ¢ drops on impact and overshoots its
new lower steady-state value, whereas the fall in consumption displays a smaller size in the
short-term than in the long-term. With elastic labor supply, besides the initial welfare losses
induced by the reduction of real consumption on impact, the rise in labor supply in the ST
magnifies the fall in utility. Therefore, ¢ falls in the short-term by a larger amount than in the
long-term.
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D.2 Overall Welfare Effects

So far, we have analyzed the instantaneous welfare implications of an unanticipated permanent
fiscal expansion, say at different points of times. To address welfare effects in a convenient
way within an intertemporal-maximizing framework, we have to evaluate the discounted value
of (190) over the agent’s infinite planning horizon. We will see numerically that the sluggish
adjustment in welfare that arises from consumption inertia enters in sharp contrast with the
adjustment of welfare with time separable preferences.

In order to have a correct and comprehensive measure of welfare, we calculate the discounted
value of instantaneous welfare over the entire planning horizon

n Ay + UnLl]Al n [Ag + vy, Lo]

o

B B—m B —
The first term on the right hand-side of (208) represents the capitalized value of instantaneous
welfare evaluated at the steady-state. The second and the third term on the RHS of (208)

vanish whenever preferences are time separable. The change in overall welfare after a fiscal
expansion will be estimated numerically.

U

As. (151)

E Simulations

E.1 Functional Forms and the Steady-State

Consumption-Side

To conduct the numerical analysis, we assume that the utility function is of the CRRA
form:

u(c) : ( ° )H, (152)

T 1 e \s7
where the parameter € corresponds to the coefficient of relative risk aversion and the parameter
~ indexes the importance of habit formation in the instantaneous utility function.
We assume that the representative household maximizes a CES function given by:

=

=1 1 -1 | ¢—1
D s (. F
c(.,.)z[gp (c”)  + (=)@ () ﬂ (153)
with ¢ > 0 the intratemporal elasticity of substitution between consumption of domestic and
foreign goods, given total expenditure measured in terms of traded goods:

E =P 4 pef. (154)

At the first stage, the household minimizes the cost, E(t) = ¢ (t) + p(t)cF'(t), for a given level
of subutility, ¢(t), where p(t) is the relative price of the foreign good or the real exchange rate.
For any chosen c(t), the optimal basket (c”(t),cf'(t)) is a solution to:

pe (p(t)) c(t) = {CD(Igi(g(t)} {CD(t) +pt) () (t) : ¢ (cD(t), cF(t)) > c(t)} . (155)

The subutility function ¢ (.) is linear homogeneous implies that total expenditure in consump-
tion goods can be expressed as E(t) = p. (p(t))c(t), with p. (p(t)) is the unit cost function
dual (or consumption-based price index) to ¢. The unit cost dual function, p. (.), is defined as
the minimum total expense in consumption goods, E, such that ¢ = ¢ (cD(t), cF(t)) =1, for a
given level of the real exchange rate, p. Its expression is given by

_1

pe=lp+(1—p)p'?"7. (156)
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The minimized unit cost function depends on the real exchange rate and is expressed in terms
of the foreign good. It has the following properties:

_P
pe = (1—¢)p? [cp +(1- w)pl*ﬂ >0, (157a)

¢ _ 1—¢
o= p(1—) p*(1+¢) {90 +(1—¢) p1*¢] 1=¢ Lo _(:(1 f)gf) e —1{ <0, (157b)
1-p)p=?® 1]
p+(1—p)p'=?

Intra-temporal allocations between non tradable goods and tradable goods follow from Shep-
hard’s Lemma (or the envelope theorem) applied to (155):

= opp! [

' = ple, and P = a, (158a)
bcC
D
c
? = [pc—pp.]c, and o = (100, (158b)
C

with the shares of the foreign and the domestic goods in consumption expenditure are given
respectively by

(1-p)p'~? (1598)
p+(L—p)pt=e”’

_ %
l—ac = g oo (159D)

Qe =

Making use of expressions (157), the term —p//p/pl. can be rewritten as follows:
/!
PP (1 —a) >0, (160)
De
where ¢ (1 — a,) represents the elasticity of consumption in the foreign good with respect to
the real exchange rate.

Production-Side
We assume that the production function takes the Cobb-Douglas form:

Y = f (k) = k°, (161)

where a i corresponds to the capital share.
Partial and cross-partial derivatives of the production function write as follows:

Y F
Fr, = OéKk?aK_IZOéKE>Oa Fkkz—(l—aK)?k<0’
Y F
F, = (1_0‘K)*>07 an:_aKl<O,
n n
Fk‘n = OZK?n>O

Export Function

Because the economy is semi-small, it is large enough in the production of the domestic
good to affect its relative price and thus the nation’s real exchange rate p. Following Kollman
[2001], we assume that this influence is captured by an export function, X (p) which takes a
power form:

X =X (p) = yxp™, (162)
where vx > 0 is a constant and vy represents the price elasticity of the home country’s exports.
Note that in the limiting case, of a perfectly elastic export demand function, i. e. vx = +00,
the real exchange rate is equal to unity.
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By making use of the functional form for the export function (162), we can rewrite the
reaction of export and consumption in the domestic good w. r.t. the real exchange rate as
follows:

X D
O = (X, — pplc) = o [VX + }gbac] > 0. (163)

Finally, we estimate at the steady-state the net export reaction function with respect to
the real exchange rate given by (68) by substituting the functional form for the export function

(see eq. (162)):

where we used the fact that %ac =0 (1 —ae).
Steady-State
The steady-state (86) can be rewritten as follows:

.
:;g[yx+¢(1—ac)p)c~(—1}>0. (164)

O

Q

’Ez‘kz

el =

— 1
i B+o > pcA} T
=) = : 165a
[(ﬁ +o(l-v)) b (1632)
¢=3, (165b)
~ 1
k (674 I—ak
L 165
Eo(tm) T (165¢)
_ N\ o =
1A k N
n= —_— = 1—« - s 165d
_'YNP( K) (n ] (165d)
V=P +T+~vx ()™ +4°, (165¢)
~ f’—pc(p)c—f—gD—ng}
h=—L - , (165f)
pr
b— Ok — By5 = by — D1k — Poso. (165g)
with
P = (1-a)ps & =Zpe, (166a)
iz

Y = Eexploex — <r> kI =0k (166b)

E.2 Eigenvectors and Real Eigenvalues

The Linearized Matrix
The linearized version of the dynamic system writes as follows

(s, ¢, l;;,p)T =J <s(t) — 5, c(t) — & k(t) — &, p(t) —p)T, (167)

where the linearized elements matrix, denoted by J, is given by

—0 o 0 0

_| an (B+0) az3 a4

Sl hee 4 | e
0 0 a43 aq4
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with

an = —2{oe—(1-9[B+o(1-7]}.<0,
[6+0(1—7y)e”
= WOV TVIC (B + F <0
as3 F+0) pc( ki + Frnnp) <0,
[B+0(1—7y)]
agg = LTV INE (B4 6) = Fruny) <0,
“ e(B+0) Ppc[( ) = By
a3 = P(Fix + Fenni) <0, @44 = pFrpny,
and I, = —éPjé < 0, I, —6xg = 1 + Fong = 1 + xFpn > 0, and [, =

—% [X (1—ag)+ % (VX + %acgé)] < 0.
Determinant and Condition for Real Roots

Using functional forms, the determinant J of the matrix of the linearized system denoted
by by (see (44d)) writes now as follows:

Det J=by = Btol—)][y+e(l—7)

g
€

—N—

(Fik + Frnni) [ﬁé +v(1—-ae) 5D]
+ ﬁnp [FknT‘* — Fkan] } > 0, (169)

. 1 . . .
where v = A=y 18 the long-run IES with time non separable preferences.

Adopting a similar procedure, we estimate the term b3/r* (see (44c)):
bs

7«*

) ) D o(1—
E[’H—e(l—’m (840 (=) =D (Fk + Frnnu) [@+(1_ac)ﬁW]

+  pny [FrpFn — Fipr™] > 0. (170)

and the condition (51) for real roots:

2 2 s b o(1—
(b3> —4by = {6[7+6(1—’Y)][5+a(1—7)]—ﬁ(Fkk+Fknnk) [@4_(1_%)]5W}

r*

2
—  pny [FxiFy — Finr?] } —|—4% {oe—(1—¢) [ﬁ+a(1—ry)]}W
X (1= ae)é” (Fuk + Fenng) 20, (171)

which is positive as long as o is not too small and ~ is not too close from unity.
Eigenvalues
We write out the two stable and two unstable eigenvalues:

_ 1 rc_ (r*)2 +2 bi’ + bi’ : —4d <0 (172a)
lu’l - 2 ,r.* /,’-* 4 ’

— 1 rc_ (7'*)2 +2 673 _ b—?’ i —4b <0 (172b)
lu’2 - 2 ,r* T* 4 ’

_ 1 P+ (7‘*)2 +2 bj _ bj ’ —4b >0 (172C)
H3 = ) * * 4 ’

1 . 2 b3 b3 2

pa = 5T ()72 T () b ) 0 >0, (172d)



where bs/r*, (b3/r*)? — 4by are given by (170) and (171).
If preferences are time separable, the smallest eigenvalue and the highest eigenvalue reduce

to:
1= =—-0<0, ul=r"+0>0. (173)

Eigenvectors
Eigenvector w} writes as follows:

Wl = (" +“1> >0, (174a)
o
Wi = <U+“2> >0, (174b)
o
Eigenvector wé writes as follows:
pF; — I
w% — (p knnp IU’1)~ C (O- + ,ul) > 0’ (175&)
o {ulm —p [(Fkk + Finni) © + np (Fienr* — FknFn):| }

pF; — 1
w?g) _ (P knTlp p2) Ic (o + p2) < 0. (175b)

o {M2,LL3 —p [(Fkk + Frung) © + ny (Flr* — FknFn)} }

Eigenvector w writes as follows:

p (F F

wy = _p(~ bk T knnk)w§,> 0, (176a)
(kannp - ,Ufl)
p (F; F

W = Pt Finm) o (176b)
(PFknmp — pi2)

where the signs of w}, w3, w3 and wj stem from the following condition that we imposed (and
holds for a large range of parametrization):

0<—p [(Fkk + Fluny) © + np (Fpnr™ — FinF)| < o (0 + ),

with 8 = r*.
Finally, we estimated eigenvectors for the time preference rate:
= = Y M1
== E——{oe—(1—-¢€)|B4+0(1— —— >0, 177a
L= By e -9 e (- (177a)
=— = Y H2
== E———{oe—(1—c¢ +o(1-— — >0, 177b
s = gyl 1B o) (77b)
with )
= Duce (ﬁ + U) €
E=—pP+0)=—F7FT——F=-<0. 178
SR TR e I )

F The Long-Run Adjustment of the Real Exchange Rate and
Habits

In this section, we solve (165a)-(165d) for the steady-state values of consumption, reference
stock, labor and capital stock. In a first step, we solve (165¢)-(165d) for the steady-state values
of physical capital and employment:

k=k

—
|

?
~—

)\7p ) n=mn (X7ﬁ) ) (179)
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with

M = 85\2 = —Fkankk% =on >0, (180a)
Mhop = a/fg = Fkankl}% — o <0, (180b)
Ny = g?g = v::n =on >0, (180¢)
Tnp = ?g = —U::ﬁ = —on <0, (180d)

where we used the fact that Fy,, = —Fkk% (see property (18a)). Substitution of (179) into the
production function Y = F' (k,n), enables us to solve for output. This yields:

Y=Y (\5), (181)
with o -
Y A Y p
WAE Ny TN W =G5y T TN (182)
In a second step, we solve (165a)-(165b) for the steady-state values of consumption and the

reference stock:

c=5=c(\Dp), (183)
with 96 3 5
¢ A cp
77675\555:—1/<0, nc,pza—ﬁgzu(l—ac) > 0, (184)
where v = m > 0 corresponds to the long-run intertemporal elasticity of substitution

for consumption. Substituting (183) into c” = (1 — ) pec, we can solve for the steady-state
value of consumption in the domestic good:

e? =c” (\p), (185)
with 9D 5 2aD
_0c” A _0c” p
Nep 3 = 357D = Y <0, M, = o5 D =¢ac+v(l—a)>0. (186)

Inserting (179), (181) and (185) into the home good market-clearing condition, equation
(?? can be rewritten as follows (equation (11) in the text):

Y (A, B) =c” (A, ) + X (B) + dxk (A, D) + g”. (187)

In a third step, we insert steady-state functions (186) and (184) into the market-clearing
condition for the home good (165e), which may be solved for the long-run value of the real
exchange rate:

with
_ 5 .
i= o3 = {on (1 anrliie) + 50} >0, (189a)
A= a9y = - _ ’
p O\ D {O‘N (l—aKTfﬁ;K) +%(¢ac+u(1—ac))+%yx}
p g” )

L : < 0(189D)
P.g ogP v {O'N <1—aKT*i7K5K> +%(¢ac+y(1—ac))+§yx}

where we have rewritten as ﬁifg[{ by making use of (165c¢). Note that mpx < 1if the
long-run IES for consumption is smaller than the intratemporal elasticity of substitution ¢.
This condition holds since ¢” and ¢f" are substitutes (such that ¢ > 1) and empirical evidence
suggest that v < 1. Additionally, the elasticity of the steady-state value of the real exchange
rate w. r. t. A rises with v. Since v is an increasing function of ~, 7y, increases as y approaches

unity.

*<1\?r1
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G Effects of a Permanent Rise in Government Spending: The

Case of Time Separable Preferences

In this section, we investigate the effects of fiscal shocks by considering the case of time separable

preferences (i.e. setting v = 0).

G.1 First-Order Conditions

To obtain the macroeconomic equilibrium, we first derive the optimality conditions for house-
holds and firms and combine these with the accumulation equations. This leads to the set of

equations:

F,=r® + 6k, F,=uw,
A=X(B—r"),
p=p[Fy(k,n) —dx —17],
k=F(kn)—c”—X(p)—g° —oxk,

1
b:];[T*PbJrF(k,n)—pc(p)c—I— (9" +pg")]

together with the transversality conditions:

tlim Abexp (—r*t) = lim ik‘ exp (—r*t) =0,

t—o0 p

where A is the co-state variable associated with dynamic equation (190g).

We first solve equation (190a) for consumption:
c=c(\p),

where the partial derivatives are given by

dc Pe c
y = — = = — = < 0,
A O\ Plce UC)\
dc ped (1l — ) c
Cp = %:W:(l—ac)005>0.

(191)

(192)

(193a)

(193Db)

Using the Shephard’s Lemma, intra-temporal allocations between domestic goods and foreign
goods are: cf" = plc and c” = [p. — ppl] ¢ and substituting (193), we solve for consumption in

the domestic and foreign goods:
P =cP (X,p) ) = ()\ap) >

where the partial derivatives are given by

p 0P cP
R
D D
c}? = aacp :%[¢ac+(1—ac)ac]>0,
act e
G = oy = oy <O
oct et
F
= 7__71_0 _c<07
p op p( a)[(b U]

(194)

(195a)
(195b)
(195¢)

(195d)



where we assumed that o. < ¢, as empirical evidence suggest that o, < 1.

Using the fact that w = F,, (k,n), the first-order condition (190b) for labor rewrites as
—vp (n) = %Fn which can be solved for employment n:

n=mn (S\,p, k:) , (196)

where the partial derivatives are given by (22).

Using the fact that I = k + dxk, the market-clearing condition (190f) can be solved for
investment in physical capital:

I=1(\pkg"), (197)
where the partial derivatives are given by:
oI Y cP
I = o5 = Fony —cf = 5 [(1—04K)X+UCY} >0,
oI D Y X cP
L= = Fa— () == -+ 3 [t § (e (- adan)| | = wesn)
oI Y 1-—
o= gy =Y L me)]
ok k OKN
ol
IgD — agiD - —1 < 0

G.2 Equilibrium Dynamics and Formal Solutions

Saddle-Point Stability and Formal Solutions for k(¢) and p(t)

Inserting the short-run static solutions for labor (196) into the dynamic equation for the
real exchange rate (190e), and inserting the short-run static solution for investment (197) into
the accumulation equation of physical capital (6), the dynamic system writes as follows:

p = p{Fk [k,n (S\,p, k)] —0x — r*} , (199a)
k = F [k,n (X\,p, k)] —cP (S\,p) — X (p) — 0k — gP. (199Db)

Linearizing these two equations around the steady-state, and denoting long values by a tilde,
we obtain in a matrix form:

(kp) =7 (k(6) ~ Foplt) ~ ) (200)

where J is given by

<r* n ank) 7
D (Fkk + Fkﬁ%) ﬁFknﬁp

<
Il

’ (201)

where U is given by (198c).
The determinant denoted by Det of the linearized 2 x 2 matrix (201) is unambiguously
negative:
Det J = pny, (r* Fon — FnFit) + 5 (2 + X;) (Fkk + Fknﬁk> <0, (202)

and the trace denoted by Tr given by
Tr J = r* + Fuiig + pEyniy = 1* > 0, (203)

where we used the fact that at the long-run equilibrium Fnﬁk + ﬁF knTp = 0.
The characteristic root obtained from J given by (201) writes as follows:

1
i = Q{T*j:\/(r*)Q—élDet J} >0, i=1,2 (204)
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We denote by p; < 0 and pug < 0 the stable and unstable real eigenvalues, satisfying
1 <0 <r* < ps. (205)

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

Stable solutions paths are given by :
k(t) — k = Bie"t, p(t) — p = wiBre’t, (206)

where we normalized w! to unity. The eigenvector w) associated with eigenvalue y; is given by
D (Fkk + Flmﬁk)

(ﬁﬁ’knﬁp - /«M‘)

wy = —

> 0. (207)

Formal Solution for the Stock of Foreign Assets
We first linearize equation (66) around the steady-state:

b(t) = (b(t) = b) + 2 (w(t) - ). (208)
with N -
- 1|X 11~ X

Q=-|=@x -+ =216-=| >0, (209)
p|p p p

where the elasticities of exports and imports w. r. t. the real exchange rate are:
Xpp cffp
=—>0 =——=>0. 210
Vx X >0, nr CF > ( )

The condition under which a real exchange depreciation leads to an improvement of the trade
balance evaluated at the steady-state (i. e. € > 0) writes as follows:

~ CF
O =iy +if— >1 211
X TS (211)

Inserting stable solution for p(t), solving the differential equation leads to the expression,
and invoking the transversality condition (191), we obtain the linearized version of the nation’s
intertemporal budget constraint:

A, |1
Quws

bo— b= By = &, (ko - l%) : (212)

pa—r*

together with the stable solution for the stock of foreign bonds:

- QulB -
b(t) — b= —27Lemt — g, (k(t) - k) : (213)
p1—r
where we let &1 = u?f%‘*' While the sign of eigenvector wi remains indeterminate, we will

assume thereafter that wi > 0 which implies that ®; < 0. Consequently, the current account
and capital investment are negatively correlated, in line with empirical evidence.
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G.3 Long-Term Effects of a Rise in Government Spending: The Case of
Time Separable Preferences

The steady-state of the economy is obtained by setting ¢, k,p,b = 0 and is defined by the
following set of equations:

I e [kn (5\,15, k)} : (214a)
5+ F [1%, n (X,ﬁ, k:)} —pe(B) ¢ (M) — ok — P — pg" =0, (214b)
F [1?;, n (X,p, k;)] = (\,p) + ok + X (p) + g7, (214c)
and the economy’s intertemporal budget constraint
(z} - bo) - (k - ko) , (214d)

where we used the fact that in the long-run I = ik, and we have substituted the short-run
static solution for labor and consumption in the domestic good which obviously holds in the
long-run.

Totally differentiating equations (137) yields in matrix form:

Frnnp Fynny Fip + Frpong O dp
(1,, + m) (i—pcl) (I —0k)  pr* dA
I, I; (I —6x) 0 dk
0 0 —d; 1 db
D 0 F
_ | d;gdg . (215)
dby — ®1dky

We used the fact that (&F + gt — r*l;) = X /p (see (89)) together with Fy,n, = I, + cg + X,

and pQY = 6 — X/ﬁ and p.c, — cf = ]505 to rewrite (anp — DeCp — %) as follows (Ip +ﬁ§~2>.

The determinant of matrix of coefficients denoted by D writes as follows:
D = —®pr*Funy® — Fup (I — ) (npcf + n;\fl)
+ 5 (Fie + Frnnir) (I;Q + Icl ) <0. (216)

We rewrote (I5Finn, — IpFrnny) as follows:

I5 Frpny — Iy Fans = Feans© > 0, (217)
where we let
D cP cP
O=X,+tc, — 05? = [VX + ~ Qe (¢ — O’C):| > 0. (218)

If &; < 0 is small enough (in absolute terms), the determinant D is negative. Since for all
parametrization, the determinant D is negative, we will set this assumption thereafter.

Domestic Good ¢”

The steady-state effects of an unanticipated permanent increase in government expenditure
falling on the domestic good are obtained from the total differential of the equilibrium system
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(214) w.r. t. g7:

dp 1 pr* Frpns Pk (Fik + Frnni) _

dg? D T D (+)+ (=) s0, (219a)
dA O1pr* Frony — (Fi + Frnng) PO

_ = _ 21
dg” D * D >0, (219b)
dk Fionp -

Wb -~ D {%Cf +nx9} >0, (219¢)
db dk

— = P15 <0 219d
dgP 1ng <Y, ( )

where D < 0, Q > 0 and &, < 0.

Totally differentiating the short-run static solution for consumption and labor given by (192)
and (196), respectively, and substituting relevant expressions (219), we obtain the steady-state

changes of real consumption and employment after a permanent rise in g”:
dé d\ N dp
—_— == 077 C JR—
dgP >\ng Png’
X ~ X (s ~F
= D\ 2 Franpere — (Fi + Fini) = (Q too(l—ad)eé ) <0, (220a)
dn d\ N dp N dk
— = ny n n
ng >\ng Png kng’
I3 -
- % [n;ﬁQ + nypel’ } >0, (220b)
where we used the fact that
- X ol
O+ (1—ar) A== KVXerf (1—046)(;3)—1}, (221a)
D X
n;\ﬁ(l + nmﬁcf
X - F
= { [VX + % (1-ac)é+ acac)} - 1} > 0. (221b)

Making use of (219) and (220b), we can compute the steady-state change of output after a
permanent rise in g”:

dy 5 -
dng = D [n;\Q + npcﬂ ['U}Fkk - (T'* + (5}() Fkn} > 0, (222)
where p [n;\ﬁ + npcf] is given by (221b).

Totally differentiating the short-run static solution for consumption and labor given by
(192) and (196), respectively, and substituting relevant expressions, we obtain the steady-state
changes of real consumption in the domestic good after a permanent rise in ¢g”:

de? _p dp dé
dgT = (1-ac) [¢C dgiD—’_ cng]7
éP .
= 3D {q)ﬂ“ Finnsdae (¢ — 0c) — (Fyp + Frnng) [ﬁQ + (1 = ap) 00 + Pac) 6F] } @1R)
where R .
ﬁQ+((1—ac)ac+¢a0)6F:i§{<ux+p)c~( ¢>—1}>0. (224)

Foreign Good g%
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The steady-state effects of an unanticipated permanent increase in government expenditure
falling on the foreign good are obtained from the total differential of the equilibrium system
(214) w. 1. t. g

dp P [Frany Ik — 0k) — Iy (Fik + Finnt)]

a7 = 5 > 0, (225a)
(;5} _ P [Frnnp (Ix — 01) 1; Iy (Fi + Frnng)] -0, (225b)
(fgé _ P [IkannpD— LFinns] (225¢)
dibF _ @1(;‘9]; <0, (225d)

where D < 0, Q > 0 and ®; < 0.

G.4 Short-Term Effects of a Rise in Government Spending: The Case of
Time Separable Preferences

From (219), a fiscal impulse raises the capital stock in the long-run. Differentiating the stable
solution for capital stock (206) yields: k(t) = ujBieft > 0 with By = —dk < 0. Consequently,
investment is unambiguously crowded-in by public spending on impact and the capital stock
rises monotonically towards its new long-run level. From the intertemporal solvency condition
(212), the long-run accumulation of physical capital yields a decumulation of traded bonds.
Hence, the open economy experiences a current account deficit along the transitional path.
Regarding the consumption-side, according to (192), the fall in private wealth together with
the real exchange rate appreciation drives down consumption. In the same time, the negative
wealth effect induces agents to work more. The real exchange rate appreciation raises further
labor supply by amplifying the drop in private wealth measured in terms of the domestic good.

H Effects of a Temporary Rise in Government Spending

Following 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 and habits, K7,
and s7;, and foreign bonds, nz;. We rewrite the system of steady-state equations (137) for an
arbitrary period j:

o o I A VRY
Ue (Ci,8;) + ——us (Cf,5) = —=——, 226a
(5 8) + e 6 55) = P (2262)
=3, (226D)
r*+ 0 = Fy, [l;:j,nj (Xj,pj,l?:j)} , (226C)
r*pjb; + F [/;Ua n (;\jaﬁm 7%)} —pe (7)) & — Oxck; — g7 — Big" =0, (226d)
F [ifjan <5‘j715ja Ea)] = (1 — ac) pe (B;) & + Oxckj + X (B;) + g7, (226¢)
and the economy’s intertemporal budget constraint
(i)j — ij> = oq (ifj — ij> + Py (§j — 3Tj) R (226f)

In a first step, we solve the system (226a)-(226e) for ¢;, §;, l;:j, Dj, I;j as functions of the
marginal utility of wealth, S\j, and government spending on the domestic g” and the foreign
good g'. We obtain the steady-state functions (94). The second step consists in determining
the equilibrium change of 5\j by taking the total differential of the intertemporal solvency
condition (226f):

[’U;\ - (I)lK)\ - (I)Qm)\] d)\] = — [’Ug‘r — (I)lKgr — (I)ng-r] dgT, T = D, F (227)
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from which may solve for the equilibrium value of A; as a function of government spending g
A=X(g", "), Ao >0, A >0. (228)

We assume that the small open economy is initially in steady-state equilibrium, denoted
by the subscript 7 = 0:

so = So=m(Xo,95), (229a)
ko = ko=k (X0, 95) (229b)
po = pPo=p (R 95), (229c¢)
bp = byp=v (X, 95) » (229d)
N o= o= A, (229¢)

where o = ¢o, 7= D, F, and mgr = pgr = kgr = 0.

We suppose now that government expenditure changes unexpectedly at time ¢ = 0 from the
original level gj to level g7 over the period 0 < ¢ < T, and reverts back at time 7' permanently
to its initial level, g7 = g5 = g -

Period 1 (0<t<T)

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

s(t) = & + Ajettt 4+ Agel2t 4 Azetst + Ayertt, (230a)
ct) = & 4 wiAjett 4wl Aget?t 4 Wl Azelst 4+ wi Agett, (230b)
k() = ki + wéAw‘“t + w%Age“Zt + w§A36“3t + w§A4e“4t, (230c)
p(t) = p1+ wiAw’“t + wZAge“Qt + wi’Age“St + w§A4e“4t, (230d)
4 4
~ ~ N, A; . N;A
b(t) = b+ (bo - bl) D e el e (230e)
1 Hi — T 1 i — T
1= 1=
with the steady-state values ¢1, 51, k1, p1, by given by the following functions:
$1 = m(X\gf), (231a)
o= k(o). (2311)
]31 = P (xmgf) ) (231C)
b= v(\g]), (231d)

where the marginal utility of wealth remains constant over periods 1 and 2 at level A\; = Ay = A
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:

s(t) = 8a4 Areft! 4 Aget?’, (232a)

c(t) = é+ w%Ale’“t + w%Age"Qt, (232b)

k(t) = ky+wiAjeM! + w2 Agel?t, (232¢)

p(t) = Po+wiAie’t + wjAget?, (232d)
~ N A Ny A

b(t) = byt+ ——t 1* emt 4 22 2* et (232¢)
p—r po —r

with the steady-state values ¢a, 5o, ko, D2, by given by the following functions:

S = m(\g3), (233a)
ka = k(\gh), (233b)
P2 = p(\g3), (233¢c)
by = v (X g), (233d)
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where g5 = g{.

During the transition period 1, the economy accumulates (decumulates) habits, 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, sr, kr
and by, prevailing when the shock ends and accumulated over the unstable period. Therefore,
for the country to remain intertemporally solvent, we require:

by — by = ®; <l~€2 — kT> + ®y (52 — ST> R (234)

In order to determine the six constants A, As, Ag, A4, B1, Bs, and the equilibrium value
of marginal utility of wealth, we impose three conditions:

1. Initial conditions s(0) = sg, k(0) = ko, b(0) = by must be met.

2. The stock of habits and the stock of physical capital s and k remain continuous at time

7.

3. The intertemporal solvency constraint (234) must hold implying that the net foreign
assets remain continuous at time 7.

Set ¢ = 0 in solutions (230a),(230c) and (232a),(232c), equate (230a)-(230d) and (232a)-
(232d), evaluated at time t = 7, one obtains

51+ A1+ Ay + A+ Ay = s, (235a)

51+ AreT 4 Ager2T 4 AgersT + AyeT = 59 + BreMT + Byet2T, (235b)

&1 4+ wi ArePT 4 w2 Ager?T 4 w3 AzersT + wiAgetiT = G + wiBreM T 4+ W3Bye? T (235¢)
ki 4+ wi Ay +wiAg + wiAs + wiAy = ko, (235d)

ki + w%Ale“lT + w%Age“QT + w§A36“3T + w§A4e”4T = ko + w%Ble‘“T + UJ%BQ€M2T, (235e)
1 +wiArerT 4 w2 Ager?T 4 w3 AsetsT + wiAge' T = py + wiBreMT + wiByet?T.  (235f)

Estimating s, kr et by from (230a), (232¢) et (232¢), substituting these into (234), and

substituting steady-state functions 3;, k;, b;, the intertemporal solvency condition (i.e. by =
by + @4 (k:T — l~€2> + &y (s7 — §2)) can be rewritten as

_ - Nidi | op o= NA o
v(A,g{)+{[U(Ao,98)—v(&9{)]—Z }6 T4y ——e"T —v (X g3)

il A T
+ &9

4
s (/_\a QI) + Z AetiT — g (X,gg) (236)

4
= & [k (A a) + D _whAieT — ks (X, g3)
1=1

i=1

Then, we approximate the steady-state changes of variable x = ¢, s, k, p, b with the differ-
entials:

&1 — To=2(Ng]) —2(No,95) = z3d\ + zg7dg”, T=D,F, (237a)
To — 1=z ()\,gg) —z (X,g{) = —2,dg”, T=D,F, (237b)

where dXA =\ — \.
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Plugging these expressions into (235), we obtain finally

A+ A+ A3+ Ay =50 — 51 = —m;\dx —mgrdg’”, (238a
Ale’”T -+ A2€M2T + A3€“3T + A4€M4T — BleulT — BQ@MQT =359 — 51 = —mgdgT, (238b

waArefT 4 w2 Ager?T 4 w3 AzetsT + wi Agettt — wiBreT — WiByet?T = — ¢ (238¢

)
)
)
)

w%Al + ngQ + ngg + W§A4 = ko — ];31 = —k‘j\dj\ — k‘gngT, (238d

w%Ale“lT + w%Age“QT + w§A36“3T + w§A4e“4T — w%Ble“lT - w%BgemT =Fky —ky = —kgdg",
(238e)

wiAle’“T + wZAQe"QT + wZ’AgemT + wi‘A4e“4t — wiBle’“T — wiBge"QT =P — P1 = —2¢dg”,
(238f)

together with

4 4 4
N;A; R ; — j—r* A
E ~ (1 _ elpi—r )T) + E wéAie(“Z T 4 i E Aie(;uz T vxd\
; i — T : ;
=1 =1 i=1
= —{vgr — [oyr — @Ky — @] e T L g, (239)

The system composed by seven equations determine the six constants and the change of the
equilibrium value of the marginal utility of wealth. Unfortunately, the 7 x 7 system is too
complex to obtain analytical solutions with non-ambiguous signs. Hence, we cannot analyze
analytically the impact and dynamic responses of the economy upon temporary government
spending policies in a way that could done in a two-good semi-small open setup with time
separable preferences. Given the complexity of the system, such an analysis is best done by
using numerical simulation methods, which can be applied to the linearized model as presented
in this subsection.

H.1 Steady-State Changes

When the model features the zero-root property, transitory expansionary budget policies have
permanent effects. To see it more formally, it is convenient to write out first the long-run change
of key economic variable x = ¢, k, n, p, following a permanent rise in government spending by
differentiating the steady-state function of z = z (/_\, gT):

dz 2

dig'r Zj\digﬁr —+ Zgr = Z}\)\gﬂ- -+ Zg-r. (240&)

perm perm

From (240), after a permanent fiscal expansion, the steady-state change of economic variable
x is the result of two influences: a wealth effect induced by the change in A and a demand
effect driven by permanently raised government spending. Differently, after a temporary fiscal
expansion, the demand effect is ineffective since ¢” (7 = D, F') is perfectly expected to revert
back to its initial level. The longer-lasting the fiscal expansion, the stronger the wealth effect
and the greater its impact on .

The once-for-all jump of the marginal utility of wealth after a temporary increase in public
spending is a scaled-down version of that following a temporary expansionary budget policy:

@
o

dA

digT 9:)\9T6>0, T:D,F. (241)

perm

temp

where 0 < 6 < 1 decreases as T' gets larger. Since Ay~ > 0 denotes the steady-state change of
A for a permanent variation in g7, the change of A for a temporary policy is smaller but of the
same direction. This is quite intuitive since the wealth effect induced by the transitory rise in
government spending extends over successively shorter periods as the persistence of the fiscal
expansion diminishes.
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After a permanent fiscal shock, both the wealth effect and the demand effect impinge on the
steady-state changes of stocks of assets. By contrast, as long as the fiscal impulse is transitory,
the demand effect turns out to be ineffective since g reverts back to its initial level at time 7.
Hence, the long-run reactions of = = ¢, k, n, p are solely driven by the wealth effect reflected by
a rise in . Restricting ourself to a rise in g, we get:

dii7 - =m3Ag + r_ngD < dii) . = m;\(f;l\) . <0, (242a)
0< dd;) . = ;\dd;j\j . < (f;; . = NyAgp + Nyr, (242b)
0< (;i;T . = A(;ig/; . < (;;; - = k:AAgiD + kg, (242c¢)
;gﬁT . = pxAgr +pgr <0< iq}i . = p/\(fg); temp, (242d)

where my < 0, Ny > 0 (for all parametrization), k5 > 0, py > 0. Since the change of A for
a temporary policy is smaller that after a permanent fiscal expansion, inspection of equations
(242) show that consumption, labor and capital are unambiguously scaled-down versions of the
permanent policy effect and work in the same direction.

Like for consumption, labor and capital, we have hysteresis effects for the real exchange
rate as well. Yet, a temporary fiscal expansion does not dampen the response of p resulting
from a permanent policy, i. e. is scaled down version of the permanent policy effect and work
in the same direction. By contrast, the long-term response of p is reversed. More precisely,
after a permanent fiscal expansion, the steady-state change of the real exchange rate is the
result of two conflictory forces: a wealth effect induced by the rise in A and a demand effect
driven by permanently raised government spending. Nevertheless, it can be shown formally
that p must fall in the long-term. The explanation stems from the fact that the reduction of
real consumption is spread over the two goods. Thus the fall in ¢ is not large enough to
compensate for the increase in g” such that there is still an excess of demand which requires
a real exchange rate appreciation (i.e. p must fall in the long-run). By contrast, after a
temporary fiscal expansion, the demand effect which pushes up the relative price is ineffective.
Consequently, the real exchange rate unambiguously depreciates after a temporary
rise in government spending on the domestic good. The explanation is that the wealth
effect induces agents to raise labor effort while reducing real consumption. The positive labor
supply effect stimulates capital by raising its marginal product and boosts output. Since an
excess supply arises in the domestic good market, this requires a real exchange rate depreciation
which stimulates exports and encourages agents to substitute consumption of the domestic for
the imported good.

The steady-state and initial changes of output after a transitory rise in public purchases on
the domestic good are unambiguously positive:

ay dk dn ay
0< — = (" +0K) —= W—r < — , 243a
ng temp ( )ng temp ng temp ng perm ( )
dY (0) _dn(0) a4y (0)
0< w , 243b
dg b temp dg b temp dg b perm ( )

The longer-lasting the fiscal expansion is, the stronger the wealth effect and the larger the long-
run and short-run expenditure multipliers after a temporary rise in g”. Interestingly, even if
the public policy is highly persistent, both the steady-state and impact expenditure multipliers
will not equalize to that after a permanent expansionary budget policy. The reason is that the
demand effect vanishes.

Keeping in mind that government spending is restored to its initial level, differentiating of
the home good market-clearing condition at the steady-state w.r.t. ¢ yields the long-run
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expenditure multiplier :
ay
dgP

P ode

¢’ de dp
& dgP

X b

+ = <1/X + Oéc¢~) D
temp P p /) dg
where we abstract from capital depreciation for simplicity. As long as the fiscal expansion is
temporary, the real exchange rate depreciates in the long-run which stimulates exports and
consumption in the domestic good (see the second term on the RHS of 244). Moreover, é”
falls in the long-run but by a smaller amount than after a permanent expansionary budget
policy. It is interesting to notice that the multiplier given by equation (244) is similar to that
after a permanent fiscal expansion falling on the foreign good. More precisely, the long-run
economic boom is driven by exports after a temporary fiscal expansion.

, (244)

temp temp

Finally, we investigate the size of the short-term expenditure multiplier by evaluating the

home good market-clearing condition at time ¢ = 0 and differentiating this expression w. r. t.
D
g~

dy (0) _ ¢” de(0) Lo

ap(0) |, dI(0)
dgP ¢ dgP dgP dg

=+ 1, (245)

with © = % |:VX + %qﬁac] > 0. The first term on the RHS of (245) reflects the negative impact

on output triggered by the fall in consumption. The second term on the RHS of (245) represents
the influence of the initial change of p on output through its effect on exports and ¢”. While
the real exchange rate depreciates in the long-run, it appreciates on impact and eventually, by
a larger size than that after a permanent fiscal policy if the fiscal impulse is implemented over
a short-period. The reason is that the steady-state change of the real exchange rate over period
1 is the result of a wealth effect and a demand effect. Since the demand effect more than offsets
the wealth effect and since the latter displays a smaller size than after a permanent rise in g,
the steady-state value of p over period 1 is unambiguously smaller than after a permanent fiscal
policy. To see it formally, we approximate its steady-state change by using (229¢) and (231c):

pr—5o=p(Ngl) —p (X, 98) = pxdNtemp + Pgp, < PxANperm + Pgp, < 0, (246)

where py > 0, p;p < 0 and 0 < Pxd\temp < P3dA|perm. However, if the rise in government
spending is not short-lived, the real exchange rate appreciates on impact but by a smaller
amount than that after a permanent fiscal policy. Consequently, the initial drops in exports
and c” will be moderated compared to those following a permanent fiscal policy. To summarize,
if the fiscal shock is not too brief, private demand falls on impact, but by a smaller amount than
after a permanent fiscal policy. We have now to determine the direction of the initial reaction of
investment. We have shown previously that the short-run expenditure multiplier is positive but
displays a smaller size than after a permanent fiscal policy. Since private demand (households’
consumption and exports) is crowded-out by a lower amount than after a permanent rise in
gP, the smaller size of the short-run expenditure multiplier after a temporary fiscal shock
originates unambiguously from the a fall investment (as long as the shock is not too brief). If
the rise in government spending is not too brief, private demand is crowded-out
by a smaller amount than after a permanent fiscal impulse such that investment
must be crowded-out on impact by a larger one. In conclusion, the small size of the
initial expenditure multiplier after a temporary fiscal policy relies upon (1) the dramatic drop
in exports if the shock is short-lived, and (2) the crowding-out of investment is the fiscal shock
is not too short-lived.

I Labor Tax-Financing Fiscal Shocks

In this section, we estimate the long-run effects of a rise in government spending falling on the
domestic good gP associated with a rise in payroll taxes 7, which are adjusted accordingly to
balance the government budget:

9° +pg" = g =rFwn. (247)



Accounting for payroll taxes in the profit maximization modifies the labor decision as follows

_ F o N _ _AFE(kn) :
F,=w (1 +7 ) which in turn implies that v, (n) = -5 (HTQ). Setting
1
ag I—af
B = 248
(7’* + 5[{) ’ ( )
and substituting the steady-state level of capital-labor ratio % = B into the expression above
yields:
1A B N
n=|——1-ag) ——= 249
21— an) (o] (219
Solving (249) for employment, we get:
i=n(\p7"), (250)
with
on A
€Eax = on ON, (251a)
on p
€Rp = %% = —ON, (251Db)
on 0 (1+7F
€hrf =5 ( - ) = —opn. (251c)
In a second step, using the fact that ¢ = 3, the following equation u. (¢, 5) + ffﬁus (¢,8) =
@ can be can be solved for steady-state consumption:
¢=c(\p), (252)
with
¢ \
€5 = (TEE = v <0, (253a)
965
€c5 = 6@% =v(l-a.) > 0. (253b)

Using the fact that ¢ = (p. — ppl.) ¢, we solve for steady-state consumption in the domestic
good:

P =" (\p), (254)
with
ol X
65D,5\ = W&iD = 1< 07 (255&)
0P p

€6D7I3 = aipvéiD =V (1 - ac) + (ZSOZC > 0, (255b)

where we used the fact that ¢ (1 —a.) = —p]/f#.

Using the linear homogeneity of the production function, i.e. Y = F (%, 1) = (%)QK n,
and substituting the steady-state function derived above, the market-clearing condition can be
rewritten as follows:

Bn (N, p,7") =P (M D) + X (p) + 6 Bn (X, p,7F) + ¢7. (256)

Denoting by we = p{f the share of total consumption expenditure in GDP, w; = % the share of
investment in GDP, wy the share of exports in GDP, totally differentiating (256) and collecting
terms yields:

on (1 —wr) [i - 5} Fwe (1 —an) v —{we (1= ao) [r (1 — ae) + dad] +wxvx )}
D

o d
= on(l—w)7F + =, (257)
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where 7 = di /% with © = ¢,p,n, k,b, A and 7" = dr¥'/ (1 — TF).
Adopting a similar reasoning, the zero current account at the steady-state can be rewritten
as follows:
B*$n (\p, ") —pe (B) c (N, ) — dxBn (N, p,7") = g” + pg". (258)
Denoting by wp = # the share of interest receipts from trade bonds holding in GDP, using
the fact that r*b — & — g = X, totally differentiating (258) and collecting terms yields:

wBINJ—i-[UN(l—w[)—i-wcy}i—[aN(l—wI)—i-wc(l—ac)l/—i-wX]ﬁ
) D

d
= on(l—w)TF + %. (259)

Finally, substituting steady-state functions into the linearized version of the intertemporal
solvency condition and totally differentiating yields:

l:)—|— ‘I)le/—q)llgdjv j\—|—

<I>1]£UN - @Q%V (1-— ozc)] p= —<I>1§UNTAF (260)

Steady-State Effects of a Labor Tax-Financing Government Spending Shock
Total differentiation of the steady-state can be written in matrix form:

—{we (1 —ae)[v(1 —ac) + pae] +wxvx}t [on(1—wr)+we(l—ae)v] 0 ]?
—[on (1 —~w1)—|—wc(1—ac)l/—|-wx] [on (1 —wy) —I;wcu] wB A
[‘I’l%O'N - @2%1] (1 - Oéc)i| [@2%1/ - CI)I%UN:| 1 l:)
on (1 —wI)TAF—F d’%D
= | on(1-w)7F + dg® 1. (261)

—@1%0N7F

where we restricted ourself to the case of a rise in government spending in the domestic good.
Determinant denoted by E writes as follows:

E = [on(1—wr)4wev]|we (1 —ae)ae(dp—v)+wx (vx —1)]

+wp [WC (1*050)040 (ﬁb*V)ﬁLwXVX]

k c
@130’]\] — q)Qzl/

¢
+va, (wc — wB<I>25> lon (1 —wr) +wev (1 — ap)] + weaerwx > 0, (262)

where the sign of E holds as long as wp is small as data suggest; additionally, the term
we (1 —ae) ae (¢ —v) +wx (vx — 1)] reflects the impact on the trade balance of a change
in the real exchange rate which is assumed to be positive and reflects the Marshall-Lerner
condition.

The steady-state changes after a rise in government spending are:

awoV + wp @2%V — @1%01\7}

"Bw

L = - <0, (263a)
dg

by we(l—ae)ac(p—v)+wx (vx —1) —wp [@1%01\/ — ‘I)Q%V (1-— ac)}

Y

Combining (263) and (250), the steady-state change of labor after a rise in government spending
is:

ng — %\’ {acwc V(1= ac) + dac] +wx (vx — 1) — WB(I)le/Ozc} > 0. (264)
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The steady-state changes after a rise in payroll taxes are:

 weoeroN (1—wy) WRBONV [@2% (1—-wr)+ ‘bl%wc (1 — Ozc)]

o

5= = + = <0, (265)
j\ ON (1 — w[> wp c
F S T we(1—ar)ac(p—v)+wx (vx — 1)+ ECI)QZV (1 —-ac)on (1 —wp)
wB ]Z)
—|—E<I>130N {we (1 —ap) v (1 — ae) + ¢pac] + wxvx} > 0. (265b)

Combining (265) and (250), the steady-state change of labor after a rise in payroll taxes is:

n ON c
F T _E{V (wc - wB%B) [we (1= ac) acd + wxvx]
+wx [UN (1 —wy)+ wcacu] } < 0. (266)

Suppose that the policy maker wishes to finance the rise in government spending with an
increase in payroll taxes, keeping the budget constraint balanced. For unchanged labor supply,
a rise in labor taxes yields a rise in tax revenue commonly labelled the taz rate effect. In
addition, a change in a distorsionary tax modifies the behavior of households. This induces a
tax base effect which works in opposite direction of the tax rate effect on public revenue. More
precisely, a rise in labor taxes raise tax revenue. However, as shown by equation (266), labor
supply falls which reduces the labor tax base. In addition, keeping in mind that w = w (TF )

with TEF = —1, the wage rate must fall by the same proportion than the rise in payroll taxes
which lowers further the labor tax base. As long as oy takes a plausible value, the taz rate
effect more than offsets the tax base effect which implies that a rise in labor taxes raises
fiscal revenues. This assumption reflects the fact that the economy moves along the positively
slopped side of the Laffer curve.

Keeping in mind that ﬁ‘g’F = F‘g’F + n_dg?

=FT 4,50 v and by rearranging terms, we can
Y
determine the size of the rise in payroll taxes 7|7 ' after a rise in government spending d%D
such that the government budget constraint (247) remains balanced:
1-— wgi
dg0 dgP
#F|F = — 19/ > 0. (267)
(1—-ag) —wae+ wG;}
According to (267) payroll taxes must rise after an increase in government spending.
Substituting (267) into ﬁ}g’F = j} ¥ }Q’F + d’%d’%}, we get:
~
- oF a5 (1 ax) —wel + 7
L R <0 (268)
z > Y,
d’% (1-ak) —we +wesr

where the sign will be determined thanks to numerical experiments.

Numerical results for a labor tax-financed government spending policy are reported in
Table 2. A rise in government spending by 1 percentage point of GDP requires an increase
in the labor tax 7 by 0.032 (71" rises from 0.444 to 0.476). While a rise in lump-sum taxes
produces only a wealth effect, a rise in labor taxes induces additional effects, say distorsionary
effects, which lower labor supply by offsetting the positive effect triggered by the reduction in
private wealth. We find that in the long-run, the negative influence of the rise in payroll taxes
necessary to finance the increase in public spending is large enough to more than offset the
positive influence driven by the wealth effect. This results in a steady-state fall in employment
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Table 2: Quantitative Effects of an Unexpected Fiscal Expansion Financed by a Rise in Payroll

Taxes (in %)

Variables® | (y = 0.8, o = 0.65)

A .Long-Term

Cons. in home good dé&” -0.93

Exports dX -0.11

Investment, dI -0.01

RER, dp -0.32

Labor dn -0.04

Stock of Foreign Assets, db -0.47
B.Impact

Consumption, dc(0) -0.42

Labor dn(0) 0.05

RER, dp(0) -0.38

Cons. in home good, dc® (0) -0.46

Exports dX (0) -0.13

Investment, dI(0) -0.38

Savings, dS(0) -0.47

Current Account, dca(0) -0.09
C.Multipliers

Short-Term Multiplier, dY'(0)/dg” 0.03

Long-Term Multiplier, dY/ng -0.04

“We consider a rise in ¢g” which raises total government
spending by one percentage point of GDP and is financed by
a rise in payroll taxes by an amount dictated by (267). Param-
eters are those in the benchmark case. Impact and steady-state
changes are scaled by initial GDP. The fiscal multiplier has been
obtained by dividing the variation of GDP by the change in pub-
lic spending.

and physical capital, and thereby yields a negative steady-state balanced-budget multiplier
(-0.04). In contrast, in the short-run, as the real exchange rate overshoots its steady-state level
and pushes down further private wealth measured in terms of the domestic good, the effect on
employment of the sizeable real exchange rate appreciation counteracts the distorsionary effect.
This allows for an initial rise in employment and thereby a positive impact balanced-budget
multiplier, yet displaying a much smaller size (0.03) than that after a lump-sum tax-financed
public spending policy.

44



. .
& Consumpion & ouput Employment
5 3
] ]
o 7 oo
3 % o
€ 02 @
s 5 o
£ 03 £
< < o0
g-0s £ om
g0 £ oo
Lo £ oo
g £ 005
2 07 3

09 § 008

g =
0 5 10 15 20 25 30 35 40 H 0 5 10 15 20 25 30 35 40 0 5 10 15 20 25 30 35 40
Time. c Time Time.

(a) Consumption (b) Output (c) Employment

Savings, Investment and the Current Account with Habits

= Invesiment

Percent of Steady-State Output

savings
Current Account

(d) Current Account with Habits

Figure 3: Computed Transitional Paths after a Labor Tax-Financed Government Spending
Shock

45



J Habits in Leisure and Fiscal Shocks

In this subsection, we provide a discussion about the effects of fiscal shocks by assuming that
households display a habit-forming behavior in leisure. We abstract from capital accumulation
in order to simplify the study of saddle-path stability conditions.

J.1 The Framework

The representative agent is endowed with a unit of time, supplies a fraction n(t) as labor,
and the remainder [(t) = 1 — n(t) is consumed as leisure. At any instant of time, households
derive utility from consumption ¢(t), current leisure {(t) and are confronted to disutility from
their level of habits in leisure denoted by s(¢). Hence, assuming that the felicity function is
additively separable in consumption and leisure, the representative, household maximizes the
following objective function:

U= /OO {u(c) +v(l,s)}exp (—pt)dt, (269)
0

where (3 is the consumer’s subjective time discount rate, o, > 0 corresponds to the intertem-
poral elasticity of substitution for consumption, and v > 0 stands for the weight attached to
habits in leisure s into utility.

The stock of habits in leisure is defined as a distributed lag on past leisure’ levels:
t
s(t) =0 / () exp (—o (t — 7)) dr, (270)

where the parameter o indexes the relative weight of recent leisure in determining the reference
stock s. Differentiating equation (270) w. r. t. time gives the law of motion of habit stock:

s(t) =o[l(t) — s(t)]. (271)
The flow budget constraint writes in the usual form:
p(£)b(t) = r*p(D)b(t) + w(t) (1 = U(t)) = pe(p(t))c(t) — T, (272)

where 1 — [ = n. The government finances government spending on the domestic good g by
levying lump-sum taxes T, i.e. g = ¢P =T.
The macroeconomic equilibrium is described by the following set of equations:

DeA
ue (c) = p (273a)
v (l,8) +0€ = —Ew, (273b)
Fy (n) = w, (273¢)
A=X(B-1%), (273d)
§=(B+0)E—vs(l,5), (273¢)
F(n)=(1—ac)pc+ X (p)+g, (273f)

together with the accumulation equation of foreign assets (272), the accumulation equation of
habits (271) and appropriate transversality conditions.

We first solve equation (273a) for consumption:
c=c (S\,p) ) (274)

where partial derivatives are given by (193). Using the Shephard’s Lemma, intra-temporal
allocations between domestic goods and foreign goods are: ¢’ = pl.c and ¢” = [p. — ppl] ¢ and
substituting (193), we solve for consumption in the domestic and foreign goods:

P =P (A, p) . cF=cF (A p), (275)
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where partial derivatives are given by (195).

Substituting first the short-run static solution for consumption in the domestic good (275),
and solving the home good market-clearing condition (273f) for the real exchange rate yields:

p=p(\lg), (276)
where

_ dp A _ (1*050)‘*}00'0

6P7/\ = 55 = # > O, (277&)
_ opl 11

€Epl = E; = —EF < O, (277b)
_ opYy 1

Ep,g = aigg = —F < 0, (277C)

with F' = (1 — a¢) [pae + (1 — ac) 0c] + wxvx > 0; we specified the production function as
follows Y = nerhan  with 0 < ay < 1.

To write the law of motion of real consumption in a more interpretable form, we calculate
the time preference rate denoted by p’, defined as the proportional rate of decrease of marginal
utility of leisure expressed in present value terms (see e. g. Epstein [1987]):

b = Al (l,5) + o€ exp (=6)}
N dt

(278)

l'(t):0.

By substituting the accumulation equation for habits (271) and the dynamic equation for its
shadow price (273e), and eliminating £ by making use of (273b), the rate of time preference
writes as follows:

P18 = 8+ 2 [ov, v (- 5) 4 (34 ) (l—“j)] (279)

where pf' = I (B+0) oy <0, pf = & (B+20)T" >0, py = 1 [(p" = B) + (B+0)], p} =
—L1(p" = B) + (B+ 0)] and we set

g
FL = Ui + mvss > 0. (280)

Differentiating (273b) with respect to time, substituting (271) and (273b), eliminating £ by
making use of (273b), yields the dynamic equation for leisure:

>

w

i=— (W) = p(Lsp ), (281)
oyl
where \ \
*an Sw l
ph=q4p 222 P (282)
vy gl p

with F,, <0, vy < 0 and p; < 0.
We assume that the instantaneous utility function takes the following form:

L= Lo gk, L[ LT 283
w@ ol = e v o [ (253)

Oc
where o, stands for the intertemporal elasticity of substitution for consumption.
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Useful expressions evaluated at the steady-state denoted by a tilde write as follows:

; i-lerr1—g St o (1 =)

ER L 1o 0 (284a)
_5\117 B _ﬁl+ﬁ55_[5+0(1_7)]
poul wl . e@Bro) Y (284b)
_(ﬁ;%)ﬂ = g{"e—(l—ﬁ)[ﬂ+0(1—7)]}>0. (284¢)
i
LUt EEts _ Bto(l-9)
ol  e(B+o) > 0. (284d)

Linearizing (281) together with the accumulation equation of habits (271) around the
steady-state, and denoting long-term values by a tilde, we obtain in a matrix form:

(s.0) =7 (s~ 520y~ 1) (285)
where J is given by
/= ( (@L>__laﬁ;ru2”fL (97) - 5+ U()j_ CIEA ) ) (286)
where
: Btol-n1
vh=1+ :(ﬁi0)7 7l {51\/ - wxvx +we (1 - acl) [pac + (1 — ac) o] } - b (257)
and
(89) 2R~ (88) 7 D oe— (1= 9 3+ (1 - )] )z80)
(#9) {3+ o) - 27U fﬂ = (1) o)t =40 (258b)

The determinant denoted by Det of the linearized 2 x 2 matrix (286) is unambiguously
negative:

-\ -1
Det J = — (\IJL) % [B+0(1—7) {[7 Fe(l—7)] - em} <0, (289)
where 0 < ¥~! < 1 and €57 <0. The trace denoted by Tr is given by:

TrJ=0F=r">0. (290)

The characteristic roots obtained from the 2 x 2 linearized matrix J write as follows:

1
Hi =g {TrJ + \/(T&J)Q - 4DetJ} >0, i=1,2 (291)

We denote by p1 < 0 and po > 0 the stable and unstable real eigenvalues, satisfying
p1 <0 <1< po. (292)

Since the system features one state variable, s, and one jump variable, [, the equilibrium yields
a unique one-dimensional stable saddle-path. It is straightforward to show that setting v =0

yields a stable root which simplifies to ,uflyzo = —o.
Stable solutions paths are given by:
s(t) — 5 = ByeMt, 1(t) — [ = wiBeMt, (293)
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where we normalized w! to unity. The eigenvector w associated with eigenvalue j; is given by

w§:<a+”i>>o, i=1,2. (294)
g

Formal Solution for the Stock of Foreign Assets

Substituting the domestic good market clearing condition (273f) into the accumulation
equation of foreign assets (272), and substituting the short-run static solution for consumption
in the foreign good (275) yields:

b=1r*b+ X;p) —c" (A p). (295)

Substituting the short-run static solution for the relative price p (276), and linearizing equation
(295) around the steady-state leads to:

b(t) = (b(t) —b) + O (102) - Z) , (296)

where

Q== |wx (vx — 1) +weae (1 —a.) (¢ —o.)] > 0. (297)

Inserting stable solution for I(t), solving the differential equation, and invoking the transver-
sality condition, yields the linearized version of the nation’s intertemporal budget constraint:

~ Q

Bl Dy (s0 — 35).- (298)

Ml —r*
together with the stable solution for the stock of foreign bonds:

~ Qplsz1 Mlt

b(t) —b= = =Py (s(t) — 9), (299)
1 —r

Qplw2
p1—r*

where we let &1 = > 0.

J.2 Habits in Leisure and the Long-Term Effects of Fiscal Shocks

Substituting first the short-run static solution for consumption, the steady-state of the economy
is obtained by setting [,$,b=0 and is defined by the following set of equations:

- < bto 7)) A, (1-1) _V, (300m)

Bto(l- p
F(1—i>_c (M D) ++X (B) + g, (300b)
r*pB+F(1—z) e c(\p) —g=0, (300¢)
and the economy’s intertemporal budget constraint
(13 - b0> — (53— s0). (300d)
where ay = %
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Total differentiation of the steady-state (300) can be written in matrix form:

1+ ﬁLN% —v v 0 l:
ant  Awe (1= ae) [pac+ (1 — ac) o] + wxvx} —we(l—ac)o. 0 Iz
i 2
_QN% —we [Ozc + (1 — Ozc) GC] Wwoo, wp %\
—q>1% 0 0 1 b
0
dg
- ' (301)
_dg |’
Y
0

where we restricted ourself to the case of a rise in government spending in the domestic good.
Determinant denoted by H writes as follows:

l l
H = <I>1gmu3 {we (1 —ac) ac (¢ — 0¢) +wxvx} + vay~ {weacae [(1 — ae) ¢ + acoe — 1] + wxvx}

. (1 + ”f) e (1 = 00 0 (6= 1) v} > 0,
BN T

where ®; > 0.
The steady-state changes after a rise in government spending are:

[

5 = —plawe(l—a) (@ =00 +oc— 1 +wxrx} <0, (303a)
?

ﬁ 1 vl [

@ = _E { <5N7~1> QeWeOc — VWBq)l;} <0, (303b)
) . a we e [(1 = ac) (¢ — o) 1]+wv]+uw<1>l~ > 0. (303c)
I D = Ir a7~ C - ¢ — O¢) — = .

d,%p H By 7 C XVx B lb

According to (303), a fiscal expansion lowers private wealth which induces agents to reduce
their consumption in leisure and work more. While the wealth effect impinges negatively on
consumption, its drop is not large enough for the market-clearing condition to hold. Hence, the
real exchange rate appreciates which depresses exports and pushes down further consumption
in the domestic good. Differentiating the intertemporal solvency condition (300d) with respect
to government spending, we find that the fall in the stock of habits in leisure drives down the
stock of foreign assets. The explanation is that while consumption falls markedly on impact,
its drop is not large enough to compensate the decrease in the real disposable income as labor
supply exhibits a tenuous response in the short-run. In conclusion, we derive similar results
to those in the case of habits in consumption. Leisure and consumption fall while labor rises
in the long-run. The open economy experiences a current account deficit over the transition
towards the steady-state.

Yet, it is worthwhile noticing that leisure initially decreases but by a smaller amount than
in the long-run:

di(0)  pr dl
7 = o dgr <O (304)
Y Y

where 0 < —£2 < 1 and we used the fact that B; = so — 5. Consequently, instead of over-
reacting in the short-run, output rises gradually towards its new long-run equilibrium. Addi-
tionally, the wage rate decreases but exhibits a tenuous response. Linearizing the short-run
static solution for the relative price in the neighborhood of the steady-state, evaluating at time
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t = 0 and differentiating w. r. t. g = g, yields:

ap(0) _ ap o d5 _ dp
dgTD ~ dgP br 2d¢gP " dgP

<0, (305)

where p; < 0 and wi > 0. From (305), the real exchange rate overshoots its steady-state level.
The reason is that the tenuous reaction of leisure and thereby the weak reaction of labor yields
a small rise in output. Though consumption falls strongly on impact, the rise in government
spending triggers an excess of demand in the home good market because higher domestic supply
fails to offset greater demand for the domestic good. For the market-clearing condition to hold,
a real exchange appreciation that lowers further ¢” and depresses exports is required.

Finally, habits in leisure lower the size of short-run government spending multipliers by
moderating the initial reaction of labor in comparison with the case without habits. However,
likewise consumption habits which imply that habit-forming consumers are confronted to a
larger steady-state fall in consumption than consumers having time separable preferences, the
presence of habits in leisure yields a larger steady-state fall in leisure and thereby a greater
long-run increase in labor. Hence, habits in leisure raises the size of the long-run government
spending multipliers in comparison with the case without habits.

If we allow for capital accumulation in a model with habits in leisure, the two-dimensional
stable solution would imply that labor displays a hump-shaped adjustment, i. e. overshoots
its steady-state level. Hence output peaks after a certain delay. Therefore, the introduction of
habits in leisure allows for giving rise to an output response in line with recent VAR responses.
Finally, we may expect that the weak response of output on impact yields a crowding-out of
investment expenditure by public spending in the short-run, stemming from the gradual and
sluggish adjustment of leisure.

K Debt-Financing Fiscal Shocks

The baseline neoclassical RBC model features infinitely-lived Ricardian households, whose
consumption choices are based on an intertemporal budget constraint. According to Ricardian
equivalence, the particular method used to finance public spending does not matter. Hence,
wether government expenditure are financed by means of public debt or taxation, a fiscal
expansion reduces the present value of after-tax income, thus producing a negative wealth
effect that induces agents to cut consumption expenditure by the same size. While we consider
that households display a habit-forming behavior, individuals behave like Ricardian-consumers
because we assume that the economy is populated by a large number of identical households
and firms that have perfect foresight and live forever. Hence, our results generalize in the
presence of non-balanced government fiscal expansion. More precisely, wether the government
budget is balanced or not does not affect qualitatively and quantitatively our results.

So far, we have assumed the government budget constraint is balanced. We now relax this
assumption and consider that the government may issue traded bonds measured in terms of
the domestic good, D(t), to finance its expenditure net of lump-sum taxes,

D(t) = r*D(t) + g + p(t)g" — T. (306)

Government expenditure consists in three components: purchases of domestic goods, ¢”, and
import goods, ¢, and net interest payments on outstanding public debt, r*p(t)D(t).

To rule out the possibility that the government ends with a positive debt or credit, we
impose the following condition:

lim D(t)exp (—r*t) = 0. (307)

t—o0

We first linearize (306) around the steady-state:
D(ty=r* (D(t) = D) +¢" (p(t) - 5)
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Inserting the stable solution for (p(t) —p) given by (52d), the solution for the stock of
public (traded) bonds writes as follows:

2
D(t) =r* (D(t) - E) +gF ZwZAie“it.
i=1

Solving the differential equation leads to:

~ ~ Vi4, VoAs | =
b -b = [(DO_D) -t uz—r*] e

A A
. V14, ety Vo Ag ekt (308)
p1—7* p2 —7*
with
Vi=gfwl>0 Vh=g"w?>0, (309)

where the signs follow from w} > 0 and w? >0 .

Invoking the condition for intertemporal solvency (307), we obtain the linearized version of
the government’s intertemporal budget constraint:

~ V1A VA
Dy-D=—"" 4 22 (310)
M1 —T Ho —r
The stable solution for net stock of public traded bonds finally reduces to:
. V1A VA
D(t)— D= et y 22 ot (311)
pa—r po =T

Inserting constants A; and As given by (54), we obtain the linearized version of the in-
tertemporal budget constraint of government expressed as a function of initial stocks of capital
and habits

D — Do =, (lé—k0>+qz2(§—so), (312)

with

(=) Vo= (2 — 1)W1 )
Y (1 —r*) (p2 — r*) (wg — w%) ’ (313a)

(p2 — 1) wiVi — (1 — ") w3Va

Uy ) 313b
(11 =) (12— ) (5 — ) (313
where (w§ —w}) >0, V4 >0, V5 > 0.
Differentiating the government budget constraint (312) w. r.t. g7 yields:
dD dk ds
Ly, g, 314
dg? 1ng + 2ng (314)

where the long-run change in net government debt will be estimated numerically. Differentiat-
ing (311) w. r. t. time, we obtain the transitional path for public debt:

D(t) = p1WeMtt + poWoet2t, (315)

Differer}tiating the steady-state government budget constraint w. r.t. ¢”, i.e. rpa+ g” +
pgt" — T, enables us to derive the long-run change of the required lump-sum tax:

dr ~ -

- dD 1 dp 1

Yy _ il E Z

q5 = 1+wp P B + wg 4,05 (316)
Y Y Y



where wp = T;,D is the share of interest payments on outstanding debt in GDP and wg is
the share of government spending on the foreign good in GDP. The details of derivation show
that long-run changes of public debt D and lump-sum taxes T do not affect consumption
and investment decisions. If the government decides to finance a rise in government spending
through issue of public debt, taxes must adjust so that the government’s budget restriction is
met. However, the sequence of taxes does not affect consumption choices as we shall show now

more clearly.

Solving (306) and invoking (307), we obtain the government’s budget restriction:
o0 *
D= [T -g e (317)
0

where we denoted by g = ¢g” + pg! total government expenditure. According to (317), in-
tertemporal solvency requires that the initial debt Dy is equal to the present value of future
primary surpluses.

Combining the accumulation equation of financial wealth (77) and invoking the transver-
sality condition yields:

/000 pe (p(t) ¢ (1) e~ Dt = a(0) + W/(0), (318)

where W (0) denotes human wealth, defined as the present discounted value of the future flow
of real disposable income measured in terms of the domestic good, i. e.

W(0) = / fwo(t)n(t) — T) e Odt. (319)
0
with RX the discounting factor:

RE (1) = /0 K (r)dr.

By substituting the government’s budget restriction (317) into (319), the expression of human
wealth can be rewritten as:

W(0) = /0 - [w(t)n(t) — gl e B Wdt — Dy — /0 - D(t) (rK — 1) e Oat. (320)

It it straightforward to see that the path of lump-sum taxes completely vanishes from the
expression of human wealth (320). Because the particular path for taxes does not alter house-
holds’ disposable income, real consumption choices are not affected either.
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