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ABSTRACT

A stochastic, discrete time version of Blanchard’s model of Perpetual Youth
(Blanchard [1985]) is extended to an open economy with both tradable and
nontradable goods. Some illustrative numerical simulations, based on parameter
values taken from the existing real business cycle literature, are used to evaluate the
comparative impact of productivity shocks on the tradable and nontradable goods
sectors. It is shown that productivity shocks on the traded good sector leads to a
positive correlation between aggregate output and the trade balance - aggregate output
ratio. In contrast, productivity shocks on the non-traded good sector produces a
negative correlation when the intertemporal elasticity of substitution between the
current and future consumption is greater than the temporal elasticity of substitution
between traded and non-traded good consumption.
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L INTRODUCTION

During the last decade, the “real business cycle” (RBC) approach pioneered by
Kydland and Prescott (1982), Long and Plosser (1983), and King and Plosser (1984)
has been very influential on subsequent research into macroeconomic fluctuations.
Early real business cycle models used a neoclassical model of capital accumulation
augmented by choice of labour supply. Models were rather simple in the sense that
they were restricted to closed economies with a single commodity and no
government. The only source of uncertainty considered was shocks to production
technology. Even with this simple framework the models could replicate main
features of business cycle regularities very well and generated a lot of enthusiasm and
controversy. Major criticisms of real business cycle models have been directed at the
nature and magnitude of the productivity shocks. Since productivity shocks are not
directly observable, Solow residual measures have generally been used to measure the
productivity shocks. McCallum (1989) points out that “[1]f the [Solow residuals] were
actually a proxy for observable variables that have been omitted from the models ...
then the interpretation and conclusions of the work would be quite different ...”

Recent real business cycle research has been directed toward incorporating
features omitted in early models. For example there have been a number of key pieces
of research that have applied the real business cycle approach to an open economny.
These include Backus, Kehoe and Kydland (1991), Baxter and Grucini (1989), Cardia
(1991), Kim and Loungani (1992), and Mendoza (1991). In an open economy
extension, one of the issues is to see whether these models could explain stylised open
economy features such as a high correlation between national saving and investment
and the countercyclical or acyclical behaviour of the trade account balance. These
stylised open economy features have been documented, for example, in Feldstein and
Horioka (1980), Tesar (1991), and Backus and Kehoe (1991). Another issue is to
check whether the incorporation of additional features absent in early real business
cycle models would reduce the reliance of models on unobservable productivity
shocks. In this respect, Cardia (1991) considers monetary and fiscal policy shocks,
Kim and Loungani (1992) consider energy price shocks, and Mendoza (1991)
considers world real interest rate shocks.

With respect to the second issue, basic results from existing research are quite
surprising. They conclude that the inclusion of additional features doesn’t help much
in explaining GDP fluctuations. Kim and Loungani (1992, p.186) conclude that “the
inclusion of energy price shocks leads to only a modest reduction in the RBC model’s
reliance on unobserved technology shocks.” Cardia (1991, p.411) argues that
“monetary and fiscal shocks play a minor role.” Mendoza (1991, p.809) points out




that “moderate shocks to [the world’s real interest rate] have minimal effects on the
equilibrium stochastic process of the model.”

It should be noted that the models used in Cardia (1992) and Mendoza (1991)
have a single composite commeodity only and therefore cannot address the
implications of commodity terms of trade shocks. Kim and Loungani (1992) consider
energy as an imported raw material, but in their model there is also a single final
consumption good. For a small open economy like New Zealand, the fluctuation in
relative prices at which the economy can sell its output in the world market has been
considered by many as one of the main sources of macroeconomic fluctuations. In
order to analyse the relative importance of terms of trade shocks versus productivity
shocks, it is essential to have a model with multiple consumption goods. By having a
model with importables, exportables and nontradables, we can analyse the dynamics
generated by the terms of trade and real exchange rates. As a step toward developing
a real business cycle model of a small open economy with multiple goods, in this
paper we devise a model with nontraded as well as traded goods.

The presence of both nontradables and tradables generates dynamics that are not
present in models with a single tradable good. An open economy’s adjustment to
productivity shocks on the nontradable goods sector can be very different from the
adjustment to productivity shocks on the tradable goods sector. Kim (1990) analyses a
two-period model of a small open economy endowed with both tradable and
nontradable goods in each period. Consumption smoothing implies that a temporary
increase in the endowment of tradable goods would improve the trade account
balance. In this economy, if supply shocks happen to the tradable goods sector only,
the trade balance would be procyclical. If the temporary positive supply shock
happens to the nontradable goods sector instead of the tradable goods sector, whether
the balance of trade deteriorates or improves depends on the relative size of the
intertemporal elasticity of substitution in consumption and the temporal elasticity of
substitution between tradables consumption and nontradables consumption. 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 intertemporal
consumption decision is the one measured in terms of consumption baskets. If there is
a temporary increase in the output of nontradable goods, the price of current period
nontradables would fall relative to the price of future period nontradables. 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 balance of trade is adversely
affected. But the same shock also implies that the price of nontradables falls relative
to the price of tradables. Consumption is tilted toward nontradables and the balance of
trade is favourably affected. The net effect on the balance of trade depends on the




relative size of the intertemporal elasticity of substitution and the temporal elasticity
of substitution between tradables and nontradables.

In this paper, we set up an infinite period, stochastic model of a small open
economy which produces both tradable and nontradable goods. We compare the
dynamics generated by technology shocks on tradable goods production and on
nontradable goods production. Since the magnitude of production and investment is
endogenous in this model, implications for behaviour of the trade balance are not so
clear cut as in the model with endowments only. But the model captures the key
differences in dynamic adjustments. The remainder of the paper is organised as
follows. In Section II, we specify a model of a small open economy which produces
both tradable and nontradable goods. The model is an extension of the one used in
Cardia (1991) which is a discrete time, open economy, stochastic version of
Blanchard (1985). Our strategy for carrying out the numerical simulations is also
explained. In Section III, the simulation results are used to compare the dynamics
implied by the productivity shocks on each of the tradable and nontradable goods
sectors. Concluding remarks are presented in Section IV.

II. THE MODEL

The following two sector small open economy model is based on the discrete
time version of Blanchard (1985), but is extended to include both traded and
nontraded goods and productivity shocks.

II.1 Production Decision

Consider a small open economy which produces both tradable goods and
nontradable goods. In our description of the economy, variables or parameters
relevant to tradable goods and nontradable goods are distinguished by the superscripts
T and NT. Production of output takes place in each industry x (x = T or NT) by
combining domestic labour N* and a capital good K* specific to that industry. It is
affected by a technology shock A*. The technologies used to produce goods are
assumed to be Cobb-Douglas,

X X
Yy = AT ap?, W
where 0 < ¢* < 1. Labour’s distributive share is given by the parameter ¢*. It is

assumed that an investment in period t becomes a capacity increase in period t.
Capital depreciates at a rate of d, so capital and gross investment, I%, are related by:




X
I =K; - K, +d°K; . @
Extra cost is required in adjusting the level of capital stock. It is given by:

o -

where y* > 0.

We assume that international financial markets are perfectly integrated so that
the small economy faces the world rate of interest, r, which is measured in units of
tradables. The representative firm in each industry x maximises the expected present
discounted value of profits:

Maximise %0 }l’i

{Kt+j N:+J} tz (l-H‘)J{YH'_] t+_1 t+_|
=0

[(Kt+_] Kt+_]-l) /KI+J] It+_]}’ €)

with K 4 given, and w* being the real wage rate measured in units of good x. E is the
expectation operator term conditional on information available at time t. Substituting
(1) and (2) into (3) and differentiating with respect to Kf +p j=0,1, .. gives the

system of stochastic Euler equations:

Vi g - Wiy - Ko Kyl + Hzr_‘ (K- Kf+j-1)/K:+j]2

C(1+ @)+ Tl gy - Ky Ky 11 =0, §=0,1,. )

subject to the transversality condition

T->oo(1+r) {YK t+T ‘I"X(KHT K1+T l)/Kt+T

+32i [(K:+T - KT+T-1)/K:{+T] -(L+d9} =0.

le( is the marginal product of capital in industry x. Differentiation with respect to N:

gives:

=Yg ®




where Y; is the marginal product of labour in industry x. We can rewrite (4) and

express investment as a function of the expected present discounted value of the
marginal revenues accruing to the firm,

X

K; - Ky =E {EO(M)JIYX a7t Hzi (K, - K:L+j-l)/Kf+j]2 -d"] - l}z)‘_t
=(q; - 1)§ ©)
By taking E,qy,, - (1 +1)q;, we have
Bl =1+ D[4 - Y- 510 - KT + 0 Q

The variable q* is a measure of Tobin’s q.
1.2 Consumption Decision

Our consumer decision specification is based on the discrete time version of
Blanchard’s (1985) finite probability of death model, as extended to include multiple
consumption goods. Individuals are assumed to maximise expected utility as follows:

Maximise

{Ct+_| Ct+_| Lt+3}

E, ): (1+p)’{log[(ct+,)'” FCu M+ vlogy))  ®
where p> 0, v> 0, and i > -1. C* (x = T or NT) stands for consumption of good x, L.
for leisure, and p is the subjective discount rate. This particular form of utility
function implies that the inter-temporal elasticity of substitution is equal to one and
the intra-temporal constant elasticity of substitution between traded and nontraded
goods is equal to 1/(1+L). We normalise the endowment of time so that NT + NNT
L = 1, where N* (x = T or NT) is the time allocated to work in industry x. Each
individual faces a probability of death. We denote the probability that an individual
survives from one period to the next by 7y, which, in order to facilitate the
aggregation, is assumed to be independent of the individual’s age. Thus the
probability that an individual survives the next j periods is 'y’ The expected
remaining life of an individual is given by




and as y goes to one, life expectancy goes to infinity. This is the standard infinite
horizon case. There are other sources of uncertainty (shocks to technologies) in
addition to an uncertain life horizon in this model. Since we are assuming a constant
probability of death the latter source of uncertainty can be separated out. We can
rewrite the individual’s maximisation problem as follows:

2 (ﬁg)j Et{log[(C;ij)"L + (C:g)'”] Wy log(Ly,}- 9)

=0

Because of the finite probability of death, the effective interest rate relevant for
individual decision making is (1 + r)/y. Individuals are assumed to face the following

budget constraint:’

141 T,.T NTNNI T NT.
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where W is the financial wealth and p is the relative price of nontradable goods. The
rate of interest, r, and the level of financial wealth are measured in units of tradables.
Financial wealth is composed of shares in domestic firms (VT, VNT) and bonds issued
by foreigners (B). Therefore

T VNI T. NT.
Wi=B+V +V, =B +qK+q K. a1
The first-order condition of household maximisation implies the following intra-

temporal and inter-temporal substitution conditions. Intra-temporal substitution
conditions are:

Qe
(CtT)‘(}H'I) t, (12)
1NN
v ) W, 13)

[CYPC) Py e

1 For convenience at this stage, this model does not include a government sector. Domestic

government bonds and interest on them do not therefore appear explicitly in this budget constraint.
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Note that (12), (13), and (14) implies
NT
W, = pW - (15)

Inter-temporal substitution conditions are
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Since the intertemporal elasticity of substitution is equal to one, the propensity to save
out of total wealth is constant. It can be shown that:

Ce=(1-TW, +H) a7

where
C=Cl +p Ly and (18)
Z L Byw! N, +pw; N, (19)

H, is the present value of all the current and future wage earnings and is therefore the
human wealth. C, is the expenditure (measured in units of tradable goods) on all of

the consumption goods. TZE corresponds to the propensity to save out of wealth.

From equation (17), we get

+I

lir 1
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II.3 The Aggregate Macro-model

Population is normalised so that at birth every cohort consists of one individual
who is assumed to be born without debt. Due to death the size of each cohort of age a
becomes ¥*. For any variable s, the relation between per-capita aggregate magnitude,
sA, and the value for individual, sI, is given by

A= (1-y) sk

a=0

On the basis of this relation (and assuming that labour productivity is the same across
individuals) it can easily be shown that aggregate human wealth is equivalent to the
expression found for individual human wealth. For financial wealth it can be shown
that

Wiy = (141 (W, +w N, +pwi N -Cp -pCh ). 1)
As is evident, the rate of interest applicable to the per-capita value of aggregate
private-sector financial wealth is the risk-free market rate of interest. This should be
contrasted with the formulation of the individual financial wealth in equation (10) in
which the rate of interest applicable to the computation of individual financial wealth
is the risk-adjusted effective rate. In the rest of the paper all variables are in aggregate
form.

Substituting (19) and (21) into (20) the following expression for aggregate
consumption is obtained:

E(Cprp) =15 (C) - (1~ 7)1 - PE W, . 22)
Note that with infinite lifetime, ¥ = 1, the second term on the righthand side of the
equality disappears. Equation (22) reduces to the dynamic equation that displays
Robert Hall’s (1978) result that the margina! utility of consumption follows a
univariate first order Markov process.

The market for nontradable goods must clear during each period. The market
clearing condition for domestic nontradable goods is

A= AT T R T 4 @3)




This implies that the accumulation equation for the domestic claims on the rest
of the world, B, is given by:z

T
By =+ {B;+ Y;r' C;F'H;_(K:T' KZl)z/K;r" I;r}' 24)

The model simulated for the aggregate economy consists of equations (5), (6),
(7, (1), (12), (13), (15), (18), (21), (22), (23) and (24). There are 15 equations but
only 14 of them are independent. Equation (24) can be derived from equations (6),
(7), (11) and (21). This ensures that the form of the individual's budget constraint and
the firms' first order conditions are all part of a coherent economic environment. 14
independent equations would determine the dynamics of 14 endogenous variables:
wr, wNT KT, KNT oT oNT NT, NNT, T, ¢NT, ¢, B, W, and p.

II.4 Numerical Solution Procedure

We use King, Plosser and Rebelo’s (1988) log linear modification of the
procedure used by Kydland and Prescott (1982) to obtain an approximate solution.
We solve for the nonstochastic steady state of the model and approximate the
dynamics of the model in response to exogenous shocks by linearizing equations in
terms of percentage deviations from the steady state. Conditions required for the

steady state of the economy can be derived from the equations (5), (6), (7), (11), (12),
(13), (15), (18), (21), (22), (23) and (24) by imposing the condition that X, ; = X, =

X, for any variable X.

1=(1+0(1-Yg+dD

1=1+D(-Yy +d

2 Since the domestic claims on the rest of the world, B, is measured in units of tradables, fluctnations

in the relative price of nontradables, p, do not affect the law of motion for B.




YNT = CNT 4 gNT gNT
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_ 14r

C=15C- (- l+p)(1 1()W
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(CNTy E+D
Ty D =P
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wl= pwl

These 15 equations3 determine the steady state values of the 14 variables wZ, w1,
KT, KNT, T, ¢NT, NT, NNT, €T, N7, ¢, B, W, and p.

For any vanable X, let X dcnote the percentage deviation of X; from its
nonstochastic steady state value, i.e., X = In(X,/X). Then the equations (5), (6), (7),

(11), (12), (13), (15), (18), (21), (22), (23) and (24) imply that the log-linear laws of
motion are governed by4:

AT AT

Ry =K+ 54 @9

=K1+ o, @9)

3 As previously pointed out, only 14 of them are independent, The redundant equation can be used to
check the internal consistency of the model.

4 Before equations (25) - (36) were derived, equation (5) was substituted into equations (13), (15)
and (21) . Equation (11) was not used because it was redundant.
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There are 12 equations and 12 endogenous variables: K, K™, W, q

AT

@7

(28)

29)

(30

GD

(32)

(33)

34

(35)

(36)

ANTe

E‘T, ?:NT, /?’ IQTT, ll\\INT, and ﬁ The forcing variables are the productivity shocks

A
variables, AT and ANT.
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AT A A
The last 6 equations can be solved to give o , NT T N pt and B as
A AT ANT

functions of the variables KI 1 K[ 1> Wp G » qt and C Given these, the first six
A
equations imply a first-order dynamic system in KT KNT W q q and C.
A
E x,1=Ax +BA (3D
AT ANT ’\ AT NT ANT.,
where x, = (K , K ;. Wi q,.q, C) and A = (A A

We specify the technology shock process for the two industries as a bivariate
autoregression,

A [ 11 [ n’ 0 HAI ]_,_[EL} ’ﬂﬁ + (38)
t+1 = | anT|™ A nr | T NAL FEL 41
Ij-'ll- 0 nNT A1NT €

The parameters 'nT and T}NT are the serial correlation coefficients for the technology

shocks on the tradable and nontradable goods sectors respectively. The innovations g,
and efIT are serially independent, multivariate, normal random variables with

contemporaneous covariance matrix V.
To compute the solution to the difference equation (37), we first decompose the
matrix A so that

A=P)pP!= M0
0 A, | °

where P is the matrix of characteristic vectors of A and A is a diagonal matrix with
the characteristic roots on the diagonal. A, consists of all stable roots of A and A,

consists of all roots greater than 1 in absolute value. Let x, = (x]t?, xg)’ where
P_ AT ANT th £ pred 1 T ANT A
x, =& ;. KI_1 , t) is the vector of predetermined variables and x =(q,q &

is the vector of jump variables. Then by applying the solution procedure in Blanchard
and Kahn (1980), we get the solution:

P

P _ had s « A A
X4 = - AppCoyt XA, T (Cy By + CpuB NI A, + BJA,

1
PuA P x
i=0
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Ay Ay B Py Py Cu Cxn

State dynamics are given by the system

P a1 a1 . P

X1 PuAPT -ARC, AT (Cy B +CyuB)W+B |[x

Sip1 =) A = i=0 A
A

+1

0 n

1]
+L ]=Mst+at+1.

Attl

Let the vector z be a vector of controls and other flow variables of interest. The

linear equations relating flows to states,

z,=Ils,

are derived from equations (31) - (36) and the definitions of variables.
The above formulation facilitates computation of impulse response functions for

the system and population moments of the joint (z, s) process. The response of the
system in period t+k to a technology impulse at date t is

_nak
Stk - Bt S =M €

Zyg - By 2y = M- &

Let Q be a matrix whose columns are the right characteristic vectors of M, and let v
be a diagonal matrix consisting of the characteristic roots v; of M. We have M =

60
QvQl. Given that E(ey & A,t') =V and therefore E(gg,) = |:0 V:|’ the variance-

covariance matrix of the states X is given by,

Q.
— — —ll Ly
Es - E(St st’) - l-viv. ’
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where Q; is the ij-th element of the mamix Q = Q' E(gg,) Q. Then the

autocovariance of z atlagjis
E(z, z,.) = Ml 5 IT.
IL5 INustrative Parameterization of the Model

To solve the model, values must be chosen for the parameters r, p, |, v, ¥, \;tT,
W, oT, oNT, af, aNT, T, 0T, 6T, o™T that characterise the preferences,

technology and stochastic disturbances. Most of the parameters are chosen in
conformity with earlier studies. The parameter values are given in Table 1.

Table 1

Parameter Values

r=0.04
Preference Tradables Production Nontradables Production
p=0.039 Y =05 V=05
p=021 4T=06 N = 0.6
v=381 d'=0.1 aT=0.1
y=0.885 1 =095 T =095

The values of r, p and 7y are those specified in Cardia (1991) for the US and
Germany, with the value of y = 0.885 implying that the life expectancy at birth is
roughly 67 years. Consistent with Kravis and Lipsey (1987, p.101), we have chosen a
value of U so that the elasticity of substitution between tradables and nontradables
consumption is less than one.” Our value of p = 0.21 implies that the elasticity is
equal to 0.83. Parameters pertaining to the production side are more likely to vary by
country than the parameters pertaining to preference. Here we assume that the
parameters of the tradables production and the nontradables production are identical
in order to capture the difference in dynamics that is solely due to the general

3 In Kravis and Lipsey’s (1987) cross country study on national price levels, one of their regression

results “implies that given real GDP per capita and openness, high nontradables shares in final
expenditures are associated with high nontradables prices.” (p.101) They argue that “such a
relationship may be attributable to elasticities of substitution between tradables and nontradables in
final demand that are below 1.” (p.101)
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distinction between the tradables and the nontradables. The rates of depreciation d*,
x =T, NT) are set to 10 % per annum, and the cost-of-adjustment parameters (y*, x =
T, NT) were chosen to be 0.5. These are the values chosen in Cardia (1991) for the
single industry. The value v = 3.81, together with the values of other parameters,
implies that the stationary value for total hours (NT+NNT) is 0.2. 6 =1or 0
depending on which productivity shocks we are considering.

II. ILLUSTRATIVE SIMULATION RESULTS

Simulation results are reported in Tables 2, 3, 4 and 5. Tables 2 and 3 report the
standard deviations of variables relative to aggregate output and the correlations of
variables with relevant sectoral output. In Table 2 the productivity shock is to the
tradable sector only (6T = 1, oNT = 0), whereas in Table 3 the shock is to the
nontradable sector only (O'T =0, ol = 1). Three features of the results are worth
noting. First, in both tables and as is a well known key features of business cycles, the
volatility of aggregate output is greater than the volatility of aggregate consumption
and smaller than the volatility of aggregate investment. Both consumption and
investment are positively correlated with aggregate output. Second, when there is a
productivity shock to nontradable production only, aggregate consumption displays
both very small relative volatility and very little correlation with aggregate output. If
the productivity shock happens to both sectors, behaviour of aggregate consumption
can be quite reasonable.® Third, the most interesting difference between the results in
Table 2 and 3 lies in the correlation between aggregate output and the trade balance -
aggregate output ratio (tb/Y). In Table 2 where there is productivity shock to the
tradables sector only, the trade balance - aggregate output ratio is positively
correlated with aggregate output. However, in Table 3 where there is productivity
shock to the nontradables sector only, the trade balance - aggregate output ratio is
negatively correlated with aggregate output. This conforms with the argument made
in the Introduction. In our simulation, the temporal elasticity of substitution (0.83) is
smaller than the intertemporal elasticity of substitution (1.0). Thus, abstracting from
investment, a positive productivity shock on the nontradable good sector would
unfavourably affect the trade balance.

6 Mendoza (1991) concludes that there is excessive consumption-output correlation in the model
analysed in his paper and suggests that the addition of nontradable commodities could help reduce
the excessive correlation, Our result seems to confirm the suggestion, Since the parameters of our
model have not been calibrated in light of actual data, firmer conclusions should be postponed until

further work is done.
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Impulse responses following a one time, positive, one percent productivity
shocks are reported in Table 4 and 5. Table 4 shows responses to a productivity
disturbance in the traded-good producing sector and Table 5 shows responses to a
productivity disturbance in the nontraded-good producing sector. Numbers represent
percentage deviations from steady state values. From the tables, it can be seen that:
(1) in the early periods labour moves toward the sector where productivity
improvement happens, and (2) there are large increases in investments in the sector
with positive productivity disturbances.

IV. CONCLUDING REMARKS

In this paper we have developed a real business cycle model of a small open
economy that produces both traded gbods and nontraded goods. We have simulated
the model and compared the dynamics implied by the productivity shocks on the
tradable goods sector and the productivity shocks on the nontradable goods sector. In
the simulations, we basically adopted the parameter values used in the existing real
business cycle literature, and were able to achieve credible empirical outcomes. A
number of further research projects can now be considered. For example, to examine
the extent to which the model might explain New Zealand macroeconomic
fluctuations, the model parameters should next be calibrated more specifically to suit
the New Zealand economy. In this respect, Philpott’s (1990, 1991, 1992) sectoral
databases provide capital stock, employment, and output series for tradable and
nontradable sectors, and would therefore allow for production parameter values to
differ between the two sectors.F'r Then, in order to analyse the relative importance of
terms of trade shocks, the model could be further extended so that exportables and
importables can be distinguished.

7 I would like to thank Bryan Philpott for providing the information on his database to me.
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Table 2
Population Moments:
Technology Shock in Tradable Sector Only (ch = 1.0, o = 0.0)

Variable Stan, Dev., Correlation
Relative to Agg. Output with Output
Aggregate
C 0.633 0441
I 1.373 0.765
N 0.762 0.783
w 0.621 0.689
tb/Y 7.000 0.722
Traded good sector
Y 1.609 1.000
C 0.584 0.117
I 2,559 0.721
N 1453 0.923
Nontraded good sector
Y 0.188 1.000
C 0.192 0.962
I 0.224 0.873
N 0.192 0.998
Table 3
Population Moments:

Technology Shock in Nontradable Sector Only (0'T = 0.0, N = 1.0)

Variable Stan. Dev. Correlation
Relative to Agg, Output with Output
Aggregate
C 0.048 0.013
I 3.402 0.975
N 0.698 0.999
w 0.183 0.957
tb/Y 2.826 -0.569
Traded good sector
Y 0.504 1.000
C 0.405 0.392
I 1.030 0.782
N 0.656 0.985
Nontraded good sector
Y 4.163 1.000
C 3.908 0.780
I 8.318 0.829
N 2485 0.351
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Table 4
Impulse Response
to Technology Shock in Tradable Sector

Period  CT cNT 1’ T NT NNT fb/Y
1 0.783 0.041 10.111 -0.566 0.980 -0.231 -10.095
2 0.776 -0.045 8.148 -0.322 1.356 -0.177 -3.929
3 0.771 -0.094 6.512 -0.177 1.589 -0.148 0.666
4 0.768 -0.121 5.142 -0.079 1.709 -0.125 3.997
5 0.765 -0.133 3.992 -0.006 1.740 -0.104 6.317
6 0.762 -0.134 3.026 0.051 1,703 -0.083 7.832
7 0.759 -0.128 2.214 0.098 1.613 -0.060 8.711
8 0.755 -0.116 1.532 0.135 1486 -0.038 9,091
9 0.751 -0.100 0.959 0.166 1.332 -0.015 9.087

10 0.746 -0.082 0.477 0.192 1.160 0.007 8.789
11 0.741 -0.061 0.073 0.212 0.977 0.028 8.271
12 0.735 -0.040 -0.265 0.228 0.788 0.049 7.595
i3 0.728 -0.018 -0.548 0.241 0.598 0.068 6.808
14 0.721 0.003 -0.785 0.251 0.411 0.086 5.949
15 0.713 0.024 -0.981 0.259 0.228 0.103 5.048
16 0.704 0.045 -1.144 0.264 0.052 0.119 4,130
17 0.694 0.064 -1.277 0.268 -0.115 0.134 3.214
18 0.685 0.083 -1.387 0.270 -0.273 0.147 2315
19 0.674 0.100 -1.475 0.271 -0.422 0.159 1.442
Table 5
Impulse Response

to Technology Shock in Nontradable Sector

Period  CT T o k) NT NT tb/Y
1 0.014 -0.024 -1.032 9.145 -0.644 2.721 2,071
2 0.105 0.959 -0.103 3.822 -0.256 0.774 1713
3 0.134 1.281 0.208 1.788 -0.089 0.048 -1.355
4 0.140 1.355 0.290 1.001 -0.011 -0.216 -1.039
5 0.138 1.338 0.292 0.688 0.030 -0.305 0772
6 0.133 1.289 0.268 0.555 0.054 -0.328 -0.553
7 0.126 1.230 0.238 0.490 0.070 0327 -0.375
8 0.120 1.170 0.209 0.452 0.080 -0.317 -0.232
9 0.114 1111 0.183 0.425 0.087 -0.303 -0.117

10 0.108 1.055 0.160 0.403 0.092 -0.289 -0.027
11 0.103 1.001 0.141 0.383 0.094 -0.276 0.045
12 0.098 0.950 0.124 0.364 0.095 -0.262 0.100
13 0.093 0.902 0.110 0.346 0.095 -0.249 0.142
14 0.088 0.856 0.057 0.329 0.094 0,237 0.173
15 0.084 0.813 0.087 0.313 0.093 -0.225 0.196
16 0.080 0.772 0.078 0.298 0.090 0214 0211
17 0.076 0.733 0.070 0.283 0.088 -0.204 0.221
18 0.072 0.697 0.063 0.269 0.085 -0.193 0227

oy
[#.+]

0.068 0.662 0.057 0.256 0.082 -0.184 0.229
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