1 Introduction

Fluctuations in terms of trade have been considered as an important source
in gencrating volatility and business cycles in open and relatively small
economies, where prices of import and export goods are exogenously given
in the world market and pass-through rate is relatively high. The question
of how should monetary authority in a small open cconomy should respond
to changes in terms of trade, therefore, has been an important topic in the
literature.

This paper revisits the classical question in the framework of the so-called
New Open Economy Macroeconomics, henceforth NOEM.! In particular, we
studies a small open economy model, where households have market power in
wage setting because labor is differentiated across households. Moreover, we
consider two types of wage setting: flexible wage-setting and predetermined
wage-setting; in the former environment houscholds arc {ree to st wages
while in the latter households have to set wages in in advance.

In addition, unlike most literature in welfare analysis of optinal monctary
policy in which linear-quadratic and sccond order approximation are applied,
2 a peculiar point of this paper is the application of Ramsey-type analysis
for optimal monetary policy in small open economy. Specifically, in this
Ramscy type approach, the Ramsey planner (in this paper, the monetary
authority) maximizes the household’s welfare subject to the constraints that
characterize the equilibrium in the private sector, the resource constraint,
and characteristics of the economy. The Ramsey approach has been applied
in the study of optimal policy in dynamic maodels of closed cconomies: for
instance, Chari and Kehoe {1999) with {lexible prices, Adao et al (2003) and
Khan et al (2003) with monopolistic competition and nominal rigidities.

A Ramsey-type approach also has been studied in the context of New

Keynesian small open economy models with the work of Faia and Mona-

IThis literatnre has grown very fast after the seminal work of Obstfeld and Rogoff

(1996). Sce for instance Lane, I. (2000) and Sarno, L. (2001) for surveys.
This approach is built on the work of Rotemberg and Woodford (1997)



celli (2006).3 In this paper, it is shown that home bias in consumption is a
sufficient condition for inducing monetary policy makers of small open econ-
omy to deviate from strict markup stabilization and have some degree of
(:x(;ha.ngd rate stabilization. The major difference between this paper and
Faia and Monacelli (2006} is that we consider real balances in utility func-
tion and nominal rigidity and distortions from the labor market. With some
specifications in the utility function, we are able to solve for the optimal
level of money supply as a function of wage and exogenous terms of trade
and conduct analytical comparison.

The findings of this paper is as follows: under the free wage-setting en-
vironment, monctary policy can not affect the real economy or money is
ncutral in this environment as usual. By contrast, the predetermined wage
environment enables the monetary authority to impact the real cconomy,
hience welfare could be improved upon a distorted fexible wage allocations:
and the optimal welfare does not depend on labor market friction conditions.
Nonetheless, the way to implement the optimal monetary policy response
depends crucially on the value of elasticity of substitution between tradable
goods and nontradable goods. Optimal money supply increases (decreases)
with a fall in terms of trade when the elasticity of substitution is greater
(less) than one. Moreover, for the same terms of trade, the welfare of house-
holds iy always higher when the value of elasticity of substitution between
tradable goods and nontradable poods are greater.

Howcever, under a special case where labor supply of houschold is very
elastic *, we find that the Ramsey optimal moncey snpply is independent
from terms of trade regardless of the value of elasticity of substitution. In
other words, at the optimal point, the monetary anthority utilizes the prede-
termined wage environment and supplies an extra amount of money to undo

the distortion caused by labor market® and let the goods markets solve for

3In the conlexl of two country model, see Faia and Monacelli {2001)

TLabor dis-utility enters utility function as linear form, which can be interpreted as
indivisible lahor

® Actually, monetary authority can do more than undo the labor market distortion by



efficient allocations in response to fluctuations in terms of trade.

The structure of this paper is as follows: section 2 develops a small open
cconomy model with labor market frictions; section 3 discusses the flexi-
ble wage-setting cquilibrinm while section 41 analyses the optimal monetary
policy under the predetermined wage environment. Section 5 concludes the

paper.

2 A small open economy model

We consider a small open economy model with tradable sector and non-
tradable sector. The economy is small and open in the sense that it takes the
foreign currency prices of tradable goods and imported intermediate goods
as given. 1t is a New Kevnesian model as the labor market is demand-driven
and wage 1s predetermined.

In addition, we consider an cconomy where the government (in partic-
nlar the monetary aunthority in this paper) behaves optimally to maximize
the household’s welfare as the Ramsey approach. That is the Ramscy type
monetary authority maximizes household’s welfare subject to the resource
constraint and to the constraints that describe the equilibrium in the private

sector economy and the predetermined wage constraint.

2.1 Firms-Productions
2.1.1 Non-tradable Goods Sector

Non-tradable goods are produced by a technology that is the Cobb-Douglas
function of composite labor and imported intermediate goods (e.g. oil) as

{rllows:

Yy = ALCT (1)

take advantage of real balances in utility function to improve honschold’s welfare as later

shown in the paper



where | is the amount of imported intermediate goods with foreign currency
price Fr exogenously given to this small open economy. Labor is differentiated
across households, which allows households to have market power in wage

setting. Composite labor is defined as follows:

1 ¢ 1 ¢
L, = (fo Li(i) @ di)o ! (2)

where L(7} is labor supplicd by the household 4, and ¢ > 1 is the elasticity
ol substitution between labor varieties; the higher ¢ is the more competitive

labor market is. As a result, the wage index is defined as:

W, = ( f 1 W) edi) = (3)

0
where W (i) is the nominal wage set by the household 1.

Therefore, profits of a non-tradable goods firm are:

Il =PyYy — WL —SBEI (4)

Non-tradable firms maximize profits taking the nominal wage W and the
foreign currency price of intermediate goods P as given and S is the nominal
exchange raie.

Non-tradable firms choose labor to maximizes profits, which the gives us

the implicit labor demand as follows:

W (i) = (},? (%) :rﬁ_lPN (5)

Under the competition market assumption about nontraded goods with

tree entry, the price of nontraded goods is determined as:

Wa(SPI)lﬁu

. 0

PN;HZ

where x = (T_iz)l—a(l)a



2.1.2 Tradable goods

Each honsehold in this small open economy is endowed with a fixed amount
yr of tradable goods and the price of these tradable goods is exogenously
determined in the international markets. We normalize the foreign-currency
price of tradable goods to unity hence the domestic price of tradable goods is
cqual to the nominal exchange rate § and the inverse terms of trade is equal
to P,r.

2.2 Households

The cconomy consists of total measure unity households, each houschold has
the same preference. Real balances enter into the household’s preference and
the composite consumption index is a CES function of tradable goods and
noutradable goods where the clasticity of substitution between the two types
of goods might be different from unity.
The utility function of the houschold 4,4 € [0, 1] has the following form:
M)

U(d) = In(C6)) + X‘I”(T) . gL(i)z (7)

where C'(¢) is the composite consumption of tradables and non-tradables,
defined by a CES form as follows:
9
1 91 1 -1 8=1
¢ = =0T + (o) 7 ®)

where # is the clasticity of substitution between tradable and nontradable
goods and «y represents the relative preference of nontradable goods. M (i) is
the ¢uantity of real balances or the amount of domestic moncy held by the
household i. The consumer price index (CP1) P, therefore, can be expressed
as:

1

P=[(1—)(Pr) 0 + (7)(Py) 0] T8 (9)

The houschold, i, faces the following budget constraint:

PO+ M@GE) =W(3ELGE) + Mo(3) + 7+ Syr + T1(3) (10)



where Mp(7) 1s the initial amount of real balances holdings, 7 is the total
transfer from the government (the monetary authority), and 11{7}) denotes
the profits obtained from nontradable good firms.®

The optimality of the household ¢ implies:

M(i) = x PC(i) (11)
Crli) = (= )2 000) (12)
Cnli) = 1) °Ct) (13)

The household ¢ faces a downward sloping labor demand curve given in
cquation {5), therefore, the nominal wage of a monopolistic labor supply
depends on whether wage is {recly and simultaneously set or predetermined.

If wage is flexibly set, the optimal wage is chosen as [ollows:

1 o . 7 . j‘b{ ]
W) =1 f [LIPCG) = f (L) X(Z)

(14)

While if wage is predetermined or set in advance as WP then, the equation

(5) determines labor supply.

2.3 Monetary Authority

The monetary authority in this small open economy chooses the level of
money supply M after observing terms of trade P and wage, W72, if it is
predetermined or set in advance. [n the meantime, the monetary authority
also realizes wage is freely and simultancousty set, otherwise. In cither cases,
the monetary authority transfers all gains from issuing moncy cqually to all

households as follows:

= M(i) - My(4) (15)

9T agsume {hat each measure of houschold set the same amount of profits.




2.4 Equilibrium
We focus on the symmetric equilibrium, in which:
Cl)=C. W) =W, L(i) = L, M(i) = M, My(i) = My, Vi€ [0,1]  (16)

Then the wage equation (5) implics

Y Py
W = (E___z\L,,,E & WL =aYyPy (17)
Money market clearing:
M _
PC=-— (18)
X
Nontradable goods market clearing:
Cn =Yy (19)

These conditions together with (10) imply:

Py Py M
WL =y () PC = (w(%)l"f); (20)
The household budget. coustraint becomes:
PC =WL+ Sy (21)

We, now, proceed to consider the how wages are determined.

3 Flexible Wage Setting

['irst, we consider the case where wages are flexible or households are able
to sot wage freely and simultaneously subject to the given downward sloping

demand for labor in (5). The optimal wage becomes:

Wy= - . ML (22)

Notice that the elasticity of substitution between labor varieties ¢ en-
ters into the wage determining equation; the higher ¢ is (more competitive

between labor market), the lower the nominal wage is.

-1



Hence, the equations that describes the cquilibrium in this flexible wage

setting small open cconomy arc as follows:

po=" (12)
X
PN l_gﬂ«/[
WL = — — 1
() (16)
P =WL+ Syp (17)
. e .
I/I/—Wf—x(qb_])ﬂ[L (18)
Since CPI can be expressed as:
JP-'\" [/ -
P=S[1-7+v—7) 17 (23)
S e
= Pyl{v+ (1 - ’Y)(ﬁ;)]_ﬂ]“” and; (24)
S e A S 1.,_ ¢
o~ N el i 2 x 2
()= LG () (25)

In other words, P, ‘%N are also a function of the nominal exchange rate S
and wage level W, respectively. Therefore, for a given level of money sup-
ply M and terms of trade P, equations (12), (16), (17), (18} will determine
consumption, labor, wage, and the nominal exchange rate C) L, W, S, respec-

tively.

Proposition 1 Under the flexible wage setting environment, money is
neutral in this small open economy, i.e., the monetary authority can not af-
fect the households’ welfare, which is however impacted by the terms of trade

fluctuations.



Proof: First, substitute (12). (18) into (17), we obtain:
M W?

Sy
x ¥ M o
b S
W2 = Mz(i - ,._)
X Yi Vi
o g\ 1/2
W = M(— - ,,7) 26
N byry . (26)
Hore 4h = ’_r.]d)
whore o = S
Sccond, substitute (12), (16), {20), (21) into (17) and rewrite:
o S
[J. - i 1_3] - X’UTE (27)
DRG]

Finally, substitute wage W from (22) into (23) we obtain a cquation for

ratio % as:

2
(&)

vy S |
[] B , . 19] = XYt (28)
1+ (0= 2GS~ vvrs) ]

which implies that the ratio % is always pinned down by the exogenously
given intermediate goods price ;. A a result, when wage are flexibly set, the
nominal exchange rate S is always proportional Lo the moncy supply level
M in equilibrium.

Furthermore, the utility of houschold can be written as follows:

M 7 M T
U =In(C) + Xl’”’(?) - gL = 1+ x)ln(F) 15 (29)

From (19). (21), (22), the log of real balances In(4) can be expressed as:

Zn(%) = ln(M) - —1—ln(1 _ ,H_,Y(&)ls)

i y b b o
()~ (v e[S (G ew) TG
(30)



In addition, in this cnvironment, from (18), (22}, the cruployment can be
expressed as:
|44 1 812
SRS . Y 31
oM W (x wur M) (31)
Equations (25), (26), (27) implies that household’s utility or welfare is a

function of < P, hence, is only a function of exogenous variable Py since it

M
is shown above that % is a function of P;.

Therefore, we can conclude that under the fexible wage setting environ-
ment, monetary authority can not affect the utility of household, i.¢., money
is neutral for this small open cconomy. The households’ welfare in completely
affected by the movement of exogenous terms of trade Pr.

Notice that the household welfare depends on parameter ¢ that represents
the monopoly power of labor supply. The more competitive the labor market.
is (higher ¢) the higher household welfare is.

Although for a given money supply M, the CPI always increases when
the inverse terms of trade I goes up, equation {24) implies that the nominal
exchange rate S can appreciate, depreciate or stay constant for 8 > 1, 8 < 1,
or & = 1, respectively. Intuitively, when tradable goods and non-tradable
goods are substitute (4 = 1), an increase in imported intermediate good price
I’r induces higher nontradable goods prices, which makes consumers demand
more tradable goods, hence, leads Lo an increase in domestic currency price
of tradable goods that is the sanc as nominal exchange rate in onr model
S. By contrast, when nontradable goods and tradable good are complement,
i.c., 6 < 1, an increase in nontradable goods prices induced from an increase
in imported intermediate goods foreign currency price leads to less demands
on on both nontradable and tradable goods, hence, nominal exchange rate or
domestic currency price of traded goods S falls, When the nominal exchange
rate S falls, the domestic currency price of intermediate goods S P; becomes
less expensive and when # = 1, the two offects cancel cach other out so that
eventually nominal cxchange rate S unchanged.

Figure 1 and 2 show the responses of the nominal exchange rate S, CPI

P, composite conswunption ¢, and employment when there are Anctuations



in foreign currency price of intermediate goods Py under # = 1.5 and 8 = 0.5,
respectively. It is shown that when P; goes up, employment rises (falls)
with # < 1 (8 > 1). The reason is that when °; goes up, the nominal
exchange rate or domestic price of tradable goods 5 increases with # >
1, hence, houscholds’ increases. Since CPI rises, households can substitute
consumption with leisure hence supply less labor. In contrast, if 8 < 1,
S falls, households™ income decreases, therefore when money supply is kepl
fixed, households need to supply more labor to compensate less incomne from
the tradable endowment.

Figure 3 presents the response of welfare when there are fluctuations in
intermediate goods price. Welfare decreases with an increase in 77 regardless
of the relative value of # to 1. However, welfare is always higher for # > 1

comparcd to the same Pr under € << 1 case.

4 Predetermined Wage Setting

Now, we consider the case where wages are predetermined, i.e., wages are set
by houscholds in advance. We define a (symmetric) equilibrium, given price
of imported intermediate goods Py, endowment yr, initial money holding M,
and a monetary rule, as the set of allocation {Cy, Cr, C, L, M} and the set
of prices {W7, S, Py, P} such that:

1. Households set wage, W,,, in advance:

[ ]

. Firms maximize profits;

3. Households maximize their utility over consumption and real balances

subject to ex-post budget constraints;
4. The money market clears:

M= My+7 (32)

11



5. The nontradable goods market clears:

Yx = C (33)

Under this predetermined wage setting environment, equations that char-

aclerizes cquilibrium are as follows:

M
PC=— 12
” (12)
P M
WL =ay(—)" = (16)
P .
PC - WL+ Sy (17)
W =W, (34)
these equations then imply
7y M
{ _ oy 19] — = Sy, (35)
Af S yaf 1l yl—u X
(L= [AGE)()]

With predetermined W), from this equation we obtain the nominal cx-
change rate S as a function of money supply M and the price of imported

intermediate goods Py or the inverse of terms of trade as follows:
S=F(M; WP Pp) (36)

Then with the nominal cxchange rate or price of tradable goods, S,
known, we can solve for other price levels such as Py, P; and from the money
market clearing condition, we obtain the level of consumption ', which in

turn gives Cr, Cy and employment L.

Proposition 2: In a small open economy with the predetermined wage
setting, money supply can affect employment and the nominal exchange rate
s an increasing function of money supply.

Proof: In the Appendix.

_12_



Thercfore, unlike under the flexible wage setting environment where moncy
is neutral, monetary policy can aflect cnployment, consumption, hence, and
the household’s welfare when wages are predetermined, which is consistent
with traditional Keynesian theories.

Next, we consider the Ramsey-type problem for the monetary author-
ity, i.e., the monctary authority chooses the optimal money supply M that
maximizes household’s welfare subject Lo constraints that characterize the
equilibrinum in the private sector economy and the predetermined wage level.

Formally, the monetary authority chooses M to maximize:

1 .
in(C) + xin(p) - ng (37)
subject to:
M

PC=— 12
. (12)

P M
WL = oy =2y 0= (16)

Px
PC = WL+ Syr (17)
W= W (27)

Proposition 3  The optimal money supply is proportional to predeter-
mined wage and is a function of terms of trade. However, the direction of the
optimal money supply response depends on the valuc of 8: M is increasing

(decreasing) with Pr if 6 > 1 (0 < 1), M remains constant when 6 — 1.

From (12), (17} and {27), we can cxpress labor L as:

1 M

L= W) (7 ~ Syr) (38)

Thercfore, we can rewrite the planner’s problem as choosing M to maxi-

ze Y
4 i M 9
nf— - ————<(— — 8 39

subject to



oo

1—
{ (L =) E(%)“(%,)l‘“]

1 (J:] M = xSyr (29)

Since,

1 N P;r a1 N
P=[(1= )8 4P = Sl 4o o)

Let’s denoto

S

AS 1 -
- 1 8 N - af T 1—ex = JT ~y -1
G = SR T =as) (41)

then
= S[(1 =)+ T (42
P=8[{1— ) G(S)} ? (42)

In the Appendix, we show that under optimal policy, the money supply

M and the nominal exchange rate 5 must satisfy two [ollowing equations:

1 1) A ) ‘
T e - — Sy 13
M x{x+ l)WPZ( X ur) (43)
oy .
J"l’ir(l— - ) = 5!,. (44)
T+ (- y)G(5)) T A
Rewrite (34) as:
2 . Ay + 1)
M* — XyTSﬂJ - )\_()‘__)EVF;Z =0 {15)
n
This gives :
f
L ‘ W X+ ,_
M=\ xyrS -+ /(\';};S)f + l\u +...).11/ 2 {(46)
2 \/ . - P

Substitute (32) and (37) into (35). we obtain .S as function of P and 1V,

as;

{1 _ ) “’“f I_H} (1 | \/ 144 ’C(ff_t__)(l‘;f)f) =2
7+ (1= [ 4 ] r

(47)




Notice that, in this case, at the optimal point, the ratio ﬁ?— is completely
P
pinned down by Pr and other parameters. Denote this function as H(Pr),
we can write:
5‘
= H(P
W, (Fr)
S =W,H () (48)

Note that H(/P) is increasing (decreasing) function of Pr when 6 > 1
(< 1).
Substitute {39) back to (37). we obtain the optimal monetary supply as

a function of predetermined wage and Pr:

er : . : + 1
M=t (xyw,H(Pf) 1/ (e H (P + 2 (X,;,? )) (49)

From (49), it is straightforward to sce that A is proportional to W), and

is an increasing {decreasing) fanetion of Pr when 8 > 1 (0 < 1).

Proposition 4 At optimality, the houschold’s welfare is independent
from, the predetermined wage level and the labor markel [riction conditions.
Houschold’s welfare is improved wpon the distorted flerible wage selting allo-

Cations.

In other words, predetermined wage setting environment provides the
monetary authority effective tools to improve households’ welfare in compar-
ison with the allocations obtained under distorted flexible wage environment.
Consequently, at the optimal point, houschold’s welfare is independent from
the predetermined wage level W, and the parameter ¢ that represents the

frictions of labor market.

5
Wy

mdependent from ¢, therefore, it is sufficient to show that the houschold’s

The cquation (19) shows that the ratio is pinned down by P, and

utility is a function of % and P; bul is independent from ¢.
1]



Substituting the CPI's expression from (33), households™ utility (welfare)

can be rewritten as:

M M2
p) 3l
oMy L Y Nl W _
f(l+x)[ln,(j9—) l_gln(l 7+G(8))] 2L (50)

U= (14+x)n(

From (37), we can write ratio & as:

jg = %(xm- i \/(X’yzr)2 + 4@(%)2) (51)

Reeall the definition of G{S) as:

o)=L ] (1)

Hence, cmployment can be expressed as follows:

_ 1 " 2 xz(x;‘lji S
= o (XZITH(PI)+ (xyrH(Pr)) +4T Y (52)

Therefore, from (41), (42), (32), (43), [ have shown that at optimal point,
welfare is independent from the predetermined wage level and labor market’s
friction conditions but still affected hy P;.

Figures 4 and 5 show the responses of moncy supply, the nominal ex-
change rate, CPI, composite consumption, labor, and welfare of households
when there are fluctuations in Py with # = 1.5 and # = .5, respectively. Like
the flexible wage environment, when P; rises, labor decreases (increases) with
6>1(6<1).

Figure 6 compares houscholds’ welfare between two valucs of #: 1.5 and
0.5. Like the case in flexible wage setting, welfare under # = 1.5 is higher.

Figures 7 and 8 compares households’ welfare between flexible wage and
predetermined wage under the same value of 8 for two cases (1.5 and 0.5).

It is shown that welfare under the predeterminced wage setting case strictly



dominates the flexible wage sctting casc. In other words, predetermined wage
provides the Ramscy monctary authority effective tools to improve welfare

upon {lexible wage allocations.

4.1 A particular case

In this subsection, I consider a particular case where labor supply is very

=

elastic, that is the dis-utility of labor is linear 7. Formally, the utility of a

representative houschold can be expressed as:

M{(i)
P

U(i) = In(C (i) + in( ) —yL(i) (53)

In this case, by the same token, the solution for optimal money supply and

derived nominal exchange rate arc obtained as follows:

M = (_£-‘jX)K 14/P (54)
Ui
17 oy r
1 l B _ ==y
sl v e = @ .

It is straightforward that ¢xcept the implication that the optimal money
supply is independent from Pr, other implications of the previous section on

the predetermined wage setting hold.

Corollary 4.1: Under the assumplions that labor dis-utility s linear and
wages are predeterminedly sel wage, the Ramsey optimal money supply is

independent from lerms of trade fluctuations.

To better understand the role of money supply, I rewrite the Ramsey

optimal money supply as:

L (1+X)X P Gf) X(r{j_ 1 p
MLTW _[(1+X)¢—]-H7? p W (56)

"This kind of utility function can be considered to represent the indivisible labor as
Hansen (1985)
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The second part on the RHS is the amount of moncy supply as if it
would be conducted under the flexible wage setting environment. the [irst
part, which is greater than one, is called the "multiplier”. By ufilizing the
predetermined wage environment, the Ramsey monetary authority can sup-
ply a relatively higher amount of money than he could under flexible wage

setting by this multiplier, which helps to overcome not only the distortions

é—1
&

cansed by market power in the labor market (presented by ) but also
takes advantage of real balances in utility function {presented by parameter
x) to improve household’s welfare.

Notice that, since employment is increasing with money supply. cmploy-
ment is also higher compared to flexible wage setting environment that is

consistent with traditional Keynesian theories.

5 Concluding remarks

This paper studies the Ramsey type optimal monetary policy with frictions in
the labor market in the context of a small open economy in response to terms
ol trade fluctuations with two types of wage setting. The paper shows that
predetermined wage setting environment provides the monetary authority
effective tools to improve welfare upon distorted flexible wage setting alloca-
tions, which is consistent with traditional Keynesian point of view. {lowever,
the dimension of monetary policy operations is erucially depends on the value
of the elasticity of substitution between tradable and nontradable goods.

This paper offers some possible extensions. First, since the model is static.
ones can extend it to a dynamic system to enrich the analysis. Second. the
model just considers two extreme cases: [lexibly wage setting and predeter-
mined wage setting, therefore, introducing heterogencons in wage setling.
i.e.. a fraction of households follows Hexible the former setting while others
have sticky wage may provide further insights of monetary policy in the smail
Open economy.

Third, one can also extend the model to the context of emerging devel-



oping economies by incorporating of incomplete financial markets, financial

constraints, and dollarization for further policy analysis.
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Appendix

Price of nontradable goods

Under competition market with free entry, price of nontradable goods is

equal to the (minimum} cost of producing one unit of nontradable goods.

min WL+ SP1 {(57)
sutbject to
AL =1
F.0O.Cs implies:
W oal
SP 1—al

Substitute this into production function, we obtain the demand for labor and

intermediate goods as:

K\/ o L—ax g PI 1 o Y:‘V v —ex S P,r — 3
L — e — [ I _— — ¢
A(l—a) (W) A\T-a) \W (5

Therefore, the price of nontradable goods is:

[l r l—c
Py — ,{w (59)

where K = (ﬁ)l_a(%)u

Implicit labor demand from nontradable sector

Under competitive market assumption, firms in nontradable goods sector

take Py as given and choose L(7) to maximize their profits, that is:

1
maz Il = PyYy — f W@ L(i)di — SP T
0



subject to:

L o1 ¢
Yy = ALYT" “L = (/ L(i) @ (fj)‘*”*l (60)
Jo
F.0.Cs for L{z) imply:
om _ p Ny ok W (i) = 0 (61)
— = N ————— -— 1) =
aL(i) — N oL OL()
Substitute (g—LV Oi'&), we obtain the implicit labor demand as:
Yy (LGN 5
W (i) = .;i’(’—) °p 62
=o' (10) ¢ p, (62)

Choice of Cy,Cr for given

For a given composite consumption ¢, households choose Oy, Cp so that
3 ] ) N ~T

they minimize the expenditure with given P Py, that is
min PpCr 4+ PyCly
subject to:

f—-1
e (Cng) & (63)

C = (l—’}f)%(CT,t) +(’Y)V

T

=

L

| I
tb

L

F.O.Cs implics:

6

1=

CT Y I’ N

Substitute this condition back to composite consumption function, we

obtain the choice for Cr(i), Cn ().

Relations between M and S, M and L

We can rewrite (29) as:

= Syr (64)




Let denote

B (lj’y) [A 1 1 )1_0]10

LAt
¥ AL P[
then we can write above equation as:

S(1 + BSet-o)
1 —a+ BS-9)

M = xyr
Therefore,

AM ;}(-yT((l — (l’) -+ (BS('Y“_H))2 + [] -+ (1 — (.t) — ({2(1 — 9)} BS”“—H})

s (1— o+ BS’(}(I—O))Q
(66)
Since o << 1,0 <0 1, % > 0, which implies (f.:f >
Employment can be expressed as:
I = : M — xiyrS (6T
.= Xﬂ,—p (i = XY ) 07)
Hence,
dL 1 ds L dS dM
) ()
dM T p( I ) T awedar\as YT (68)

Substitute % [rom above to this equation, we obtain:

dL yr dS ((1 — o) = (1 — )+ a[l -l — H)} BS”(I--U)) (69)

dM ~ WedM (1 — o + BSo(1=9))2

which is positive since o < 1,6 < 1, % > (.

Solving for optimal money supply and S

Setting the Lagrangian function for this optimal problem, A 1s Lagrangian
fm] bl 5

multiplicr:

: 1 ~ i i v
£=ln(M) =In(S)— ({1 )+ o) = o7 Sy
80) = in(8) = —in(( 'Hc:(s)) TERCITRINLL

+ A {XS:UT M [1 - & ] (70)



Applying Kuhn-Tucker conditions, we obtain FOCs:

1 7) M oy
- (= Sy =XM1 =-——" 1 =0 71
M x(x+ 1)%;,2( X vr) ( v+ (1 - ’7‘)G(5)) i
1 1 y G'(S) 7 M

1 NE
st1-ii -y 2 cise T irywe?” ( X vr)
IRy, '

o o =ES)Y Y
“(Xf""' Meva v)G(S)P) - 7
. B Oy . )
M(] T V)G(S)) = vSyy (73)
where 2G(S) ()
G'(S) = Y a(l — O)T (74)

Using definition of G'(S), we can rewrite the condition (55) as:

1

(PRI U S
sl sra—mal T Teom Tty

Y ay(l—-7)G'(S) \ _
“(”T " h+(1—7)6‘(6‘)}2) R

Consider the case when A = 0, then (54) and (58) give the following

solutions for M, 9.

1 7 M

TV IR ALY 721 S -6
M x(x+ l)],ﬂ[/;( Y UT) (76)
: il nyr M |

s - sl =5 77
S v+ (1- f}»’)G(S)] (1+ W2 ( Y ur) (77)

These M, S satify the condition (56), hence, they determine the solution
M, S of the maximization problem.

Counsider the case where A > 0, then substitute (37} into (55), we obtain:

XU nipp M ooyl —GE(S
1 7 M avy(l —v)G'(S)
B — Sy Myyr MDY g
Y Coet ) R G I e )



Substitute (54) into this equation, we have:

oy (1 - y)G'(S)
A — Iy - M _ =1 79
S T | A P (79)

Notice that we are considering the case A > (), and substitute ¢/(S) from

(38) into this equation, we obtain:

M a1 = 0)(1 — 7)G(S)

. >/ 80
TN (T 0

Substitute ratio M/S5 from (37), we obtain equation for G(S) as:
G(S) = (1 -a) (81)

(1—)[a{l —0)—1]
Since, 8 < 1, < 1,7 < 1, the LHS of above equation is negative while

G(.S) is always positive, hence, there is no solutions when A > 0.

Simulation

To sce how CPI, nominal exchange rate S, optimal money supply, and
houschold’s weltare react when there are Huctuations of intermediate goods
price Pr, 1 do some simulations. First, let Pr take on valucs bhelonging to
{6.1;0.2;0.3; ...; 2.9; 3} with uniform distribution.

Second, for the parameters to be calibrated, I sct « = 0.6 so that the
share of intermediate goods in production is 40 percent, which is consistent
with the estimates for intermediate imports of many literaturc in Asian. 1
also sct v = 0.5 for the reasons that nontradable sector are half of GDP.

Third, T consider three cases lor the values of elasticities of substitution
hetween tradable and nontradable goods relative to unity, they are 0.5, 1,
and 1.5,

Fourth, I assume that the coefficients of real balances y, labor dis-utility
7 in utility function, and productivity in Cobb-Douglas function are equal
to unity. 1 pick value of 5 for the clasticity of substitution between labor

varietics.
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Finally, to calenlate solution S from {24), (38), I use Broyden’s method,
whose Matlah codes is provided by CompEcon Toolbox in Miranda and Fack-
ler (2002).
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Theta =0.5

predetermined wage

flexible wage




