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Abstract

We use a two-good dynamic intertemporal general equilibrium model to formalize the
economic intuition of Krugman about the explanation of the J-curve phenomenon in terms of
habit persistence in consumption and sluggishness in capital adjustment. The results differ
markedly according to the permanence or temporary nature of the shock. A short-lived terms
of trade worsening may give rise to a once-for-all decrease in the marginal utility of wealth,
a hump-shape response of real expense when the perturbation is at work and a definitely
higher level of consumption at the new steady-state. Habitual standard of living and welfare
are raised through the combination of an intertemporal speculation, habit persistence, and
hysteresis effects. In accordance with recent empirical results, investment is procyclical,
H-L-M effect holds, net foreign assets adjustment exhibits a J-curve, current account surplus
is associated with a fall in real income. From an analytical viewpoint, a new consistent pro-
cedure to study temporary shocks in continuous time leads to formal solutions that allow to
investigate accurately transitional dynamics in a complex dynamic system, comparing tran-
sitory and permanent perturbations analytically, underscoring hysteresis phenomenon, and
bringing out the determinants of short and long-term reactions of macroeconomic aggregates.
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1 Introduction

The objective of this contribution is to provide a new explanation of the J-curve phenomenon
by elaborating a framework which differs from the previous two-good intertemporal optimizing
continuous time models interested in terms of trade shocks in four respects: [i] the framework
combines non separable additively preferences in the demand-side with adjustment costs in cap-
ital in the supply-side, [ii] an explicit and a consistent two-step analytical procedure for studying
short-run and long-run effects of a terms of trade worsening has been applied, [iii] a system-
atic comparison with stylized facts is operated, [iv] the analytical solutions allow to determine
rigourously and accurately the factors which influence the current account dynamics. We show
that the J-shape response of the net foreign assets following an adverse terms of trade shock de-
pends crucially on [i] the degree of habit persistence in consumption, [ii] the installation costs of
capital, [iii] the domestic contents of consumption and investment expenditures, [iv] the length
of the shock. The two last factors determine in turn the strength of the smoothing and in-
tertemporal speculation effects which influence the real expense and investment reactions once
the perturbation hits the economy.

What are the optimal responses of macroeconomic aggregates following a terms of trade
shock, particularly a transitory perturbation? This question has received a lot of attention in
the eighties by abstracting from capital accumulation in infinite horizon or two-period models (see
e. g. Obstfeld [1982], [1983], Svensson and Razin [1983], Ostry [1988]). Sen [1990], Karayalgin
[1995], Mansoorian [1993], [1998] address this issue in the nineties by introducing real money
balances in the utility, heterogeneity between the individuals, or by assuming an habit-forming
behavior. These contributions share the common characteristic of considering a small open
economy without capital accumulation and of focusing only on an unanticipated permanent terms
of trade shock. Sen and Turnovsky [1989], Murphy [1992], Serven [1999] analyze transitory terms
of trade perturbations by considering capital adjustment costs and by restricting intertemporal
preferences to be additively separable. Although they explore the effects of an unanticipated
transitory change in the relative price, the first paper applies a procedure which contains an
inconsistency and the second is not very explicit in the solution method (see Schubert and
Turnovsky [2002]). The last paper used a framework which is unable to allow for consumption
dynamics and therefore to explore its joint adjustment with net foreign assets accumulation. A
dynamic intertemporal general equilibrium that captures the main characteristics of a small open
economy is developed to establish the determinants of the macroeconomic aggregates’ reactions in
the short-run and the long-run after a permanent or a temporary terms of trade shock. Domestic
firms accumulate physical capital subject to installation costs and the households’ consumption
behavior is habit-forming. We follow a recent literature strand that explores the dynamics
of consumption, saving, and investment by incorporating non additive separable preferences
(Karayalcin [1994], Tkeda and Gombi [1998]).

The justification for focusing on terms of trade disturbances is threefold. First, they are
supply-side and demand-side shocks because they affect both consumption and investment
choices. A change in the price of an intermediary input or in total factor productivity are
typically supply-side perturbations. A variation in government spending affects only the demand-
side aggregates through a wealth effect. Second a relative price disturbance gives rise to income,
smoothing, intratemporal, and intertemporal speculation effects which enlarge the scope of eco-
nomic aggregates’ responses. Third, regressions performed by Fischer [1993] and Easterly et al.
[1993] show that terms of trade variations influence economic growth. According to panel data
estimations of Loayza et al. [2000], terms of trade play a key role in explaining saving rates
variations. Other empirical works show that a great part of real income, current account and



net exports fluctuations can be attributed to terms of trade shocks, particularly for small open
economies (see e. g. Fox et al. [2002], Otto [2003]).

The framework of Tkeda and Gombi [1998] is extended by considering that consumption and
investment have an import content. Our analysis departs from the study of the authors in
the kind of shock considered, which in turn, results in new conclusions and expand the effects
at work. More importantly, it differs in the analytical method applied to study unanticipated
transitory terms of trade shocks. This new solution procedure has been recently proposed by
Schubert and Turnovsky [2002] which corrects an inconsistency in the preceding solution method
initiated by Sen and Turnovsky [1990]. Moreover, this framework is more suitable than its
predecessors which study the current account response to terms of trade worsening. First, by
assuming habit-forming consumers we allow for a slow adjustment of real expense following
the relative price shock. This sluggish response of consumption in accordance with “excess
smoothness in consumption” is no longer obtained by Obstfeld [1983] and Serven [1995]. Second,
by considering that investment has an import content, our study highlights relevant factors that
determine optimal investment response following an unanticipated transitory terms of trade
perturbation. Obstfeld [1982] and Mansoorian [1993], [1998] assume no capital accumulation
and consider only permanent terms of trade shocks. Sen and Turnovsky [1989] incorporates a
labor-leisure arbitrage and assumes that investment has zero import content. Third, the model is
sufficiently tractable to investigate the factors that determine the consumption, investment, and
external position reactions to an unanticipated temporary and permanent future terms of trade
deterioration. The international business cycle models like those of Mendoza [1995], Senhadji
[1998], [2003], Kose [2002] provide complex frameworks with imported capital goods, multiple
sectors, intersectoral costs of reallocation of production factors, recursive preferences, but cannot
be solved analytically.

Number of empirical studies have shown that terms of trade changes have a large temporary
component (see e. g. Reinhart and Wickham [1994] for developing countries, Cashin and Mc
Dermott [2002] for developed countries) and that the duration of relative price shocks varies
widely across countries (see Cashin, Mc Dermott, Patillo [2004]). Surprisingly, the analysis of
transitory terms of trade perturbations in intertemporal optimizing continuous time models in an
analytical way are scarce, particularly when capital accumulation is considered. When such an
investigation is performed, some papers are not very explicit in their solution methods, or contain
an inconsistency as emphasized by Schubert and Turnovsky [2002], or report only a numerical
analysis (see for example Glenn [1997]). The study of an unanticipated temporary terms of trade
worsening in the formal setup we present below allows to show a new effect at work by adopting
the recent two-step approach recently developed by Schubert and Turnovsky [2002]. Following
a transitory decline in the home goods’ relative price, real expense may rise in the short run
like in the additive-utility case; more importantly real expense may be persistently higher in the
long-run in the present formal setup. The combination of habit persistence in consumption, an
intertemporal speculation effect, and an hysteresis phenomenon plays a key role in generating
the long-run response of real expense.

In the present study, we propose new insights about the effects of various terms of trade
shocks on consumption, investment, and external position dynamics. From empirical results of
Leonard and Stockman [2002], a new explanation of the J-curve phenomenon is needed.! To this
end, a framework is elaborated which allows to identify the channels through which relative price
perturbations affect short and long term dynamics of macroeconomic aggregates; in particular,
we formalize the economic intuition of Krugman [1989] about the interpretation of non-monotonic
adjustment of the current account.?



The paper is organized as follows. In section 2, we present the framework of a two-good
model of a small open economy, facing given terms of trade and world interest rate. In section
3, we analyze the equilibrium dynamics and the steady-state of the model. Section 4 explores
in detail the effects of a permanent worsening of the terms of trade. In section 5, a consistent
solution method for analyzing temporary shocks is applied to an adverse transitory relative price
perturbation. Consumption, stock of habits, investment, and current account dynamics are
studied and the results are compared to the effects of a permanent terms of trade deterioration.
Conclusions and a short outlook on further research are contained in section 6. Almost all formal
computations can be retrieved in the Appendix.

2 The Framework

Consider a small open economy that is populated by a constant number of identical households
and firms that have perfect foresight and live forever. We normalize, without loss of generality,
the number of households to one. There are four types of goods. The representative firm is
completely specialized in the production of a final good that can be consumed domestically or
exported. This good can also be transformed, at some cost, in capital. The domestic good is
an imperfect substitute for an imported good which can be used for consumption or investment.
The country is small in world good and capital markets and faces given terms of trade (price of
the domestic good in terms of the foreign good), p, and world interest rate, r*.

2.1 Structure of the Economy

Households
At each instant the representative household consumes domestic goods and foreign goods
denoted by d and f. The measure of utility of consumption at ¢, ¢(t), is given by the relation :

c(t) = e (d(t), f(t)), (1)

where ¢ (.) is a positive, increasing, concave and linearly homogeneous aggregator function. The
representative household maximizes the objective function

Ulco)] = /OOO wle (d(t), f(t)), s(t)] exp (=6t) dt, (2)

where § is the consumer’s discount rate, and s(¢) a distributed lag on past real expenditure as
(see Ryder and Heal [1973]),

s(t) = a/_ ¢ (d(7), f()) exp (=0 (t — 7)) dr- (3)

From (3), the dynamic equation of habit stocks is given by

$(t) = o [e(t) — s(8)].- (4)

Following Ryder and Heal [1973], the instantaneous utility function is assumed to be : [P1]
increasing in current real expenditure, u; > 0; [P2] non-increasing in past real expense, us < 0;
[P3] increasing in real expense at stationary state, uj (¢, c) + uz (¢, c) > 0; [P4] strictly concave
in ¢ and s, u1y (¢, s) < 0, ugy < 0, and concave in (¢, s), uyy (¢, s) ugs (¢, s) — [u12 (¢, )]* > 0; [P4]
lim. o u1 (¢, s) = 0o and lim. g [u1 (¢, ¢) + ua (¢, ¢)] = oo.
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Since ¢ (.) is homothetic, the household’s maximization problem can be decomposed into two
stages (see Frenkel and Razin [1987], chapter 6). At the first stage, the household minimizes the
cost, z.(t) = p(t)d(t) + f(t), for a given level of subutility, c(t), where p(t) is the relative price of
the domestic good. For any chosen ¢(t), the optimal basket (d(t), f(¢)) is a solution to

pe(p(t))c(t) = min {p(t)d(t) + f(t) : c(d(t), f(t)) > c(t)}. 5
(PO e®) = min (PO + (1) e(dlt). F1) = e(t) 5)
The assumption that the subutility function ¢ (.) is linear homogeneous implies that the total
expense in consumption goods can be expressed as z.(t) = p. (p(t)) ¢(t), with p. (p(t)) is the unit
cost function dual (or consumption-based price index) to ¢. Intra-temporal allocations between
domestic goods and imports follows from Sheppard’s Lemma (or the envelope theorem) applied
to (5):

d(t) = pe (p(t)) c(t),  f(t) = [pe (p(t)) — ()P (p(1))] c(t), (6)

with (see Deaton and Muelbauer [1980]),*

pe(p) >0, p.(p)>0, p.(p)<0. (7)

In the second stage, consumers choose their real expense, ¢, and rates of accumulation of
consumption “experience” and traded bonds to maximize (2) subject to (3) and the flow budget
constraint, _

b(t) = r*b(t) + [D(t) + w(t)] — pe (p(1)) c(t), (8)

and initial conditions s(0) = sg, b(0) = by. Households’ income consists of interest earnings,
r*b(t), dividend payments on equity holdings, D(¢); moreover, households inelastically supply
one unit of labor services and receive the wage, w(t), per unit of time. The real stock of foreign
assets held by the household, b(¢), is denominated in terms of the imported good since we assume
that external borrowing and lending are measured in units of the foreign good.

Firms

Perfectly competitive firms produce output, Y, from labor and capital, k, by means of a
constant returns to scale production function, which is assumed to have the usual neoclassical
properties of positive and diminishing marginal products. Like Abel and Blanchard [1983], the
installation cost function ¢ (I(t)/k(t)), is assumed to have the following properties:

YO=0, Y ()>0, 20/()+ () >0 )

Following Gavin [1992] and Serven [1995], [1999], we assume that domestic and imported
goods are converted in an investment good according to a linearly homogeneous technology:

J(t) =J (JD(t)a JF(t)) ) (10)

where Jp and Jg denote domestic and foreign inputs combined into the investment process.
Since J (.) is homogeneous of degree one, the investment decision can be done in two stages
like consumption decision. As the solution to the cost minimizing of expenditure on investment
goods it can be defined by

pr(p(t) J(t) = {JDg}i(t)}{p(t)JD(t) +Jr(t) - J(Jp(t), Jr(t) = J ()}, (11)



where the exact investment price index is a function of terms of trade and has the following
properties

pr(p) >0, pr(p)>0, pir(p)<O. (12)
From Sheppard’s lemma, we obtain investment demand for the domestic and imported goods:
Ip(t) = pr (p(t)) J(t), Jr(t) = [pr (p(t)) — p()P] (p(1))] T (t). (13)

In the second stage, the representative firm maximizes the present value of anticipated future
cash flow:

e V(0] = /OOO D(t)e ™t = /OOO {pF (k1) —wl —pr (p) I {1 + 1 (i)] } e "tdt, (14a)

subject to k(t) = 1(t), (14b)
and the initial condition k(0) = ko. (14c)

2.2 Macroeconomic Equilibrium

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

uy (¢, s) + & = pe (p) A, (15a)

pEi (k1) = w, (15b)

=m0 () (1) ()] (150
A=0, ie A=), (15d)
E=(+0)E—w(ers), (15¢)

i=ra— o0 400 (1) v (i)] , (151)
b= b pF () =)o~ )1 149 ()] (15%)

and dynamic equations (4) and (14b), and the transversality conditions
tlim Abexp (—r*t) = tlim Esexp (—r't) = tlim gk exp (—r*t) =0, (16)

where \, £, g are the co-state variables associated with dynamic equations (8), (3), and (14b).
The solution of the differential equation (15e) using (16) is given by

£(t) = /t - ug (e(7), (7)) e~ O+ =g, (17)

The shadow price of habits’ stock is equal to the present discounted value of marginal utility of
consumption “experience”, us < 0, which depreciates at the rate o.
Solving (15f) forward and ruling out “bubble trajectories”, we obtain

a0 =[" {ka o0+ o) (3) o <.>} e Dar. (18)
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According to (18), the shadow price of capital is equal to the present discounted value of the
sum of the marginal product of capital and the reduction of the marginal cost induced by an
increase in the capital stock for a given flow of investment, both expressed in the foreign good.

The first static efficiency condition (15a) requires that along an optimal path the sum of
marginal current utility of real expense and its marginal contribution to the future felicity stream
derived from a higher habitual standard of living is equal to the marginal utility of wealth in the
form of internationally traded bonds measured in terms of the domestic good, p.A. The second
static efficiency condition (15b) establishes the usual equality between the marginal productivity
of labor and the real wage. Equation (15¢) equates the ratio of market price of installed capital
to the replacement cost of capital, i.e. the Tobin ¢, to the marginal cost investment.

With a constant rate of time preference and an exogenous world interest rate, we require that

o=r", (19)

in order to generate an interior solution. This standard assumption made in the literature implies
that the marginal utility of wealth, A, must remain constant over time (see (15d)), and gives rise
to the zero-root problem (see Sen and Turnovsky [1990]).

Finally, the first transversality condition of (16) rules out the possibility of running up infinite
debt or credit and ensures that the nation remains intertemporally solvent.

3 Equilibrium Dynamics and the Steady-State

FEquilibrium Dynamics
The static efficiency condition (15¢) implies that the rate of investment is a function of Tobin

u =K d K/, K =
== (pf(p)>’ ()>0, x(1)=0. (20)

From (20), the rate of investment rises when the market price of capital is higher than investment
replacement cost, that is to say the Tobin’s q, denoted by v, is greater than one.

Total differentiation of equation (15a), substitution of (4) and (15¢), and elimination of &
using (15a) lead to the following dynamic equation of real expense (see appendix A):

. 1 5
¢ = o [(5 +0) (u1 —pe(p) )\) + oug — uyz0 (¢ — s)] . (21)
Inserting the short run static solution (20) in (14b) and (15f), linerarizing these with dynamic
equations (3) and (21) around the steady-state, and denoting z = §,¢, k, G, p, ¢ the long term
values of x = s,&, k, q, p, ¢, we obtain in a matrix form

AN _ _ . T
(s, ¢k, q) =A (s(t) —5,c(t) — ¢, k(t) — k,q(t) — q) , (22)
where A is given by
—0 o 0 0
0+20 o
A= | T [ulz + 754_201@2} 0+o 0 , 0 i ‘ (23)
0 0 0 r' (1) p1(p)
0 0 —pFi r*



The Fisherian separation theorem implies that the matrix is block recursive. As we will see
below, the number of predetermined variables equals the number of negative eigenvalues and
the number of jump variables equals the number of positive eigenvalues, so there exists a unit
convergent path towards the steady-state.

The characteristic roots obtained from A;; write as follows:%

1 4o (6 +2
== &t¢®+&@2+(ﬂ+cﬁr >0, i=1,2, (24)
2 U1l
where we let o
T = <0. 25
u12+5+20u22> (25)

The sign of I depends on wu1o. If the marginal utility of real expense is sufficiently increasing in
stock of habits, the preferences of the representative consumer display “adjacent complementar-
ity” and I is positive (see Ryder and Heal [1973]). If u;2 has a negative or a low positive value,
I" is negative and preferences are said to display “distant complementarity”.

We denote respectively uy < 0 and ps > 0 the stable and unstable real eigenvalues satisfying

p1 <0 <7r* < g, (26)
under the condition (see Obstfeld [1992])7

U2 +

W2<_<5+0> 1 27)

o
0+ 20 5+20 ) uy’

so that the long-run equilibrium is a saddle-point in (s, ¢)-space. While the habits’ stock evolves

always gradually, the real expense, ¢, can jump instantaneously in response to a new information.
The general solution of the linearized system Aj; may be written as

s(t) = 5+ Ajett! + Agel?t, (28a)
ci A, (W) ot A, (W) ohat, (28b)
g g

where A; and A, are arbitrary constants. Invoking the transversality conditions requires that
Ag = 0. Starting from an initial “consumption experience” s(0) = sg, the stable dynamic time
paths followed by s and c are given by

O
~—~

~
N

s(t) = 5+ (so—3)e", (29a)

oty = e+ (Ui”1> (so — §) e, (29b)

where A1 = sp — 5. When the stock of habit consumption is expected to be higher, real ex-
pense and habitual standard of living co-vary in the same or in an opposite direction according
to whether (o + p1) is positive (adjacent complementarity, I' > 0) or negative (distant com-
plementarity, I' < 0), i. e. according to whether the marginal current utility of real expense
is sufficiently strongly increasing or decreasing (or weakly increasing) in future “consumption
experience” with respect to the increase of marginal desutility of habits.

The two real characteristic roots obtained from Ass write as follows:

. o K (1) kpFy .
pr ()2 — g EPTRR g, 30
\/( ) p1 (D) = (30)

Xi =

N



The stable and unstable eigenvalues satisfy
X1 <0< r® <y (31)

Hence the dynamics describe a saddle-point in (k, ¢)-space.
The general solution of the linearized system Aso may be written as

k(t) = k4 BieX'' + ByeX?, (32a)
_ prxi t prxz t

t _ B _ X1 B = X2t 32b

) = a4 1(n'<1>k>6 * 2<n'<1>k)6 (320)

The stable adjustment path is given by

k(t) = k+ (ko—k)eX, (33a)
q(t) = q+ <;,9 ZC;IJ (ko — k) e, (33b)

where By = ko — k. The solution (33b) indicates that the stable branch is downward-sloping.

Substituting the short-run solution (20), linearizing the dynamic equation of the foreign asset
stock (15g) in the neighborhood of the steady-state, using the fact that pFj (/;, 1) =1*pr (p) at
the steady-state, and substituting the general solutions (28b), (32a), and (32b), we obtain the
general (linearized) solution for b:

1 7 C + c + r*
b(t) = b+ |(bo—b)+piBi+prBs+ p(ai'ui)/h + L@Az et —
ol =) o (=)
pe (0 + ul)A gt Pe (0 + MQ)A26M2,5‘

—prBieXt" — prByeX?’ — 1
o (g —7%) o (2 —1%)

(34)

The intertemporal solvency condition for the small economy imply A2 = 0 and the linearized
version of the nation’s intertemporal budget constraint

(00 1) = —p (o~ ) = 2T ), 3

where the initial stocks, ko, bo, s are given. The stable solution for b(¢) consistent with long-run
solvency writes as follows

(060) = 5) = =1 (60~ ) = 2722 o) ). (36)

This equation describes the relationship between the stock of internationally traded bonds, the
stock of physical capital, and the stock of consumption habits along a stable path. Time deriva-
tives of solutions (33a) and (36) and elimination of A;e#1! and ByeX'! allow to express the change
of capital and foreign assets stocks in term of deviations from steady state as

Bt = xi (k@) = k), (37a)
b(t) = w1 (b(t) =) +pr(u1 —x) (k(H) — k), (37D)

where the multiplier (u; — x1) can be positive or negative according to whether the speed of
adjustment of consumption habits, |u1], is lower or greater than this of capital stock, |x1|. The



new differential equation system has two stable roots 1 < 0 and x1 < 0; hence the steady-state
is a stable node in (k, b)-space.

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

o
u1 (G,8) + P (¢,5) = pc (D) A, (38a)
c =3, (38Db)
q=pr(P), (38¢)
r*pr (p) = pFy (k. 1), (38d)
r*b+ pF (k,1) — p. (p) € =0, (38e)
and the intertemporal solvency condition

z =\ Pe (o + ) _
bp —b) = —pr (ko — k) ————% (50— 5). 38f
(b0 =) = =1 (1o~ ) = LT (5= 5) (381)

From (38a), the marginal utility of consumption along a constant path,® i. e. the sum of marginal
current utility of real expense (u;) and the capitalized value of marginal utility of “consumption
experience” (uy/ (§ + o)) adjusted by the parameter o is equal to the marginal utility of wealth
in terms of the domestic good, p.\. The equation (38b) requires that real expense is equal to
habits’ stock at the steady-state. Equation (38c) asserts that long-run investment is zero when
the market price of installed capital is equal to its replacement cost, i. e. when the Tobin’s q
is equal to one. Equation (38d) indicates that in the long-run the marginal product of capital,
pFy, is equal to its user cost, r*p;, both expressed in terms of the foreign good. Equation
(38e) implies that in the steady-state equilibrium, the current account must be zero, that is,
the gross national product, r*b + pY, must be equal to the total expenditure in consumption
goods, p. (p) ¢. Finally, the linearized version of the nation’s intertemporal budget constraint
(38f) implies that the steady-state depends on the initial stocks kg, by, and sg. This dependency
upon initial conditions comes from the assumptions of infinitely lived maximizing agents having
a constant rate of discount and facing perfect capital markets and leads to hysteresis effects, that
is, temporary terms of trade disturbances have permanent effects (see Sen and Turnovsky [1989],
[1990]).°

System (38) may be solved for the steady-state values by applying the two-step solution
method described by Schubert [2002] and Schubert and Turnovsky [2002]. We first solve equa-
tions (38a) to (38e) as functions of marginal utility of wealth expressed in terms of the foreign
good, A, and of the terms of trade, p. This yields to the following functions

§ = e=t(\p), t3<0, t,<0, (39a)
k= u(p), wup>0, (39b)
g = pr(p), pr>0, (39c)
b = v (S\,p) , 03 <0, v, <O0. (39d)

In the second step, we insert these functions into the economy’s intertemporal budget constraint
(eq (38f)), which may be solved for the equilibrium value of the marginal utility of wealth:

5\ =g (So,k'(),bo,p), )\s 2 0, )\k < 0, /\b < O, )\p < 0. (40)



Substituting then X into the other steady-state functions (39) gives the conventional steady-state
values of the economy as functions of the terms of trade and the initial conditions, kg, by and sg
(except for supply side’s variables, k£ and q).

4 A permanent Deterioration of Terms of Trade

We investigate the effects of a permanent decrease in the relative price of the domestic good,
p, from pg to p1, which occurs at time ¢ = 0, where the economy is originally in steady state.
Like Obstfeld [1983] and Sen and Turnovsky [1989], we assume that the small open economy is a
net exporter of the domestic good at the steady-state, that is (Y — J) > 0. All agents perfectly
understand the permanence of the terms of trade deterioration, but its occurrence at time t = 0
is unanticipated. Because of perfect foresight assumption, the transitional dynamics are affected
by the expected long-run state of the economy.

Steady-State Effects of an Unanticipated Permanent Terms of Trade Deterioration

The long-run effects after a permanent change in the relative price of the home good, con-
sistent with long-run solvency, are obtained from the total differential of the equilibrium system
(38):

de ds o(pr—r*) -
= = 2= " (y_q) >0, 41a
dp dp  pepr (o +1%) ( ! (412)
dk F, (1 —ay) dg
LA VAN - 41b
O DF QM (p) > (41b)
dA o —r*) (Y —d) [ 5—1—20 < >] Qe
— = u — <0, 41c
dp pefi1 (0 +7%)  pe 2 p (41c)
b Y —d F.(1—
b (o +m) ( 1) L Pr K ( OU) =0 (41d)
dp p1 (o +1%) PFy,
dniz Ldb dk de
— = = (Y —=d) + pF— — po—, 41
i po ( )erkdp Peg, (41e)

where the net exports expressed in terms of the foreign good are denoted by nz; they are defined
as the difference between the domestic output and absorption, the latter being equal to the sum
of consumption and investment expenditure, i. e. nx(t) = pF' [k(t), 1] — pec(t) — prJ(t).

A permanent decrease in p reduces the long term values of real expense, ¢, and of consumption
habits, 3, of the same amount (see (41a)). These changes are proportional to the loss'® in the
purchasing power of exports in terms of consumption goods, [(Y — J) / pc] dp < 0. The difference
with time-additive utility is that the modification of ¢ in the long-run is greater (in absolute value)
the higher is habits’ persistence, i.e. the lower is | |. This can be explained in an intuitive way; a
drop in p implies a fall in real income which incites households to decrease their real expenditure.
When preferences display adjacent complementarity, i.e. the persistence of consumption habits
is high, consumers reduce initially ¢ but less than the drop in real income which implies a
decumulation of financial wealth and hence amplify the long-run effects of the negative income
shock on consumption. This process can be unstable if condition (27) is removed (see Becker
and Murphy [1988]).

From expression (41c), the permanent decrease in p has two influences which work in the
same direction on marginal utility of wealth expressed in terms of the foreign good. First, a
fall in p lowers domestic real income which induces a drop in consumption. This income effect
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is proportional to (Y —d) (see the first term on the right hand side of eq (41c)). Second, a
negative change in p favors the consumption of the domestically produced good, d, and incites
households to reduce the level of their consumption in the foreign good. This substitution effect
is proportional to «., the share of domestic goods in consumption expenditure (see the second
term on the right hand side of eq (41c)). These two adjustments lead to an increase in marginal
utility of wealth expressed in terms of the foreign good.

When the expenditure in capital goods has an import content, a decrease in p leads to a drop
in the marginal product of capital expressed in the foreign good greater in absolute value than
the reduction of the user cost of capital. Adjustment in the long-run calls for a lower capital
stock, k. At the new steady-state, the shadow price of installed capital is definitely reduced to
the level g1 = pr (p1) and Tobin’s q is equal to unity.

The change in the foreign assets stock, b, is the result of two forces. First, in response to an
adverse permanent terms of trade perturbation, financial wealth increases or decreases accord-
ing to households’ preferences display distant ((o + ,ul)dm < 0) or adjacent complementarity
(o4 p11)* > 0), i. e.

da _ pc(o+p)ds

ot <0 according to (o + <0,
p o (1 — ) dp > g ( ) S

where the non-human wealth, a = b + ¢k, is the sum of the value of internationally traded
bonds and the value of domestic equities, both expressed in terms of the foreign good. Second,
a drop in the relative price of domestic goods discourages investment which affects positively
the stock of foreign bonds. Finally, we assume that under adjacent complementarity, the savings
flow dominates the investment flow, i.e the long-run value of the foreign assets’ stock decreases
following a permanent terms of trade deterioration. This assumption can be expressed in a more
formal way : .
%adj:_plﬁ_pc(0+/ﬁl)§>07 (42)
dp dp o (p—r*)dp
where the notation adj means that we refer to the adjacent complementarity case. At the new
steady-state, the equilibrium current account must be zero, ca = 0; the trade balance must
mirror the balance of net interest earnings, i. e. nz = —r*b. Under adjacent complementarity,
the economy must raise net exports to compensate the losses in interest earnings, i. e. nx; =
—7*by > nixg = —1r*by.

Transitional Dynamics

We assume that the economy is initially in an “old” steady-state. Due to the zero-root
property, the marginal utility of wealth jumps instantaneously at time ¢ = 0 to its new steady-
state value, A, and remains constant from thereon. Whereas s is predetermined, real expense is
free to jump at time ¢ = 0 to situate the economy on the stable branch :

de(0) o+ de _
b = [1 - (a)] > W according to (o + 1) S 0, (43a)
w1 de
- P99 43b
s (43b)

where we differentiated the stable solution (29) evaluated at time ¢t = 0 with respect to p. In
the additive-utility case, a permanent deterioration of terms of trade leads to a decline in real
expense equal to the drop in real income. The economy jumps immediately to the new steady-
state and saving is not affected (see Obstfeld [1983], p. 139). When preferences of habit-forming
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consumers display adjacent complementarity, a negative income shock calls for a (decreasing)
gradual response of ¢. This sluggish consumption adjustment follows an initial jump of real
expense less important than its decline in the long-run (see eq (43a)). Agents choose ¢(0) by
assigning a positive weight to the initial consumption habits’ stock, s, and a weight less than one
to the annuity value of total wealth deflated by the consumption price index, r* [bg + W (0)] /pe,
i.e. the permanent income (see appendix B).

When the representative household tries to maintain his consumption habits, he decumulates
financial wealth after the permanent deterioration of terms of trade. The economic intuition
behind this result rests on the degree of habit persistence in consumption determined by w1 which
in turn depends on the value of u12. With adjacent complementarity (I' > 0), a consumption
experience decrease in the long-run implies an initial rise in the rate of time preference, i. e. :

(U+u1>adj+ 0+ 20
o uir (6 + o)

ds

dp(0) w1 (6+0) ds
dp

< 0. 44
dp DeA ( )

where the expression in square brackets is negative (see appendix A). In words, the high pos-
itive value of the cross-partial derivative of the felicity function, uqo, implies that the marginal
utility of current real expense is greater than the marginal utility of future real expense, so that
consumption is always biased toward the present. Figure 5 depicts the adjustment of ¢ and s
following a permanent deterioration of terms of trade. Once initial jump of ¢ is operated, the
real expense and consumption habits’ stock monotonically decreased along the stable branch
U1U1. In the same time, the rate of time preference falls toward the fixed discount rate, 9, as s
converges to its new steady-state value.

With kg being predetermined, the initial jump in ¢(0), following an unanticipated permanent
deterioration of terms of trade is given by:

dq(0) dq prxa \ dk _ dg
N7 2 —_— > —
dp dp

(45)

> 0,
k' (1)k) dp ~ dp

where we differentiate (33b) evaluated in ¢ = 0 with respect to p. The relative price of home
goods’ decline leads, as explained in the discussion of the steady-state, to a perfectly decrease
in the capital stock and thus gives rise to an instantaneous downward jump of Tobin’s q, ¢/py,
on the new stable branch X;X; (see figure 4). The depressing effect on investment from the
decrease in ¢ is greater the larger is the gap between the short-run decrease of the market price
of capital, ¢(0), and the new investment price index, p; (p1) = @1, i.e the higher is the import
content of capital goods.!! Figure 4 depicts the decumulation of capital stock, k(t) < 0, which
slows down over time, k‘(t) > 0. The decline of k raises its marginal productivity over time, and
therefore its market price at a decreasing rate.

Having discussed the dynamic transition of real expense and investment towards the new long-
run equilibrium of the economy, we turn now to the current account and net exports adjustment
following a worsening of the terms of trade. The transitional dynamics can be best described
by the use of phase portraits for the stable manifold. Because there are two sluggish variables,
the equilibrium system follows a two-dimensional stable path determined by the evolution of
the capital and habits’ stocks. The construction of phase portraits is described in appendix
C. Because we are interested in providing a new explanation of the J-curve phenomenon, we
restrict the study by assuming that [i] the representative household’s preferences exhibit adjacent
complementarity ((o + 41)*¥ > 0), [ii] the adjustment speed || of habits is higher than the
adjustment speed |x1| of capital, and [iii] inequality (42), according to which a permanent terms of
trade worsening reduces the stock of foreign assets in the long-run, holds. Transitional dynamics

12



Figure 1: Permanent terms of trade worsening and net foreign assets adjustment in the (k,b)-
space: the J-Curve - u1 < x1 - Adjacent complementarity.
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Figure 2: Permanent terms of trade worsening and real net exports adjustment: the overshooting
phenomenon.

can be disentangled in two phases by noting that there exists a date ¢t = { (with ca (f) = 0) such
that the stock of foreign assets overshoots along the stable trajectory.'?> To summarize, we find

ca(t) = b(t) <0, pour t<I, (46a)

ca(t) = b(t)>0, pour t>t. (46b)

An unanticipated permanent worsening of terms of trade leads to an immediate decumu-
lation of foreign bonds and a deterioration in the trade balance, the initial level of b being
predetermined: ~

; dk pe (o +p1)ds

b(o) = CCL(O) = pIdeip + Mlm@ dp <0, (47)
where we differentiated (36) with respect to time, then evaluated the expression at time t = 0,
and assumed a permanent fall in p. The initial current account deficit is a consequence of the
fact that the initial negative flow of saving, a(0) = S(0) < 0, more than outweighs the influence
of the initial negative flow of investment. The assumption of habit-forming behavior gives rise to
a decline in real expense less than proportional to the reduction in permanent income, i. e. an
“excess smoothness” of consumption, and therefore a fall in financial wealth. At the same time,
high installation costs imply a slow adjustment speed of capital stock, and then a small initial
decumulation of equipment goods.

During the first phase 0 < t < ¢, consumption habits and physical capital decrease smoothly.
Since the representative household reduces its financial wealth faster than the representative firm
decumulates its capital stock, the non-human wealth a approaches its steady-state faster than .
The fact that habit persistence effects dominate investment discouraging effects until date ¢ gives
rise to an overshooting of net foreign assets’ adjustment, i. e. b (f) < by < bg. After its initial
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Figure 3: Permanent terms of trade worsening: saving and investment impulse functions
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worsening, net exports improve faster than the current account since nz(t) = b(t) — r*b(t) > 0
with ca(t) = b(t) < 0 and ca(t) = b(t) > 0. We can see it graphically since the locus na(t) = rix
is flatter than the demarcation line b(t) = 0 (see appendix C and figure 1).'* This is because at
time £, the losses in interest earnings must be compensated by an improvement in net exports.
By denoting ¢ the date at which net exports reach a level at point A equal to their long-run
value, the discussion above can be summarized as follows:

nx(t) <nx, pour 0<t <, (48a)
nx(t) >nxz, pour {<t<L. (48b)

At some point of time, ¢t = £, the trajectory cuts the demarcation line b(t) = 0. From point B,
the deterioration in the net foreign asset position is then followed by a current account surplus.
Over the period t > ¢, investment influence becomes dominant over the habit effects. The rate at
which the representative firm wishes to decumulate its physical capital stock now outweighs the
rate at which representative household desires to decrease its financial wealth (see figure 3). This
exercises a rise in the stock of foreign assets which converges in direction to its new steady-state
level by at point E;. Turning to the trade balance adjustment, the effect of a decline in capital
goods on the net exports operates through three channels: [i] the reduction of real output, [ii]
the deceleration of the negative investment flow as k approaches its new steady-state value, and
[iii] the rise in marginal installation costs for a given investment flow.!* Net exports decline over
time but remain above their steady-state level during the second phase.

Finally, at the new steady-state, investment has ceased, capital and hence output have fallen.
Levels of habits and real expense are lower than at the initial steady-state. As decumulation of
foreign bonds outweighs their accumulation during the second phase, b is definitively reduced.
Since current account must be balanced in the long-run, the losses in interest earnings from
abroad must be compensated by an improvement of the trade balance. Short term and long
term effects in the present formal setup following an unanticipated terms of trade worsening may
provide some explanations of recent empirical results:

1. By using non-parametric methods, Leonard and Stockman [2002] provide some evidence
of a J-curve phenomenon but their evidence does not support standard explanation. In
accordance with authors’ results, we find that the second phase of current account adjust-
ment is associated with a low real income level which results from the decline in both the
home goods’ relative price and the stock of physical capital.

2. We provide a formalization of Krugman’s economic intuition about interpretation of the
J-curve phenomenon. The current account adjustment display a deficit-surplus sequence
following a terms of trade deterioration when consumption habits effects are dominant first
and then are more than compensated by investment effects. This new explanation depends
on the interaction between habit persistence in consumption and equipment goods’ in-
stallation costs which determine respectively adjustment speeds of saving and investment.
Non-monotonic transitional dynamics of net foreign assets are ruled out for identical ad-
justment speeds (see eq (37b)).

3. Business cycle properties documented by Mendoza [1995] and Senhadji [1998] for developing
countries and by Cardi [2004] for developed countries, particularly the negative contem-
poraneous correlation between trade balance and the relative price of imports, suggest the
presence of a H-L-M effect (see figure 2). Its existence finds strong empirical support in
Otto [2003] by using a structural vector autoregression model and rests on the strength of
saving decline with respect to negative investment flow in our framework (see eq (42)).
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4. Backus et al. [1994] provide a restatement of the J-curve phenomenon in an “international
real business cycle” framework. In accordance with their empirical results, transitional
dynamics show that net exports are at first negatively correlated with the relative price
of imports and then positively correlated'®. More precisely, net exports exhibit a hump-
shaped response (see figure 2).

5 An Unanticipated Temporary Deterioration of Terms of Trade

Obstfeld [1983] was the first to study the implications of an unanticipated transitory terms of
trade deterioration in an intertemporal optimizing framework. He showed that a temporary
terms of trade shock generates both a smoothing effect and an intertemporal speculation effect.
The first effect follows from the differential between the current and the permanent incomes.
The second is induced by the transitory variation of the consumption-based real interest rate.
Following a negative terms of trade perturbation which lasts a short period, the fall of real
interest rate in terms of consumption provides an incentive for raising present real expense.
Once the relative price comes back to its initial level, real expense is definitively reduced because
of hysteresis effect. Sen and Turnovsky [1989] and Serven [1999] enlarge Obstfeld’s formal setup
by allowing for capital accumulation in presence of installation costs. In their framework, the
external asset position is essentially determined by the investment side of the model. Although
a transitory terms of trade shock may generate a discontinuity in real expense adjustment, the
intertemporal additive separable preferences’ assumption implies that real expense trajectory
remains flat over the period 0 < ¢ < T when the shock is at work, and over the period ¢t > T
once the shock ends. The study of an unanticipated transitory terms of trade perturbation in
the present formal setup allows to provide some new insights of the real expense and foreign
asset position transitional dynamics by introducing a habit-forming behavior as we shall see
below.'6 In addition, the analytical techniques developed in this paper differ considerably from
previous studies in that they allow to determine formal solutions for investment and consumption
blocks, and then for current account, without retaining functional forms. Finally, it permits to
emphasize the relevant factors for investment and consumption decisions following a temporary
terms of trade worsening in an intertemporal general equilibrium model.

We now investigate the effects in the short run and in the long run of a terms of trade
disturbance which lasts over the period (0,7"). For reason of clarity, we leave formal solutions
in appendix D where we display the major steps.!” This technical appendix substantiates the
discussion. The following notation is used: subscripts refer to the corresponding periods, the
subscription “perm” denotes a steady-state in case of a permanent terms of trade change, and
“temp” refers to an unanticipated transitory terms of trade perturbation.

Period 1 (0<t<T)

When the transitory terms of trade disturbance is at work, the economy follows an unstable
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path:

s(t) = 5+ AjeMt 4 Ager?t (49a)
ct) = &+ 4 <W> et 4 A, (U—H‘?) ekt (49b)
o o
k(t) = ki + BieX'' 4 ByeX?, (49¢)
_ prxi t prx2 t
t) = B =) X" + B = ) X', 49d
q(t) @+ 1(/<;’(1)]<:)6 + 2(/4(1)k>6 (49d)
_ Y — .
b(t) = b+ ( ) ,UfQ pc o+r )tp e’ (t—T)dp —pr (B16x1t + B26x2t) o
r* o (up —r*
_TlAlemt — Ty Azeh?, (49e)
nx(t) = nwzi+pr (XQBl(ZXlt + XlBgemt) + [MQTlAlemt + M1T2A26“2t] , (49f)

where we set
pe(0t i) oy, Pelotpi2)

T, = ,
Y o(m—r) S o (uz2 — %)

> 0.

Period 2 (t > 1T)
Once the terms of trade shocks ends, the convergence of the economy toward the final steady-
state is governed by the following equations:

s(t) = &+ Ajelt, (50a)
ct) = e+ A} <U —;'ul) ekt (50b)
k(t) = ky+ BjeX't (50c)
prxi t
t) = B/ X1 50d
q(t) 2 + (H(l)k)e : (50d)
T c + ;ul)

b(t) = by, —prBlexit — p(UiA/ Hlt 50e

( ) 2 brboy (Ml —r ) ( )
nx(t) = nxy+ pIXQBieXN + 1o MA’ Hlt (50f)

o —r*)

5.1 Supply-Side Dynamics

Although we adopted a formal setup for the investment-side closely related to the framework
specified!® by Gavin [1992] and Serven [1999] and our results are qualitatively the same, the
solution method we apply to study temporary terms of trade disturbances effects yield to some
new formal solutions for temporary shocks which allow for an analytical comparison with formal
solutions obtained with permanent shocks. The extension of the two-step method to a two-good
model with trade in capital goods leads to a richer description of investment paths.

Since steady-state values (117b) and (117c) of capital stock and its market price are only func-
tion of terms of trade and do not depend on marginal utility of wealth, a transitory home goods’
relative price disturbance has not permanent effects on investment-side aggregates. Therefore, k
and ¢ revert back to their initial levels when the shock ends. The long-run effects of an unantic-
ipated temporary terms of trade worsening can be summarized by the following inequality:

ko = ko > k1, Go=q2 > q1- (51)
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The dynamic evolutions of k£ and ¢ when the terms of trade disturbance is active are governed
by the couple of equations (123c) and (123d) which contain an explosive part, i. e. terms with
et2!: that is why we say that period 1 is unstable. From the solution prevailing in the case of
a temporary terms of trade shock, it can be shown that the initial impact on the market price
of installed capital is dampened with respect to its initial jump following a permanent terms of
trade shock. By evaluating (123d)) at time ¢ = 0, using the fact that By = —By — u,dp, and
differentiating with respect to p, one obtains®

prxi dilgl
k' (1) k dp

dgq(0) 1y | 401
A — (1 —e X2 ) [d
P

] = (1-eT) da(0) >0. (52)

temp temp

After an unanticipated temporary drop of p, the market price of equipment goods jumps instan-
taneously in the same direction as after a definitive reduction of p; nevertheless, its initial jump
is scaled down by the term (1 — e_XQT) which is:

1. an increasing function of the length 7' of the shock;
2. a decreasing function of capital installation costs.?°

Symmetrically to consumption response emphasized by Obstfeld [1982] in a small open economy
without capital accumulation, a temporary terms of trade disturbance generates two effects on
investment-side variables.?! Since all domestic firms are forward-looking with perfect foresight,
they are aware of the whole time path of their present discounted value of future marginal
products, which in turn determines their response. Moreover, they perfectly understand the
temporary nature of the perturbation and perfectly expect a terms of trade improvement at time
T. Whereas the shock is transitory, the discounting rate is no longer equal to r* over the period
(0,T) but equal to the investment-based real rate of interest, i. e. ! = r* — p/p, which is lower
than the real world interest rate. On the one hand, a drop in the home goods’ relative price
discourages investment by lowering capital marginal productivity below its user cost, as long as
investment expenditure has an import content. Since the negative shock is transitory, ¢ declines
less compared to its reaction to a negative permanent shock: this is the transitory profitability
effect. On the other hand, as the relevant real rate of interest is relatively low while firms expect
a rise in home goods’ relative price, there is an incentive to raise investment because the price
of future real investment in terms of present real investment is transitorily higher.

To emphasize the relevant factors for optimal investment reactions in the short term, we
express the gap between the market price value ¢(0) and its steady-state level at period 1 (see
appendix E, eq (136)):

_ br M(

1-— e_XZT) —e 2T | dp, (53)
p X2

q(0) — @
where 1 = pr (p1) (see eq (124c)). From (53), a transitory unfavorable terms of trade movement,
dp = p1—po < 0, implies an initial jump of ¢ below or above its period 1’s steady-state value, i. e.
v(0) <1 or v(0) > 1, according to whether the first term or the second term in square brackets
predominates. The former represents the transitory profitability effect which is an increasing
function of [1] the share of imported capital goods in investment expenditure, (1 — ay), and [2]
the shock’s length, T. The latter represents the intertemporal speculation effect which works in
an opposite direction on investment. The shorter-lasting is the shock, the less the present value
of future marginal product is affected and therefore the smaller is the fall in the market price of
installed capital; the higher is the domestic content in investment expenditure, oy, the greater is
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the fall in the investment-based real interest rate 7/ below the world interest rate 7*. This last
effect encourages the domestic firms to benefit from the transitorily low level of the investment
price index.

We now turn to the shape of the trajectory in (k, g)-space depicted on figure 4 during the
unstable period 1. The slope of the transitional path changes over time. Under the condition
that the transitory negative shock displays a high persistence which implies that the transitory
profitability effect predominates initially, the transitional path may change its direction at time
t = t such that 0 < £ < T (see appendix E.1). Results regarding the shape of investment
trajectory over period 1 can be summarized as follows:

T>T d (t) T>j1 d (t) T>T

dq(?) q q -
< — <0< —+% , for T >T, (54a)
dk(t) o<t<t dk(t) t=0 dk(t) t<t<T
da(t T<T .
0 < d4) . for T<T. (54b)
dk(t) [o<ier

When the unfavorable terms of trade shock is quite persistent, i. e. T > T , the flow of investment
is negative at first, declines towards zero over the period 0 < ¢t < £ (the trajectory slope raises
towards infinity in absolute value), and becomes positive over the period < ¢ < T (see eq (54a)).
When the negative perturbation lasts a short time, the capital stock adjusts along a monotonic
path with a positive slope in the (k, ¢)-space.

Case T > 1T
The figure 4 depicts the case of a persistent negative terms of trade shock, i. e. T'> T. The
economy jumps initially at point A such that:

Q(O)’perm < Q(O)‘temp < QI =PI (pl) . (55)

The impact change of the market price of installed capital is so large that the Tobin’s q is less
than unity which in turn encourages domestic firms to reduce their stock of equipment goods.
The economy moves along a trajectory which lies above the saddle-path X; X, for a permanent
drop in p. While the capital stock is decreasing until the economy reaches point B, the marginal
product raises which induces a rise in the market price q. As we prove in appendix E.1, there
must be a time ¢ in period 1 (with 0 < t < T) where the fall in the stock of equipment goods
stops. At point B, Tobin’s q is equal to unity,?? i. e. ¢ (f) = pr(p1). Given domestic firms
know that the relative price of home goods revert back to its initial level in the near future, they
are incited to accumulate capital goods in order to benefit from their low cost. Beyond time ¢,
investment expenditure increases due to the rising market value of capital, ¢:

. pr B - B -
q(t) = ok [x%d;e’“t + x%d]jem} dp > 0, (56)

where B;1/dp < 0 and By/dp < 0.22 At the same time, the growth of capital stock is operated
at an increasing rate:
dp

This acceleration of investment expenditure and hence capital accumulation raises production
even faster. The economy moves along the unstable and explosive path BC after time ¢. This
increase in the market price of installed capital boosts investment again and leads to increases of

. B B
E(t) = [Xflexﬁ + ng;emt} dp > 0. (57)
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Figure 4: Permanent and temporary terms of trade worsening and investment dynamics: the
capital profitability effect and the intertemporal speculation effect
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the capital stock at a growing rate. Therefore, the dividend yield falls continuously. Arbitrage
calls then for successively higher capital gains to guarantee the equality with the investment-
based real rate of interest, r!(¢). The expectation of a rising ¢ increases the actual market
price of installed capital, expectations become self-fulling, and this leads to successively higher
expected increases of ¢q. The only stabilizing element in the dynamic adjustment is the correctly
anticipated terms of trade improvement at time 7.

When the relative price of home goods turns back at its initial level (i. e. pr = p2 = pp), there
are no news effects, since all domestic firms anticipated the end of terms of trade disturbance.
Since the capital stock and its market price cannot change discretely, k (T~) = k(T7") and
q(T™) = q(TT), and the relative price p rises abruptly, the no-arbitrage condition between
capital and traded bonds requires that the capital gain jumps at time T, that is ¢ (T~) # ¢ (T™)
(see eq (15f)). At instant T, the rise of p generates two effects of investment expenditure. The
price of new capital rises immediately which in turn raises the investment-based real interest
to the level 7/ = r* and remains constant thereafter. At the same time, the growth of the
profitability of capital encourages the firms to pursue the equipment goods’ accumulation in
order to restore k towards its initial level ks = kg. The economy is now situated on trajectories
which guide it towards the ultimate steady-state 2, that is situated on the stable saddle path
labelled XgXg. Since the market price of installed capital is still above its steady-state value,
q(TT) > g2, that is, above the price of new equipment goods, pr (p2), as can be seen from point
C on figure 4, investment flow keeps on being positive.2* From this, we are able to determinate
the sign of B} /dp by evaluating the solution (125¢) at time 7

/

_ B
k(TH) — ke = d—;eX1T+dp <0, (58)

Since k (T") < ks, we deduce that B{/dp > 0. Over period 2, the capital stock increases at
a decreasing rate and therefore the economy converges towards its initial stock of equipment
goods. As accumulation of capital becomes smaller as time passes, its market price decreases at
a falling rate.

Case T'< T

When the negative terms of trade shock displays a weak persistence and/or the share of
home goods in investment expenditure is important, the intertemporal speculation effect may
outweigh the profitability of capital effect. This implies that the second term of the expression
(53) dominates the first term. Therefore, the market price of capital jumps initially at point F
such that:

Q(O)‘perm <q1=Dpr (pl) < q<0)|tempa (59)

which in turn leads to a Tobin’s q higher than unity and a positive flow of investment, 7(0) > 0
(see eq (138Db)):

. B B
0 = [+ x| ap >0 (60)
Over the unstable period 1, the capital stock (and its market price) increases at a growing rate:
. By By
k(t) = —ext? —=eX2t dp > 0 61
0 = [uitet aiiet| 4o, (612)
. By By
k@) = {X%dpexﬁ + ngpexﬁ} dp > 0, (61b)
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which follow from equation (60) and the fact that eX1' < eX2!. Over time, the positive value
of the slope of the trajectory in the (k,q)-space becomes higher. Although the economy moves
along an unstable and explosive path, all domestic firms perfectly anticipate that the negative
terms of trade worsening will end in the near future and that the marginal product will rise at
time 7. Because the marginal productivity of capital is transitory low and the rise of the stock
of capital goods intensifies it, the no-arbitrage condition calls for increases in the market price
of capital (¢(t) > 0). Since k rises at a growing rate, the successive increases of ¢ must be higher
(i. e. ¢ becomes bigger). At time T, the temporary terms of trade disturbances end and the
economy must be situated on the stable path Xy Xy. Now, the market price of installed capital
is below unity since q (T") < p; (p2) = @2 as we graphed in figure 4. At point G, the capital
stock k (TF) is greater than its long-run value ko which implies that:

_ B
k(TT) — ko = d—;eX1T+dp >0, (62)

and Bj/dp < 0. Investment expenditure jumps discretely from a positive to a negative rate.
Although the terms of trade improvement at time 7" makes the profitability of capital greater,
the price of new capital rises abruptly which in turn raises the investment-based real interest
rate. Since the latter effect dominates the former, investment is discouraged. Over the stable
period 2, the stock of equipment goods decreases towards its initial long-run value, ko = ko.
Over time, disinvestment reduces the capital stock and leads to an increase of the market price
of installed capital. Since hysteresis effects are absent in the supply-side, the economy reaches
its ultimate long-run steady-state 2 at point Ejy with its initial capital stock ky. We shall see
below that temporary shocks have permanent effects on consumption aggregates, and therefore
the financial wealth and the stock of foreign assets.

5.2 Demand-Side Dynamics

We describe now the short term and long term effects of an unanticipated temporary terms of
trade worsening on the real expense and the stock of consumption habits. We begin by evaluating
respectively the steady-state changes for period 1 and the ultimate deviation with respect to the
initial steady-state:

dél d;\ * T* *

— = t5— +t, = 5\ (1—6_TT>—t—(e‘rT—e_"QT)—i-t >0, (63a
dp temp A dp temp p AP le p < ( )
de dX * * «

de _dA — i (1 T T> _ t,,r— (e—r T e—mT) >0, (63b)
dp temp dp temp M1

where ¢35 < 0, ¢, < 0, and A\, < 0. The direction of changes of the steady-state value ¢; = 51
and of the ultimate and sustainable steady-state value ¢o = 59 with respect to ¢y = 59 remain
undetermined. Nevertheless, we are able to emphasize the effects at work by inspecting the
expression of the equilibrium change of the marginal utility of wealth following a transitory
terms of trade disturbance, that is:

dA

* ,5\ * *
ol =» (1 e T) _PAT (e*’“ T_ e*ﬂ?T) <0 (64)

temp Pc H1

where pl./p. = a./p, and (e‘T*T — e_“2T) is positive because ps > r*. An adverse transitory
relative price’s disturbance exerts on A\ two possibly offsetting effects:
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1. A wealth effect. The first term on the right-hand side of (64) is usually obtained by
considering separable additive preferences and a temporary relative price disturbance or a
habit-forming behavior and a transitory productivity shock (or a transitory intermediary
input price perturbation).25 The term 0 < (1 — e*"*T) < 1 is a monotonic increasing
function of T. Since A, < 0 denotes the steady-state change of A for a permanent change
in p, we see that the change of A for a temporary change in p is smaller but of the same
direction. The wealth effect comes from the fall of the real income. As the disturbance
is transitory, the current income decline is greater than the drop in permanent income.
This implies that the wealth effect following a permanent shock, A, is scaled down by a
smoothing effect reflected by the term —e_T*T)\p. Following a negative temporary terms
of trade shock, the wealth effect incites households to reduce their real expense through
the rise of the marginal utility of wealth which is nevertheless dampened with respect to a
permanent disturbance. Since agents know that the decrease in p is only temporary, the
present value of the necessary reduction in real expense to satisfy the intertemporal budget
constraint is less than for an equal but permanent decline in p.

2. An intertemporal speculation effect combined with an hysteresis effect which is no longer
obtained by preceding studies.?® This effect works in an opposite direction of the wealth
effect. This phenomenon reflected by the term —%ﬁ‘/’% e T — e_“QT) > 0 may outweigh

the wealth effect if the shock’s persistence is not too high (i. e a low value of T') and/or

the share of domestic goods in consumption expenditure is important (i. e. a high value
of ) and/or the habit persistence in consumption is strong (i. e. a low value of |u1]).

As emphasized by Obstfeld [1983], following an unanticipated fall in p which lasts only a

short period of time, the transitory low value of the consumption index price, p. (p1) <

Pe (p2), makes an incentive for the households to benefit from the temporary decline of the

consumption-based real rate of interest, r¢ < r*.

In the time-additive utility case, the marginal utility of wealth definitively increases without
ambiguity (see Obstfeld [1983], p. 140). The assumption of intertemporal separable preferences
combined with the hypothesis of perfect capital international markets imply that the dynamic
system possesses an eigenvalue equal to zero and a positive eigenvalue equal to 7*, that is u; =0
and po = r*. The counterpart is that the second term on the right-hand side of (64) disappears.
Since the eigenvector corresponding to the positive root is null, the temporal path of real expense
must be flat over the periods 1 and 2. At time ¢t = 0, the real expense may jump upward or
downward following a temporary terms of trade worsening. A time 7, the real expense is reduced
without ambiguity in order to guarantee that the current account is zero in the long-run since
the net foreign assets are permanently reduced. At the opposite, with a habit-forming behavior,
¢ adjusts progressively. The dynamics of real expense over the unstable and stable periods affect
the accumulation of internationally traded bonds which in turn influence the once-for-all jump
of the marginal utility of wealth. By assuming a habit-forming behavior, A may be permanently
lower after a transitory decline in p depending on the strength of the intertemporal speculation
effect.

From expression (63b), we see that the long-run change of real expense is completely deter-
mined by the direction of the initial and definitive deviation of X. First, we have the phenomenon
of hysteresis which comes from the knife-edge condition,?” that is from the imposed equality
6 = r*. This result is usually obtained in small open economy models which suppose a constant
time preference rate and perfect world capital markets. Second, when the households’s prefer-
ences exhibit an adjacent complementarity and agents expect a rise of consumption experience
in the long-run, the transitional dynamics call for an accumulation of wealth. In words, when
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terms of trade revert back to their initial level at time 7, the households accumulate foreign
bonds over time in order to reach a higher stock of consumption habits. At the opposite, if
the wealth effect dominates the intertemporal speculation effect, households reduce initially and
in the long-run their real expense and their consumption experience. The difference with the
time-additive utility case is that ¢ and s adjust smoothly because of an inertia phenomenon.
Since multiple cases may emerge and we are only interested in providing a new explanation to
the J-curve phenomenon, we shall restrict our discussion to the adjacent complementarity case.?®
The initial response of \ exercises news effects on the real expense, whereas the change in
the terms of trade itself constitutes a disturbance effect (see eq (39a)). The impact effect on real
expense follows from the stable solution of ¢ prevailing for period 1 (see appendix E.2):

de(0) _mde (1 B e—r*T) Iy (e—r*T _ e—uzT) >0, (65a)
dp temp o dp perm g
p | A 2 - T]
= B2 4 M te M2 , 65b
o [dp po — 1 " (o)

The first term on the right-hand side of (65a) captures the wealth effect dampened by the
smoothing effect. The latter is greater the shorter is the shock’s length reflected by the parameter
T, that is the higher is the gap between the current and the permanent incomes. Following an
adverse terms of trade perturbation, the fall of ¢ is moderated with respect to the case of a
permanent decrease of p. The second term reflects the intertemporal speculation effect which
works against the wealth effect. Intuitively, since agents know that the decline in the relative
price p and hence the advantage of a lower cost of consumption goods last only temporarily, they
wish to benefit from it by consuming at higher rates. Under the conditions of a low value of T, a
high share of domestic goods a, in consumption expenditure, and a strong habit persistence, the
domestic households may be encouraged to raise initially their real expense (i. e. ¢(0) > ¢).2?
The economic forces at stake in the choice of the optimal initial reaction of real expense may be
summarized as follows. On the one hand, the adverse perturbation reduces real wealth and induce
the representative household to decrease its real expense. This real wealth effect is weakened by
the smoothing effect because of the temporary nature of the shock and therefore the differential
between the current income and the permanent income. On the other hand, the transitory
fall of the consumption price index which makes the consumption-based real interest rate lower
and therefore makes the real cost of borrowing in terms of consumption cheaper, constitutes an
incentive for households to increase their real expense. This real interest rate effect is more likely
to prevail the higher is the differential between r¢(t) and r* which raises with the the domestic
content of consumption, and the closer is the date such that terms of trade revert back to their
initial level which strengthens the incentive to benefit of the low cost of consumption. At the
opposite, for a sufficient high value of the shock’s length T, the wealth effect predominates and
the domestic households reduce initially their real expense (i. e. ¢(0) < ). A striking difference
with the time-additive utility case concerning the initial response of ¢ is the presence of a new
term —%tpe*“QT > 0 which dampens the intertemporal speculation effect. This dampening
effect arises from the households’ wish to smooth their consumption change which makes the
real expense less responsive (see Carrol, Overland, and Weil [2000]). Symmetrically, the stronger
is the habit persistence in consumption, i. e. the lower is the speed |u1| of habits, the weaker is
the response of ¢ to the wealth effect.
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Once the real expense has jumped, the initial changes of ¢ and s are given by :

A d i . d
5(0) =[] ey (o )| 2 O 0 (66a)
dp temnp dp perm 1 dp temp
deé(0) <0 + ul) dey o+t LT
dp temp g dp temp 7 T ! - ( )
de(0) H1P2, o7
= o+ + tpe 12 ) 66¢
( 1) dp emp g P (66¢)

Expression (66a) indicates that the stock of habits go in the same direction that the initial jump
of real expense. If the shock’s length is not too short and preferences display adjacent comple-
mentarity, (o + Ml)adj > 0, the initial change of real expense is determined by its initial jump in
the same way that a permanent shock. Nevertheless, if the relative price perturbation is short-
living, the second term on the right-hand side may predominate. The economic intuition behind
this result may be explained as follows. When the negative disturbance is not too persistent,
the smoothing and the intertemporal speculation effects outweigh the wealth effect which imply
higher consumption habits at the steady state of period 1. In the adjacent complementarity case,
a higher consumption experience in the long-run implies that the marginal utility of real expense
in the future is greater than in the present. The rising habitual standard effect leads to a growing
path over time for real expense while the value of the time preference rate is transitorily below the
real rate of interest, r°(t). At some date, the value of the time preference rate becomes greater
than ¢ and the path of real expense is decreasing until date 7. When the shock is short-living,
the representative household anticipates perfectly a rise in the price of consumption in the near
future which in turn encourages him to reduce the real expense after its initial rise (¢(0) > ¢o).
The real expense dynamics over period 1 can be clarified from the following dynamic equation
(see appendix A, eq (105)) :

Uil

(t) = 2 ( - acfjgg - p<t>) , (67)

where period 1’s solution of the time preference rate is given by (see appendix E.2, eq (155))

d+o)u A A
p(t) =9+ (—tDc))\H [A(fdjd;e”‘ltdp + Agd;e’”t] dp (68)
with § = r*, A‘fdj < 0, A2 > 0 and u1; < 0. The dynamic equation (67) differs from the standard
one obtained in the additive-utility case by the variable nature of the time preference rate, p(t).
This implies that real expense adjusts progressively following a shock (permanent or temporary).
Equation (67) differs too from the optimal dynamics of real expense obtained in the recursive-
utility case by the constancy of the psychological time discount rate, §. Once the shock hits the
small country, the time preference rate may initially be greater or lower than the real rate of
interest. The gap between p(0) and ¢ influences the initial variation of real expense which will
be positive if the time preference rate falls sufficiently below its steady-state value.
The slope of the transitional path in the (s,c)-space is obtained by calculating the time
derivatives of formal solutions of ¢ and s prevailing over period 1 (see (123a)-(123b))

g+ Aq o+ Ao 2
dC(t) 1 (71) T €'LL1t + 175 (72) T 6'”’ t
dS t T Ax el t 0 Ao B/th ’ ( )
( ) dp ' 2dp
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Since the dynamics of ¢ and s are the result of multiple forces which work in opposite ways, the
changes over time of real expense and consumption habits may change of sign before time 7" since
the economy follows unstable paths. We denote respectively ¢ and f the dates such that § (t) =0
and ¢ (t) = 0. As we discussed above, a short-lived terms of trade negative disturbance gives rise
to non-monotonic adjustment of real expense which increases first (0 < ¢ < {) and decreases until
the relative price reverts back to its initial level (f < ¢ < T'). When the shock is more persistent,
the trajectory cuts the locus labelled § = 0 (see figure 5); real expense reduces further and the
consumption habits begins to decrease at an increasing rate. Finally, a highly persistent terms
of trade worsening leads to an initial drop in real expense (c(0) < ¢y) since the wealth effect
outweighs the smoothing and the intertemporal speculation effects. Nevertheless, the fall of ¢
is moderated by the factor 0 < (1 — e_T*T) < 1 and by the term %tp (e"'*T — e_/‘?T) dp >0
which reflects the incentive to benefit from the transitory lower level of the consumption index
price.

According to the degree of terms of trade shock’s persistence, three cases depicted on figure
5 may be considered :

1. A short-lived terms of trade worsening: 0 < T < T the length of the shock is sufficiently
short for encouraging the domestic households to rise initially their real expense.

2. A medium-lived terms of trade worsening: T <T <T. The length of the shock implies a
fall in the short-run and the long-run of real expense, but less than in the permanent case.

3. A long-lived terms of trade worsening: T' > T. The shock is sufficiently persistent to lead
to a change in ¢ greater than in the permanent case.

Case T'< T

Under the assumptions of [i] a short-lived negative disturbance (T < T), [ii] a high domestic
content in consumption expenditure (a high value of a.), and [iii] a strong habit persistence in
consumption (a low value of |u;|), the marginal utility of wealth is definitively reduced (see eq
(64)) since the intertemporal speculation effect dominates the income effect dampened by the
smoothing effect.3* As in the additive-utility case with a temporary terms of trade shock or in
the habit-forming case with a productivity shock, the equilibrium change of the marginal utility
of wealth is a scaled-down factor of its reaction to a permanent change in p (see the first term
on the right hand-side of (64)). With habit-forming consumers confronted with a change in the
relative price which last only a short period, the transitory low value of the consumption price
index exercises an incentive to increase real expense in the long run. The following inequalities
follow from the once-for-all decrease of A (see eq (63a) and (63b)):

A< 5\0, C1 > C2 > Co > Cperm, (70)
where d\ = A — \g. The initial response of the real expense, ¢, is described by the expression :

T<T dC(O)

de(0)
dp

(1 _ e*T*T) + %tp (e*T*T - e*“ZT) <0, (71)

temp perm

where the negative sign follows from the intertemporal speculation that predominates. From
(71), we deduce (see eq (65b)):

A A *
1 > Lt el _ 22 ritpe—uzT >0, (72)

dp " g - P dp  po—m
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Figure 5: Permanent and temporary terms of trade worsening and real expense dynamics: the
income, smoothing, intertemporal speculation, inertia, and hysteresis effects
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where we used the fact that —pus = py — 7* and substituted the expression of As/dp (see eq
(134b)). According to expression (66a), an upward initial jump in ¢ gives rise to a positive
change in consumption experience, $(0) > 0. As the terms of trade negative disturbance is not
too long, the dynamics of s over the period 1 are monotonic and the path will be situated on the
stable branch labelled UsUs at time T before the trajectory cuts the the locus $(¢) = 0 (labelled
$ = 0). The initial optimal reaction of ¢, ¢(0), is driven by the expected higher habitual standard
of living at the new period 1’s steady-state which in turn is not a sustainable steady-state as we
shall see later. Under the assumption of adjacent complementarity (adopted in this section), the
positive effect of a rise of s in the long-run on the marginal utility of future real expense is strong
enough to encourage households to raise ¢ in a smaller proportion that the rise prevailing in the
long-run. This optimal consumption choice leads to a fall in the time preference rate below or
above the real rate of interest depending on shock’s length. Since A(fdj A1/dp < 0, the dynamics
of the time preference rate are monotonic over the period 1. The striking difference between
a very short-lived and a short-lived shock comes from the extent of the initial time preference
rate’s fall. This can be seen formally:

(0) = £ ( k- p<o>> , (73)

where the initial change of real expense is positive if r¢ = r* — acg > p(0). The solution (155)
of the time preference rate evaluated at time ¢t = 0 require some comments:

(0 +20)
PeA

p(0) — = 0T (o) gy

rd (50— 51), (74)
DeA

where we used the fact that 6 = r*, s(0) = 5, and 'Y = w9 + ﬁuzg > 0. The first
and second terms on the right-hand side of (74) influence respectively positively and negatively
the gap p(0) — r*. The nearest is the initial value of real expense after the disturbance from its
period 1’s steady-state value (with (¢(0) — ¢1)), and the greatest is the gap Sp— 381 < 0 in absolute
value, the most likely a decline in the time preference rate below the world interest rate. This is
quite intuitive. The fall in p will be higher the greater is the (positive) discrepancy between the
marginal utility of future real expense (that is u (¢, 51)) and the marginal utility of current real
expense (that is u (¢(0), 30)), keeping in mind that u;; < 0 and uj2 > 0. According to (73), the
greatest is the fall of the time preference rate, the highest is the domestic content in consumption
expenditure, and the most likely a positive change in real expense following its upward initial
jump. Over the unstable period 1, the time preference rate increases as the consumption habits
raise :

p(t):(5+0)u11 adj A1
PeA

A
Af ,uld—pe’”t + Agugd—;e“Qt dp <0, (75)

with Acfdj <0, Ay >0, Aydp > 0, and Ay/dp > 0. At time t = £, the time preference rate is
equal to the real rate of interest and the real expense stops increasing, ¢ (t) = 0 (see appendix
E.2). As p(t) keeps on increasing since the consumption experience rises over the entire period
1, the time preference rate becomes higher than ¢ which in turn leads to a decreasing temporal
path of ¢ until time 7, that is (see appendix A, eq (105))

A ; ,
o(t) = -2 <T*—aci—p> <0, f<t<T. (76)

Uil

As time T approaches, the representative household lowers its real expense since he perfectly
anticipates a rise in the marginal utility of wealth measured in terms of the domestic good. Since
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the period 1’s steady-state, (81, ¢1), is not viable in solvency terms, the economy cannot raise real
expense over the entire period 1 and must establish the level of consumption habits at time T
to a level that satisfies the overall intertemporal budget constraint. The decrease of real expense
and the rise in consumption habits decelerate as time passes. The dynamics of ¢ and s over the
period 1 can be summarized as follows :

c(0) >, ¢0)>0, ¢ét)>0, 0<t<i, ¢&(t)<0, t<t<T <t &t)<0, (77a)
500)>0, §(t)>0, 0<t<T<t &) <o. (77b)

Over period 1, the economy moves along an unstable and explosive path. The only and merely
partially stabilizing element in this dynamic adjustment is the correctly anticipated expiration
of the negative terms of trade disturbance at time 7.

The slope of the transitional path in (s, c)-space given by (69) changes over time as we can
see from figure 5:

de(t)
ds(t)

de(t) ~de(t) de(t)
o ds(?) ~ ds(t) ds(t)

When the perturbation is short-living, the time preference rate falls but less than the real interest
rate which in turn implies a decreasing temporal path of real expense until time T. The dynamics
of ¢ and s are similar to those prevailing over the period 1’s second phase (that is over i<t< T)
when the shock is short-living. The latter case is quite interesting since the real expense dynamics
exhibit a hump-shape response which is no longer obtained when preferences display distant
complementarity or the shock is weakly persistent. The dynamic adjustment differs greatly with
the time-additive utility case or the recursive utility case since the representative household may
benefit from an increase of real expense over the period 0 < t < .

By differentiating solutions (123a) and (125a), and evaluating respectively at time 7~ and
time T, we immediately see that the change in the consumption habits stock is continuous in
the neighborhood of time T, that is $ (T~) = $(T") > 0 (see appendix E.2, eq (151a) and eq
(152a)). This allows to determine the sign of the constant A} /dp :

de(t)
i ds(t)

(78)

o<t<t f<t<T— t=T-

L Aq 12 . Aq 12 _ Al

T = M1 t 1 dp=¢s(TT t mT _ 11
S(I) =m dpe po — 1 " p=5(T")>0 = dp ug—ulpe dp>?’)
79

where we have dropped the superscripts “*” from T in the exponential functions to save
notation. At time T when the negative perturbation is ended, there are no news effects since
all agents perfectly anticipated that change in domestic relative price and the marginal utility
of wealth remains constant in the neighborhood of time T, A(T~) = A(T") = A. Only the
improvement in the terms of trade, that is p; — po < 0, constitutes a disturbance effect and
exercises an impact on the real expense. The long-run value c¢ falls because of the rise of the
marginal utility of wealth measured in terms of the domestic good, p.(p2) A > pe(p1) A and
establishes to the level ¢; < ¢;. The economy is now situated on a stable path labelled UsUs
from which it converges toward the ultimate and viable steady-state 2. Since the consumption
habits at time T, s (T'"), are below the long-term consumption experience, 55, the real expense
and s increase along the stable trajectory UsUs. The expiration of the terms of trade disturbance
leads to an abruptly rise in the consumption-based real interest rate, that is r¢ (') = r*, which
remains constant during the convergence toward the new steady-state. From period 2’s solution
(161) of p(t) evaluated at time T, we see formally that the time preference rate is below the
world interest rate:

“w—"
)

) CA”
p(TT) —r* = O+ o)un 02 UHA‘fd]df;eﬂlep <0, (80)
Pe
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where Acfdj < 0 and A} /dp > 0 (see (79)). When preferences display adjacent complementarity,
the marginal utility of real expense is strongly increasing with the habitual standard of living
(' > 0), and the expectation of a higher value of consumption habits in the final steady-state
implies that the time preference rate is below its long-run value, 6 = r*. The explanation comes
from the marginal utility of future real expense which is higher than the marginal utility of
current real expense. This latter, in turn, encourages to forgo present for future real expense.
The temporal path of ¢ is increasing over period 2

DA
Uil

(r"=p)>0, t>T, (81)

¢ =

The time preference rate rises and converges toward the psychological time discount rate

p(t) = WA‘fdjsu) > 0, (82)
Pe

as consumption habits increase (5(t) > 0) at a decreasing rate (5(t) < 0)
A
$(t) = p1—eMtdp > 0. 83
5(t) = g e dp (83)

The extension of Ikeda and Gombi [1998] one-good framework to a two-good model combined
with new solution procedure for studying temporary shock analytically leads to interesting re-
sults which differ markedly from those of the previous authors.?! First, following a short-lived
temporary terms of trade worsening, the real expense exhibits a hump-shaped response over the
unstable period 1 which is no longer obtained by Ikeda and Gombi, or in the additive-utility
case (see Obtsfeld [1983], Serven [1999]), or with Epstein [1987a] preferences (see Cardi [2004],
chapter 6). Moreover, in the distant complementarity case which is not studied in this paper for
reason of space (results are however straightforward), the trajectory moves clockwise. While the
real expense dynamics is monotonic, the stock of habits rises first and decreases once the trajec-
tory cuts the locus § = 0. Second, the application of the Schubert and Turnovsky [2002] two-step
method permits an explicit and consistent analysis of temporary terms of trade shock. We find
that the once-for-all jump in the marginal utility of wealth after a relative price change depends
of two possibly offsetting effects : an income effect dampened by the smoothing effect and an
intertemporal speculation effect moderated by a disutility effect. Analytical solutions allow for
defining rigourously and accurately the trajectories of demand-side aggregates and determining
the conditions under which economic aggregates display a monotonic or non-monotonic adjust-
ment over the unstable period 1. Third, our analysis underscores the key role of the gap between
the consumption-based real interest rate and time (variable) preference rate on the real expense
dynamics.

Case T <T <T

Under the assumptions of [i] a medium-lived negative disturbance (' > T'), [ii] a low domestic
content in consumption expenditure, the new long-run equilibrium of the marginal utility of
wealth is definitely higher (see eq (64)). As the terms of trade worsening lasts a medium-period,

the smoothing and intertemporal speculation effects are dominated by the income effect. From
(64), (63a), and (63b) it then follows:>?

5\ > 5\Oa EO > El > 52 > Eperma (84)

where the last inequality holds for a length of the shock 7' < T, with 7" the degree of terms
of trade disturbance such that the change in ¢ following a permanent or a transitory shock are
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equal. Following an unanticipated persistent terms of trade worsening, the real expense, ¢, falls
since .

>T de(0)
dp

de(0)
dp

(1 - e_T*T) + &tp (e_T*T - e_“QT) > 0. (85)
o

perm

temp

According to (85), the initial drop of ¢ is moderated with respect to the initial fall following a
permanent shock. Intuitively, as the length of the shock, T, raises, the reaction of real expense
approaches the response in the permanent case.?> The larger T, the longer-lasting the real income
decline (or the purchasing power of real exports), and the more distant in the future the rise in
the consumption price index. This encourages the representative household to decrease initially
its real expense.

The gap at time t = 0 between the time preference rate and the world interest rate is given
by

%
p(O) ro= pcj\ 1 dp + A2 dp

From (86), the inequality p(0) > r* > r© holds and the real expense begins to decrease after its
initial drop

O+o)un [A“del Az] dp > 0. (36)

¢(0) = —ch? <r* - acZ - p(0)> <0. (87)

Following a persistent terms of trade worsening, the response of ¢ is driven by the expectation of
the negative long-run change of the habitual standard of living (see (84)). The real expense de-
creases but less than its steady-state change because of a high habit persistence in consumption.3*
When the marginal utility of real expense, w12 > 0, is sufficiently increasing in the consumption
experience, a fall in the habitual standard of living in the long-run implies that the marginal
utility of current real expense is greater than the marginal utility of future real expense. This
leads to an initial rise in the time preference rate above the world interest rate as we see formally
from (86).
Over the period 1, s and ¢ co-moves along an unstable path

A A
s(t) = [Hld;)e“lt + uzd;e“"’t] dp <0, (88a)
A A
o) = | [ TEH) Dhgme g, (TFH2) 22t g <, (88b)
o dp o dp
where
A _dap A, (89)
dp dp liemp, dp

since (dép/ dp)z;;g > 0 and As/dp > 0. Over period 1, the time preference rate decreases toward
its steady-state value, §. As time T approaches, the household perfectly anticipates a rise in the
marginal utility of wealth measured in terms of the domestic good. The decrease in ¢ begins to
accelerate, ¢(t) < 0, and the stock of habits decrease at an increasing rate, §(¢) < 0.

At time T, the terms of trade revert back to their initial level, py = po > p1. The relative
price improvement has a negative impact on the long-run change of ¢ (and s) due to the rise from
pe (p1) A to the level p.. (p2) A. The economy is now located on a stable trajectory along which it

converges to the ultimate steady-state, (52,¢2). Consumption experience and real expense keeps
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on decreasing further

Al

W):MQ#W®<Q t>T, (90a)
Al

w)=u11«+m%W®<Q t>T, (90b)
dp o

where A} /dp < 0 since A;/dp < 0 (see eq (89) and eq (134c)). Once the original level of terms of
trade is restored, the consumption-based real interest rate augments abruptly but remains below
the time preference rate as we can see formally

p(TF) =1 = (6 + U_) unA(lzdjx:il;emT+

dp > 0. (91)
PeA

The real expense dynamics over period 2 in an habit-forming model differ markedly with the
dynamics prevailing in the additive-utility case from the variable nature of the time preference
rate. This relationship

(r*=p(t) <0, t=T, (92)

highlights the real expense adjustment after time 7. As p(t) approaches the psychological time
discount rate, the decrease of ¢ becomes lower and lower in absolute value. At the new steady-
state, the households are endowed with a lower habitual standard of living and a lower real
expense. Although the rise of the marginal utility of wealth expressed in terms of the foreign
good is moderated by the smoothing and the intertemporal speculation terms (see eq (64)), the
real expense decline in the long-run may eventually be larger than in the permanent case as T
converges to infinity.

The present framework, that is a two-good small open economy model with habit formation
and capital installation costs, leads to some new results concerning the adjustment of real expense
which in turn calls for new empirical studies. The real expense series should [i] follow a Difference
Stationnary process since transitory shocks have permanent effects, [ii] be negatively correlated
with the cyclical component of relative price of exports when the first-order auto-correlation of
p is low, [iii] be positively correlated with the transitory component of p for a sufficiently high
auto-correlation, and [iv] in the latter case, the correlation should increase with the degree of
persistence of the cyclical component of p.

5.3 Current Account and Net Export Dynamics: a J-Curve?

Long-Term Effects

We investigate the effects of a transitory terms of trade worsening on the current account and
net exports, both expressed in terms of the foreign good. The complexity of analytical solutions
for b(t) and nx(t) leave undetermined the sign of the expressions. For this reason, we begin by
preliminary remarks which allow to handle the adjustment of external asset position presented
below. As in the additive-utility case, there is an income effect dampened by a smoothing effect:
the agents reduce their stock of foreign bonds to finance the transitory fall of the current real
income. As in an habit-forming small open economy model hit by an income shock, the initial
decrease in real expense is larger the less is the habit persistence in consumption. In a two-
good small open economy model with a habit-forming behavior and capital costs of adjustment,
a transitory decline in the home goods’ relative price may encourage the domestic households
and firms to raise initially their real expense and their investment through an intertemporal

33



speculation effect. While in the long-run, the stock of equipment goods returns back to its initial
level, the real expense may eventually reach a higher level at the new steady-state through an
hysteresis effect combined with an inertia effect. This result comes from the dependence of real
expense on consumption experience which in turn affects the accumulation of net foreign assets.
The habit-persistence induces a departure from the time separable utility thanks to a viscosity
phenomenon which leads to a gap between the short-term and long-term habitual standard of
living and therefore induces a transitory change in the time preference rate. The habit-forming
adjustment departs from the recursive-utility case in the permanent effects of transitory terms
of trade shocks and the fixity of the psychological time discount rate.

The multiplicity of effects at work in the present framework leads to a multiple possible
adjustments. Although it would be interested to investigate all possibilities, we set some as-
sumptions for reasons of space and in order to provide a new explanation of the non-monotonic
adjustment of the current account in accordance with the recent empirical results obtained by
Leonard and Stockman [2002]. The three assumptions are the following:

1. The households’ preferences display adjacent complementarity, that is (o + Ml)adj > 0 (and
therefore I' > 0, T; < 0), which implies a low speed of adjustment in the stock of habits
(a low value of |u1]).

2. The transitory terms of trade worsening is medium-living which implies a low value of T
(T <T).

3. The domestic contents in consumption and investment expenditures are great (high values
of a. and ay).

Under these three assumptions, the intertemporal speculation effect predominates. The stock
of physical capital increases over the unstable period 1 and returns back to its initial level over
the stable period 2. In the same time, the real expense displays a hump-shape response over
period 1 and rises once the terms of trade disturbance has ended. The marginal utility of wealth
is definitively reduced which in turn implies the following inequalities:

51 > 1_72 > l_)o > I;perm; N perm > NTY > NT2 > NIT]. (93)

Since the relative price perturbation has no permanent effects on &, and therefore on the real
domestic product, a fall in A implies a permanent rise in real ezpense which in turn must be
exactly outweighed by higher interest revenues in order to guarantee the equilibrium of the
current account at the new steady-state. Formally, in the new long-run equilibrium, the gross
national product must be equal to the absorption, that is

poF (k2,1) + 1%b2 — pe (p2) &2 = 0, (94)

where py = po and ky = kg. When & > &, the long-run foreign assets stock must be higher,
by > by, in order to allow the small open economy to reach the steady-state.

From equation (56), the transition over period 1 does not take place along a path converging
toward a viable steady-state. This unsustainable long-run equilibrium would lead the small open
economy to intertemporal insolvency. The unstable nature of period 1’s transitional path can
be seen from the term in brackets in expression (56) which represents the explosive (unstable)
component due to the presence of the term e” *. This term is an increasing function of time ¢
and is composed of two terms which both exert a negative effect on the current account: the
first term, (Yr:d)
refers to the intertemporal speculation effect.

dp < 0 refers to the smoothing effect, and the second term ﬂwtpdp <0

Tt o(p—rY)

34



Impact Effects

Starting off from an initial steady-state (period 0), the initial increase in real expense and
investment expenditure leads to an increase in domestic absorption. In the same time, as the
initial stock of physical is predetermined, the decline in the relative price of home goods induces
a fall in the real income. Therefore, the trade balance deteriorates and the current account turns
negative at time ¢ = 07 (see figure 6). Formally, after tedious computations, the initial response
of the current account can be calculated as

dca(0) |*4 dk

.k dk|
dp = DPIxi

— DI [Xl di
perm p perm

e T 4 tp@ (e_T*T - e_“QT) > 0. (95)
perm H1

pc(g—i_ul)@ —x2T _
d

Ploerm | o (1 —1%)dp
/ 1 1. =
K ( )ke_XQTOq} —pc& [dc

temp

D dp
The above expression merits some comments:

1. The two first terms on the right-hand side of (95) represent the initial variation in the stock
of internationally traded bonds after a permanent terms of trade shock (see eq (42)). We
have assumed that in the adjacent complementarity case, the positive effect on ca(0) of the
initial drop in investment (first term) is outweighed by the negative effect induced by the
fall in saving following a permanent drop in p (see (42)). Under this condition, the H-L-M
effect holds in accordance with empirical facts.

2. The third term in brackets, —plxlg—i e x2Tdp < 0 moderates the first term since
perm
it dampens the fall in k. It has a negative effect on ca(0) which is larger the shorter-

lasting is the terms of trade disturbance . The decline in the profitability in the stock of
equipment goods expressed in present value is lower in absolute value the shorter is the

shock’s duration. The fourth term in square brackets, pIWe_XQToqdp < 0, represents

the intertemporal speculation effect at work in the supply block. The transitory fall of the
price of new equipment encourages the domestic firms to benefit from the decline in the
real cost of capital goods. It exercises a negative impact on ca(0) through the initial rise
in investment I(0) > 0.

3. The fifth term in brackets, —pc%g—; e " Tdp < 0, reflects the negative effect of the
perm
consumption smoothing behavior on the initial current account. The fall in the real in-

come in present value is lower the shorter-lasting is the shock, and therefore the rise in the
marginal utility of wealth rises with the length of the shock. In words, the negative differ-
ential between the current and the permanent incomes encourages the domestic households
to maintain its real expense by reducing its foreign assets stock. The sixth term in brack-
ets, —pc%tp% (e_T*T — e—mT) dp < 0, refers to the intertemporal speculation effect which
has a negative impact on ca(0). The transitory lower level of the consumption price index
constitutes an incentive for domestic households to benefit from the temporary fall in the
real cost of consumption. This incentive is stronger the shorter-living is the shock and the
higher is the domestic content of consumption expenditure. The habit persistence in con-
sumption plays an ambiguous role. When the speed of adjustment of s, |u1], is low and the
households expect a higher habitual standard of living at the period 1 steady-state, the ini-
tial rise in ¢ is dampened since adjustment calls for rising wealth. In words, the households
wants to smooth the change in ¢ (see Fuhrer [2000]). The period 1 long run equilibrium
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is clearly unsustainable in terms of solvency and will lead the economy to bankrupt if this
path would be followed forever. When preferences display distant complementarity (the
value of |u1| is high), the real expense is quite sensitive to the long-run change in s and the
disutility induced by huge variations of real expense is low since the behavior of households
exhibit a mean-reverting behavior (see Obstfeld [1992]). In the former case, the initial
current account is less affected than in the latter case. Nevertheless, once the real expense
has jumped, ¢ may rise in the former case if the shock is not too short. In the distant
complementarity case, the temporal path of real expense is decreasing without ambiguity.

Date t =07
The results may be summarized by the following inequalities

c(0) > &, ¢(0)>0, 30)>0, k0)>0, ca(0)=0b(0)<D0. (96)

The rise in the real expense and investment through the intertemporal speculation effect
deteriorates the current account.

Transitional Dynamics and the J-Curve Phenomenon

The transitional dynamics of the net foreign asset position can be best described by the use of
a phase portrait in the (k,b)-space depicted in figure 7. The adjustment of the current account,
ca(t) = b(t), is drawn on figure 8. It represents the impulse response of the current account
following a short-lived terms of trade shock.

Once the control variables have jumped, the current account and net exports expressed in
terms of the foreign good are given by

ca(t) = b(t) =r* M 4 @M

tp] & T pyi(r) -

7* r* o (pu —r*
Ay As
— | Y —=eMt 4+ Topp=—=eM2t| dp = 0 97
[ 1M1dp€ + 2M2dp€ ] p = U, (97a)
B B A A
nx(t) —nxy = pr [leexlt + X126X2t:| dp + [,ungle‘”t + u1T22e“2t] dp > 0(97b)
dp dp dp dp

r* o(u—r*)"P
0, A;/dp > 0, A3 /dp > 0, T1 < 0, under the above assumptions and Yo > 0.

where nz(t) = b(t) —r*b(t) = ca(t) —r*b(t), [(Y_ J 4 bz pelotr)y ] dp <0, B1/dp s 0, By/dp <

Period 1 (0 <t <)
Over the period 0 < t < £, the evolution of economic aggregates may be summarized as
follows

ét) >0, é(t) <0, s(t)>0, 3(t)<0,

k(t) >0, k(t)>0, ca(t)=0b(t) <0, ca(t)=>0bt)<0, nz(t)<O0, (98)
where £ < T is a date such that ¢ (t) = 0. At the beginning of period 1, the smoothing effect
and the intertemporal speculation effect which influence the consumption dynamics contribute

to deteriorate the current account. Formally, the first term of (97a) in brackets which represents
the explosive component of the current account’s temporal path indicates that the real expense
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Figure 7: Temporary terms of trade worsening and the transitional path in the (k, b)-space
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ca(t) = b(t)

ca (T)

ca(T™)

ca (7)

Figure 8: Temporary terms of trade worsening and the current account adjustment

38



poF (k2. 1)

mF (k (T_) 70

v (k(0)> Z)

Figure 9: Temporary terms of trade worsening and the real income dynamics

39



adjustment and therefore the decumulation of net foreign assets will not be viable if it is pur-
sued forever. Under the assumption that the income effect is dominated by the smoothing and
intertemporal speculation effects, the domestic households expect a higher consumption experi-
ence at the unsustainable period 1 steady-state. When preferences are supposed to display an
adjacent complementarity, the real expense adjustment exhibits an inertia phenomenon which
in turn implies a slow and progressive rise of ¢. This viscosity effect contributes to improve the
current account or to limit the decumulation of foreign bonds (see the last term of (97a) in brack-
ets). In the same time, the investment in physical capital is positive, I(t) > 0, as the domestic
firms wish to benefit from the transitory decline in the real cost of capital goods. The rise of k(t)
exercises a positive effect on the net exports by raising the real domestic product and reducing
the marginal cost of investment. Nevertheless, the growth of ¢(t) and of I(t) (I(t) = k(t) > 0)
contributes to deteriorate the net exports.?® By differentiating (97b), we see that the rise in k
leads to a deterioration of the trade balance.

Period 1 (f <t <T)
Over the period { < t < T, the evolution of economic aggregates may be summarized as
follows

{t) <0, &t) <0, 3(t)>0, &) <o,

k(t) >0, k(t)>0, ca(t)=0bt) <0, ca(t)=D>bt)>0, nz(t)>0, (99)

where the current account deficit is assumed to decrease in absolute value over time due to the
decrease of ¢ at an increasing rate. This consumption adjustment is supposed to compensate the
effect of investment dynamics. On the one hand, the growth of ¥ and the decrease of ¢ have a
positive effect on real net exports, and therefore on the current account. On the other hand, the
decline in interest incomes due to the fall in b and the rise of investment contribute to deteriorate
the net foreign asset position.

Period 2 (t > T)

At time T, the relative price of home goods is restored to its original level. Since the switch
of terms of trade was perfectly anticipated, no new information is diffused. The level of economic
aggregates remain unchanged in the neighborhood of time T. The consumption and investment-
based real rate of interest increase abruptly to the level of the world interest rate, that is r¢ (T") =
7! (T*) = r*, and remain constant as the economy converges toward the final steady-state. The
rise in the marginal utility of wealth measured in terms of the domestic goods induce a fall in
the real expense steady-state from the level ¢; to the level ¢a. At the same time, the absence of
hysteresis effects on supply-side aggregates imply that the stock of physical capital must return to
its initial level, ks = ko. The real income reaches its maximum at time 7", that is po F [k(T, 1].
The current account becomes unambiguously positive as the terms of trade improve

/ /
ca (1) = ca (1) = b(T*) = —pra e ™ dp — T JLe T dp >0, (100

where A} /dp > 0, B} /dp < 0 under the assumptions set above.
The economy switches back to a sustainable transition, consistent with intertemporal sol-
vency, that satisfies the unique and overall intertemporal national budget constraint

pe (0 + 1)

by — by = —py (kr — k2) — o (i = 1)

(sT — 52), (101)
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where the economy’s unstable period 1 transition is contained in stocks kr, s, and by serving
as new initial conditions. According to the intertemporal solvency condition (101), the stocks
of consumption habits and of capital goods move respectively in the same and in an opposite
direction with the stock of foreign assets.

By differentiating the formal solutions (57), we find that economic aggregates evolve as follows

é(t) >0, é(t) <0, s(t)>0, 3§(t)<O0,

k(t) <0, k(t)>0, ca(t)=">0(t)>0, ca(t)=>b(t)<0, nzt)<O0. (102)

Since the change in the stock of habits is continuous, the consumption experience keeps on
increasing. The adjustment calls for a growth of real expense as the preferences exhibit adjacent
complementarity. The consumption and capital goods adjustments deteriorate the trade balance
by respectively raising absorption and lowering real income. As the fall in k& decreases in absolute
value, that is I (t) > 0, the net exports are declining without ambiguity over the stable period
2. Thanks to the inertia effect, the real expense rises slowly and progressively as the level of
terms of trade is favorable, a stable transition calls for rising wealth through the accumulation
of internationally traded bonds. Since the real income is above its long-run equilibrium value as
depicted on figure 9, and the investment is negative, and the real expense is below its steady-state,
the current account remains positive along the stable path.

Once the small open economy reaches the final steady-state, the stock of equipment goods
is restored to its initial level and the market price of capital is equal to the original investment
price index. This differs from Sen and Turnovsky [1989]’s result as we abstracted from the labor-
leisure arbitrage. Henceforth, the real income is unaffected by an unanticipated temporary terms
of trade shock. In empirical words, the real domestic product should follow a Trend Stationary
process. From a theoretical viewpoint, consumption and investment decisions may be linked
by assuming endogenous terms of trade or incorporating a non-traded sector at the price of
an increasing analytical complexity (see for example Sen and Turnovsky [1991], Brock [1996]).
Concerning demand-side aggregates, the real expense and the habitual standard of living may
be definitively higher in the new long-run equilibrium. This result departs markedly from the
conclusions of Obstfeld [1983] and Serven [1999] who assume separable additive intertemporal
preferences.

6 Conclusion

Our contribution is twofold. From an economic viewpoint, we provide a new explanation of the
J-curve phenomenon in terms of habit persistence in consumption and capital adjustment costs.
The non-monotonic adjustment of the net foreign assets position displays a sequence deficit-
surplus following a permanent or a (short-) medium-lived terms of trade worsening. In accordance
with Leonard and Stockman’s empirical results, the surplus phase of current account (second
period) is associated with a decline in the real income. Beyond the formalization of Krugman’s
economic intuition, the present framework extends Obstfeld’s analysis by introducing an habit-
forming behavior. It has been shown that real expense adjustment may exhibit a hump-shape
response when the adverse transitory disturbance is at work and may eventually reach a higher
level at the new steady-state. From an analytical viewpoint, we propose a two-good extension
of the Ikeda and Gombi framework and apply a new formal procedure to investigate short term
and long term effects of an unanticipated temporary terms of trade worsening. The two-step
method suggested by Schubert and Turnovsky to study the effects of transitory perturbations
guarantees that arbitrage relationships are respected and allows for an analytical comparison
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with permanent shocks. At the opposite of the international business cycles, we obtain some
analytical solutions from which the transitional dynamics have been accurately characterized
and factors of real expense, investment, net exports, and current adjustment are determined.
Using Schubert and Turnovsky’s procedure to analyze the effects of temporary shocks shows its
capacity to deal in a consistent and explicit way with complex dynamic models in continuous
time and one can expect that further research in international macroeconomic dynamics may
take advantage from this mathematical tool.

The new explanation of the J-curve phenomenon suggested in this paper calls for new em-
pirical studies which may focus on an extension of the structural model initiated by Glick and
Rogoff [1995] to a two-good framework with habit-forming consumers. The introduction of habit
persistence in consumption in the Glick and Rogoff discrete-time formalization has been per-
formed by Gruber [2002] and leads to encouraging results. The work needs to be pursued by
considering that the consumption and investment expenditures have an import content and by
exploring the effects of relative price changes in an empirical way.

The complexity of the model elaborated in the present paper restricts the possible extensions.
If consumption durable goods are introduced, the analytical tractability is no longer maintained
and a numerical analysis is necessary. A future interesting study would be to incorporate some
consumption durable goods by abstracting from an habit-forming behavior. We may expect
that the adjustment would be close to the one obtained by assuming distant complementarity
in preferences. Although after a terms of trade permanent worsening, a sequence deficit-surplus
is not possible, the current account may exhibit a J-curve adjustment (under some conditions)
after an unanticipated transitory terms of trade worsening. A two-country model will be also an
interesting way to extend our model as it would endogenize the world interest rate as well as the
relative price. Such a formalization has been recently performed by Gombi and Tkeda [2003] by
abstracting from capital accumulation in a one-good framework.
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A Time preference rate, real interest rate, and real expense dy-
namics

Define the rate of time preference, p, as the negative of the logarithmic rate of change of the
present-value of marginal utility of real expense along a locally constant consumption path (see
Epstein [1987a], Gombi and Ikeda [2003]):

_dIn{[u1 (¢, s) + o] exp (—dt)}
p=— - o (103)

Substitute the dynamic equations of habits “stock and its shadow price, i. e. (4) and (15e), and
eliminate £ using (15a), the time preference rate is given by:

p= [(0 + o) (u1 — peA) + oug — w0 (¢ — s)] + 0. (104)

DeA

When the time path of terms of trade is expected not to be constant, the dynamic equation of
real expense writes now as follows:

1 .
¢ = — (6 + 0) (U1 — peA) + oug — w120 (¢ — 8) + peA <5—r* —l—aci>] .
11

In using the expression (104) of time preference rate, we obtain the familiar dynamic equation
of consumption along an optimal path:

\ .
b P ( ok ,0> , (105)
u11 p

where a. is the share of consumption expenditure allocated to domestic goods. According to
equation (105), the real expense increases when the consumption-based real interest rate, ¢ =
r* —Oéc% is higher than the rate of time preference, p. The difference from the time-additive utility
function is that the rate of time preference is variable and not constant (see e. g. Obstfeld [1983],
Serven [1999]). Moreover, it differs from recursive preferences in the constancy of psychological
time discount rate. Since the long-run value of ¢ is constant, a disturbance implies a transitory
adjustment of the time preference rate toward its steady-state value which is the psychological
time discount rate.

Linearize (104) in the neighborhood of the steady-state, use the fact that p = § in the
long-run, and substitute stable solutions (29) to obtain :

uir (0 + o) [<o+,u1>+ 0+ 20

=949 -
p( ) + pc)\ o Uil ((5"‘0')

r] (s(t) — 5), (106)

where I' = 0 is given by (25). Being an eigenvalue of the matrix (23), up is a solution to
the quadratic equation I' (§ + 20) /u11 (6 + 0 — 1) = (0 + p1) /o. Therefore, the expression in
square brackets represents the difference between the slopes of the stable branch and the slope
of the locus ¢(t) = 0, the former being always smaller than the latter. When preferences display
adjacent complementarity (resp. distant complementarity), i. e. I' > 0 (resp. I' < 0), the
expression in square brackets is negative (resp. positive).

43



B Real expense, habit persistence, and permanent income

Solving (15g) and invoking (16), when terms of trade are expected to be constant, i. e. p(t) = p
for all t, we obtain:

/000 pec (T) e " Tdr = b(0) + W(0),

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

W(0) = / (0F [k(r),1] — prJ(r)} e "dr.
0
By substituting the stable solution (29) for ¢(¢) into the intertemporal budget constraint, we can

obtain the long-run real expense level, ¢, which satisfies the intertemporal solvency condition
given a stable adjustement along the path (29)

r (ot p) o (" —p)r* b+ W(O)]

_ , 107
I SR e S, (107)

c=
where 7* [bg + W (0)] /p. is permanent income defined as the annuity value of financial and non
financial wealth deflated by the consumption price index. Evaluate (29) in ¢ = 0, use the fact
that s = ¢, and substitute into the expression above, one can determine the optimal initial level
of real expense
(@4 p) ., (" =) " [bo + W(0)
G+ " (o +r) Pe '

c(0) = (108)

C Graphical construction of stable manifolds

Net exports

In a first step, we determine the stable solution for net exports. Use the definition of the
trade balance out and at the steady-state, i. e. respectively nz(t) = b(t) — r*b(t) and riz = —r*b,
substitute the stable solution for the stock of foreign assets and its time derivative, one obtains :

pe (0 + ul)A ot
o (u1 —1*) '
= nw — p2 (b(t) = b) +pr (1 — x1) (k(t) — k), (109b)

nx(t) = nw+ xoprBreXt + po , (109a)

where the second line is calculated from (37b) and allows for expressing the deviation (nx(t) — nx)
in terms of deviations of foreign assets and capital stocks from their steady-state values.

Demarcation lines
Turning to the demarcation lines, we obtain from (37a), (37a), and (109b):

db Ok

k) ok 0 110
(dk>k:0 oo T xash (110a)

db pr(p—x1) o , ob

Wiy~ om0 ding 2 Z =y <0,  (110b
<dk>bzo 1 < according to  u1 2 X1, b w1 <0, ( )

db pr(p — x1)

dk T 11
<dk> nr=nw 2 ( OC)
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The k = 0 line is a vertical line. The slopes of b = 0 and nz = 7z lines are positive or
negative according to the speed of adjustment of the consumption habits’ stock, |u1], is smaller
or greater than the speed of adjustment of the capital stock, |x1|. As g > r*, it follows that the
demarcation line na = 7z is flatter than the demarcation line b = 0.

Transitional trajectory in the (k,b)-space
The slope of the transitional path in the (k,b)-space is obtained by calculating the time
derivatives of (37a) and (37b):

dk M ds (u—xa1)t
dbjdt db  Prxagdp+ m,e dp

o(u1—r) >
20 (111)
< M
dk/dt ~ dk addp
where we let A; = —d5 and By = —dk. If (u1 — x1) < 0, then the numerator’s second term

of (111) becomes smaller as time passes. There exists a date t = ¢ for which the slope of the
transitional path becomes zero:

L —prxadk/dp

M1 — X1 mgc(g’l“;i)ds/dp

S bl
—

> 0,

where the expression in square brackets is positive and smaller than one if inequality (42) holds.
Under the assumptions of adjacent complementarity in preferences, (o + Ml)ad] > 0, and high
adjustment costs which imply 1 < x1,

dp\m<xed o poa Pap + 2ty Gy
<dk> = a0 > 0, (112a)
X1 dp dp
db)’u1<X1 <db>M1<X1 < X1>
— = —pr< =—-pr|l—=) <0, (112b)
<dk t—o00 dk M1
where we assumed that inequality (42) holds. The slope of the transitional trajectory in (k,b)-
space changes over time. Comparing the slope of the trajectory at the initial point, at time ¢ = t,
at the steady-state with the slope of the b =0 line, we find:
db\ “r<xi.adj db\ Hr<xi.adj dp\ #<xa dp\ #<xa
B € A € R 1)
dk ), dk dk Ji— dk /.

D Temporary terms of trade disturbance: a consistent solution
method for the two-good model
Viable steady-state and the two-step method
Following Schubert and Turnovsky [2002], we define a viable steady-state i starting at time

T; to be one that is consistent with long-run solvency, given the stocks of capital, k7, foreign
bonds, br,, and consumption habits, s7,. We rewrite the system of steady-state equations (38)
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for an arbitrary period i:

O’ —
uy (i, 5i) + 5102 (€iy 3i) = pe (i) M (114a)
Cc; = S, (114b)
@ = pr (i), (114c)
r*pr (pi) = piFr (ki, 1), (114d)
b + piF' (ki, 1) — pe (pi) & = 0, (114e)

together with the intertemporal solvency condition
7 7 e (Pi) (0 + _

(bTZ- — bi) = —ps (pl) (kiTi — kz) — w (STZ. — Si) . (114f)

o (p —r*)
The new consistent procedure consists in two steps. In a first step, we solve the system
(114a)-(114e) for 5;, ¢;, ki, Gi, and b; as functions of the marginal utility of wealth, \;, and terms
of trade, p;. Totally differentiating equations (114a)-(114e) yields in matrix form

uil + 5rgu w2+ ogu2 0 0 de;
0 0 piFgr 0 dk;
—pe (pi) 0 piFx r* db;
Pe (pi) A + pl (pi) Adp;
0
_ 115
—Fg [1 — oy (pi)] dpi (115)
—(Y; — d;) dp;
and
dg; = p7 (pi) dpi. (116)
The variables \; and p; determine the following steady-state values
S = ¢ =t (S\i,pi) ) (117a)
g = p1(pi), (117c)
bi = v(Xi,pi), (117d)
with partial derivatives given by
0s; 7 pi Fkpe
ty=— = —————— <0, 118
A 8)\@ G ( a)
03; r*piFepl i Pl
t = N — Peliy . 118b
P 8]07, G Pe A ( )
8];31 Fk (1 - Oq)
— — R o, 118c
P opi PiFkk (118¢c)
b, piFurp?  pe
L= _PiTkkPe Py 118d
U/\ 8)\1 G r* A ( )
ob; [piFE (1 — ar) — piFu, (Yi — d;)] [un + 5;53;’ (mz + ﬁl@z)}
v= opi - G N
PiFrrpipeXi P (Yi — dy)
- ST = iyt Sty - ri <0, (118e)
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where G = —r*p; Fi.i [uu + 5512; (ulg + (#ﬁl@g)} < 0. The sign of the expression in square

brackets is negative under condition (27) of saddle-point stability. The second step consists
to determine the equilibrium change of \; by taking the total differential of the intertemporal
solvency condition (114f):

vg + 2T PO S G prdhy, + PR g
o (1 —1%) ' Yoo ()
pe (o +m)
— |y + pruy + t,———""2| dp;, 119
[p Druyp o (a1 — 1) D (119)
from which we derive
X, Vp + pruy + tp 2
WA P Polm=rt) (120a)
dpl _ t,pc(0'+#l)
U T o Gu—r)
dX; 1 G
A = —+ = =<0, (120b)
dbr, oy 4yl D
dX; DI
A = = <0, (120c)
dbr, oyt el
dX pC(UJ’_H’l)
s = —— = J(“l_r( )+ ) 20 according to (o + p1) 2 0. (120d)
N S e

We may solve for the equilibrium value of \; as a function of initial stocks at time 7T} and terms
of trade: )
A=g (STi, kTi, bT”pi) ;s 2 0, X <0, XM<O0, )\p < 0. (121)

Formal solutions for temporary terms of trade disturbances
We assume that the small open economy is initially in steady-state equilibrium, denoted by
the subscript i = 0:

so = S0 =t(Xo,po) =1t (g (s0,ko,b0,P0)P0), (122a)
ko = ko=u(po), (122b)
@ = G =pr1(po), (122¢)
bo = bo=wv(Xo,po) = (g (s0,ko,b0,P0),P0), (122d)
)\0 = 5\0 :g(So,kﬁo,bo,pg). (1226)

We suppose now that terms of trade change unexpectedly at time ¢ = 0 from the original
level po to level p; over the period 0 < t < T, and they revert back at time T permanently to
their initial level, pr = p2 = pg.

Period 1 (0<t<T)
Whereas the terms of trade’ disturbance is at work, the economy follows unstable transitional
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paths:

s(t) = 5+ AjeMt 4 Ager2t (123a)
c(t) = a+4 <J ks Ml) ettt + Ay (U - “2> el (123b)
g g
k(t) = ki + BieX'" + BoeX?!, (123¢)
_ prxi t brx2 t
N B N\evtyp ) exet, 123d
0 = e () e o () 1
b(t) = 61 + [ (bo — 61) +prBi1 + prBs + Perl0 ¥ 1) (U + Mi)A Pel0 T H2) (U * Mz)AQ rt_
o (p —1*) o (p2 —1*)
—pIBleXIt _ p132€xzt _ IMAlemt _ M/beuzt’ (123e)
o (p —1%) o (2 —1*)

where the steady-state values 51, ¢, ki,
mined from (114a)-(114e) with ¢ = 1)

@1, and by are given by the following functions (deter-

= @ :t(j\,pl), (124a)
= u(p1), (124b)
= p1(p) (124c¢)
— v (Am), (124d)

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 terms of trade revert back to their initial level, the economy follows stable paths

s(t) = 35+ Ajett, (125a)

o(t) = et A, <UJ;’“> ert, (125b)

k(t) = kg + BieX', (125¢)
_ prxi t

t) = B — ) eXt 125d

o0 = @8 (o) e (1250)

b(t) = Bz—pIBiexlt—MAllemt, (125¢)

where the steady-state values 39, G2, ko,
mined from (114a)-(114e) with ¢ = 2)

During the transition period 1, the

o(pr —r*)

@2, and by are given by the following functions (deter-

= & =t(\p2), (126a)
= u(p2), (126b)
= pr(p2) (126¢)
= v(\p2). (126d)

economy accumulates capital, foreign assets, and con-

sumption habits stocks. Since this period is by its very nature unstable, it would lead the nation
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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 kp, by, and sp prevailing when the shock ends and accumulated over the unstable
period. Therefore, for the country to remain intertemporally solvent, we require:

P+ m)

br — by = —pr (kr — k2) Py

(s7 — 52). (127)
In order to determine the six constants A, Aa, By, B2, A}, et B}, and the equilibrium value
of marginal utility of wealth, we impose three conditions:
1. Initial conditions k(0) = ko, b(0) = by, s(0) = so must be met.
2. Economic aggregates s, ¢, k, ¢ remain continuous at time 7.
3. The intertemporal solvency constraint (127) must hold.3”

Set t = 0 in solutions (123a) and (123c), equate (123a) and (125a), (123b) and (125b), (123c)
and (125¢), (123d) and (125d) evaluated at time ¢t = T', one obtains

51+ A1+ As = sg, (128&)

S1 + AlemT + AQCMQT = S9 + Alle’ulT, (128b)

et A <0+M1> T 4 A, <0+u2> et T gy 4 A <U+M> T 198¢)
g ag g

k1 + By + By = ko,
E‘l + 316X1T + B2€X2T = ]232 + Bi€X1T,

_ Prxi T Prx2 T _ ’ Prxi T
By (2 )T L p, ( PIX2 ) ool — g, 4 B _ ) et
n 1<H'<1>k>e " 2<n'<1>k>e et 1<n'<1>k>6 ’

where we used the continuity condition.
Evaluating kr, s, and br from respectively (123a), (123c), and (123e), substituting into

(127), and using functions of steady-state values k;, 5;, and b; given by (122) (for i = 0), (124)
(for ¢ = 1), and (126) (for i = 2), the intertemporal solvency condition can be rewritten as

3 3 pe (0 + 1) pe (0 + pi2) ] T
v (A, + | (v (Ao, —v (A, +prB1 +prBs + Agle™ t —
(A p1) {( (Xospo) —v (A, p1)) +p1Bi + prB o PP R ey pres s

—p]BleX1T _pIBQ€X2T _ MAWMT _ MAzeuzT v (5\7192)
o (1 —1*) o (p2 — %)

= —pI [u (p1) + B1eX'T 4+ BoeX2T —y, (pg)] - pgc(iz—t/;i; [t (X,pl) 4+ AreT 4
+AzeT — t (X, ) |. (129)

Then, we approximate the steady-state changes with the differentials by using the dummy

49



notation

51 — 5=t (S\,pl) — 1 (Ao, po) = txd\ + t,dp,
S0 — §1=t (S\,pg) —t (S\,pl) = —tpdp,

ki — ko=u(p1) —u(po) = updp,

ks — ki=u(p2) —u(p1) = —updp,

@ — @ =p1(p2)—pr(p1) = —prdp,

by — bp=v (S\,pl) — v (Ao, po) = vxdA + vpdp,
by — bi=v (5\,])2) — v (S\,pl) = —vpdp,

where d\ = )\ — \¢. By substituting these expressions in (128) and (129), we obtain finally

Al + Ay = —t;\dj\ — tpdp,
AjeT 4+ AgetT — A’le“lT = —tpdp,
o

g g

A (" ha “1> e T 1 A (" ks “2> el — A, <” ki ‘“) T — g dp,

B1 + By = —uy,dp,

B1eX'T 4 ByeX2T — BrexiT = —y,dp,

By ( p1X1> T 4 B, < p1X2> o2l _ B < p1X1> T — —phdp,

k(1) k k(1) k

and
ALYy + Ao + prBy + prBa — vydA = @y,

where we set

T, = pc(0+/x1)’
o (p —r*)
Q, = {C%w+uﬁ_pd0+uﬂ>(mT+pda+m>
o(p —7r*)  o(ug—r*) o (pa —r*)
_ pc(aﬂu)) _T*T}
d = |v,— (v, +Fo7Up +t,————Z% | e dp.
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The solutions are given by:38

A1 ¥ M1 —
— = —t5A (1—6’"T)—t[<1+e paT
dp ATP P M2 — j1
- (e—’”*T - e_“2T> ] <0, (134a)
M1
A Pl T
dp L2 — p1 b .
Y Ay 2 T
— = — 4 e Pt < 07 134c¢
dp dp = p2—m r= ( )
B ( < X1 ) _ T> (1) k el |
= = —u (14— )eeT) 22 <0, 134d
dp b X2 — X1 P xz—xi ' (134d)
B "Mk 1
B (e, - By (134¢)
dp X2 — X1 pr X2 —X1
B! B (1) k 1
L= Ly <X2> ey, - TWE L ary o (134f)
dp dp X2 — X1 P X2 — X1
d\ e DPe (0+T*) —r*T T
eA - A(1—e’"T)—Abt7(er —e“2><07 (134g)
dp temp ? Yo ('ul - T*) =

where we used the following relationships

o+
& [UA i tApC(iﬂ —Zi;] -
DPe (0 + 1

b [vp + prup + tpac(iﬂ — r*;] = -\
g, L@ P
Po(u —r*) Pe

e

Pe pc)‘
vy = Loty t, = t
Y p e A

E Temporary Terms of Trade Disturbances: Impact Effects and
Trajectories

E.1 Supply-Side

Long-term Effects
Given the considered steady-states, the changes in the physical capital stock can be calculated
as: _
dkq
dp

i
o

dks dk

=uy >0,
dp temp

perm

temp temp

Impact Effects
First, we determine the gap between the initial jump of the capital market price, ¢(0), and
its steady-state value prevailing at period 1, ¢3 = py (p1). Evaluating (123d) at time ¢ = 0, and
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using the fact that By = —By — u,7dp, yields:

_ pIxi —x2T —x2T
90)—q = - (m(l)k) (1 —e™7) updp — pre™ dp,
_m [(1—@1) (1T — ape T dp. (136)
p X2

The second equality (136) is obtained by substituting

k 1 _

7 (1) k X2 P

which follows from using these relationships: x1x2 = (1) iﬁFkk, r*pr (p) = pFy (E, 1),

pr(p)
up — _ Fkgl—a[)

7
Second, by differentiating solution (123c) with respect to time ¢, evaluating at time ¢t = 0, and
differentiating with respect to p, one obtains an expression of the initial response of investment:

dI(0) O [r* (1—ay) (1— T — qgeeT (138a)
dp temp p X2 7
dr "(1) k
_ (1 . efsz) ﬂ _ ue*MTaI’ (138b)
dp perm p

where substitution of (137) yields to the equality (138a). From (138), we are able to determine
the length of the shock, denoted by T', for which the two effects compensate:

. 1 *(1—
T:—log[ i —ar)/xe ] (139)
X2 ar+r*(1—ar) /x2
Once its initial jump is performed, the market price of capital evolves as follows:
dg(0) <pIX1 )< o T> 51 —xaT
— = —x1 = | ({1 ——e ™" ) u, —ripre X", 140a
AP |yemp K (1) k X1 Y ! (140)
dg(0 *
— (1—eery MO TR e (140D)
AP lperm P

Transitional Dynamics
The slope of the transitional path in (k,q)-space over the unstable period 1 is obtained by
calculating the time derivatives of (123¢) and (123d):

B B
dgt) 0l () v+l (B o
dk(t) X1%6X1t + Xz%eXQt

) (141)

where the sign of the denominator’s expression can change over time. There exists a date t = ¢
for which the two terms of the denominator compensate mutually:

LR [ Xsz/dp}
x1Bi/dp]’

B - B - "
lele’“t + Xz—ze’@t =0 & t=
dp dp X1 — X2

(142)
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where £ > 0 under the condition that the term in square brackets is positive and smaller than

one. In words, the investment flow changes of sign during the unstable period 1 if and only if

di(0) B B . . - . C
I } temp = de—; + Xg—; > 0, 1. e. when the transitory profitability effect predominates initially

and encourages the domestic firms to decumulate the stock of equipment goods following the
temporary terms of trade worsening.

The slope of the transitional path in (k,q)-space over the stable period 2 is obtained by
calculating the time derivatives of (125¢) and (125d):

Bl ( prxa )\ oxat
dg(t) _ X1dy <n’<1)k) < _
_ - == _ < 0. (143)
dk(t) defle)‘lt k(1) k
P
The slope of the trajectory along the transitional path towards the ultimate steady state 2, that
is (ko, q2), is without ambiguity negative whatever the degree of the shock’s persistence.

E.2 Demand-Side

Long-Term Effects

As the adjustments of real expense and of the stock of consumption habits are characterized
by an hysteresis phenomenon and since the transitional dynamics are driven by the agents’
expectations of the ultimate steady-state under the perfect foresight’s assumption, we start our
analysis with the investigation of the long-run steady-state effects of an unanticipated transitory
change in p.

From (134g), the equilibrium change in X is given by

dA

R i~ 1 Aty BT

temp Pc M1

Starting off from an “old” (initial) steady-state 59 = ¢y, for the period 1 steady-state change
of real expense it follows then immediately from (130a)

de ds dA
a = 2 558 4,20 (145a)
dp temp dp temp dp temp
= tidy (1= e T) —ty (7T el 4, (145b)
H1
dé —pr*T —p*T T’* —pr*T _ T
= — (1—67" )—t;\)\per —tp—<er —6“2), (145¢)
P |perm "

where we use the fact that ¢, = p,\t;/p. to obtain (145b) and substitute the expression of the
long-run change in ¢ following a permanent shock, (d¢/ dp)peTm =t5\p + p.

Since o = ¢ =t (5\, pg), the ultimate steady-state changes compared to the initial ¢y for an
unanticipated transitory shock can be calculated as

= t5), (1 - e*?"*T) —ty— (e*T*T - e*MT) > 0. (146)
temp H1

de
dp

Impact Effects
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By evaluating the formal solution (123b) for period 1 at time ¢t = 0, differentiating with
respect to p, and using the fact that Ay = — (¢; — ¢y) — Ag, the initial response of real expense
following an unanticipated transitory terms of trade shock may write as follows

< I O I =0y (147a)
dp temp dp temp o dp temp dp o ,
p de —r* H2 —r* -
- el (1 —e T) + 24, <e T ¢ WT) >0,  (147b)

where we use the fact that r* = 1 + po and (d2/dp) [perm = t5 (AN/AD) |perm + tp.

Once real expense reacted immediately after the temporary perturbation, the initial changes
of the stock of consumption habits and real expense can be obtained by differentiating solutions
(123a) and (123b) with respect to time and evaluating at time ¢t = 0:

ds(0) B Ay Ay
dp semp = M dp + p2 dp7
= —/11E (1 - e_T*T> + pat, (e_T*T - e_“2T> = Udc(O) = ((148a)
dp perm dp temp
de(0) o+ 1\ Az o+ 2\ Az
= M o T2 e
dp temp o dp o dp
o+ p1 deg o+rt, .7
= — - — t,e 2| =0, 148b
Ml( pn )[dptemp a+,u1p ]< ( )

where we use the fact that po (7H£2) — py (ZHL) = (0 + 7*) (2 — 1) /o

[

Transitional Dynamics

Period 1 (0<t<T)

We investigate the trajectories of the real expense and the consumption experience and
evaluate under which condition these macroeconomic aggregates change of direction over the
unstable period 1. Differentiate the solutions (123a) and (123a) with respect to time, one obtains
the evolution of s and ¢ over period 1 following a temporary terms of trade shock:

. Al t A2 ot <

5(t) = [,ul O et 4 ,ug—dp et dp < 0, (149a)
(1) = I R Y T2 A2 o) g, <

ét) = [Hl < . > dpe + 2 5 dpe dp = 0. (149b)

Denote respectively ¢ and f the dates such that $ (£) = 0 and ¢ (f) = 0. Equalize (149a)-(149b)
to zero, we obtain:

) w (%)@
t= ! log _?jp <t= ! lo [—'LQAQ/dp} <T. (150)
fin = 12 m (7)) @ fin — 12 pAr/dp

The trajectory of ¢ and s change of sign over period 1 if and only if:

1. A;/dp > 0 since Az/dp > 0 and g1 < 0 which ensures that the terms in square brackets
are positive (see (150));
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2. (Ut“ 1) dp + p2 (‘Ha“ i) é; = déi(po) < 0 which guarantees that the terms in square

brackets are less than one.

temp

This situation emerges when the expectation of a greater habitual standard of living dominates
initially the expectation of rise in the marginal utility of wealth measured in terms of the domestic
good induced by the perfectly anticipated terms of trade improvement, i. e. under the condition
that ¢(0) > 0 following an unanticipated temporary terms of trade worsening. In other cases,
the trajectory in the (s, c)-space is monotonic.

We evaluate the solutions (123a) and (123b) from unstable period 1 at time ¢t =T~ :

A - A -
é(Tf) — -/“(T;QMT +M2d72€M2T }d]%
= A SlemT™ 4 m'ujltp} dp, (151a)
d H2 — p1
- A -
((T7) = < +M1> LT + s <U+M2> A2 o ]dp,
o dp
A -
_ < +M1> LomT™ | (0' +M2> P21 tp} dp, (151b)
o M2 — 1
where we substitute expression (134b) of the constant As/dp to obtain (151a) and (151b).

Period 2 (t > T)
We evaluate solutions (125a) and (125b) from unstable period 1 at time ¢ = T :

A, T+
(1) = e,
Ar 1t 2 fi1 ] (=) <
— et + =~ ¢t |dp=s (T =0, 152a
[mdp T (T7) = (152)
A/
e(rr) = g (TE) Sy,
o dp
A
- {m <“+M1>1e“1T++<U+’”> aial t,,] dp#¢(T7),  (152b)
o dp o p2 — p1

where we substitute the expression of the constant A} /dp given by (134c).
By differentiating solutions (125a) and (125b) with respect to time, we determine in which
direction s and c¢ evolve over time in direction to the final steady-state :

. Al

5(t) = Mld—;e’“tdpgo, (153a)

dt) = (T A g, < (153b)
! o dp >

First, the slope of the transitional path in the (s, c)-space is positive. Second, as the trajectory
over the stable period 2 is monotonic and the change of consumption habits remains constant at
time T, 1. e. $(T) = $(T™"), the sign of the constant A} /dp may be determined as follows by
using (151a) and (152a) :

M1 A —emT 4 K2
dp p2 — p1

Aq M2 —mT _ All
tldp=0 = n te >0, 154
p} P= dp - ” dp = (154
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where 1 < 0 and dp < 0 since we consider a decline in p.

Time preference rate dynamics

As we noted in appendix A, the habit-forming behavior implies a variable time preference
rate. Following an unanticipated terms of trade worsening, the time preference rate rises initially
and then decreases over time toward its steady-state value, 6. The reaction of p reflects the
temporary gap between the marginal utility of current real expense and the marginal utility of
future real expense. We turn now to the dynamics of the time preference rate prevailing after
an unanticipated temporary terms of trade shock.

Period 1 (0<t<T)
The solution of the time preference rate over the unstable period 1 is obtained by linearizing
(104) in the neighborhood of the steady-state (51,¢1) and using the fact that p; = ¢:

o) = ot CET ()~ )4 O g ) (50 - ) (1550)
- 5+(5+p;)7“1 [A ‘3; ePrtdp + Ag ?pe”t] dp, (155b)
where
A = (U —i(;/h) + ((gi—;?z)nf‘ < 0, according to (U ‘ZUI) =0, (156a)
Ay = <U J;’“) + (é‘i:j‘;)nr > 0. (156b)

with I given by (25).
The impact effect of a temporary terms of trade disturbance on p is obtained by evaluating
(155) at time ¢t = 0, and differentiating with respect to p:

dp(0) _(0+o0)un U) u11 Az | >

temp

ott ugy < 0, AYY <0, Adist >0, Ay >0, et Ay/dp > 0.
The time preference rate evolves as follows :
(6 + O') U1l

1) =7

A As
pit pat
[Alul dpe + Aops dpe }dp 0, (158)

where we differentiate (155) with respect to time. Denote ¢ the date such that p () = 0, that is :

_ 1 Aopio A
7 o [21‘22/(129] T (159)
p = p2 AyprAr/dp
where As/dp >0, A2 >0, u1 <0, et g > 0.
The initial variation of the time preference rate is given by :
. (0+0)un Ay Az >
0)=———— |Ajpp1— + Aqua—| dp = 0. 160
£(0) N g + 212 g | 4P 2 (160)

The dynamics of the time preference rate over the unstable period 1 may be non monotonic
if and only if :
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1. A1A;/dp > 0 which guarantees that the term in square brackets of the expression (159) is
positive;
dz(0)
d

2. Alulg—; + Ag,ugg—; < 0, that is > 0 (see eq (160)), which implies that the term

temp
in square brackets of the expression (159) is less than unity.

Period 2 (t > 1T)
The solution of the time preference rate over the stable period 2 is obtained by linearizing
(104) in the neighborhood of the steady-state (52,¢2) and using the fact that po = ¢ :

(64 o)un o (6 + 20) o o
p(t) = p2+ S — (ct) —e2) + oo |zt iy (s(t) — 52),
((54— O’) U1 A/l ¢
= A —=efidp. 161
0+ Y 1dpe dp (161)

By differentiating (161) with respect to time, the time preference rate evolves over the stable
period 2 toward the value of the psychological time discount rate as follows :

((5+0)u11

. Al
pt) = o iy d—;e‘“tdp = 0. (162)

E.3 External Asset Position and Net Exports

Long-term Effects
The long-run changes in the stock of foreign assets and net exports following an unanticipated
transitory terms of trade shock are given by

dby d\ dby db dA

— = v5— +v, 20, — =—v,>0, — = vy — = 0,(163a

dp temp A dp temp rs dp temp ! dp temp A dp temp = ( )
drizy = —r*d—gl driiz = —r*d—BQ (163b)

dp temp dp temp’ dp temp dp temp

Impact Effects
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In order to simplify the solution (123e), we rewrite the term in square brackets as follows>’

pe(U+M1)A +pc(0+u2)A2

(bo — b1) + prB1 + prBa + A1 -
o (p —r*) o (p2 —1*)

dx pe(o+p1) |, dA
= — |vs— + v, | dp — pru,dp — ——= |t t,| dp —
)\dp temp P P O-(Ml_r*) dp temp ?
A2 [pC(U+M1) _p0<g+ﬂ2)] d
Cdp lo(m—r) o(pe—r)]
pc(0+u1)}dk [ pe (0 + 1) ] pelo+7), 7
= |+t 22 dp— |+ prup + it | dp + Lt e 2T dp,
|: A )\0'(/1,1 _T*) dp temp ! 1 U( —7’*) P 0'(/1,1 —T’*) P
1 dX A pc(O'-i-T' ) —p2T
= ———|  dp+Bdp++=———tpe " dp,
Ab AP [ e Nl o(pr—r*)"
Ap  Del(o+717Y) ] T
SR R 2 G P ) 164a
[)\b o(p—r*) " P (1642)
_ | D) epelotr) ey, (164b)
r* o (pp — %)

Period 1 (0<t<T)
The transitions of the net foreign assets and net exports during the unstable period 1 are
respectively governed by the following equations

)\ Pe (U +r )

b(t) = bi+ [ R A AL
) S YR (T
—T1A1€“1 — T2A2€M2t, (165&)

nz(t) = na+pr (xaBieX' + x1B2eX?") + [ T1 A1 + py ToAge!?'], (165D)

tp] e =Ddp — p; (B1eXt! + BaeX?!) —

where we set
7= PelO ) gy, PelO ) (166)

o(pr—r*) = o (pg — 1)

The solution (165b) for net exports is obtained by using the fact that naz(t) = b(t) — r*b(t),
substituting the solution (165a) and its time derivative. By remembering that at the period 1
steady-state, nzy = —r*b; since ¢a; = 0, one finally determines (165b).

Period 2 (t > T)

b(t) = by —pBjext - AT T o+ Ml)A' mt, (167a)
o (p1 —r*)
nz(t) = nwe 4 pryeBieXtt + us MA' pat (167Db)
' o (pn —1%)
where 1wy = —1*by (since cap = 0).
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By differentiating the equation (165a) with respect to time, evaluating at time ¢t = 0, and
differentiating with respect to p, one obtains the initial response of the current account:

dea(0 db(0 LA + o B B
Cg() _ A _ [p+pc(a r*)tp]em_p[[murm?]_
D ltemp dp temp Ab o (Ul -r ) dp dp
Ay As
—YTip1— — YTous— 168
1M1 dp 2142 ap’ (168)
By substituting (A;/dp) = — (dé/dp) |temp — tp — (A2/dp), the expression (168) may be
rewritten as follows
d Ao De * e dk
CCL(O) — * |:p + b (0 +T‘*) tp:| e " T —pr (O)
dp temp Ab g (lu’l -r ) dp temp
d\ A
Ty [t5— t — (11 — peYo]. 169
+pu1lq Adp o +ip| + dp [,Ul 1= M2 2] ( )

r*o(u—r*)

W%’ by using the fact that r* = p; 4+ uo and

By substituting the expression of A\, =

that (de/dp)erm = taAp + tp,
deca(0 dk e (0 + de dk _
(0) L 1Mi _pI[M —xaT
dp temp dp perm o (Ml -r )dp perm d perm
")k de " .
K()eXQTOq} - pcﬂ e« e Ty tp@ (e*r T_ e*“QT) <0. (170)
p dp | perm p

Notes

L«Our evidence supports the J-curve in the data but not its common explanation” (Leonard and Stockman
[2002], p. 485).

2«As recent experience has confirmed, the response of trade flows to the exchange rate take years, both because
consumers are slow to change habits and, even more important, because many changes in supply and sourcing
require long-term investment decisions” (Krugman [1989], p. 33).

3The parameter o > 0 determines the relative weight of real expenditure at different times. Performing the
differentiation of (3) with respect to time, one obtains a motion equation of habits stock where o is the coefficient
(or speed) of adjustment. For example, taking a value of o = 0.6 in the line of empirical results of Constantinides
[1990], then the time required to close 95% of the discrepancy between s(t) and ¢(t) by changes in s(t) following
a change in c(t) is five years (because %% = 0.05 for ¢ ~ 4.99).

4The unit cost dual function, p. (.), is defined as the minimum total expense in consumption goods, z., such
that ¢ = ¢ (d(t), f(t)) = 1, for a given level of terms of trade, p. The minimized unit cost function depends on the
terms of trade and is expressed in terms of the foreign good.

5The dynamic equation of the foreign assets’ stock is obtained by the substitution of the dividend flow expres-
sion, D(t) (see (14a)).

SWe refer to A1 and Ass as the submatrices composed respectively by the two first and two last lines and
columns of matrix A.

"When intertemporal preferences display distant complementarity, inequality (27) is always satisfied. This
inequality is necessary to ensure that adjacent complementarity is not too strong and that the dynamic system
exhibits a saddle point stability (see Becker and Murphy [1988]).

8The left hand side of (38b) is the Volterra derivative applied to the functional (2) expressed in current value
and obtained along a constant path (see Ryder and Heal [1973]).

9The dependency on initial conditions can be avoided thanks to the assumptions of an endogenous psychological
rate of discount (see e. g. Obstfeld [1982], Ikeda [2001]), imperfect world capital markets (see e. g. Fisher and
Terrell [2000]), finite life (see e. g. Matsuyama [1987]) or a continuum of infinitely lived agents with different birth
dates (see e. g. Weil [1989)]).
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Following Sen and Turnovsky [1989] and Serveén [1999], we assume that the small open economy is a net
exporter of the home good, and symmetrically a net importer of the foreign good at the steady-state. This
assumption is formalized as follows:

p(Y—d)=(f—r"b) >0.
To see it, evaluate the stable solution (33b) at t = 0 letting dk = k — ko, and substitute (41b) to obtain

__( prx1 \ Fx(1—ar)
90 —@ = (Fa’ (1) /5) pFrk dp

From the expression above, the gap between the short run shadow value of capital, ¢(0), and its new steady state
value, g1 = pr (p1), is greater, i. e. the decline in Tobin’s q is larger, the higher is the share of import goods in
investment expenditure, (1 — ar).

12Non-monotonic convergent paths of net foreign assets are also obtained by Matsuyama [1987] in a finite horizon
model with capital adjustment costs, by Karayalgin [1994], [1995] respectively in an infinite horizon model with
recursive preferences and installation costs and in a small open economy model allowing heterogeneity across
agents, by Mansoorian [1998] in a model with durable consumption goods and habit-forming behavior, and by
Ikeda and Gombi [1998] in a closely related framework with only one good.

13The current account is negative over the period (0,7). As the foreign assets’ stock falls at a decreasing rate,
the current account becomes less negative over time until date £ when the current account is balanced and b
overshoots. We can see it more formally by differentiating (37b) with respect to time:

b(t) = pab(t) + pr (u1 — x1) k(t) >0, for t<Ii.

MThe effect of a decrease in the domestic capital stock on the net exports can be formally highlighted by
differentiating the expression of nz with respect to k:

o = 2 ori—pee-mi [0 (F)]].
OF [k O O (k/k
SN o L LI EETS) —mkg,€>,
.2
— ph-palt+ e Ol (1) W0 >0

where we used the stable solution (33a) and differentiated the installation cost function for a given flow of invest-
ment.

5More precisely, whereas the relative price of imports rise permanently above its initial level (i. e. p decreases),
net exports remain at first below their steady-state value, then overshoot, and finally decline towards their long-run
value. Therefore, net exports and the relative price of imports co-vary at first in opposite directions, and then in
the same direction. Backus et al. [1994] obtain the same response for the trade balance (see p. 95).

Mansoorian [1993], [1998] studies exclusively the impact of a permanent terms of trade deterioration by
introducing habit formation behavior in an economy without capital accumulation. Sen and Turnovsky [1989]
analyze the response of economic aggregates after a temporary terms of trade disturbance by allowing for a labor-
leisure choice and capital adjustment costs. They do not consider habit-forming consumers and capital good
imports. The framework of Ikeda and Gombi [1998] is relatively close to ours but we allow for two consumption
and capital goods. Moreover, the authors apply the solution procedure proposed by Sen and Turnovsky [1990]
which contain an inconsistency (see Schubert [2002], chapter 2, and Schubert and Turnovsky [2002]). Finally, our
study differs from Serven’s analysis in retaining dependent intertemporal preferences and in the analytical method
we have chosen to study an unanticipated transitory terms of trade shock.

Y"For details of derivations, see Cardi ([2004], Appendix C.14).

18We retained a formalization of the supply-side analogue to these specified by Gavin [1992] and Serven [1999]
who extend Abel and Blanchard’s model to an open economy by allowing trade in capital and consumption goods.
Gavin [1992] studies temporary terms of trade disturbances only graphically and Serven [1995] applies the solution
procedure proposed by Buiter [1984] for continuous time models. This analytical method is more suited to 2 x 2
dynamic systems with one predetermined and one non-predetermined variable.

19WWe used the following equalities:

e [k
r dp temp g dp

da
dp

dg
= I =myp.

perm

temp perm
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20T clarify this point, remember that the dampening term (1 - e_X2T) is an increasing function of the unstable
eigenvalue of 2 > 0 which in turn raises with the derivative of the inverse function ' (1) evaluated at the steady-
state; the value of the latter is greater the smaller are capital installation costs. In conclusion, the term (1 - eiX?T)
is a decreasing function of adjustment costs.

21Qerven [1999] provides a discussion about the response of investment following a transitory terms of trade
improvement. With the help of formal solutions, we are able to get some new information about investment
transitional dynamics.

22 At time £, the investment flow is null 1 (f) = 0, which in turn implies that:

B £ B ; .
=Xty =2 X2t} dp = k(t) =0,
dp K

q(t) —pr(p1) = Pr__ {X ¢

K (1) k
where we have evaluated the solution (123d) at time #.
23In the case of a persistent negative terms of trade shock (T > T'), we have shown in appendix E.1 that the
investment flow is initially negative; formally, we have:

. Bi Bo
k(0) = —-— —|d 0.
(0) {deerdep] p <
Since B /dp < 0 and dp < 0, we deduce that By /dp < 0.
24To see this more formally, note that é = r(g2/pr (p2)) =0 and k" > 0. Next, ¢ (T*) > @2, as we can see from

(Tt
figure 4. It follows that ﬁ =K (q (T+) /pr (p2)) >0

?5See Cardi [2004], Chapter 5.

%6See e. g. Obstfeld [1983], Sen and Turnovsky [1989], Serven [1999] who study the effects of an unanticipated
terms of trade shock.

#See Turnovsky [1997] for a discussion about the property of hysteresis.

B Cardi [2004] provides a new explanation of J-curve phenomenon following an adverse transitory price shock
by considering the distant complementarity case (see Chapter 5).

2To clarify this point, remember that the partial derivative of the real expense function (see eq (39a)) with
respect to the terms of trade, that is ¢, may be written as follows (see eq (118b)):
ur + 375 u2 Qc _ 0
[un + 5512; <u12 + ﬁum)] p

tp =

where we use the fact that A = [ul + (;;LU’LLQ] /pc (see eq (38a)) and a. = pl.p/p.. The right-hand side of the

2
55':_; Ul + ﬁuzg) < 0. The

latter is less negative the higher is the positive value of ui12 when the households’ preferences display an adjacent
complementarity.

39The direction of the once-for-all change of the marginal utility of wealth is not clear cut since its jump is the
result of multiple economic forces which work in opposite directions. There is an income effect dampened by the
smoothing effect and an intertemporal speculation effect moderated by a disutility effect which results from the
large changes of real expense. From expression (64) of the equilibrium change of A, there exists a length of the shock
denoted by T for which the influences of the income effect and the intertemporal speculation effect on the variation
of the marginal utility of wealth are equal. The shorter-lasting the worsening in the terms of trade, the more likely
a decline in X: since the representative household expects a perfectly rise in p (an improvement in the terms of
trade) and therefore a decline in the consumption-based real interest rate in the near future, the incentive to raise
its real expense initially and in the long-run becomes greater. As we assume a habit-forming behavior with adjacent
complementarity in preferences, the expected rise of the habitual standard of living encourages the household to
accumulate foreign bonds once the terms of trade revert back to their initial level and the economy converges
toward its final steady-state. The inertia of real expense makes possible a positive accumulation of internationally
traded bonds over the stable period 2. Since the accumulation of b over period 2 is greater than the decumulation
over period 1, the equilibrium change of A which guarantees the respect of the national intertemporal solvency
constraint is negative.

31The impact effects on consumption consist only of the wealth effect since Tkeda and Gombi [1998], in a
framework close to ours, consider an adverse transitory productivity shock, a temporary increase in government
spending, and a temporary increase in capital taxes.

32Following a persistent terms of trade worsening, the ultimate change of ¢ may be lower or greater in absolute
value than the change in ¢ following a permanent disturbance. On figure 5, we assume that the ¢2 > Cperm. This
inequality holds if the adverse terms of trade disturbance is not too long-lived.

above expression is greater the higher is a. the lower is the denominator ui1 +
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33By inserting limr_ o in the expression (85), one obtains the initial reaction of real expense in the permanent
case.

34 As Obstfeld [1992] underscored in a one-good model without physical capital accumulation, the representative
households makes its optimal consumption choice by putting a positive weight to the initial habitual standard of

living, S0, and a weight less than one to the real permanent income, w

3%Net exports expressed in terms of the foreign good are defined as follows
I(t)
na(t) = pF [k(t), 1] — pec(t) — prl(t) |14+ ¢ v )]

By differentiating the above expression with respect to time, one obtains

pFi +p1 (%) ' (-)} k(t) = peé(t) — a(t)I(t),

nz(t) =

where we use the fact that ¢ = ps (p) [1+ ¢ (£) + (£) ¢ ()]
36By using expressions (24) and (30) of eigenvalues u; and xi, the fact that § = r
pF, = r*pr prevailing at the steady-state, we deduce that u1 = x1 if:

, 1 o(d+o0) 0+ 20 o
> —_~ 7 R -
k(1) 2 Crn U |:'U/11 + ito (um + 6+2au22)} >0,

*

, and the relationship

where (p, 5 = —Fyxk/Fy > 0 is the elasticity of marginal productivity of capital with respect to capital. The
right-hand side term can be interpreted as a critical value of the inverse function’s slope, &’ (1), evaluated at the
steady-state. From the properties of the installation cost function, 1 (.), &’ (1) is higher (resp. smaller) the smaller
are the installation costs (resp. higher).

37The third condition imply that net foreign assets remain continuous at time 7.

38See Schubert [2002], Appendix A.7 for a similar procedure with one good and additive separable intertemporal
preferences.

39G8ee Cardi [2004] (Appendix C.14) for details of derivation.
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