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This paper considers a dynamic general equilibrium model of a
small open two-period endowment economy with tradable and
non-tradable goods. Under some mild assumptions regarding the
form of the representative agent’s inter-temporal utility function,
it is shown analytically that a temporary positive output shock
in the tradable good sector increases national saving and
improves the current account balance whereas a similar positive
output shock in the non-tradable good sector reduces national
saving and deteriorates the current account balance if the
inter-temporal elasticity of substitution between the current and
future consumption is greater than the intra-temporal elasticity of
substitution between the tradable and non-tradable good
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King, Plosser, and Rebelo (1988)) used a stochastic version of the
general equilibrium one-sector optimal growth model and explained
the dynamics of macroeconomic fluctuations as reflecting the
interaction of real shocks — particularly shocks to production
possibilities - and the economic agents’ inter-temporal adjustment.
In those models, shocks are propagated over time due to the
preference of economic agents for smoothing consumption over
time. Even though models relied solely on shocks to production
possibilities as the underlying source of economic fluctuations, it
was shown, for example by Plosser (1989), that they could
replicate the movement of real variables along actual post- World
War II US. business cycles well.

Early real business cycle approach relied on closed economy
models with a single good. As a result, models were not able to
provide any implications of real business cycles on the current
account balance or the terms of trade. In order to address this,
models were later extended to include international trade. General
equilibrium inter-temporal optimization models were wused to
explain international economic phenomena. One of the stylized
international economic phenomena pointed out by the literature
was the counter-cyclical movement of current account balance along
business cycle. Current account balance was interpreted as a result
of economic agents’ inter-temporal optimization decision. Well
known real business cycle models of open economy with tradable
and non-tradable goods include Stockman and Tesar (1995) and
Mendoza (1995). Stockman and Tesar (1995) set up a two country
model and analyzed international risk sharing. Mendoza (1995)
devised a small open economy model and analyzed the relative
importance of terms of trade shocks versus productivity shocks
along business cycles. With complicated dynamics in those models

and the analyses based on simulations with calibrated parameters,
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it is not so transparent how the productivity shocks to the
tradable sector vs. non-tradable sector affect current account
balance differently. Furthermore, Mendoza (1995) assumed that the
sectoral productivity shocks are perfectly correlated.

In order to highlight the main dynamics that involve
productivity shocks in tradable vs. non-tradable sectors and the
current account balance, we use a simple two-period small open
endowment economy model and analytically show that if the
temporary positive output shock (which can be interpreted as the
positive productivity shock) happens to the non-tradable goods
sector instead of the tradable goods sector, the current account
balance can deteriorate. The intuition is the following. In a small
open economy, the world rate of interest is fixed in terms of
tradable goods. But the real interest rate relevant for the
inter-temporal consumption decision is one measured in terms of
consumption baskets. If there is a temporary increase in the
output of non-tradable goods, the price of current period
non-tradables would fall relative to the price of future period
non-tradables. This makes the domestic real interest rate lower
than the world real interest rate. As a result, consumption is tilted
toward the current period and the current account balance is

adversely affected.

II. The Model

Consider a small open economy populated by a large number of
consumers. There is no uncertainty and consumers have perfect
foresight. Each period, consumers receive an exogenous
endowment (output) of tradable goods and non-tradable goods. We

denote tradable goods by =z and non-tradable goods by n.
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Consumers also have the ability to borrow or lend at the world

real interest rate, r,, which is fixed in terms of tradable goods .

v
There is no government. In order to highlight the relative roles of
intra-temporal and inter-temporal elasticity of substitutions in
consumption in a clear and intuitive way, we use a two-period
model without any investment. The current period is denoted by 0
and the future period is denoted by 1. Representative consumer’s
endowment (output) of tradable and non-tradable goods at period

t(t=0, 1) are denoted by Y,, and Y,

.+ respectively. Representative

consumer’s consumption of tradable and non-tradable goods at
period ¢(t=0,1) are respectively denoted by c,, and c,,. p,, is
the relative price of non-tradable goods in terms of tradable
goods.

The inter-temporal budget constraint faced by the representative

consumer is

(CxO +pn()CnO) + (1 (Czl +pnlcn] ) = (Ylo +pnO YnU)
+awl(yxl+pnl Ynl)_(1+7’x,71)371: I‘/VU (1)

where «a,; =1/(1+r,,) is the discount factor. W, denotes wealth
and B_, denotes the existing level of debt. The values of wealth,
the rates of interest, and the units of debt are measured in terms
of tradable goods which serve as the numeraire.

The representative consumer maximizes lifetime utility subject to
the inter-temporal budget constraint. The utility function is defined
over four goods (c,q> Chg> Co1> Cn1)- We assume that the utility
function is homothetic. We also assume that utility can be
expressed as a function of two components, ¢ and (), which

are, in turn, linearly homogeneous subutility functions!) of the

1) For example, these could be Cobb-Douglas utility functions with the



Productivity Shocks, National Saving, and the Current Account 7

consumption of goods in period zero (c,y, ¢,,) and in period one
(cp15 €y1) respectively. The maximization problem can be formally

specified as

Mazimize U[Cy(c,psCno)s Cr(cpnsCnr)] (2)

&0 oo s}

subject to (1)

The solution to the maximization problem can be decomposed
into two parts. The first component involves the intra-temporal

allocation of spending, z, =c,, +p,.c,;, between the two goods so
as to maximize the subutility C,(c,;.c,,), and the second involves
the inter-temporal allocation of lifetime spending (z,+ a2, = W)
so as to maximize the lifetime utility U(C), C;). In the first stage

of the intra-temporal maximization problem the consumer may be

viewed as minimizing the cost, z,, of obtaining a given level of
subutility, C,. The assumption that the subutility functions are

linearly homogeneous implies that the cost function is

z, = P,(p,;)C,, where P,(p,,) is the marginal cost of obtaining a
unit of C; (and the marginal cost depends on the relative price,
D). We refer to P,, as the price index. It can be shown that the
elasticity of the price index, P,, with respect to the price of
non-tradables, p,,, equals the expenditure share of non-tradables in

total spending, that is,

P APy d[logP,] B
Pt dpnt d[lOg nt] "

(3)

where (,, denotes the expenditure share of non-tradables in total

powers of the adjustments adding to one.



8 Kunhong Kim

spending at period t(0 < 3,, <1).2
In the second stage the consumer, who has already optimized
the intra-temporal allocation of spending, attempts to optimize the

inter-temporal allocation. The maximization problem is

Mazximize U(C,, Cy) (4)
(¢ .a)

subject to Py(p,,)Cy+ a1 Py (p,,)C, = W,

We normalize the budget constraint and express it in real terms

by dividing both sides by the price index F.
CO +a(t1 Cl = VVCO (5)
where

-4 d W=t
- PO G, an 0 — PO .

o951

(6)

We refer to «, as the real discount factor and to W, as the
real wealth. The real discount factor equals the discount factor
expressed in terms of the numeraire, «,, adjusted by the percentage

change in the price index. Corresponding to the concept of the

real discount factor, the real interest rate, 7, is

dz, dP,

dpm‘ dpnt

But from the envelope theorem applied to the intra-temporal cost
minimization problem,

2) z, =P, (Pm) C, implies

dz,
:cﬂ,'
dpnt !
pnt dE pntcnt pntcnt
Therefore, —— = = =0 ..
Pldp BG a0
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1 1 1+T:1:0
o951 B PI/PO

(7)

When the domestic price index rises over time, the domestic real
interest rate measured in terms of the consumption bundle is lower
than the world interest rate which is fixed in terms of tradable

goods. Taking the differential of (7) and applying (3), we get

1 1 - -
1+ T drc[) = mdrw + ﬁnop n0 /Bnlpn,l . (8)

A circumflex denotes a logarithmic differential.?) Equation (8)

shows that, ceteris paribus, a temporary decline in the current price of

non-tradables (p,, < 0) lowers the real rate of interest measured
in terms of the consumption basket while an expected future

decline in the price of non-tradables (p,, < 0) increases the real

nl
rate of interest measured in terms of the consumption basket. The

effect of a permanent decline in the price of non-tradables (so that

Poo =P <0) depends on the inter-temporal changes in the
expenditure shares (3,,. If these shares do not vary over time, a
permanent decline in the non-tradable goods price is neutral in its
effect on the real rate of interest.

The maximization of the utility function subject to the
normalized budget constraint yields conventional demand functions
for ¢y and (). As usual, these functions depend on the relevant
relative prices a,, and on the real wealth W,,. Thus, the periodic
demand functions (for t=0,1) are C, = C,(a.,W,). Demand
functions for tradables and non-tradables at period #(t=0,1)

depend on the relative price, p,,, and the total expenditure during

3) For example, IA)n(] = d[Ing/z(]] = dpn()/ Pno-
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the period, z, = P,(p,,;)C,. Therefore, c,, =c,;[p, P;C;l(aq, Wyl
and c,; = ¢, [ P C(a, W) for t=0,1.

Since non-tradable goods must be produced at home, the market
for non-tradable goods must clear during each period. The market

clearing condition for the domestic non-tradable goods are

Cro = Cno [pnO’PO C\(0 (acl7 I/I/;zo )] = YVnO7 (9)
Cp1 = Cp1 [pnl?qu (acl? I/I/;O)] = Ynl' (1O>

With general functional forms for utility and subutility functions,

it is not possible to derive endogenous variables p,,, p,i, ¢, and
¢,1, as explicit functions of exogenous variables, Y,,, Y., Y,;, and
Y,.. However, by taking logarithmic differential of equilibrium

conditions, we get linear relationships among logarithmic differentials

of endogenous and endogenous variables. These linear relationships
enable us to represent p,,, P, .0, and ¢, as explicit functions
of )A/IO, )A/xl, f/no, and )A/m.

Market clearing requires that in each period changes in the
demand for non-tradables goods (induced by various shocks) are

equal to changes in the supply. Accordingly, differentiating equations
(9) and (10) yields

(77nup”(J + 771’“11”0)?? n0 + nq,(x& cl + WCO = Yn()’ (11>
(nnlp“l + nPle)Z; nl + 7]010/0/; cl + Wc[) = Ynl’ (12)

where 7 denotes the elasticity of the variable indicated by the first
subscript with respect to the variable indicated by the second

subscript.4)

4) Because the utility function U and the subutility functions ¢ and C)| are
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We assume that the trade account is balanced initially. Then

from the definition of 11/,5

WU = (1 Vs )ﬁn()]; n0 +755711]; nl + (1 - ’Ys)(l - ﬁn()) Y70

+ (1 Vs )ﬁno i\/n() +75 (1 - /Bnl ) i\/:1:1 +’}/5/8711 i\/nl ’ (13)

where 7, =a,C/ W, is the share of saving in wealth

(0 <, <1). Since W,, = W,/P,,

Weo = Wy = Buob o (14)
Therefore,

W == BuoP o = Burp o) + . (15)
where

v=[(1-7)0=8,)Y,0+1=7)8,Y, (16)

+7. (1= B,) Y, +7,8, V).

Also, o, = ?;0411 implies

@1 = BuaD 1 = BuoP o -8 (17)

homothetic, Tz, = Maye, = N, =1 for t=0,1. Also note that, as shown by
equation (3), np, =#,, for t=0,1.
5) Note that da,; =0 because r,, is fixed in a small open economy.

6) Note that da,; =0 because 7, is fixed.
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Using the Slutsky decomposition, it can be shown that?)

77ntp”t = [(1 - ﬂnt )0-711’ + ﬂnt]’ %tpm = [ﬁnt (U7zx - 1)]7 (18)

77(71@:’75(0-_1)7 7701a :_[(1_75)0+7s]

where ¢ is an inter-temporal elasticity of substitution between (
and (}, and o0,, is a intra-temporal elasticity of substitution

between ¢, and c,, that is,

leg(CO/ 01) leg (C:I:t/cnt)
o= g,,. —
oU , 09U Lo oC, , aC
dlo / } S —
g': 801 aCO dU=0 dlog[ acnt / BC:I:t dC,=0

If we substitute equations (15), (17) and (18) into equation (11)

and (12), we get

- [,YsﬁnUo-—’_ (1 - ﬂnU)Unz]Z;nO + Vsﬂnlaﬁnl ==+ ?n() (19)
(1 Vs )ﬁn()o']; n0 [(1 Vs )67110'

+ (1_ﬂn1)o—nz]i)n1 =—v+ i\/nl (20)
Subtracting (20) from (19) yields

- [ﬁr100-+ (1_ﬁr10)o-n.7:h;n(] (21)

~

+ [ﬁnla+ (1 - ﬁnl)anx]p nl — YnO - Ynl .

If we assume that the expenditure shares on non-tradable goods

do not vary over time8) (that is, §,, = 8,1 = 8,.),

7) See Appendix at the end of our paper.
8) This is satisfied, for example, in the case of a Cobb-Douglas intra-temporal

utility function.
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_ ~ 2 _ Yn,l - Yn()
Pno P ﬂna+ (l_ﬂn)anz ’

Prno

Pn1

(22)

Ceteris paribus, a temporary increase in the current output of
non-tradables ()A/ 20 > 0) lowers the current price of non-tradables
relative to the future price of non-tradables while an expected
future increase in output ()A/'"l > 0) increases the current price of
non-tradables relative to the future price of non-tradables. A
0= Y, >0)

permanent increase in the output of non-tradables ()A’

does not affect the relative price. Any change in the output of
tradables, as long as it is not accompanied by a change in the
output of non-tradables, does not affect the current price of
non-tradables relative to the future price of non-tradables.

With the assumption of g,, = 03,, = 3,, system of equations (19)
and (20) become

- [,y‘s’ﬂn,o-_,_(1_Bn)o-nm]];n[)—"_’y(sﬁnaisnl =—"¥+ ?n(] (19),
(1775)ﬁn0[)n07 [(1773) no (20),
+ (1 - /Bn)anw]ﬁnl ==+ i\/nl

In matrix form,

[— [v,Bao+ (1= 6,)0,,] Y, B0 P o
(1778)6710' - [(livs)ﬁng_'_(liﬂn)anz] I;nl

e+ Y0

|-t Y,

Applying Cramer’s rule, we get
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‘— T+ Y, VB0

— —¥+ 3/71] 7[(livs)ﬁna—_‘—(liﬁn)gnz]

Ppo— ‘7[ sﬂﬂg—k(l*ﬂn)o}w} Fysﬁna' (23)
(1=7)80  —l1=7)8,0+(1=5,)0,,]

_ !p[ﬂna'_‘—(liﬁn)amv]i AYnO[(l773)ﬁna+(17ﬁn)o'nx]i i/nlfysﬂna—
a (liﬁn)a’nz [/Hng_k(liﬁn)amf] ‘

‘_ [fysﬂno- + (1 - ﬂn)anzr} ¥+ /)\/71,0

. (1-9,)8,0 —U+Y,

o ‘_ [’ysﬁno'+ (1 _Bn )Una?} fySﬁ"O- (24)
(1—’)/5)ﬁno' _[(1_'75)ﬂn0—+(1_ﬂn)o-nz}

_ W[ﬂna+(1_ﬁn)gnzr]_ AYnl hsﬁna+(1_ﬁn)gnzr]_ YnO(l_rys)ﬂnU
B (l_ﬂn)anr [ﬂ7zo+(1_ﬂn ; ] ’

) 071I

Differentiating the demand functions for current and future

tradable goods
Cz0 = Cao0 [pn()7P0 C() (a(:IV I/I/;:(] )] and Cy1 = Cp1 [anqu (acl7 VV(;O )] ’
we get

Cao = (nx(lpn() + nPnpm)>p n0 + 7700("@ cl T WCU ’

Cp1 = (771'111 + nPlpm)p nl + 77(71(10[ cl + W(:O .

nl

Substituting equations (15), (17), (18) and assuming f,, = 5,1 = 0,,

above two equations become

E(L’O = nanzﬁno _750571 (p?n() _ﬁ7z1)+£pv (25)

1l — 7zavzx1;n1 +(1_’75>Uﬁr:(];n0_13n]>+!p (26)

[

Substituting the solutions for p,, and p,, given in (23) and (24)

into equations (25) and (26), and noting ¥ given by (16), we can
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represent c¢,, and c,, in terms of YV ,, Y, Y,, and Y.

Il. Productivity Shocks, National Saving, and the

Current Account

Using the solution to our model, we can derive impacts of various
shocks to output on Y,;—c,;.9) Since non-tradable goods market
clears domestically each period, ¢,q, = Y. Therefore Y,,—c, is the
representative agent’s private saving level under equilibrium. With
the assumption of no government, this also corresponds to
national saving. Since we are analyzing endowment economy,
national saving equals current account balance. In the following,

we explain the result under several different scenarios.

A temporary increase in the current period output of tradable goods

(i\/flJO > 07 i\/n() = i\/*51;1 = i\/nl = 0)
Note that, in this case, ¥ in equation (16) becomes ¥ = (1—
v,)1—8,)Y,,. Furthermore, equation (22) shows that p,, —

P, =0 in this case. Considering these and substituting the
solution for p,, given in equation (23) into equation (25), we get
¢,0=(01-7)Y,, Since 0<~, <1, ¢,, < Y,,. Hence, the rate of

change in consumption of tradable goods is smaller than the rate

of change of the output of tradable goods. A temporary positive

9) This experiment raises the methodological issue of how shocks (ie.,
unexpected changes) can occur in a model in which there is perfect
foresight. Purist would probably reject such an intellectual experiment. We
can think of the approach taken here as a short cut in which the shock
had such a small probability of occurring that it did not affect the initial
stationary equilibrium. Same approach appears in Blanchard and Fischer
(1989), pp. 66-69, and Obstfeld and Rogoff (1996), pp. 110-111.
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supply shock on tradable goods improves the current period trade
account balance.

As p,y—p, =0 in this case. the time pattern of the non-
tradable goods price is not affected. Therefore, as is manifested by
equation (8), there is no effect on the domestic real rate of
interest. As a result of the consumption smoothing motive,
consumption rises less than the amount of the increase in output.

The trade balance improves as a result.

An expected increase in the future period output of tradable goods

(Yfl;l > 07 Y:I:O = Yn,(] = Ynl = 0)

Equations (16) and (22) shows that W= (1—~,)(1—3,)Y,, and

Poo—Pn =0 in this case. Considering these and substituting the

solution for p,, given in equation (23) into equation (25), we get

¢,0=1Y,,. Therefore ¢, > Y -0 =0. The rate of change of the
consumption of tradable goods exceeds the rate of change of the
output of tradable goods. An expected positive supply shock on
tradable goods deteriorates the current period trade account
balance.

As above, there is no effect on the real rate of interest. Only
consumption smoothing plays a role here. Consumption rises even
before the actual increase in output happens. Therefore the current

period trade balance deteriorates.

A permanent increase in the output of tradable goods

(i\/:l;(] = i\/.ll = 3\/]; > 0’ i\/n,(] = i\/nl = 0)
Equations (16) and (22) shows that ¥=(1—~,)(1—3,)Y,+

v1-8,)Y,=01-3,)Y, and p,,—p, =0 in this case.

Considering these and substituting the solution for p,, given in
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equation (23) into equation (25), we get c,, = IA’:L,. The rate of
change of the consumption of tradable goods is equal to the rate
of change of the output of tradable goods. A permanent positive
supply shock on tradable goods does not affect the current period
trade account balance.

Again there is no effect on the real interest rates. Also, there is
no consumption smoothing because the increase in output is

permanent. Therefore there is no effect on the trade balance.

A temporary increase in the current period output of non-tradable

goods
(i\/n(] > 07 i\/.’1:0 = i\/“1 = i\/711 = 0)

€T

In this case, ¥ in equation (16) becomes W= (1—~,)3,Y, .
Furthermore, equation (22) shows that p,,—p,, =— Y,/ (8,0+
(1—8,)0,,) in this case. If we substitute the relevant value of ¥

into equation (23), we get

~ - (1_75)671,[5710+(1_571)0’n,x]_[ﬁn(l_rys)0-+(l_ﬁn)alw} i\/
Pno = (l_ﬂn)onx [ﬂna‘f’(l_ﬂn)onx} "

Substituting these into equation (25), we get

20 — PnOnaP no + Vs 710(p nl pnO) + (1 Vs )ﬁn YnU

[o19%

o Vsﬂn(a_anz)
B /67L0.+(]‘_67l,)0.77,.’1; '

We see that ¢,,>0 if and only if o>o0,,. As long as the
inter-temporal elasticity of substitution between the current and
future period consumption is greater than the intra-temporal

elasticity of substitution between the tradable and non-tradable
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goods, the rate of change of the consumption of tradable goods
exceeds the rate of change of the output of tradable goods (which
is zero in this case). A temporary positive supply shock on
non-tradable goods deteriorates the current period trade account
balance.

The current price of non-tradables falls relative to the future
price of non-tradables. As a result, the domestic real rate of
interest which is measured in terms of consumption basket falls.
This makes consumption (of tradables as well as non-tradables)
tilted toward the current period. This is an inter-temporal
substitution effect. The magnitude of this effect depends on the
inter-temporal elasticity of substitution, o. But the price of
tradables relative to the price of non-tradables is now higher as a
result of an increase in the current output of non-tradables. This
causes consumption to shift away from tradables toward non-
tradables. This is a intra-temporal substitution effect of which the
magnitude depends on the intra-temporal elasticity of substitution,

0,,- Whether the current consumption of tradables rises or falls

ne:*
depends on the relative magnitudes of inter-temporal and
intra-temporal substitution effects. If the inter-temporal substitution

effect dominates the intra-temporal substitution effect, o> o

nas
current consumption of tradables rises and the trade balance
worsens.

The result is in stark contrast with the case of a temporary
increase in the output of tradable goods where only a

consumption smoothing effect takes place.

An expected increase in the future period output of non-tradable

goods
(v

nl

~

> O’ i\/nO = AY;EU = Y;L'l = 0)

In this case, ¥ in equation (16) becomes ¥ =~,0, )A’,Ll.
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Furthermore, equation (22) shows that p,,—p,, = Y, /(8,0+
(1—8,)0,,) in this case. If we substitute the relevant value of ¥

into equation (23), we get

~ _ ’Ysﬁn [6710+ (1 - ﬁn)anr] - ﬂn’YsO— <
Pno ™= (1_ﬂn)anr[/8na+(1_ﬂ7z)0r11] e

Substituting these into equation (25), we get

Cpo = ﬁna-n:cp n0 + W557lo—(p nl pn()) + ’78511 Ynl

o _f}/sﬁn (0'_0-71,;1;)
B ﬁn0+(1_ﬂn)anz .

Therefore ¢,, <0 if and only if o>o0,,. As long as the
inter-temporal elasticity of substitution between the current and
future period consumption is bigger than the intra-temporal
elasticity of substitution between the tradable and non-tradable
goods, the rate of change of the consumption of tradable goods is
smaller than the rate of change of the output of tradable goods
(which is zero in this case). An expected positive supply shock on
non-tradable goods improves the current period trade account
balance.

The inter-temporal substitution effect causes current consumption
of tradables to fall (because the real rate of interest is now higher)
and the intra-temporal substitution effect causes current
consumption of tradables to rise. If the inter-temporal substitution
effect dominates the intra-temporal substitution effect, o> o,
current consumption of tradables falls and the trade balance

improves.
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A permanent increase in the output of non-tradable goods

(i\/n,(] = i\/nl = 3\/” > 0’ i\/:1;0 = i\/.’1:1 = 0)
¥ in equation (16) becomes W= (1—~,)8,Y, +v.5,Y, =8,Y,.
Equation (22) shows that p,,—p,, =0. If we substitute the

relevant value of ¥ into equation (23), we get

-~ 1 -
Ppo =" Yn .

Unz

Substituting these into equation (25), we get ¢, = 0.10)

A permanent positive supply shock on non-tradable goods does
not affect the current period trade account balance. Since the change
in output is uniform over the periods, the real rate of interest is
not affected. Therefore there is no inter-temporal substitution. Also,
consumption smoothing plays no role when the change in output

is uniform over the periods.

V. Comparison with the Discussion in Vegh (2012)

After I finished writing the earlier draft of this paper, I was
surprised to be informed about the existence of a not yet published
manuscript by Carlos Vegh (2012). (See Chapter 4, particularly
pp-10-13.) Even though some of the key results presented in this
paper overlap with those in Vegh (2012), there are some novel

contribution by this paper.

10) This result can be acquired more quickly by the following argument. Ew

from the permanent increase in the output of nontradabes is the sum of
¢ 40 from current increase in the output of non-tradables and ¢ »0 from the
future increase in the output of non-tradables. If we add the results from

the previous two scenarios, we get c,, =0.
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Vegh set up an infinite horizon endowment economy with
tradable and non-tradable goods. His argument is based on a
necessary condition for representative agent’s optimization. Key
equation for his argument is equation (22) in p. 11 of the
manuscript, which is reproduced below. Along a prefect foresight

equilibrium path (i.e, for a given Lagrangian multiplier \),

T N :0, ifu‘T‘N:O7
dCtT u TN(Ct s Yy ) . e
= _¢¢ N <O, lfuCTCAV<O7

N T ]
dy; uc%f(ct i) >0, ifury>0.
? c'c

¢’ is the tradable goods consumption, yA " is the endowment of

non-tradable goods, w is the period utility function, and wu ;v etc.

denotes cross partial derivative. Whether consumption of tradable
goods rises (i.e, trade balance deteriorates) or falls (i.e., trade
balance improves) when the endowment of non-tradable goods
rises, depends on the cross partial derivate of the utility function.
However, readers do not get any idea how the cross partial
derivates relate to intra-temporal and inter-temporal elasticity of
substitutions. At the end of the chapter, Vegh provides a specific
form of the utility function and asks a reader to show that the
sign of the cross partial derivate relates specifically to the relative
size of intra- and inter-temporal elasticity of substitutions. But the
result is only with the specific form of the utility function.
Furthermore, Vegh's discussion does not include different effects
from temporary versus permanent changes or current versus
expected changes.

In comparison, we derived the result with much more general
utility function (that is, we only assumed homothetic and linearly
homogeneous functions), and the derivation clearly showed how

the intra- and inter-temporal elasticity of substitution interact in



22 Kunhong Kim

the dynamic optimization. Furthermore, we showed different
outcome from temporary versus permanent changes and the

current versus expected changes.

V. Concluding Remarks

In this paper we set up a general equilibrium model of a small
open endowment economy with tradable and non-tradable goods.
It is shown analytically that, as long as the inter-temporal elasticity
of substitution in consumption is greater than the intra-temporal
elasticity of substitution in consumption, a temporary increase in
the productivity of the non-tradable goods sector deteriorates the
current account balance whereas an expected increase in the
productivity of the non-tradable goods sector improves the current
account balance. This is in stark contrast with the case of an
improvement in the productivity of the tradable goods sector.ll)

Surely, our result is conditional on our assumption of endowment
economy. In a model that features endogenous capital accumulation
and output, current account balance is no longer equal to the
national saving. It becomes equal to the national saving minus
domestic investment. Therefore there is possibility that the current
period increase in the productivity of the tradable goods sector
leads to a deterioration of the current account balance if the

productivity shock is highly persistent and leads to a significant

11) In deriving our result analytically, we made following assumptions: (1) the
lifetime utility function U is homothetic; (2) the subutility functions Cj
and () are linearly homogeneous; (3) the expenditure share on non-
tradable goods do not vary over time; and (4) initially, the trade account
is balanced. Assumptions (1) and (2) are satisfied in most of the real
business cycle models in the literature. With short-run business cycle
analysis, it is not unreasonable to assume (3).
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rise in the domestic investment. In order to highlight the dynamics
that involve consumers’ inter-temporal consumption decision, we
abstracted away from investment decision and assumed endowment

economy.

Received: February 25, 2013. Revised: April 12, 2013. Accepted: April 15, 2013.
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Appendix

Derivation of equations listed in (18) is explained in this appendix.
Consider a situation where a consumer chooses the utililty

maximizing combination of two goods c¢; and ¢, with a given
budget z. p; and p, represent prices of ¢, and c¢,. That is, we

consider the following problem: Mazximize Ulc,,c,) subject to
{6}

P1C1 Tt Pacy = 2.
Slutsky decompostion equation shows the decomposition of the
effect of a change in the price of good j on the demand for good

1 into the substitution effect and the income effect.

oc; ( oc;
6pj Bpj

oc;
—C for all 4,j=1,2
dU=0 oz

If we multiply each term by p;/c; and do some simple

manipulation, we get Slutsky decomposition in elasticity form,

ac; &_
ap; ¢

96 P
ap; ¢

_ 9% 2 P

dU=0 9z ¢

for all 7¢,j=1,2

We write above equation more compactly as

Dy .
nc,bj = (nc,pl)dUZO - %nc,z for all )= 1’2 (8.1)

1., is the price elasticity of demand, (n,,)s -0 is the
i (S
compensated price elasticity of demand, and 7. is the income

elasticity of demand.

Elasticity of substitution between ¢; and c¢, is, by definition,
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leg(CQ/Q)

e[ 22127
g1 9 | Jyy—g

B ( dlog(c,) — dlog(c;)
| dlog(p,)— dlog(p,)

dlog (02/01)

dlog(p,/p,) (a2)

dU=0

dU=0
Along a given indifference curve,

00 e+ 2% e, = 0.
oc; 0Cy

K3

If we combine the above with the relationship

oU oU D1
dcy " 0cy  py’

we get
o m
de, I8

dc; dc;
Put it differently, pjcjc—]:—picic— and therefore p,c,dlog(c,)=
2 i
—p,cydlogl(ey).

p C
If we substitute dlog(c,)=— plcldlog(cl) into (a2) with i=1,
2Co

j=2 and make dlog(p;) =0, we get

D2Co
= (Wcpo)dU: 0~ 7012 . (33)

(301&
dU=10

py €

Y218

P16y

Similarly, if we substitute dlog(c,)= dlog(c,) into (a2) with
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i=2, j=2 and make dlog(p,) =0, we get

o0y s
py €y

Pac:
= (nchQ)dU: 0 = (1 — 22 2 )0‘12 . (34)

dU=0

Combining (al) and (a3), we get

Y218 PaCy
77(:]1)2 = 0190 — 77(;lz s (8.5)

and combining (al) and (a4), we get

y21) y21)
77(:2172 = (]‘ - - )012 - 7n(z2z . (8.6)

Notations used in this appendix and the notations used in the

main part of the paper is summarized by the following table.

. . Notation used in Notation used in
Notation used in . .
. intra-temporal inter-temporal
appendix N RN
optimization optimization
Cl Cfl;t Q)
Dy 1 1
02 Cnt Cl
p2 pnt a(ﬂ
P2Co
- ﬂnt st
z
nClz’ 77”23 nm,z = nn/z =1 77(7) Weo = 7701 Weo =1
012 O-’VL.’I? o

If we apply (ab6) to the intra-temporal optimization, we get

nn,pm = (1 - ant )0'7151: - IB'rzt'
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If we apply (ab) to the intra-temporal optimization, we get
N py = BrtTnz ~ Bt

If we apply (a5) to the inter-temporal optimization, we get
Nea = Vs~ Vs

If we apply (ab) to the inter-temporal optimization, we get

”70111 = (1 Vs )U_ Vs
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