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1. Introduction

Open-economy macroeconomics’ development has ioadlty been related to the
advancement in its closed-economy counterpart. €prently, the evolution of models
considering monetary policy in both fields resersld&rong similarities. Under autarky,
the IS-LM model was dominant during most of the tm@s period. In an open
environment, its extension, the Mundell-Fleming mlodvas the leading theoretical
framework. The Mundell-Fleming model was developgd-leming (1962) and Mundell
(1963, 1964). Similarly to the IS-LM model, it i1 @d hoc model. The equilibrium
relations are not derived from utility maximizingyemts, but are constructed as an
explanation of observed behavior of some aggregaiesas (1976) criticizes exactly
such models in his famous critique. As he points such models cannot be used for
forecasting or policy evaluation as they do notliekfy describe the decision process of
the agents. Hence, they fail to capture the chamglee estimated parameters, which is
the result of the effect the change in policy hasagents’ behavior (see Lucas (1976), p.
41). Indeed, several such shortcomings of the MilHkdleming model are described in
the literature. For example, the capital accounspscified as a flow function of the
interest rate levels, which implies that capitaw$ uniformly forever, even if there is
constant domestic-foreign interest rate differdr{sae Obstfeld (2000), p. 8). This is not
reasonable if investors are rational and profit imizing. However, this model’s
combination of Keynesian pricing with internatiomabrket segmentation made it, in
practice, a good approximation and was widely usgdolicy makers (see Obstfeld
(2000), p. 2).

Nevertheless, international macroeconomists aimedesigning a model on sound
microeconomic basis as Robert Lucas suggestedsigriique. Similar to their closed-
economy colleagues, they focused on intertemposalamhic optimization by the
economic subjects. In both fields of macroeconomitsvever, economists “assumed
away the awkward reality of sticky prices” (see thddd and Rogoff (1995), p. 624). In
closed economy setting the Real Business Cycle Imodie developed. In international
environment, models like Sachs (1981), a two-pemadiel, and Obstfeld (1982), infinite
planning period model, were designed. These openegsy models can be used to make

predictions and to evaluate policies. However, tli@y to explain some empirical



observations, e.g. the effect of policies on thehexge rates. This is primarily, because
models with markets without frictions fail to explamost international finance issues
(see Obstfeld and Rogoff (1995), p. 625).

Logically, models that combine the two approachesendeveloped, the so-called
New Keynesian models. These models combine theonadti expectations and
intertemporal optimization with nominal rigiditiesxd imperfect markets. They perform
well empirically. Furthermore, their conclusiong @onsistent with the fundamental core
of beliefs central banks have concerning monetagnemics: monetary policies have
significant effect on real economic activity, whiplrsist for several years; there is no
significant long term trade-off between inflationdareal activity; eliminating inflation
leads to substantial gains; credibility of the mtang policies matter (see Goodfriend and
King (1997), pp. 233-234). The models can be usedvaluating policies and making
credible predictions in accordance with Lucas’siquie. Consequently, these models
have become the common modeling framework for hmtised- and open-economy
monetary analysis in what Goodfriend and King t&8He New Neoclassical Synthesis”
(see Goodfriend and King (1997), p. 233).

In international macroeconomics, the new trendesearch was initiated by Obstfeld
and Rogoff (1995), as it is now commonly recognigeee Lane (2001), p. 236). This is
the first contribution that combines rigorously dhe described above features.
Subsequently, there has been a substantial ambsatl models that, however, vary in
many other aspects of their setting. As these nsoaled commonly used to evaluate and
predict the effects of monetary policy rules, itinsportant to fully understand how a
difference in the settings of the model affects findings of the model. Furthermore,
what setting is the most appropriate for which «weaild situation? For example, it is
logical to think that a model, which presents tleirdry as one of a continuum of
economies and therefore its policy decisions doaffect the world equilibrium, is more
applicable to a country such as Croatia than the THss thesis’s goal is to examine
precisely these issues. For the purpose, two ofmibiet prominent New Keynesian open-
economy models are considered. In the second seatithis paper the original Obstfeld
and Rogoff model is examined. The third sectiordistal Gali and Monacelli's (2005)
model. In the last section, the explained modedscampared and jointly analyzed.



2. Obstfeld and Rogoff Model
An extensive part of the following is based on @ddtand Rogoff (1995), thus there
will not be specific references to this source.

2.1 Households and Firms
The world is inhabited by continuum of infiniteli<d individuals z[J[0,1], which

are both producers and consumers. Every individual monopolistic producer. There
are basically no firms, or equivalently one camkhof an individual as a firm when

discussing production. There are two countriesjviddals z[0[0,n] are residents of
Home and individualsz[J(n,1] are located in Foreign. Hencedetermines the relative

size of the two economies. All individuals have ntieal preferences and, within a

country, the same constraints. Therefore, a reptaee national individualj can be

analyzed. From here on in order to avoid confusitwe, representative individual is

denoted withj , while z is mostly used to denote the goods produced bintheiduals.
This individual maximizes the present discounteti@af his/her life-long utility given
by:

o e X (MY K
U ;ﬂllogq+1_££3] 2%(1)} (1)

where:

[ is a discount factor.

. 1
C/ :[J.Oc(z)“”l)’edz]e’(e’l) is a consumption index withd>1, where c(z)is home

individual’'s consumption of good.

M/ is the money holdings of the individual in homereacy.

R =[I: p(2)°dz"*?) is a consumption based price index for an agemtdme, where
p(z) is the domestic-currency price of goad.
y,(j) is individual j’s effort.

Assuming this utility function contains several dlelaassumptions. First, it assumes

that consumers’ preferences for goods exhibit GoridElasticity of Substitution (CES),



as [J':c(z)(g‘l)’gdz]‘g’(”‘” is a CES function. Elasticity of substitution beem goods is

equal to @ (the derivation of this is done in Mathematicalp&pdix A.1, p. 59). The

price index, P, which is defined as the minimum expenditure féwick a consumer can

obtain 1 unit of the consumption index, is derifiemmn this function (see Mathematical
Appendix A.2, p. 59). This assumption may at fasém not excessively damaging to the
model’s credibility, but one must note that, togettvith a further assumption made of no
trade costs, this excludes home biases or bordectgf facts strongly supported by
empirical literature (see Wolf (2000), pp. 561-588d McCallum (1995), p. 622).

Second, the utility of an agent depends on histleeisumption of goodkgC/’, and

effort of producing goods,g y,(j)?, positively on the former and negatively on the

latter. This in general is an unproblematic assionptand the functions’ forms are

i 1-¢
widely used in the literature. The third componehthe utility function,li(%j :
-£

t
represent dependence on real money holdings in stan@irrency. Hence, the model is
a Money-in-the-Utility-Function (MIU) model. Thissione of the typical ways to
incorporate money in an economy resulting in atp@sidemand for money (see Walsh
(2010), p. 34). One of the other ways, treating eyoas an asset in order to transfer
resources intertemporally, is still a possibility this model as specified so far. However,
a riskless asset yielding positive interest isrlateroduced, making this function of
money obsolete. Practically, the MIU models perfaabustly, helping to explain many
monetary phenomena. Theoretically, there is a &gpmuzzle, especially for utility
functions of the typeJ ! :iﬂtu[CtJ,M?tj, Y,(j)]. Money on its own is useless, i.e. if it
t=0 t
does not result in less work or more consumptiow 0o in the future. If there is no
infinite horizon one can interpret MIU function juss more money is better than less,

with some presumption of later use. However, when utility function is of the type

L& M
u’ :Z,Btu[Ct',M—F:,yt(j)], one can hold constant the path of consumption edftult
t=0

t

for all t (until infinity). Still, an increase in money hahd)s paradoxically increases
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individual's utility. Nevertheless, MIU function ia useful shortcut to ensure positive
demand for money (see Walsh (2010), pp. 33-36).

Utility function (1), results in an individuaj ’'s demand for producizin period t

°C, (see Mathematical Appendix A.3, p. 60).

given by: ¢,(2) = pé,z)]

The representative individual maximizes the presi&stounted value of his life-long
utility subject to his/her budget constraint, whislgiven by:
RR'+M/ =R@+r_ )R +ML +p )y (i)-RC/ -RT/ (2)
Where: F/ is the only financial asset, a real riskless bdedominated in the composite

consumption good, traded at integrated completédvw@pital market.

r, is the real interest rate of this bond betweeropert andt+1
T.) is real lump-sum taxes paid to the home government

The budget constraint is straightforward, it onlysnbe noted thaf,’,M/denote the
bonds and money holdings of the individual jusbbefperiod t +1.

One can completely analogously derive all the alyvesalts for a foreign agent, since
preferences are identical in both countries andetiaee no trade costs. In the following,
variables noted with asterisk are concerning theigm country. For exampleM, is
money holdings in a foreign currency. Since theeer® trade costs, the law of one price
holds. Let E denote the nominal exchange rate, the home-cwrerice of foreign
currency. Then the law of one price implipéz) = Ep (2) . This assumption is often used
as it is supported by theoretical logic, howevauenber of empirical studies have found
that it is debatable (see Haskel and Wolf (2001)5%7 and lIsard (1977), p. 942).
p(2) = Ep (2) implies P = EP (see Mathematical Appendix A.4, p. 61).

The government completely finances its per captiachmases;, by taxes and

M -M,, and G =T, +Mt_—*Mt‘1. For simplicity, it is
t t

seigniorage, i.e.G =T, +

assumed thaG is a composite of government consumption of irdiial private goods

g(2) with the same weights as private consumptionG/e=| E 9(2“™?dz%®™ . Then



the demand faced by each individual producer isiobtl by adding up private and
government demand:

% (2 =[¥} (' +GY)

t
where C" =nC, +(1-n)C, and G" =nG, +(1-n)G, are, respectively, world private
consumption demand and world government consumpigomand.

As this paper focuses on monetary theory and dagsdiscuss fiscal policy,
specifying a government in fiscal terms is not Iseakecessary. The other two models
presented do not discuss government purchasesnidusl| can be easily modified not to

M, - M

include a government demand, e.g5 =T, + L =0, or equivalently,

t
-PT, =M, -M_,, all government revenues from seigniorage areibliged in terms of
transfers to the population. This might be an ussfuaplification, however the goal of

this paper is to compare the two models without iffttadions in order to keep

authenticity of the analysis.

2.2. Equilibrium
The representative individual maximizes the presi&stounted value of his life-long
utility given by (1) subject to (2). The first-ondeonditions for this maximization

problem are (see Mathematical Appendix A.5, p. 61):
Ctj+l = IB(1+ rt )Ctj

M, 141 )°
t=| yCJ t
R ()“ ] j

coe O-11
yt(J)(g D = Ok C_tJ(Ct +Gt )1/6

. _P , o : .
wherel+i, =t?+1(1+ r,) defines the nominal interest rate in home at ttm&he nominal
t

interest rate for foreign is defined in the samennea and, since® =EP" and the real



interest rate is globally the same, the connedbetwveen the two nominal interest rates

can be expressed ag:+i, = Eé:l (1+i)

The three first-order conditions for foreign arelagical:

Ctj-:l = IB(1+ rt )Ctj*

M. 1+ )
t* :[Xctj* '*tj

P I,

t
V() =0 S (Cr e

The first conditions are the standard Euler equatithat give the optimal consumption
path, in this case, fully described by the consummpindex, the real interest rate and the
discount factor. The second conditions are the manarket equilibrium conditions.
They equate the utility gained from consuming & ohthe consumption index ih with
the utility obtained by keeping the equivalent amtoas money holdings ih and then
consuming it int+1. The last, third, conditions equalize the utiligained from
additional revenue from producing an additionak whigood j to the disutility from the
effort required for the production.

The other condition, which insures that thewe first-order conditions are indeed

_ j
maximizing, is the Transversality Condition givey tim 1 -| R+ M,
too (1+ rt) R

j =0(see
Mathematical Appendix A.5). This is the so-calledo“Ponzi scheme” condition. It
assures that no country or individual will contirtoeborrow forever (the limit cannot be
negative) and it assures that no country or indi&idvill continue to lend forever (the
limit cannot be grater than zero). Both cases rhastliscarded as no rational agent will
finance someone else’s consumption forever, by gl@n, in fact making a gift.
Therefore, it is fully reasonable to impose thisidiion onto the agents, i.e. assume it
must hold, otherwise the agents are not rationlaé first order conditions, the budget
constraint and the transversality condition fulhatacterize the equilibrium.

Due to monopoly pricing and endogenous output, ritaslel does not yield a simple

closed-form solution for the general paths. Thetesyscould be analyzed through



numerical simulations, however, the intuition of ttnodel is preserved, and thus it is far
more convenient, if a linear approximation is stadiln order to linearize the system, a
well-defined flexible-price steady state around abhto approximate is necessary. The
most convenient such steady state is the symnwtigavith all exogenous variables held
constant (see Obstfeld and Rogoff (1996), p. 667).

In the steady state, all the endogenous variabesenstant, e.gC/, =C/. Then it is

clear that from the consumption Euler equatiomliofvs: T :17 , Which is the world

real steady-state interest rate. It is also cohs@Bymmetric steady state means that all
producers are symmetric, i.e. they set the sanoe jamnd output quantity in equilibrium.

Let p(h)be the home currency price of a home good and ebpiitly p (f)be the

foreign currency price of a foreign good. Lg§tand y be the corresponding output
levels. Then modifying the budget constraint gi{@se Mathematical Appendix A.6, p.
64):

c=rF+ PO _g

P

and for foreign:

6*:—F( n jﬁﬂ_’(_f)y G

1-n P
Note that for the second equation it is taken dse fact that world net foreign assets

must be zero, as domestic nominal money supply ®egsal domestic nominal money
demand, i.enF +(1-n)F = 0. Furthermore, one must stress tlﬁi%m and %are

not generally equal to 1. They are only equal te dnthe two countries have equal
wealth. Otherwise, it is not the case, as the tehtsade vary with relative wealth.

It is important here to observe that the world ficial market clearing condition

(nF +(1-n)F" = 0) leads to global goods market clearing condititveiy by:

C'= n%+ Q- n)%—&w (see Mathematical Appendix A.7, p. 65)

t t



One can easily show, by just plugging @', that the values obtained f@ and C’

satisfy this condition.

The special case of no foreign assets and no gavarnspending has a closed form

solution. Variables denoted with subscript 0 conciris case. ThenF,=F, =0 and

G, =G, =0. The solution of the model is then given by:

(see Mathematical Appendix A.8, p. 66)
After obtaining the solution to this steady states whole model can be log-linearized
around it. The linearization is implemented by egsing the model in terms of

deviations from the obtained steady path. In thievieng variables denoted by hats stand

for percentage changes from this path, éZg.E d;t , Where X is some variable of the
0

model. In order to obtain the final set of equagitimat fully describe the model in these
terms, first all the equations should be rewri{tgge Mathematical Appendix A.9, p. 67):

Purchasing power parity equation:

A A A

P=EP = E=P-F

Price indexes:

n 1 . 1/(1-8) . A .
P= UO p(z)1'9d2+,[n[Ep (Z)]l—gdz} = PR =np(h)+@-n)(E +p, (f))

0

o 1(1-9)
P’ = l:jn[%} dz+j: p*(z)l‘gdz} = B =n(f(h)-E)+@-n)p (f)

Global goods market equilibrium:

e =n P WYy oy POV g

t =
R R



A N A G
= Ct = nCt +(1_ n)Ct = n(yt TR (h)_ R)+ (1_n)(yt TR (f )_ Ff )_ C—:Vt, (3)

Demand faced by producers:

w

yt{@} (C+G") =  §=0(R-ph)+C"+ (@)

P

t 0

* -6
\ f W~ " A A v
y =[¥} @©+Gh = 5 =0(F -f(n)+Cr+ % ©)
t 0
First order conditions determining output:
6-11 A dG”
(6+1)/6 _ - CW +GW 1/6 . 6+1 _HC +CW 6
Yo T c ( ) (G+1)y, = c (6)
o 6-11 w, w ” w, 4G
= e Y = @+ = -6C, +C, & (7)
Modified budget constraints:
¢ =rF+ 2O C=r L +pim+y-p-L (8)
P O CO
6*:—r( n jﬁp(_f*)y -G = é*:—r(—” j‘i_':+ﬁ*(f)+§i—5 _dG )
1-n P 1-n)C; C,
Consumption Euler equations:
Ci = BA+T)C = GC,=01- ,B)I' +C (10)
Ca=BU+i)C = CL=1-B)+C (12)
Money demand equations:
. \Ve ~ ~
M_[ e 1t ~ M.-P=2¢-B[¢ F? F? (12)
P I, £ £
M 1+i V° 1 PP
Mo = wWi-p=2¢-£|q+Duch (13)
P Iy £ £ 1 B

It is important to note that equations (3)-(7) hatdany point, so clearly they as well hold
when the economy is in a steady state, hence #magin valid when time-subscripted

changes are interchange by steady state changes.tiibre are seven equations for the

A

seven variablesy, 5, C, C', B(h)-P, # (f)-P , and C" (notice that H(h)-P

-10 -



and T (f)-P always appear in this way (or @&- B(h) = —(p(h) - P)) in the above
equations, hence they could be considered as lesjalsolving this system of equations
gives the new real steady state path. The sol@iooonsumption in home and foreign is
(see Mathematical Appendix A.10, p. 72):

é:(é?ﬂjr_dlf_(9+1—njd_é+(ﬂjdé*
26 ) CY 20 )cy 29 )C¥

é*:—( n j(&ﬂjrdlf{Lj@_(éHnjdé*
1-n)l 26 )Cy (2)Cy \ 2 )Cy

An exogenous increase in home per capita bond rldncreases home private

consumption in the new steady state, but by leas the income per period from these
bonds TdF . This is the case, since output is endogenousiradididuals change their
consumption-leisure decision. Higher wealth lead&igher consumption, which on its
turn leads to a fall in marginal utility from comaption. Then the marginal disutility
from working will be higher that the marginal utflifrom consumption and it will be
optimal for the individual to work less. Thus, soofethe additional income is used for
additional consumption and some is used to comperika income, already used for
consumption, lost due to less work. An increaskame government spending decreases
home private consumption. This is due to the faat,talthough, some of the government
purchases are of home goods, some are of foreigmetkr, all of the purchases are
financed by taxes at home. The positive effect aiput is offset by the higher takes. An
increase in foreign government spending increaseelprivate consumption, as some of
the purchases are home goods. Home output incréaseset the higher demand and
thus consumption. The same analysis is valid fogi¢m, just reversed.

The solution of the model for output is:

2~ 6 = 1 dGg"
y=——C+ —
1+6 | 20+6)) C¥

2 6 = 1 dG"
y =——C + —
6+1 21+6)) C

The output rises with government spending. Thelrdsu home government spending

holds, since it finances its expenditures with lusopn taxes. Higher lump-sum taxes

-11 -



change the consumption-leisure decision, indivisi@nsume less and produce more.

One can show (by substituting the result 59 that output falls, if home per capita
foreign assets increase. This is again due toatiethat if individuals get wealthier, they
would work less.

The solution of the model for the prices is:
B -5 (H-E=-2(§-7)=—(C-C)
If output in home increases relatively to the améareign, the prices in home relative to
foreign fall, i.e. the terms of trade fall. The ogfie is true, if home private consumption
increases relatively to foreign private consumption

As prices are flexible, money supply does not affeal variables and, hence, money
demand equations do not play a role in determithegeal variables. Since inflation and

the real interest rate do not change in the stastalg, equations (12) and (13) give the

solution to the steady state price levels:

PP A

R :Mt_ECt
Do ~x 1 )
R =Mt _Ect

Flexible-price models are in general unable to icapd the magnitude and the
persistency of the effects of monetary shocks @b variables, which are commonly
observed in the real world. This model is not anegtion. In order to properly capture

these effects, nominal rigidities are introduceske(dValsh (2010), p. 408). In this model,
this is done by presetting nominal producer pricegh) and p, (f). The prices are set

one period in advance and are hold fixed during g@riod. After the period, if there is
no new shocks, prices fully adjust to the flexipheze levels.

Price stickiness is not an artificial theoreticabneenience, but considerably
supported by theoretical logic and empirical evidenTheoretically, there are many
reasons why prices should be rigid, such as mests,ctixed durable contracts, cost-
based pricing, lagged information upon decision priting, pricing points, etc. An
extensive survey of all the theories is done im@dir et al. (1998). Empirically, a number

of studies have supported these theories, includdtigder et al. (1998) - an extensive

-12 -



survey of firms and some econometric data analgmosov and Lucas (2007) examine
disaggregated CPI data from greater New York @kader (1991) surveys price setters;
Kashyap (1995) studies catalog prices in the US.

Price stickiness might be an established fact, keweow rigid prices are and in what
manner they adjust is still an open question. Bimet al. report that the median number
of price changes for a product in a year is 1.4tHemmore, almost half of the prices

change no more frequent than once a year and, thieem are regular price reviews, they
are almost always annual (see Blinder et al. (1998)98). Golosov and Lucas show that
in their sample 21.9% of all prices in the CPI dmarevery month (see Golosov and
Lucas (2007), p. 183). Blinder finds that 55% ofces change no more often than
annually and only 15% change more frequently thzartgrly (see Blinder (1991), p. 93).

Kashyap shows that in the sample studied the agdrage between price changes is 15
months. (see Kashyap (1995), p. 252). These sted@sine the dynamics of prices (the
observed price changes), yet it is hard to findibahd how quickly prices converge to

the flexible steady state based only on the obsiervaof price changes. The first

difficulty is that prices are “sticky” relatively ot some unmeasured, perhaps
unmeasurable, Walrasian norm (see Blinder et &98), p. 296). It is problematic to

determine convergence when the state to which yseem should be converging is

unknown. Second, it is unclear what triggered tlesmges. If there is identical shock to
all producers, they should adjust simultaneouslyictv is obviously not the case. Third,

it must be known with what lag producers act atteshock. Blinder examines many
different kinds of shocks and finds that, whilerthés quite of variation, the mean lags
cluster around 3-4 months range (see Blinder (192194).

The model assumes that prices remain fixed for mer@d and then adjust 100%.
This means that producers react after 1 periotiécshock, which is consistent with the
empirical evidence if the period is one quartetteAthis period prices adjust fully. This
in practice means a change of all product priceer &f period, which would on average
not be problematic if the period is at least onaryas it is seen from the data above. The
change of prices in the model is simultaneous,esincthe model there is one single
identical to all shock. While in reality there amany shocks affecting different producers

differently, and, hence, prices never change semelbusly. To sum up, the quite
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restricting assumption about price stickiness i thhodel harms the richness of the
dynamics, as prices simultaneously adjust immelgiaiter one period, and it makes it
hard for the model to fit the data, as there i®isistency between its and the empirical
price dynamics.

With sticky prices, output becomes demand driversfecks that are not huge. This
is the case, since in this model every good is yred by a single producer, a
monopolist. The monopolist maximizes profits by &ipg marginal revenue to marginal
cost. The profit maximizing conditions here areans (6) and (7). Equating marginal
revenue to marginal cost by a monopolist alwaysltesn a price above marginal cost,
as the monopolist faces downward sloping demandeciexcept when demand is
perfectly elastic, which is here not the case).nThath prices fixed, the producer would
benefit from every additional sell as it would iease profits by price minus marginal
cost. The producer would increase his/her outpuhefe is demand. This holds until
marginal cost equals the price. Thus, the shockt mas be huge, as then the output
might not be fully demand determined if demandsi®gy so much that satisfying it
means output must increase to a level at which imargost exceeds the price. A fall in
demand will obviously lead to a fall in output. Agesult equations (6) and (7) need not
hold. Output is fully determined by the demand scihes (4) and (5).

The fact thatp, (h)and p;(f) are fixed, does not mean that the aggregate [anet
does not change. It changes with the nominal exgdhanate. If there is a nominal
depreciation é[ >0), the home price index increases, since the dacnestrency price
of foreign goods becomes higher. From the two sl derived equations:
P=rmp(M+A-nNE+H(f) =  P=@1-nE (14)
R =n(@(M)-E)+@-mA(f) = P =-nE 51
Note that the variables on the right-hand side haweime indexes, but are also not
variables in a steady state. From here on, sudhbtas, with hats and no time index or
overbars, denote short-run changes.

Combining equations (4) and (5) with equations (&ddl (15) gives the short-run

aggregate demand:
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y=6(1-n)E+C" + dé; (16)

0

y =—OnE+C" + dgw 17

0

Equations (10)-(13) always hold. However, the nésady state is reached immediately
after one period, meaning that variables with thiessriptt+1 can be replaced by the

steady-state changes. The variables with substripte now interpreted as short-run

changes:
C=@-pB)F+C (18)
C =1-By+C (19)
M-p=lcd- ﬁ[f P- PJ (20)
P & 1-
M -p =2¢& -Blp PP 21)
£ £ 1-8

The last two equations to complete the model come the budget constraints. While
the modified intertemporal budget constraints eashat in the long-run current accounts
are balanced, in the short-run the current accdeftit or surplus is given by:

pt(g)yt c-G

t

Ft - Ft—l = rt—lFt—1+

Ft* - Ft*l = r:—lF*— + R (I’P % _Ct _Gt

R

Log-linearizing gives (see Mathematical AppendidB.p. 75):

oF dG
F_y-c-a-ne-= 22
e y-C-@-n) c (22)
Fo_g-¢me-LT :—(Lj‘i_fv (23)
G, &~ \1-n)G;

The system that fully describes the short-run vegiby the 10 equations (14)-(23) in the
10 variablesC,C,V,9 ,P,P",C",E,f and dF. For the long-run, it is enough to
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notice that the economy returns to the steady,stdtiech was already solved, and that

after the short-run the wealth situation has chdriye to the current accoumtf .
The model is now ready to be solved for a permanmentetary shock. Notice that in
all the equations the effects of monetary shocks ginchange in government spending

are additive, therefore, nothing is lost if it as®d that the government does not change

its spending, i.edG=dG=dG =dG =0. This is one of the strong features of this
model - it allows monetary and fiscal policy to drealyzed separately or in a policy mix.
As in the case for the long-run steady state, ikemasense first to solve for the
differences between home and foreign variabless Thagain done in the mathematical
appendix, however, this time it is beneficial tpag some of the results in the main text,
as it enhance the intuition of the model and sofmh@ main predictions of the model
can be more easily understood. The equations tiiatf are derived in Mathematical
Appendix A.12, p. 76.

The money supply shock is permanent,l\?le: M* =M -M", there is an increase (or

decrease) in relative home money supply that odoutise short-run and stays the same

when the economy reaches its new steady state after period. From the Euler

equations (18) and (19), it is easily seen BatC = é—é . This means that all shocks

have permanent effect on the difference betweentdes’ consumptions. The difference
is the same in the short-run and in the long-ruowever, this does not imply that the
consumption is the same in the two periods, siheeshort-run real interest rate might be
different from the steady state real interest retem the money demand equations, one

can show that(|\7l - I\7I*)— E :%(é—é*)— g(lﬂﬂ)(é_ E). Notice, that relative short-

run money demand does not depend on output diffesgrbut rather on consumption
differences. In an open economy setting this islyemportant, since individuals can
smooth consumption through borrowing or lendinghie international financial market.

The long-run nominal exchange rate after the sh®dgikven by:

E= (I\ﬁ - I\ﬁ)—l(é—é ) , combining this with the short-run money demancksi
£
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A A

M andG-¢& = é—é . this means that

§|>

E=(Ni-N")-2(C-C). As i -1 =
the exchange rate jumps immediately to its newdstesate valueé =E. This is to be

expected, since the differences in money supplycandumption remain constant. In fact
from the short-run aggregate demand equations, &b@l) (17), the current account
equations, (22) and (23) and the solutions fordifference in consumptions in the long-
20+17(@+1)

run it follows that: E = —
r(@ -1

j(é—é*) The equation shows by how much the

home currency must depreciate in order for homativel output to increase enough to
justify an permanent rise is relative home consumnptHome relative output increases

when home currency depreciates, as can be seen déqumations (16) and (17):

A

y—-Y =6E. Notice thaté=(l\7| —M*)—l(é—é*) expresses the nominal exchange
£

rate as a function of the difference in consumptisich is linear and downward

20+1(0+1)

sloping, while E =
ping [ (6% -1)

J(é—é*)is again a linear function in the difference in

consumption, but it is upward sloping?$1). One can express the change in the
exchange rate as a function of the change in msupply:

~ £[26+T (0 +1)] A
E'(5[29+r(9+1)]+r(92—1)J(M M )'([D

Observe that, sinag>1, the following inequality holds:

c _[ £[26+F (6 +1)] j(

| e[20+T(@+D)]+T (@7 -1)

<

—I\7I*)<I\7I—I\7I*

The exchange rate rises with home relative mon@yplgu but by less than the money
shock. This is the case, since relative consumpiioilome increases as well. The
depreciation switches world demand toward domegstducts, which leads to short-run
rise in relative home income. Individuals in Hone ribt consume the whole additional
income, but, as typical for open-economy modelgy tintertemporally smooth the
increase in consumption by running a current actsurplus, as shown later.

The difference in consumption is a function of tiekamoney supply as well:
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N £F (62 -1) Ay
(C_C )_[5[29+r(9+1)]+r(92—1)j(M M')=@

All the information obtained so far can be sumneizn a graph, which makes
understanding the model more intuitive and cleais Ts done in Figure 1, where the

4 Percentage change
exchange ratd;

*g _ 20+1(6+1)

M - M
Sope=———————~
P

M
(oK
M ]
g Percentage change in relati\7e
@ domestic consumptiorG —C’
G
M Sope= 1
£

Figure 1: Permanent Shock in Domestic Relative Money Supply

1

MM schedule is given byE:(M —M*)—E(é—é*). The vertical intercept of the

MM line equals the relative percentage increase in ehanoney supply. Thus,
theMM schedule passes through the origin before the ragnshock. TheGG schedule

20+1(0+1)

is given byE =
g y [ T(6%*-1)

J(é —é*). It is calledGG, since if the model is solved for
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fiscal shocks, this is the curve that shifts. Obgig, it too passes through the origin. The
monetary shock shifts the initidVlM line to M'M '. The intersection of thevi'M '
schedule and th&G schedule is the short-run equilibrium. Notice tha# - «, i.e.
domestic and foreign goods are perfect substitaelsperfectly competitive economy is
approachedGG becomes flat. There will not be any exchange rasage.

The model can be solved for the current account:

dF _ 26(1-n)e@-1) (
Cy | e[20+T(@+D)]+T (@ -1)

M -N°)

A permanent increase in relative home money sulgplys to positive current account, as
explained earlier. Individuals at home smooth thednsumption path and do not
consume all their additional income. The curreroaat is inversely proportional to the
size of the country. The bigger home is (the greatis) , the less positive affect on the
: : F .
current account an increase in home money supplytha smalle% is).
0

The current account is all that is needed in otdexolve for the new long run steady
state. The results are:
For consumption:

Home:é=( F(E—n)g(ez_—l) ](I\ﬁ —l\?l*)
g[26+T(@+1)]+7 (6" - 1)

Foreign:C" = - nree” —1) (M-n")
' g[26+T(6+1)]+T (6°-1)
For output:
Home:y = - or(i-n)e@-1 (|\7I —|\7I*)
' g[20+T(@+1)|+T (6" - 1)
A onre(6-1) VL
Foreign:y _(5[29+r—(9+1)]+r(92—1)J(M M )

For terms of trade:

- ET(6-1)
P =P (1)-E (5[20+F(9+1)]+F(02—1)](

<

|
>
S—
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If there is a positive monetary shock in Home, comgtion is permanently higher for
home residents, while output in the long-run is npamently lower, since home
individuals are wealthier. As they have obtainedalife (the current account), they
change their consumption-leisure decision, as dsmdl before. Home individuals’
consumption increases, but not by the whole additimcome, as individuals choose to
work less. Thus, the long-run steady state hompubdalls. Exactly the opposite is true
for foreign.

There is an improvement in the terms of trade enlémg-run for home. This is again
the case, because the country has become richertterdfore, works less. However,
short-run and long-run terms of trade effects wiarkpposite directions. In the long-run

Er(6-1)
£[20+T (6+1)+T (6 - 1)

they might improve b){ J(l\?l -M ) , but in the short-run they

deteriorate by( £[20+r_(0+1)] J( ~ W

- — M —M*), the value ofE, as p(h) and
g[26+T(6+1)]+T(6° - 1)
p (f) are fixed. It is easily seen that the short tefface is stronger. This is to be

expected as the whole effect in the long-run coomry from the interest payments,

rdF
cy’

The effects from the monetary shock last longen tiie sticky price period, in fact,
they last infinitely long. The second part of thtatement is due to some specifications of
this model, infinitely-lived individuals and internporally separable utility. The first
part, however, is a more general result, typicalsiech models. This is due to the fact
that, if short-run nominal rigidities exist, mongtashocks will result in international
capital flows. The resulting transfers have effemtisreal variables after the period of
stickiness is over.

The last thing left is to solve the model for shrort variables:

The short-run interest rate is:

f=_(£+ij'\7|w, whereM" =nM +(@-n)M"
1-5)
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The real interest rate falls if world money suppigreases. Hence, it increases global
consumption demand.

The short-run output is:

£[26+T (6 +1)] HM .

9:{n(€(1_'g)+'g)+ (1_n)6’(£[26?+r_(6?+1)]+T(6?2 -1)

I\?I*

£[26+T(0+1)] ﬂ

{(1- n)(e@-B)+B)- (1‘”)9(5[29+r(9+1)] +T (@ -1)

e[26+7(@+1)] HM .

y :{n(g(l_’g)w)_ng[s[29+r—(e+1)]+r(92—1)

M*

e[26+T (6+1)] H

J{(l_ W(EA=P+A)+ n9(£[2«9+F(0+1)] T -1)

The short-run consumption is:

N S £T (6% -1) ORVE
C=(e@=-p+pM "+ n)[g[29+r(9+1)]+r—(92—1)J(M W)

N -~ £7 (6 -1) L
C =(e@=-p+AM n[e[20+r‘(9+1)]+F(6’2-1)](M W)

A positive home monetary shock increases the shiortutput of home, as it is expected.
Home consumption increases as well. The more stiage question is what happens to
foreign variables. Alternatively, what happens tone short-run variables when there is
a positive foreign monetary shock? Unfortunatdhg answer is ambiguous and depends
on the parameters, or, more precisely, &nThe special case whee=1, the output
equation simplifies to:

2(n+6(1-n))+ @+1F NRCHDICHNE
2+(@+1r 2+ @+ 1y

=
If there is an increase in money supply in foreigome short-run output falls, since

@>1. It is easily seen from the solution fgr, that ase gets large enough, the effect of

a foreign positive monetary shock on home outpudtipositive. From the first order
conditions of the individual's decision problem,eotan see that is inversely related to

the interest elasticity of money demand. Money dwiria interest inelastic if is large.
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3. Gali and Monacelli Model
An extensive part of the following is based on Gadd Monacelli (2005), thus there

will not be specific references to this source.

3.1 Households

The world consists of a continuum of economiesasgnted by a unit interval. Let
Home be the economy that is modeled, as beforeggblas without superscripts refer to
this economy. However, in this model there is noé doreign country, but infinitely
many. In the following, variables denoted with @ste are regarding a single foreign

country, one among the infinitely many that make thp world economy}* [][0,1] .

Variables withw-superscripts again stand for world aggregates.

As Home has zero weight in the world aggregategaticy changes do not affect the
rest of the world. This is rather different frometlprevious model with only two
countries. However, one could think that the twadele are asymptotically equivalent in
this respect, ifn -~ 0. From the solutions obtained in part 2 of thisgramne can see
that, if n » 0, the changes of foreign long- and short-run ougma consumption due to
a monetary shock in Home tend to zero. That is,enamonetary policy changes do not
affect Foreign, which is the rest of the world lve ttase of two-country world.

All the world economies have the same individugleeferences, technology and
market structure. The first two points of this amption are equivalent to the one of
identical utility functions made in Obstfeld and dg&ff’s model, since there the utility
function represents not only the preferences coiegrconsumption, but also the
technology with which goods are produced from lalasrindividuals are producers and
consumers. The third point of the assumption, idahmarket structures, is the same for
both models.

As assumed, all individuals have identical prefeesnand, within a country, the same
constraints. Therefore, a representative natiomaividual can be analyzed. This
individual maximizes the expected present discaumaue of his/her life-long utility
given by:

) Cl—o’ N1+¢
U=g> g2 - 24
o;ﬂ[w W} (24)

-22 -



where:
S is a discount factor.

C = [(1—a)1/,, (ch)"™" +

(n-1)ip 71(n7-1)
a'n (CtF ) }

is a composite consumption index,

where:

is an index of domestic goods consumption, whern¢0,1]

wo_ [t (-l Hl(p=1)
C = qu(z) dz

is the goods’ variety.

_ yi(y-1)
CF = (E(C{)(y l)/yd*) is an index of imported goods, where

Hl(p-1)
C s(jolq (z)“”*)’”dz) is the quantity of goods imported fromand consumed by

the home representative individual.
N, denotes hours of labor.
As seen before,u>1 is the constant elasticity of substitution (seethdaatical

Appendix A.1, p. 59). However, here it is the afast of substitution between goods
produced within a country, while in the ObstfeldaRogoff's model& is the elasticity

of substitution between all goods. That is why fiedent parameter is useg. is the
elasticity of substitution between goods producedifferent foreign countriesy >0 is
the elasticity of substitution between home andeifpr goods. Finally,a J[0,1]
inversely measures the home bias, as seen frordetsition of C,. Therefore, it is a
measure of openness. éf =0, home consumers would not buy any foreign goofs. |
a =1, they would buy only foreign goods. The preseoica home bias in this model is

a welcome expansion compared to Obstfeld and Rsgofbdel, since, as discussed
before, home bias and border effects are stronglparted by the empirical literature.

, Home is also included. However, this is

- yi(y-1)
o vt nct <[

irrelevant, since the economy has a zero measure.

be the price index as defined and derived befsee (

! V(-p)
Let P" = (jo p(2)# dz)

Mathematical Appendix A.2) for domestically proddcegyoods. Correspondingly,
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Y(@-p)
) is the price index for goods imported from in domestic

" 1 . -
P =(]p e

currency. Then the domestic demand function fohegod is given by:

H
t

i
¢ (2 :( pItD(Z)j C for domestic goods

* —H
cf(z):(ptT(*z)] C, for goods from country .

t
The derivation is equivalent to the one in MathaoahtAppendix A.3, p. 59.

The individual optimizes his/her allocation of erdéures on foreign goods by country

V(-y)

x \ 7V
of origin, which yields: C/ :(Pp—t] C/, where PF E(E(F{)l_yd*) is the price

E
t

index for imported goods in domestic currency. Tikiglerived in exactly the same way

- yI(y-1)
as the demand function, but from the functi@h = (j:(Ct )(y g *) .

In order to obtain the last important optimal aibon of expenditures between goods,

precisely between domestic and foreign goods, am& first note that, given the demand

functions, total expenditures on home goods arergibyj: p.(2)c (2dz=P"C", on
goods from country* by E P (2)C (2 dz=P C,, on aggregated foreign goods by

I:R*C:d*=F{FCf. Then the optimal allocation of expenditures bemwenome and

foreign goods is given by:

' R’
Ct :(1_a)(t?tj Ct
E -n
o —a(Pt—j C,
R

1-

- H n E 1-n l/(l—f]) . .
where P =[(1—a)(Pt ) +a(Pt ) } is the Consumer Price Index (CPIl) (see

Mathematical Appendix B.1, p. 82). One can showt thatal expenditures on
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consumption are given by2"C" + R"C = PC,, which shows thaP is indeed the CPI.

The derivation is again done in Appendix B.1.
The budget constraints subject to which the indigldnaximizes his/her utility are

given by

[ p(@c@dz+ [ [ (26 (Ddzd* +E,[QuDyy ] = D, +WN, +T,

opt G 0 Opt G Et t+1 1 | T TNt t

where W, is the nominal wageT, denotes lump-sum transfersD,,, is the nominal

payoff in periodt+1 of the portfolio held at the end of peridad(it includes shares in

firms). All these variables are expressed in umifsdomestic currencyQ,,, is a
stochastic discount factor for one period ahead inahpayoffs. D,,, and Q_,, are

explained in more detail later on. Assume, in addjtthat the economic agents have
access to a complete set of contingent claims,etraidternationally, i.e. complete

international asset markets with Arrow-Debreu siiest Note that herel, denotes

lump-sum transfers in nominal terms, not in realitas in Obstfeld and Rogoff's model.

There the equivalent iBT,. This is a trivial fact and here it is kept in noal terms for

simplicity, as most variables in this model are nmmah while in the first model most
were real.

More importantly, observe that there is no monethi utility function as well as in
the budget constraint. This is a cashless limineany. Money is not introduced at all.
One can think of money as a unit of account, batasoan asset. Monetary policy takes
the form of interest rate rules. This noticeablffeds from the Obstfeld and Rogoff's
model, where monetary policy was executed througimges in the money supply. These
are, historically, the two main approaches usedomducting monetary policy. In recent
years money growth targeting has almost entiregnksbandoned in favor of interest rate
rules. Growth of money supply targeting was extarlgi used in the 1970s and was
widely credited for the1978-1981 disinflation pefim the United States. However, after

! The budget constraint is given with an equal g instead of smaller or equaK(, since, if the
decision problem is solved with smaller or equansifrom the first-order condition with respect to
consumption comes that the Lagrangian multipliersimoe greater than 0, as consumption cannot be
negative (the problem is solved with a bit modiflaeiget constraint, as seen shortly). This, togeilith

the complementary slackness condition, assures theatbudget constraint holds with equality sign.
Therefore, for briefness and simplicity, one caip skl these steps and start directly with the probas
given above.
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this period, money growth targets became long-ronsiclerations for the Federal
Reserve in the US and, currently, most central bdrdve adopted this approach (see
Taylor (1999a), p. 335). This is not a coincidenBeveral studies have shown that, if
some conditions are met, which is usually the ¢asadvanced economies, interest rate
rules are superior to money growth rules (see P@A®&&0), pp. 205-206 and Carlstrom
and Fuerst (1995), p. 266). Superior has differetning in two papers. In Poole
(1970), equivalent monetary policies in the two rapghes are compared by measuring
the volatility of output (the lower the volatilitys, the better). Equivalent monetary
policies means that if the interest rate is setame level (when using interest rate rules),
there is a corresponding expected level of monewtyr, and if money growth is set on
this level (when using money supply rules), theregponding expected level of the
interest rate is exactly the same as before. Tlesns that if the model was deterministic
the two policies would have been indistinguishatdee Poole (1970), pp. 203-204).
Carlstrom and Fuerst use a fully specified modéhwiility maximizing agents and then
compare different monetary approaches on utilityidba\evertheless, when inflation is
really high or negative, interest rate rules perfawvorse than money supply rules (see
Taylor (1999b), p. 661). Then again, this was hattle case in developed countries
during the last decades and, as a consequensajatmal to expect that central banks in
these countries would prefer interest rate rules.

Deciding to use interest rate rules is not equivtale eliminating money altogether.
To understand why it is possible not to introduaagy at all, one must realize that when
the money supply or the interest rate is the pdhsyrument the other one is endogenous
to the model. If the central bank uses an inter&tst rule, then it must vary the money
supply in order to achieve its desired interest tting (see Taylor (1999b), p. 661).
Similarly, a money growth rule has implications tbe interest rate. In fact, in Obstfeld

and Rogoff's model it was shown that the short-real interest rate is given by

r= —(£+ (1_'8[”)J M" and the long-run by =%. The long-run (steady state) interest

rate is determined only by the model's parametigrs discount factor), since prices are
flexible and money has no effect on it. The shart-real interest rate, however, is a
(invertible) function of the money supply. Becatise model is deterministic and there is
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no uncertain financial intermediation, the two pglapproaches are interchangeable. The
central bank can easily transfer its money supplgsrto real (or nominal, as one can
show) interest rate rules. In reality, “a fixed regngrowth rule will generally imply a
reaction of interest rates to the inflation rate émreal output similar in form though not
necessary similar in size to interest rate poliales” (see Taylor (1999b), p. 661).
However, if the central bank follows an interesenaile, it varies money supply in such a
way that the interaction of money supply with modeynand leads to the desired interest
rate. What feeds back into the model is the inter&® and it is the interest rate that
affects the model’s variables. If it is assumed tha central bank can in some way set
the interest rate to the desired levels, it is matessary to specify in exactly what way
this happens. Changes in money growth do not festt into the model and, hence,
money growth need not be computed and could agtballignored (see Taylor (1999b),
p. 661).

Another important difference between the two modelthat Obstfeld and Rogoff’s
model is, as mentioned above, a deterministic modele Gali and Monacelli’'s model
is stochastic. In the former, agents have a pefteesight. They know exactly what their
investment in assets will yield and what their atitgill be in the future (as well as all
other values of variables). The central bank mmgnprise them with an unanticipated
monetary shock, as it was modeled in part 2 ofgher, but immediately after the shock
the agents know what the values of the variabldshei in the future with certainty.
There in no intrinsic uncertainty. Only on statenature is possible. In the latter model,
this is not the case. The agents can only expeat will happen in the future. As seen
later on, in this model, the productivity of the nkers follows a random process (AR(1)),
and, as mentioned previously, there is a stochd&aunt factor. What the future value
of one of these variables will be depends on tht¢esbf nature, which follows some
distribution. The agent has some rational expeawtiatabout what might be the value and
he/she knows that the deviations from it dependhenstates of nature. However, the
expected value need not be realized, and once thexespecific realization of some of
the random variables (or processes), the decisioblgm of the individual changes.
He/she must condition his/her expectations on #wt that some state of nature has

already occurred. The view of the world in Gali &ddnacelli’s model is obviously more
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realistic, but what really makes a difference is thct that when there is uncertainty and
individuals form expectations about the future, thedel results will depend on the
expectations for the future of the economic agemtstward-looking relationships
between variables can be formed, such as new Keyné&hillips curve, where current
inflation depends on expected future inflation.sTts widely used connection, supported
by some empirical literature (see Chadha et al9%),9p. 326 and Stock and Watson
(1999), p. 327). However, there are some studieshiag the conclusion that the
forward-looking elements are not significant (se@rer (1997), p. 349).

The first two terms of the left-hand side of thed@et constraint denote total
expenditures on consumption goods. Hence, using rthesaled fact that total

expenditures on consumption goods are giveRBy, the budget constraint becomes:
RC, +E,[QuaDus | = D +WN, +T, (25)

For some of the following, Gali (2008) is used aoarce.

Notice thatD,,, is the nominal payoff of a portfolio in peridar1, not the price of a
bond in periodt. E, [QWIDH] is the price of this nominal payoff in periddLet there

be H possible states of nature that could be realizetih (it is not really necessary to
specifyH , it could be infinity as well) conditional on trstate of nature in periotl. It
was assumed that there is a complete asset matiete is an Arrow-Debreu secufity
for every state of nature. Then in order to obtatertain payoff of D,,, in periodt +1,
the agent must buy,,, Arrow-Debreu securities for each possible stateaifire. Let
the price in period of an Arrow-Debreu security b¥ ., (h), where h is the state of
nature for which the security pays a unit of cucsem periodt+1. Then the price of a

portfolio in periodt risklessly yieldingD,,, units of currency in periodi+1 is given by

Vi (h)
g(’(,t+1(h)

H
Z\/t,Hl(h)DHl or, equivalently,E(( DHJ’ where ¢, ,,(h) is the probability that
h=1

2 An Arrow-Debreu Security is an one-period secufiigt yields one unit of currency in the periodeathe
purchase of the security, if a specific state dfiroccurs in this period, and nothing ,if anyesthtate of
nature occurs.
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state of naturéh occurs conditional on the state on nature in petioHence, the one-

\[(,t+1(h)
ft,t+1(h) .

The domestic individual maximizes (24) subject 28)( which yields the two first-

period stochastic discount factqy,,, is defined asQ, ,,(h) =

order conditions (see Mathematical Appendix B.284):

ons - W,
C, Nf’th

t

1 P(Cu)’ |
g Et[Qt,m]E‘[E( ctj ]‘1

In order for these conditions to be indeed maxingzit is assumed that the individuals

are constrained by a no-Ponzi-scheme condition.

Vi (h)
g(t,t+1(h)

periodt of a portfolio consisting of one Arrow-Debreu setufor each state of nature,

H
:Z\/tm(h), this means that this is the price in

h=1

Notice thatE | Q. |=E, (

i.e. a portfolio yielding riskless one unit of cemcy in periodt+1. Then the nominal
_r
E[Qua)

This might look different from the setting in Olddtf and Rogoff's model, but the

riskless interest rate must be given U:Ezt[Qt’Hl](lHt):l. Hence,1+i, =

nominal interest rate is exactly equivalent. In fingt model in this paper, the individual
is buying a portfolio (of bonds) for a nominal giof RF, in periodt, which yields

P,,@+r)F in period t+1. Therefore, the nominal interest rate is definesl a

@A+i,)PF, =R,,(1+r)F, , or as stated beford+it=%(1+rt). In the currently

t
discussed model, the individual buys a nominal fpbot (of Arrow-Debreu securities)
1

for E,[ Q... ] and gets 1 in the following period. Henceti, = ————.
E[Quu]

Generally, the two asset markets, one with riskiessds and one with a full set of
Arrow-Debreu securities, are not equivalent. Assigrthat there is a complete market
for a full set of Arrow-Debreu securities is a siger assumption than assuming there is a
riskless bond. As discussed, one can always ceedaskless bond out of Arrow-Debreu
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securities by just buying securities for each stdt@ature. However, when there is an
uncertainty, the Arrow-Debreu securities can previtsurance against unfavorable states
of nature, which the riskless bond cannot. WithatwDebreu securities, the individual
can not only smooth consumption intertemporallyt blso across different states of
nature. In Obstfeld and Rogoff's model, howeveg tvo assumptions are equivalent,
since there is no uncertainty, i.e. there is onhe state of nature. Arrow-Debreu
securities are totally unrealistic, there are nchsassets in the real world. On the
contrast, one can think of some real world finahassets as riskless (if not perfectly
riskless) bonds, such as US Treasuries or GermawdBdoth models assume perfect
financial capital markets. This assumption doestenaeven though there is no capital
accumulation in these models. For a list of studieg show the major effects of asset
markets imperfections on the current account, &turtput, etc. for models with capital
accumulation see Antras and Caballero (2009), p. E@en when there is no investment
in fixed capital, and only consumption, financiapdal imperfections limit how much
individuals can smooth consumption, thus possibifecing the current account,
consumption, output, etc. (see Obstfeld and Rad®®6), p. 359).

1
E, l:Qt,t+l:|

B+, {%{%} ] -1

Then the two first-order condition can be log-lineed (in the case of the second, a log-

Using1+i, = , one can rewrite the second first-order conditien

linear approximation), (see Mathematical Appendig,B. 86):

o W
CINP=— = oG +4n =w - p, (26)

t

. P(C.) |_ _ 1,
BA+i,)E, {?;{é_tj ]_1 = &= Et[Ct+l] _;[lt - (7'4+1)—,0] (27)

where small case letters denote the natural |dgastof the respective variables, is
still the nominal interest rate (not the logk = p, — p._, is the CPI inflation, and

p=-In. Note thatc, #c,(z) and p, # p,(2).
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Next, define the bilateral terms of trade betweamid and country * a§ =% ,
t
i.e. the price of country * goods in terms of dotreegoods. Then the effective terms of

F

1y )
trade are given by§ :% =D:(S) d*} , which can be approximated (up to first
t

order) by log-linearizing around a perfect-foresigfymmetric steady state. This
symmetric state is derived later on, as, in ordesdlve for a symmetric steady state, the
model should be fully specified (more relationshigse, the firms’ side, and equilibrium
conditions). It is a lot more convenient if theat@nships are now log-linearized with a
leap of faith, than postponing it after the symneetteady state derivation. Furthermore,
after discussing the Obstfeld and Rogoff's modethbuld be straightforward to see that
there should be such a steady state. In fact, yh@netric steady state is basically

equivalent. Again, all countries are assumed tosiemetric (for both firms and

households), there are no foreign assets (beféye F, =0), and no government

spending, as here there is no government at dbre, =G, =0). The last feature of

the steady-state, perfect-foresight, is again shhyeboth models. In the first model, it is
the general setting. In the currently discussedahatlis corresponding to assuming a
fixed and known (and symmetric) technology of prat¢hn for firms in all countries.

Therefore, as in the first model, in the followingariables denoted with subscript O

concern this case. In this symmetric steady stade Rurchasing Power Parity (PPP)

F
holds, i.e. P/' =P/, and SO=%=1:SS for all*0[0,1]. Then (see Mathematical

0

Appendix B.4, p. 87):

pF YR () .
$=$=[L(S) d } = s=pf-p'=]sd
The price index can be linearized around the ststatg as well:

i} @)
R=|@-a)(R) " +a(R)7 ] = m=@ap o

where small case variables are the natural logastiof the corresponding normal

variables.s is called the log effective terms of trade.
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Combining the two equations above gives:
p=@-a)p’ +a(s+p')=p' +as
Define domestic goods inflation ag' = p' — p,. Given the above equation, the
following must hold: 7z = 7" +aAs . The difference between CPI inflation and domestic

goods inflation is proportional to the percentagemember that the variables are in
logarithmic form) change in the terms of trade. Thefficient of proportionality is given
by the coefficient of opennesgs.

As in Obstfeld and Rogoff's model, it is assumedttthe law of one price holds:

P (2) =E p,.(2) for all z*0[0,1], where p;(2)is, as before, the price of country *'s
good zis domestic currencyE, is the bilateral nominal exchange rate (the pote

country *’s currency in terms of home currencﬂ}(z) is the price of county *'s good
zin terms in country *’s currency (the producer’sremcy). As previously,

p@=Ep.( = R=ER.,

)1/ (I-p)

where P, = (E( p.. (z))l_” dz (the result is obtained by just factoring d&jt).

Plugging this into the definition o™ and log-linearizating around the steady statesgive

(see Mathematical Appendix B.4, p. 87):

1

P’ =f9$d*+j(pi,*)d* =g +p'

0 0

where,p” =InR™; e =InE; p. Ej:(ln p’;*(z))dz, which is the log domestic price

1
index for country *; e qu*d*, which is the log nominal effective exchange rate;
0

1
P sj( P~ )d* , Which is the log world price index. For the wbds a whole, there is no
0

difference between CPI and domestic goods pricellevor for the corresponding
inflation rates, because gf = p' +as (when aggregated among all countries, the terms
of trade cancel out).

Combining the above result with = p7 - p', gives:

-32 -



s=e+p'-p’

* *P*
Let B = SR

be the bilateral real exchange rate with countryNdte that here the
t

notation is a bit different than the one used lfier ©bstfeld and Rogoff's model. Roughly
said, variables with superscript * are concerniagntry * from the perspective of Home
or are concerning some bilateral relationship betwildome and *, while variables with
second subscript * are concerning country * fromardoy *’s perspective. The notation is
used like this, since any possible approach coatda fully consistent with the one used
in Obstfeld and Rogoff's model and variables fromanht’s perspective are used a lot

more often and, hence, for convenience they arertievith a superscript. TherefoRg,

is the CPI index of country * in country *'s curltan(F{f* is the price only for goods

produced in country *, not the whole CPI). Let fbg real effective exchange rate be

given by:h Eﬁb{d* , Where, as usualy =In B . Then:
o} :j:tfd* :J':(q + P~ pt)d* , recall now that for the world as a whole, thesend

difference between CPI and domestic goods pricel |@e.p,” = jol( pt,*)d* .
h =g +p"-p ,using the fact thag =e + p" - p" gives:
h =s+p" -p ,and using the approximation = p' +as results in:
h=@0-a)s. The log real effective exchange rate depemdg on the log effective
terms of trade and on the coefficient of openness.
Since international integrated complete asset nisike assumed, it must be that the

Arrow-Debreu securities have the same price eveeygthThen some foreign country

faces the same first-order optimization conditisrHoame:

V, . . .
2 .cy =gﬁ't+1,80{f{f#, the only difference is that the price of the Awro
E-R- SEPL

Debreu security is defined in Home currency andrespondingly, it pays one unit of
Home currency in the following period. Thus, bothush be converted in foreign
currency. The dependence on states of nature ppddohere, since the equations must

hold for any state of nature and it is irrelevasthich one the derivation is done. This
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R. Ci. E.
P.. C7 E..
for home and the definition of bilateral real excpe rate gives (see Mathematical
Appendix B.5, p. 90):

expression can be rewritten a%), ., = 8 . Combining this, the condition

* . \Vo .. . L L. .
C =9 Ct,*(Bt) , Where is a constant depending on the initial conditionsthout
loss of generality one can assume identical ing@idition — no net foreign assets and
identical ex-ante environment, i.e. the steadyestatnditions. Then$ =1 for all *.

Furthermore, as shown later, in the steady sGteC,, =C". Taking the natural

logarithm of both sides of, =J°C,.. (Bt )M and the integrating overgives:
w. 1 w 1-a . . . : o
C =¢ +Eq =C +7§, using b =(1-a)s (which is again an approximation),

wherec” =jol(cm)d* is the log index of world consumption.

Therefore, because of international integrated deta@sset markets, home consumption
can be fully described by world consumption, themt of trade and the index of

openness.

3.2 Firms
There is a unit interval of firms in Home, eachquoing a differentiated good with a
linear technology given by the production function:

Y,(2) = AN,(2), wherez is the firm (which produces good), anda, =In A follows

an AR(1) process, = p,a,_, +&,, whereE, [gt] =0. Then the log real marginal costs are
given by:

mc =-u+w —p —a, wherev=-In(1-r), 7 is an employment subsidy, which is not
necessary for the purposes of this paper, but akencase of Obstfeld and Rogoff's
model the analysis is kept authentic. To obtain rs@ marginal cost, just take the
derivative with respect td\, (z) of the total cost function, which is the labor died by
its productivity, times the real home wage, andesmne minus the employment subsidy,

and then take the natural logarithm. The productemhnology is, obviously, different
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from the one in the first model, since here thedpoer can only expect, but not be
certain, what he/she will be able to produce irufeitperiods given some resources
(labor), while in Obstfeld and Rogoff's model thadividual (who is also a producer)

knows exactly how much output will come out of hex/ future effort.

Hl(p-1)
Define Y, E(Eyt(z)‘”‘”’”dz) , an index of aggregate domestic output, which is

analogous to the index of domestic consumption golidtice thatN, = J'Ol N, (z)dz, then

the index of aggregate domestic output can be itmgptized around the steady state,

giving (see Mathematical Appendix B.6, p. 9y):=a +n,

In order to finish with the supply side specificatj one must determine how prices
are set. This model assumes Calvo pricing as tediy Calvo (1983), which means that
in each period a constant fraction of randomly cek firms from the unit interval of
firms can set new prices. The remaining fractiorstratick with their old prices. Let a

fraction of 1~ be able to set new prices, Whenﬂ][o,]], correspondingly, a fraction

of @ must keep prices unchanged. The probability fehdam to be able to set a new
price is unaffected by what happened in the pastjtidoes not matter how long ago the
firm was not able to re-optimize, the probabiliti keeing able to do so in the current
period is still . In order to justify price stickiness, one can tguihe same factors as
in part 2 of this paper. However, one must agaky dshis is a proper way to model

price behavior. It was shown that the way priceatyits are modeled in Obstfeld and
Rogoff's model is not consistent with the empirieadidence. Recall that in the first

model all prices are fixed for one period and th#radjust. In terms of the setting here

this means thai will not be a constant, but rather =1 and «,,, = 0. If the period is a

year, the average period a price stays fixed isaa, ywhich is roughly consistent with the
data, even if the dynamics are not. What abouttimeent model? There are many ways
to check if it is consistent with price dynamicyanw and the length of the period. If
the period is a quarter one must look at what iivacof the prices change every quarter.
As already stated, Blinder finds that 15% of prickange more frequently than quarterly
(see Blinder (1991), p. 93). Thatis w = 0.15 and @ = 0.85. All the studies mentioned

in part 2 find that the average period prices $itegd is somewhat longer than one year.
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What is the average period prices stay fixed inGlaé/o model? Notice that in the first
period I-w of the prices change, the length of their periethdy fixed is 1 period. In the
second period 4w of the remaining fractiontw change, the duration of their period

being fixed is 2 periods. By continuing, one caa g&t the average period a price stays

fixed is given by(l—w)(1+ 20+ 30° + 40° ) or (1-w)Y k™. To calculate this
k=0

. . - 1 . . . .
sum, just notice thaEw" :1—, asw <1. Differentiate both sides with respectdo:
k=0 -

ka"‘l = a L 7 Therefore, the average time a price stays firetthé Calvo model is
k=0 -

given byli periods. If the period is a quarter ad=0.75, prices remain fixed on
-w

average for a year. More serious econometric stuctecerning the value @b exist.
Gali and Gertler estimate the valueaf(there 8, which is usually used, but in this paper
@ was already used for something else) and obtaialie of 0.8 (see Gali and Gertler
(1999), p. 210). Eichenbaum and Fisher performxa@nsive analysis. In their main case
scenario, they obtain values between 0.83 and @&8nding on the data (GDP deflator
or price deflator for personal consumption expamdi) and on the time period (first
part and second of observations, and full samgleg Eichenbaum and Fisher (2007), p.
2040). Then they perform a series of robustnesgkshéy varying the econometric
model (estimating tens of models), and get a widkerval of values forw, from 0.56 to
0.89, with most values cluster around 0.75-0.8@ Gehenbaum and Fisher (2007), pp.
2044-2045). To conclude, the Calvo pricing mightapgficial, meaning that there is no
economic reason backing the assumption that fimeg pheir products in this way, but it

fits extremely well the data. One can see that atmabl the studies approximately agree

with each other for a quarterly Calvo pricing with][0.75,0.85.

Under Calvo pricing a firm will optimally set priseby a rule that can be the log-
linearized so that (see Mathematical Appendix B.B2):

pl' = h+ (1-@B)Y (@) (L),
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where p" is the log newly set domestic pricex),, =InMC/, =In(1_Aﬂ the log

nominal marginal cost, antl= In(ij.

H=1
For future references, it is useful to derive ormerequation from the optimal price

setting. This is as well done in Mathematical ApgigrB.7:

7 = BE (7)) + A(me, +7) (28)

where A E@(l—mﬁ) (note that1 is not a Lagrangian multiplier)
w

3.3 Equilibrium
In equilibrium supply and demand for Home goods trhes equal. For a specific
good z this means:

1
%@ =¢"(D+] ' (2d*
where the first term on the right-hand side gives home consumption of home goods
and the second term gives the consumption of hoooglg from all foreign countries.

Using the demand functions and allocation relatipss obtained before, one can rewrite

H

—H -n
this equation. Note thatq(z):( plf_)(z)j Cc' andC :(1—a)(%j C,, combining

H
t t

—H H -n
these two givesc,(z) = (1—a)( p;:(HZ)j (%} C, . The easiest way to find the second
t

t
term is to see what the demand of Home for a dpefafeign good is, and then just

rewrite it from the perspective of a foreign coyntwhich is possible because of the

* —H
assumption of symmetric preferences across cosntdetice thatc, (z) :(QT(Z)j C

t
t

« \7V EN\7
C :(%j C/ andC’ :a(%j C, . Combining these gives:

t t
* F
P

* “H -y -n
¢ (2 =a(ptT(*Z)j (P—‘Fj [%) C, . Rewriting this for foreign country leads to:
t

t t
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vy (p@)( R (REY
C”(Z)'( P J (E:R,'i] (P] o

Then the equilibrium relation for goodl is given by:

(0@ |, (R (R V(R . .
o5 ool ) ot G

R
In order to obtain the equilibrium aggregate domestitput, one must substitute the

above equation into the definition of aggregate ést output
Hl(p-1)
Y, :(j:yt(z)(”"l)’”dz) , Which eventually leads to (see Mathematical AppeRds,

p. 99):

v :(%j C [(l_a)_l_aj-:(sms:)y-ﬂ (B: )17—1/0 q *}

t
After specifying the model in its entirety, it iswm@ossible to derive the steady state
around which some of the equations above are |@glined. This is done in
Mathematical Appendix B.9, p. 100.
Now that the symmetric steady state is obtained,camelinearize without leaps of
faith the equation giving the equilibrium in thendestic goods market. The result is (see
Mathematical Appendix B.10, p. 104):

Y =G +ays +a(n-£}h =g +5
o o
wherew=ogy+(on-1)(1-a).
For each country *, a similar condition hold, i¥. =c,. +%)§* for each *. In order to
PR TR

obtain the world goods market clearing conditiong anust aggregate over all the

R = S = SRR s (/) 31 _ (! oW o :
countries:y, =IO Y, .d —J‘Oct,*d +7IO§,*d* —J‘OCV & =¢”. Note that here it is again
1
used the fact thaﬁq*d* =0. Using this, and a previously obtained result,
0

G =¢" +1_—a§ , to plug into the linearized home goods cleariogdition, gives:
o
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Y, :Ct+%)st :th+1_—ast .4.%)5t :y""+_:|'st
' o o o ‘oo,

o

whereg, = oo
-—a+aw

The results just obtained allow the linearized Eabguation (27) to be transformed in the
following way (see Mathematical Appendix B.11, p. 05

Yi = Et [yt+l] _Ui[it - Et (77£1) _p} +a®Et I:Aytvx-l}

where®@ = (gy-1)+ (on-1)(1-a)=w-1
It is interesting to observe that the sensitivitly autput to interest rate changes is

influenced by the degree of openness, @s= g = g -_9g

l-g+aw 1+a(w-1) 1+a®’

©>0, an increase in openness raises the sensitivilye 7, gets smaller. In this case,

if the interest rate is increased, there is antemdil, to the direct negative effect on
demand and output, negative effect of real apptiiecigwhich makes consumers shift
their demand towards foreign goods). The effectgnitude is reduced by an increase
in the CPI inflation relatively to domestic inflah (which makes consumer allocate more
expenditures on home goods.), but not enough.
: 1 P . .
Let the current account be defined es =7(Yt —P—LCt) in terms of domestic
0 t
output, as a fraction of the steady state outpatil@ly to the approach in Obstfeld and

Rogoff’s model, where the current account was gibgn%). P"Y, =PC, implies
0

balanced trade. Linearizing this expression isegsiitaightforward, additionally, recalling

that p =p' +as, then ca =y, —-c¢-as. Modifying the expression, using

Y, =¢ +%’§, gives:ca, = a(%)—ljs . The current account depends only on the terms

of trade and the parameters’ values. Notice that vﬂenl which is possible, there is
o

always balanced trade. This is quite strange, asttieecurrent account is independent of

the policy makers. There was no such situation intf@losand Rogoff's model, where
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the current account is always affected by a changmlicy. If it is predetermined that
there is always a balanced trade, the model is usdyiampaired. There will be no
international net capital flows with resulting tragrsf, thus the possibility that a monetary
shock has a longer affect (or in this model, stesregffect, as with Calvo pricing, some
prices stay theoretically forever fixed) than fdretperiod that prices are fixed has
vanished. Furthermore, if this is the case, theehddparts from reality in a noticeable
way.

The dynamics of domestic inflation are describedHgypreviously derived equation
(28): ' = A&, (7;'11)+/1(mct +7), where A E@(l—wﬂ). The real marginal cost is
w

given by:mc, =-u+w, - p' —a, as previously shown. Add and subtraut
me, =—u+(w, — pt)+( p - pt”)—at , remember thatp, = p” +as and equation(26)

oc +¢n =w, — p,, which assures labor market clearing.
w 1—a
mc, =-U+0G +¢n +as —a, now usey, =g +n andq =g +7§

mc, =-u+0ocq” + ¢y, +(a+al_—aj§—(1+¢)a[, world goods market clearing ensure
o

thatc” =y,".

me, =-v+oy +gy, +5 -(1+¢)q

The marginal cost increases with output and decseas#h productivity. These two
effects are obvious and equivalent to their coyras in the closed economy setting. In
open economy setting, however, the marginal cost ialsreases with world output and
the terms of trade (when treated separately, dgif are not connected). Both variables
influence positively the real wage through the weattect on labor supply resulting
from their effect on domestic consumption.

Finally, usey, = y," +ist to eliminates from the equation:
o,

me =-v+(0-0,)y +(@+0,)y, ~1+9)a (29)
Here, one can see even better how the different blasaaffect the marginal cost.

Domestic output affects the marginal cost througlnitpact on employment (captured by
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¢ ) and on terms of trade (captured &y). World output, as discussed, affects marginal

cost through its affect on consumption and, thusthe real wage (captured &y and,

now, on the terms of trade, again capturearpyRecall thato, is a function of the
coefficient of openness. It is not clear if worldput raises the marginal cost or not when
terms of trade are treated as endogenous, aséhdsmn the values @f, ando .

The output gap is defined ag=y, -y, where y;'is the log natural output, which
means the output when prices are flexible. To obtdiruse the obtained fact that under
flexible pricesmc, =-# and plug into (29), which gives (see Mathematicapémlix
B.12, p. 106):

Yy, =Q+aWy" +la
v-h 1+¢ L Q0o

r = a

p+o, p+o, p+o,

where Q =

Furthermore, combining equations (28) and (29)s(iderived in the same appendix
B.12.) yields the so-called New Keynesian Phillipsv@uiNKPC):

7" = B (78h) + K% 30§
wherek, =A(¢+0,)

The degree of openness affects the sensitivityomhestic inflation to the output gap

again througho, . The output gap affects the inflation rate byitpact on employment

(captured byp ) and on the terms of trade (capturedby.
. . 1r. w .
Finally, modify vy, =E,[Y,.] _U_a[lt -E (7 )—p] +a©E,[Ay),| to obtain a

dynamic IS-type of relation in terms of the outgaip. This is again done in appendix
B.12.

X :Et[xﬁl]_a_i[it_Et(n:il)_rn] (31)

a

where r"=p-0,l(1-p,)a +a(®+kIJ)EI[AytV11] is the natural real rate of interest.

One can see that this is the natural rate of intéres the fact that if there is no output

gap, i.e.x =0 for all t, output is always equal to its natural level, itsmbe that
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i, —E, (7;'11) =r" for all t (note that according to the Fisher identity E, (m'il) is the
real interest rate).
Equations (30) and (31) construct the non-policycklof this model. They involve

two endogenous variables, the output gapand domestic inflation 7', and one
exogenous variable — the nominal interest rat&Vorld output is also exogenous, but it

is treated more as a parameter than as a varianeHere on, since it cannot be affected
by Home’s policies. In order to complete the modehust be specified how the central

bank determines the nominal interest rate. As ajreligtussed, the market for money is
ignored in this model, and it is assumed that #rral bank can set any nominal interest
rate it wants, without specifying exactly how it amles that. Immediately, the question
why does not the central bank choose a futer” arises. Surely, therx =7z' =0 for

all t is an equilibrium. There are two problems with thike, the first one concerns the

real world, the second the particular model. Fite, natural rate of interest is, in reality,

something that is not usually observable, thus litard for a central bank to follow such a

rule. The more serious problem is, however, thahis model, even if the central bank
knows exactly what" is, this is not a rule that can be followed mectbalhy. This is the
case, ax = 77" =0 is only one of the possible equilibria, and inis unique. Multiple

equilibria must be avoided, otherwise the modeldasensical. In order to understand
when there are multiple equilibria and when thera isique equilibrium, let the central

bank follow a Taylor rule, as proposed by Taylor93p (see Taylor (1993), p. 202).
i, =p+h ' +hx +d This is the most famous and used interest rdee fithe non-

negative parameterr. and h, show how strongly the central bank reacts on,
correspondingly, inflation and output gap. L&t= p,J5_, +&’, p,0[0,1) ,be an AR(1)

process, which represents an exogenous disturbaaecéhe monetary shock. Then the
whole model is described by the three equations (3@) and the Taylor rule:

7" = B (78h)+ K%
X = Et[xt+l] _Ui[it _Et (nﬁl)_rn]

a
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I, =P+ +hx +4
Using the Taylor rule to eliminate the interest ratam equation (31) transforms the

system into:

4 ='8E‘(77:11)+Kaxt
X =E¢[X[+1]—Ui[,0+hnn{* +h X +5t‘E¢(77ﬂl)—r”]

A system of two expectational difference equationgréssing the system explicitly and

stating it in matrix form gives (see Mathematicalp&pdix B.13, p. 107):

PR

where:

_— ag, 1-h, b= 1 _ _ 1
TN ok, Kk,+BO,+h)) T T Tk, " T7 g, +h +k,h,

Now, one can discuss the problem with multiple equéibThe problem is that botk

and 7z' are non-predetermined (jump) variables. Therefitve solution is unique if and
only if both eigenvalues of\, are in the unit circle (see Blanchard and Kahn Q}.98.
1308). For exactly this problem, the necessarysaiificient condition for this to hold is
given by: «,(h,-1)+1-8)h >0 (see Bullard and Mitra (2002), p. 1115). After
establishing this fact, examining the proposedrésterate rulg, =r" shows that it is just
a special case of the general formula of the Taylte. However, in this special case it
holds thath, =0 andh, =0, thus«,(h,-1)+ (1-8)h, =-«, < 0.

In Obstfeld and Rogoff's model a permanent moneyckhe modeled, that is here
equivalent to a permanent increase of the inteatést However, there is a key difference.
In the first model in this paper, the central baldes not react on any developments in
the economy. Its monetary policy is totally exogendHere, this would correspond to a
policy with h, =0 and h, =0, e.g.i, = p+J,, where J; is the increase, but, as it was
just shown, such a policy cannot be used in GaliMadacelli’'s model. In the currently

discussed model, an active central bank must beel@dd which responds to the
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economy developments. If there is a shock throdglthe interest rate does not change
by J,, but also accounts for the central bank’s endogemesponse to changes in the
output gap and the inflation rate. Qualitativelyerdhshould generally not be a difference,
but, quantitatively, the results could be quitdedi#nt. One can again quote John Taylor,
as earlier in this paper: In reality, “a fixed mgngrowth rule will generally imply a
reaction of interest rates to the inflation rate émreal output similar in form though not
necessary similar in size to interest rate polides” (see Taylor (1999b), p. 661). One
must keep this in mind when analyzing the results.

In order to find how variables react to a monetdrgck, it is useful to eliminate all
other shocks, otherwise the effects of the diffesddcks would indistinguishably mix.
Assume that the change in world output is zero. Eantlore, assume that monetary
policy does not affect the natural level of outpatl this level stays the same (equivalent

to assuming that the technology of production stagssame). This assumptions imply

r" = p. This is, because

r"=p-0,l(1-p,)a +a(0+W)E | Ay, |, asdy), =0, this turns to:

r"=p-o,l(1- p,)a . It was assumed thadty;,, =0, but y' =Q +aWy" +I'a, and

Vo = Q+aWy;, +la,,, combining these two giveay,,, =TI (p, —1)a . Hence, it must
be thatr" = p. Note that the fact thaf (o, —1)a, =0 implies that technology stays

constant.

The system of equations that must be solved fond 77, is given by:
" = B (78h)+ K%
1 n
X[ = Et(Xt+1)_0__|:p+hﬂn£H +h><xl +a—t _Et (dil)_r :|

a

The solution is found again in appendix B.13. ketmathe following form:
X = _(1_,8:0(5) HJO;

n;H =_K0H65t

whereH = L >0

(- B, o, @- ps)+h ]+ (.- o5 )k,
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A contractionary monetary shocle{>0) affects both the output gap and the inflation
rate negatively. Notice thdd ; is decreasing in both_ and h,, and hence the effect of

the shock is decreasing in them. Therefore, ifdéetral bank reacts strongly to both
deviation of output and inflation, it would stabdizhem a lot faster when there is
monetary shock. There is no tradeoff between iwmihatistabilization and output
stabilization when stabilizing a monetary shock. ©pémal thing for a central bank that
faces only such shocks is to have as strong amesys possible.

It is now fairly easy to solve for all other variablin the model. The most important
step is to realize that, since the natural levebuaftiput is unaffected by the monetary
shock and stays constant, the response of outptthes that of the output gap.
Furthermore, the results below are responses tmtmetary shock, the deviation caused
by the shock from their value before that. Somaabdes may experience permanent
changes, some might revert back to their origieatl. This is not equivalent to the “hat”

notation used in part 2 of this paper, since thébées are still the logarithms. Note that

a single one period shock is modeled, &8 0 in periodt and &’ =0 in later periods.

Therefore, sincey, = ;" +i§, the effect of the monetary shock on the termsaufe is
o,

a

givenbys =o,x =-0, (1—,8,05) H ;0. . Here are the effects on the following variables

w w
=a| Z-1|g =-a| £-1]|0, (1- Bo,)H,3,
ca, a(g Jst a’(g jO’g( Bos)Hs0
=71 +als =-k,H0, —ao, (1- Bos) H,AQ,

6 =y~ 925 =~(1- Ao, .8 + 220, (1- o), = - 1920, |(1- o) M.

b =(-a)s =-0,(1-a)(1- Bo,)H,0

Froms=g+p'-p' = 0§=48-7 =-0,(1-Bos)H,A0 —K,H,0
i, = p+h ' +hx +d =(1-hx,H, -h (1- Bo,)H,) 3

r, =i, ~E (72%) = (1-ha,H, —h (1= Bo,)H,) & +K,H 0., =

:(1_hnKaH6 —hx(l—ﬂpd) H6)+K0H61065t :(1_ h, =05 y(aHJ_hx(l_:de) Ha)a_t

—



As seen from the equations above, an expansionanyetawy shock £’ <0)

increases consumption by less than output, becalusedeterioration of the terms of
trade. The intuition behind this is straightforwad@iven an expansionary shock,

F
becomes largers is the logarithm of§ =%. That is, the relative price of foreign
t

goods increases. This is the case, since an exyangi shock increases home output,
while the outputs of foreign countries stay the sahterefore, the relative price of home

goods decreases with the effect dependingyorhe elasticity of substitution between

home and foreign goods. A lower relative price of bogoods means that the real
amount of goods home consumers can buy from thenteyof their exports falls. Hence,
the consumption does not increase as much as oétpother important thing to note is
that CPI inflation increases faster than home goodkation, again because of
deterioration of the terms of trade. The effects &owever, more easily seen when the

model is simulated and plotted, as displayed im#ad part of this paper.

4. Assessment

In this section, the two models’ results are comghate each other and to the real
world data. In order to perform the comparison quaintely and not only qualitatively,
the two models must be simulated. This also makesgtfalitative analysis easier. Before
simulated, the models must be calibrated. In obtgithe parameters’ values, various
microeconomic studies are used and, generallymi#ie case scenario for the estimated
value is chosen. Studies or cases in a study thatextreme values for a parameter are
avoided. The parameters are assigned the follonahgeg taken from the quoted studies:

£ =3.846, since from the money demand equations (12) a8 (he can calculate
that:

1 . 1

~

E= 1+
(interest elasticity of money deman(d) @grast elasticity of money demar

for smalli (even ifi is 0.1 (10% interest, which is quite higla),becomes 4.23. The later
obtained results are quite robust in terms of plailsameter and, thus, this approximation

is not of a great importance). Hafer and Hein esematerest elasticities of money
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demand for different periods in the US. Here, tlestimation of 0.26 is used (see Hafer
and Hein (1984), p. 251). This gives= 3.846.
£ =0.955 which is the annual discount factor. Coller andllidfms find that

individuals discount payoffs, which are one yeathe future, by a rate between 4.08%
and 5.13% (see Coller and Williams (1999), p. 1H&xe, a 4.5% is chosen. Note that an
annual discount factor of 0.955 means a quartesigodint factor of 0.989.

0=u=y=1.88, the elasticity of substitution between all goodsQbstfeld and

Rogoff’'s modeld, is assumed to be equal to the elasticity of switsin between goods

produced within a countryy/, and the elasticity of substitution between gooaslpced
in different foreign countriesy, in Gali and Monacelli’'s model. This is the casecs

the value for@ is obtained from a study examining goods in gdn@hgoods, foreign
and home, making no difference between the twan &bstfeld and Rogoff's model),
and there is no logical reason why consumers shioaN@ different, from the general
case, preferences when they consider goods fromsaime country or that they should
favor some foreign country’s goods instead of tbeds of some other foreign country.
The value is taken from a paper that studies pelasticities of demand (recall that for
these particular functions (CES functions of thype the elasticity of substitution
between goods is also the price elasticity of demafdnot-extreme value of 1.88 is
chosen (see Tellis (1988), p. 334).

n =0.81, consumers do, however, differentiate between darand home goods in

the real world. There are many studies examining phenomenon and they always find
lower elasticity of substitution between home andeifgm goods compared to the
elasticity of substitution for all good. Here thduais taken from a study by Blonigen
and Wilson (see Blonigen and Wilson (1999), p. 8).

n=0.23, which is roughly the size of US GDP relatively to lWdd&DP. The biggest
economy in the world is chosen for the size of Hom®bstfeld and Rogoff's model,
since if the model is interpreted as “Foreign egubk rest of the world”, changes in
policy of a small country have negligible effects Boreign and much of the insights of
the model are lost. Furthermore, the effects oklgor policy on Home are unrealistically

strong (mainly because there is no home bias snnttudel).
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h,=1.5andh,=0.5, the strength of the reaction of the central b@anikflation and

output gap in Gali and Monacelli’'s model is set H#ane as Taylor estimated it in his
initial contribution (see Taylor (1993), p. 202).

a =0.55, which is the coefficient of openness in Gali andnisicelli's model. A
value of 0.55 corresponds to a rather open economy.

w =0.8, which agrees with the already discussed studiesecoimg quarterly Calvo
pricing. This particular value is found by Gali a@értler (see Gali and Gertler (1999), p.
210).

p5s =0.933, which measures the persistency of a monetary shidok parameter’s

value is calculated by using the fact the half-lffiea monetary shock is found to be
around 10 quarters (see Christiano et al. (2005)1p The effect of a monetary shock is

precisely halved after 10 quartersaf = 0.933.
The last two parameters that must be determinetharenes from the utility function

00 |:Cl—0' _ Ntl+¢

_t

in Gali and Monacelli’'s modelu =E !
O 1-0 1+¢

] It is assumed thap =1, a
t=0
guadratic loss from labor effort, just as in Obstfehd Rogoff's model, and that=0.9.
For the latter parameter, a value different from ¢hosen, since, although a value of one
corresponds to the logarithmic case, similarly tost@¥d and Rogoff's model, it is a
particularly special case, and there might be samseghts that occur only for this
situation. As the model is solved for the generakgit is practical not to restrict it only
to the logarithmic one.

One must stress that this is not a proper calibrats the values are taken from
across the literature. To be fully consistent onstimnvestigate what the values of all the
parameters for one single country are. For examplepuld be quite possible that no

country that is that opena(=0.55), pursues such a monetary policl, €1.5 and
h, =0.5), even though both phenomena are separately askefhis argument can be

extended to many of the parameters’ values, evemiies that depend mostly on human
nature. Unfortunately, an estimation of all theseapeeters for a single country at a

single point of time (as parameters change ovee)tiis out of the scope of this paper.
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Therefore, with this disclaimer note, it is assunibdt such countries, as the ones

described by the parameters above, exist.

Deviations of Output, Consumption, Exchange Rate an  d CPI
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Figure 2: Effects of a permanent one percent increase in haoreey supply on Output,
Exchange rate, Consumption and Consumer Price Level

Figure 2 shows the effects of a one percent incréadgome money supply in
Obstfeld and Rogoff's model. Figure 3 displays thmautation of a unit expansionary

monetary shock £ =-1 and £’ =0 for t>1) in the setting of Gali and Monacelli's

model. Before comparing the models’ results, it trhes again stated that oranges and
apples are compared. In the first model, the cebhtrak does not react to developments
in the economy, while, in the second model, thereéiank actively interacts with the
economic environment. Therefore, the effects frome tmonetary shocks are not
equivalent in magnitude. Only the relative sizevad tvariables in one of the models can
be compared with the relative size of two variabfethe other model, e.g. consumption
rises by some fraction of the increase in outpuDbstfeld and Rogoff's model and by
some other fraction in Gali and Monacelli’'s modeheTsheer fact that output increases
by 1.7% from the steady state in the first perifidrahe shock in Obstfeld and Rogoff's
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model and by approximately 0.7% in Gali and Mon&sethodel does not yield further

information concerning the comparison between tbdets.

Dewiations of Output, Consumption, Exchange Rate and Inflation
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Figure 3: Effects of a unit expansionary monetary shoeK £-1) on Output,
Exchange rate, Consumption and Consumer Pricdiilzate.

Furthermore, Obstfeld and Rogoff's model is simuddig setting one period equal to
a year, otherwise (one period = one quarter), asaayr discussed, the price dynamics
does not make sense. Moreover, the results wouljulie strange, since the short term
effects of the shock would disappear after only guarter. Gali and Monacelli’'s model
is simulated on a quarterly basis, as typical tmhsmodels.

The most notable difference is in terms of the n&déynamics. As, in the first
model, prices are fixed only for one period, thapr displays kinks and the economy
converges from the short-run state to its longsteady state for just one period. In the
second model, the economy converges slowly to thg-tan steady state. However, in
both cases there are only two phases after the sttwekirst phase, which displays the
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increases after the shock and is equal to one gpé&ioboth models, and a second phase
of convergence to the long-run steady state. Intf@ldsand Rogoff's model the second
phase is again equal to one period, while in GaliModacelli's model it is much longer.

If the length of the convergence is put aside,nioelels exhibit strong resemblance.
In both models, an expansionary monetary shocKtsesuan increase in output and in a
smaller increase in consumption. Both of which coggen the long-run to values close
to zero. In Obstfeld and Rogoff's model consumptgiays permanently higher and
output permanently lower, because of interest payspeas discussed before, but the
effects are relatively small compare to the shontftuctuations. In Gali and Monacelli’'s
model, consumption and output deviations from teady state asymptotically converge
to zero, however, that also means that they stayiy@$or any finite horizon, even if the
values become negligibly small.

Furthermore, in both models the price level risesanently and the rise occurs in
both phases. The graphs are here slightly confusisign figure two the consumer price
level is shown, and in figure three the inflatioterarhis is done, since the two models
are structured in such a way that it is straightfedata solve for the displayed variables
and the literature usually depicts them in this ngnlt is clear from figure 2 that there is
inflation in periods 1 and 2. After these two peridls price level reaches a value close
to one, but remains below one, because of the pemamcrease in consumption (recall
the long-run money demand equations). After perioth@re is no inflation in Obstfeld
and Rogoff's model. In figure 3, inflation starts period one and diminishes in future
periods, asymptotically converging to zero. Thisgsiivalent to the price level increasing
in period one and then in increasing further atmaidshing rate to some value (which
could be found if the model is solved for the piieeel).

The only significant difference, besides the lengftltonvergence, is in the effect of
the policy shock on the nominal exchange rate. Istfeld and Rogoff's model, the
exchange rate jumps immediately to its long-runadye state value. In Gali and
Monacelli’'s model, this is not the case. The exgeamate either overshoots or
undershoots its long-run steady state value. Oneslocaw that which of the two happens
depends on the parameters’ values (see Gali (20608Y, p. 22). Then the exchange rate

converges to its long-run steady state value.
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How do these results compare to the real world? Oblio@bstfeld and Rogoff's
model is not consistent with the dynamics of a ezainomy, but dynamics aside, do the
real world economies exhibit the same patterns. rEiguand figure 5 show a vector
autoregression (VAR) studies done respectively byistno, Eichenbaum and Evans
(see Christiano et al. (2005), pp. 6-7) and by Bema Cardia and Ruge-Murcia (see
Bouakez et al. (2005), p. 1083).

output
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Figure 4. The effects of an expansionary monetary shock otpubu
consumption and inflation, estimated by a VAR (time lwith plus signs).
The shaded areas are the 95% confidence inteRailgds are quarters. The
effects are measured in percentages. Note: theniti®ut plus signs is a
simulation of a model, which is not important foistpaper
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Figure 5: The effects of a one percent money supply shockutput, consumption
and inflation, estimated by a VAR (the dashed liR&iods are quarters. The effects
are measured in percentages. Note: the green counsinline is a simulation of a
model, which is not important for this paper.

The models’ results are roughly consistent with ¢hstudies when output and
consumption are considered. Although, in both mottedsmaximum deviation from the
steady state occurs immediately after the shock]ewthie estimates show that the

maximum is reached after a few quarters. In figureutput and consumption behave
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exactly as predicted by the models, with outputeéasmg more than consumption and
then both converge to zero. Output slightly overshidloe zero and goes to negative, an
effect precisely consistent with Obstfeld and Rogoffisights. The study displayed in
figure 2 finds similar patterns in output and cangtion, however, here consumption
rises by more than output and then overshoots éhe and turns negative. Both effects
are not predicted by the models. Inflation behayéte strangely in both studies. At first,
it is negative and then turns positive before stgrto converge to zero. The negative turn
in the beginning is not explain by the models iis thaper. However, it must be noted
that both studies are using US data. In the modedsribed here, almost the entire (in
Obstfeld and Rogoff’'s model - the entire) positivvidtion of inflation in the beginning
is explained by exchange rate fluctuations. As theidJlBuge and quite close economy,
these effects are smaller than for smaller and ropes economies.

One must also state that studies examining the tefigic monetary policy do not
always agree with each other. For example, in a fanpaper, Bernanke and Mihov find
persistency of output deviations after a monetaock, which is not consistent with most
of macroeconomic theory (including the two modelscdssed in this paper). Figure 6
displays one of their results, if some other moaggregate is used, the results are similar
(see Bernanke and Mihov (1998), p. 155).

Biveriate VAR: Response of GDP
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Figure 6: Effect of a M2 increase on GDP, estimated by a aarVAR. Dashed
lines denote the 95% confidence intervals.
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When considering nominal exchange rates, the pmololieestimating the response to
a monetary shock is quite severe. This is the csigeg nominal exchange rates are
extremely volatile. They might change with full pentage points in a day, which is not
the case for the other estimated aggregates. Fortine, in general, exchange rates are
not driven by fundamentals in the short-run. Evemiraor in the financial markets can
dramatically change the exchange rate. Meese argbfRdéind that no estimating
procedure performs better than a random walk (ocantinuous setting — Brownian
motion) when it comes to estimating nominal excharajes (see Meese and Rogoff
(1983), pp. 20-21). Nevertheless, there are stutlias try to measure the effect of a
monetary shock on the exchange rate. Figure 7 alisph study by Eichenbaum and
Evans, note that here a contractionary shock isetedd(see Eichenbaum and Evans
(1995), p. 995). Hence, in order to compare tontloelels in this paper, just multiply the
results by -1, which is slightly sloppy but shoulel lm general, approximately true.
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Figure 7: Effects of a contractionary monetary shock on thlatdral nominal
exchange rates between the USD and, respectivelyyeghethe DM, the Lira, the
Franc and the Pound, as estimated by a VAR. Thedsedee months. Dashed lines
denote the 95% confidence intervals.

Eichenbaum and Evans look only on bilateral excharages. Figure 8 displays a
study by Kim where the trade-weighted exchange rateoissidered. This time the

monetary shock is expansionary (see Kim (2003)64).3
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IC::i)gure 8: Effects of an expansionary monetary shock on théetweighted nominal
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the 95% confidence intervals.

The displayed results are slightly different froacle other, but they all share some
features. No study shows that exchange rates jumpedriately to their new long-run
values. On the contrary, there is strong evidenaetthis is not the case. Therefore, this
insight from Obstfeld and Rogoff's model is not astent with the data. Furthermore, all
studies show a peak of the deviation after someogerand then convergence to some
lower value. That is consistent with the simulatiérGali and Monacelli’'s model when
the exchange rate overshoots, although there thle gexurs immediately after the shock.

One last aspect to consider is the magnitude oéfleet of the exchange rate on the
inflation rate. In Obstfeld and Rogoff's model, afl the inflation in the period directly
after the shock is caused by the change in theestteate. Afterwards, in the convergent
phase, all of it is caused by the change in horeegr In Gali and Monacelli’'s model, it
is harder to judge exactly what fraction of inflatics due to exchange rate fluctuations
from the graph. However, a precise answer can bair@at as the model can be
simulated also for home goods inflation. Nevertbgle/ou can see from the graph that

the peak in the inflation rate is just after thedy when only a small fraction of home
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prices change, but the exchange rate is at its psalvell. Therefore, much of the

inflation rate deviation is due to the change ie #xchange rate. In Obstfeld and
Rogoff's model around 75% of inflation is causedthg change in the exchange rate. In
Gali and Monacelli's model the fraction is less, Btitl quite high. There is extensive

literature on exchange rate pass-through effectsported goods inflation and its effect

on the inflation rate in general. Studies like Cdiloti and Hakura (2006), Tulk (2004),

etc. find significant pass-through effects, esgbcifor smaller, more open, and less
developed economies. However, these effects ar¢ smlaller than 75% even for the

most open developing economies. Usually, theregsifggantly less than 100% pass-

through in imported goods prices (see Tulk (2004);) and, consequently, much less in
consumer price inflation (see Choudhri and Haku@0@2, p. 628). The effect is so

significant in Obstfeld and Rogoff's model, becao$ehe earlier discussed flaw of the
model, which is that there is no home bias.

To sum up, the models fit rather well to the real ld/adata when output and
consumption are considered, if the flawed dynamic®lwstfeld and Rogoff’'s model is
put aside. This is not the case when inflation ian@xed. Gali and Monacelli's model
roughly match the exchange rate data when the caefts are such that the exchange
rate overshoots its long-run value immediately rafte shock. Obstfeld and Rogoff's

model fails to explain the dynamics of intereserethanges.

4. Conclusion

The two models discussed in this thesis represenbfvioe three prominent ways to
model the effects of monetary policy in an opennecoy setting while combining
rational expectations and intertemporal optimizatizvith nominal rigidities and
imperfect markets. Obstfeld and Rogoff’s initial trdsution was followed by many two-
country models with one period in advance presetepri Notably, by Corsetti and
Pesenti (2001), where the flaw in Obstfeld and Rogafiodel of no home bias is fixed,
making the results more credible. However, models with period in advance preset
prices cannot describe the more complex dynamiesreél world economy. Models with
Calvo pricing are better suited for this. Gali andrMdcelli’'s paper is one of the key

contributions when a small open economy with Calvoimg is analyzed. Another paper

-57 -



by Clarida , Gali and Gertler (2001) introduces atsst-push shocks in this setting,
which could also be done in the Gali and Monacetfizdel, a not extremely complicated
extension. Kollmann (2002) analyzes even more gemase with several sources of
shocks.

The problem with models like Gali and Monacelli’s tisat not only the home
economy has a zero measure, but all the economite iworld do so. This means that
policies in a country do not affect any other comst In many real world situations this
is not really the case (e.g. policy in the US shdudgdte no effect on Canada). In this
situation a two-country model can be used to exanmeeffects. However, if one wants
to keep Calvo pricing in the model, models like @ddtand Rogoff's cannot be used.
Therefore, the third prominent way to model monetaoljcy in open economy setting is
developed. Contributions, such as Clarida, Gali @wsdtler (2002) and Benigno and
Benigno (2006), combine a two-country model with ©ajwicing. This field in the
literature is not analyzed in this paper, but gdgually important to the first two.

The fact that these three braches of literaturealeady initiated does not mean that
there is no scope for further research. As seehimthesis, there are many things that
could be improved in the existing models. Furtheenaew models can be developed by
relaxing some of the strong assumptions in thetiegisnodels. For example, a model
with capital market imperfections can lead to ratdéferent results or a model with
central banks with different strengths of commitmentdifferent countries. Many of
these ideas are already treated in the literahurerarely in fully specified models with

all the essential features discussed in this thesis
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Mathematical Appendix A
A.1. CES Function

Let an individual has fixed income equal toand let he/she gains utility from higher

values of C =[ I;c(z)‘g‘l)’gdz]g"g’l), then the agent maximizes = I;c(z)‘g‘l)’gdz]g"g’l),
subject toJ'Ol p(z)c(z)dz=1, which is his/her budget constraint. Take the Lagian:

L=[[,d2) A"V - [ /(3 { Jdiz-1]

. oL (6-1)/6
FOC: — =~ 1[j o(2)@Md7]

ac(z)

[jolc(z)‘g’l)’gdz]l’“"l’c( z) "% = Ap(z) , taking this also forz; and dividing gives:

0-1
1/(6-1) w6 _ ) -0
— 47 dqz) p(z)

[I:C( Z)(e—l)/edz] 1/(9_1)d z) -18 _ Ap(z)
[jolc( 2) (9—1)/9dz] 1/(9—1)d Z,—) BV p(zi )

c(z2)™ _ p(z) — ﬂ]—w: p(z) — [C(ZJ) ve _ P(7)

c(zj)‘”g p(z;) c(z) p(z;) c(z) p(z;)
@) 0@y _ o CE) g p(z)
s ey ™ [p(zj)] = M) =G )]

din[c(z)/ ()]
din[p(z)/ p(z,)]

Since elasticity of substitution is defined Bs= it is clear from the

equation above thd, = 4.

A.2 Price index
The price index is defined as the minimum expemditar which a consumer can obtain

1 unit of the consumption index, hence the probkem
minJ': p(z)c(z)dz subject td j:q 2)D%dz%M =1
the solution to this is quite similar to the detiga of the Elasticity of substitution.

L=[ p(2)c(2)dz= M [ 327 "
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%_ p(z|)_ _[J’ C(Z)(g 1)/edz]1/(e 1

same forz, and dividing gives:

)eg_lo(zi)'l"" =0, rearranging and taking the

-1/6

, we plug in this in

P(z) _ () L Mz _p@)” o(z)= C(Z)p(z)
p(z,) c(z)™ c(z) p(z)” p(z)™°

1
the constrainf J‘. . o(2) " 0dlz)7"e =1

(6- 1)/6 p(Z|) (6- 1)/ed 8/6-1) =1
([ o(z) Loy

( )[j Y ( )1 — p(Z)l Hdz]ﬁ/(g 1) =1

z)"?
c(z)) = P(z) , multiply both sides byp(z;) and integrate:

[J‘ilzo p(z)?dZ

) [ p(z)dz
[ p(z)c(z))dz, =—
j=0 [ J‘l . p( z ) 1-6 dZ] 6/(6-1)

- ['[: p( Z)l—HdZ] 1/(1-0)

J': p(z)c(z)dzis the minimum expenditure to buy one unit, thawlsgat was denoted by

R. Hence,R =[J'il:0 p(z)" °dg "

A.3. Demand function
The beginning of this derivation is exactly the saas the one in A.1 and A.2. The

individual has some fixed amount for expenditurecomsumptionl , and maximizes
C:[j:c(z)(“”l)’gdz]g’(g‘l), because higher values @ result in higher utility, given
utility function (1). The problem is again: m@F[j:c(z)(g‘l)’gdz]"’(g‘l), subject to
jol p(z)c(z)dz=1 . From here we get:

p(z)”

o(z ) , plugging in this in the constraint as in A.2.€gv

c(z)=c(z)— =
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C(zj)ﬁ[fo p(z)%d7”® Y =1, divide both sides by
p(Z; .
1
[f, p(z)"dg "™
c(z)) 1 — '[' i -1 , using the definition oR
p(z)) R R’
1
[f, p(2)* a4
c(z) 1-5 Ll i :I—,clearlyl—zct
P(Z) " ([ p(z)°dg " R R
—e
c(z))——==C
( SR
p( Dyom .
c(z)) =[ —L7]7°C, gives the demand function far

A.4. Price indexes’ connection:

As p(z) =Ep (2), the price index for home can be rewritten as:

1/(1-6)

(1 p(z)l—edz}”“_“ (17 b2y ['1E (21t

analogously for foreign:

(-9 1-6 va-e)
o[ al {2 wssaral

Then:

1/(1-6)

-9 1/(1-6)
L e B

A.5. The individual’s decision problem:

o j Mtj 1-e '
max)_ {Iogct +ﬁ(?J -%yt ( )2]

t=0 t

subject to:PF' + M/ =P@+r_)F., +M, +p (j)y,(j)-PC/ -PT/
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The individual decides how much to consur@ -how much money to holdM /', how
much real bonds to hold F,’, and how much to work ¥,(j). World demand, both

private and government, is taken as given.

P

t

-6
The budget constraint can be modified, since, as/shy, (j) :{ p‘(J)} (c"+G"):

v.(1)p(j)° =P%(C" +G"), multiplying both sides by, (j)°™ gives:

Y (N7 Y () p() = v () R(C" +G")

(% ()P (D)’ = % ()R(C +G)

Y.(D R () =Y ()P?P(CY+G")", substituting this into the budget constraint:
RE/+M/! =R(I+1 )R, +ML+Ry ()" (C"+G")" -RC! -RT/

Expressing explicitly forC/':

RC! =R(@+r )R, +M L + Ry (j)?(C"+G") -RT! -RF/ =M/

M/
R

j ) )
Gl = (Rl + 2y (1) + GV T - -

t

Plugging in this into the utility function in ordéos obtain an unconstraint maximization

problem:
. N\1-¢
o M) x (M/
max t |O 1+ t 1 + 6-1)/6 +GW 16 T] FJ _ t + t _
;ﬁ{c{( 510 e - - ML X M

Then the three first order condltlons (Euler equsd) are:

With respect toF,’ :

B — . o
Ar )R+ =224y (D) C + G =T - -
R R
+B 7 (1+r) I 1 I 0
(@+r)F’ +P7t Y (N G+ G - T - RL- Ptﬂ
t+1 t+1
1
t+1 l r - il
ﬂ ( )Ctj‘f-l ﬁ CtJ

CtJ-I-l = ﬁ(1+ rt )C’(]
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With respect toM ' :

_ e
- M) . |v|i+'gt311)( (1_5)(NF|JJ '
I R e L |
t t
+Igt+1i 1 — =0
Rﬂ i M/ (6-1)/6 1/6 j Mt]+l
(1+r)F +P7+yt+1(J) ( t+1 +1) _Tt+1 t+1 P
t+1 t+1
j —& .
_li_+_1)( M, +f t 1 —— =0, sincel+i, St 1+r) = t+1:|°tﬁ
RC' RTUR pl I Cly R 1+r,
"1+,
MIYT 1 1+, o o
= - — , substituting,, = S(1+r,)C/ gives
X P c ’81+itCt‘+l oy = BA+R)C g
MIYT 1 1+ 1
X o) “o P Baer
t t t t t
MIYT 1 1
o) et
(MJ]'E_ 1 i (Mtjjgz)(cjl+l
't .
R XC! 1+, R I
MY (o 1t v
R T
With respect toy,(j):
Hg_lﬁtyt(j)[(g_l)m]_l(ctw+Gtw)l/9 M 1 Mj -
(R )RL+ =y (D@4 - -R) -2
t t

-Bky,(j)=0

-1 ,.._ w w 1 .

Tyt(n llg(Ct +Gt )ﬂgc_t,‘_Kyt(J)zo
. . 116-1 W oW

yt(J)yt(J)l/g __(C Gt )1/6

“kC/ 6

-63 -



< (os 6-11 w, w
yt(J)(g N8 = Ok E(C Gt )1/6

The Transversality Conditions are given by:
The Transversality Condition concerning the realdsois:
-1

lim g' ~F'=0
taooﬁ oM, M) !
R

Ar )RL+—2+y (D) @+ G -T - R

t

lim B —FJ =0, howeverC/,, = B(1+r1,)C/ = %1+ )*C/,, continuing this untilt =0

t o0
t

gives: C) = B'(1+1.)'C/, then the Transversality Condition is:

) 1 ) .
lim t—FJ 0, canceling out gives:
P F e o9
IlmLFj—O

e L)

Transversality Condition for money holdings is givey:

M/ i i
I|m,8 L=0 = Ilmﬂ G M,
e t R ,B (l+l’)

: 1 M/

lim n =

toe (1+rt) R

Combining these two gives the condition imposea ahé agents:

_ j
lim 1 F'+|vIt =0
oo (L+1,) P

t

A.6. Modifying the budget constraint:

Given that no Ponzi schemes can exist (insuredhbyTransversality Condition) the
budget constraint in a steady state for home muistih the following form:

PF+M = P(L+T)F +M + p(h)y - PC - PT, expressing foC gives

C_F,;+TJ(Q)37 —'IT, M, -M

however Gt:Tt+T, hence in this case it is
t

'F+M M

G

=T, thereforeT can be interchanged witB .

ol

-64 -



c=rF+ P g

Analogously for foreign:

C =TF +M—§ . World net foreign assets must be zero, as domestininal

money supply must equal domestic nominal money deirize. nF +(1-n)F = 0. Then

F = —1LF , plugging in this into the equation gives:
-n

6*:—F( n jﬁﬁ’( Y _g

—h

1-n P

A.7. Global goods market clearing condition:
The budget constraint for a representative agehbofe is given by:

RFE+M, = R(1+ rt—l)Ft—1+ Mt R (h)yt -RC, - RT,
for a representative agent of foreign:
PF +M, =P (1+r_)F_,+M_, +p(f)y,-PC -PT,, divide both by the

corresponding price indexes:

M M,_ h
F +Ft =(@+r)Rat F; o . (P)yt -G -T

t t t

i +% =1+ rt—l)Ft*—l+ Mt*_l + PE)Y, -C -T,

" . — 1., rearrange and use the fact that
t R R

G =T, MMy _PMH =0 andG, =T, # M — My ;*Mt‘l ;

t t

h
C=Q+r )R, -FR+ : (P)yt -G,

t

C =@+r)F,-F +%—Gt , take a population weighted average and add:
t

Left-hand sidenC, +(1-n)C;, =C"
Right-hand side:
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n[(1+ )R = Ft] +(1- n)[ @+r_, )Ft*—l_ Ft* } +n s (2)% +(1-n) A (F]:*) oo nG - (I-n )3:
t t
Using the financial market clearing condition tancel out the real bonds and the fact

that G" =nG, +(1-n)G, gives:

th = nm+ (1_ n) B, (f*)yt _Gtw
: z

t t

A.8. Closed Form Solution:

po(h)YO and CS = _T(LJ |E0 +M—é; :L}yo
1-n P R

Furthermore,ﬁoéh) = m

0 0

Py (h) _ P (h)
) n 1 1/(1-6) *
§ [L p(h)*~“dh+ [ TEp"(f)]*’df ]

=1, as the wealth of the countries is the same<F, =0).

(Formally, that is: Since p,(h) and

P, (f) are the same for ali and f respectively, this can be rewritten as:

Py(h) _ Py(h)

- In this symmetric equilibrium with equal
R [np,(h)™ +(@-n)[Ep,(f)I°

]1/(1—5) .

country wealth, any two goods produced anywher¢heaworld have the same price

By(h) _ Bolh) _,
R P

One must again stress that this is not the casen wealth is not the same in both

when measured in the same currency, thagg,ié) = Ep,(f). Then

countries, since, as seen later on, terms of tvadg with wealth, because individuals

change their consumption-leisure decision with wepl

Then C, =¥, and C, = ¥,. However, as the individuals in this case in thie tountries
face identical optimization, it must be thgf =¥, and, thusC, =C,. From C,=C, it
follows thatC, =C, = C}’. Then the condition for the output is:

f-11 -11
- (6+1)/6 - - CW +GW 1/6 - -~ (g e
Yo v CO( o TGy) ) (Yo)
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yo(9+l)/9 _6-1

70(1—9)/9 Ok

6-1\"?
Yo _( oK j

The equation that determines real money holdings is

o (6+1-1+6)16 _ f-1
= Y =
Ok

) Ve
M/ 1+ . _P :
Pt :()(Ct‘ i Itj , Wherel+i, = ;1 (1+r,), as at the steady staig, =P, it follows
t t t

i, =T . The real interest rate is given byz%, then
1+i, _ 1+ 1+ 1,_8ﬂ ,bl" 1
i, r
= = = . Hence,
i, T 1-B 1-8 1-p
B B

— 1le -1le ki

'\40 :(370 j :[ﬁ (¥,)"*. The derivation is analogous fel\ﬂ%o and, since
R 1-8 X P

_o M, _ Mg
Yo = Yo I?f) F—,O*-

A.9. Log-linearization of the model:
Purchasing power parity:
P=EP" , take natural logarithm of both sides

In(P)=In(EP’) = In(P)=InE+InP", totally differentiate (one must take into

account that the initial value is at the steadtesti@noted by 0 subscripts):

P _dE, d» P=E+P = E=pP-P
I:)0 E0 I:)O
Price Indexes:

n . U(-6) .
As all producers are symmetRc UO p(z)l‘gdz+j:[Ep (z)]l“gdz} is equivalent to:

1 1/(1-6)
P :{npt(h)l“’ +(1- n)[E p, (f )]l 5} , take natural logarithm of both sides
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InR = 1—19 In{ np, () + (1~ n)[E[ b (f )]1_9} , totally differentiate:

o (h)+2 (1-12)(1—n)ﬁo (f )** B e+
1=6 nip, ()7 + (1= n)[ E,Po(f)]

®_ 1 (-0, ()

R 128 np, () + (- n)[ E,pi(F)]

N 1 (1-6)1-n)p, (i) *Eé 6 _ dp; (f), as B,(h) = E,p,(f) (this is true, since in
1=8 rip, () + (1-n)[ E,Po ()]

this steady state the two countries have the sagadthy hencapop( h_ p°(f) =1, and as

0 0
it must be thaf, (h) = E,p,(f) also.) the equation becomes:

(1-n)p, (f ) °E,” oE +
P, (h) + (1-n)[Poh)]

P=EP,

N, (h)™* dn. () +
B, ()2 +@-n)[ P, ()]

-~

w-np ("B’ .
= dp ()
nﬁo(h)l_g + (1_ n)[F_)o (h)]

5 _ MPy(h)™ (L=mpo () "E” o, Q=)D (f Y Ee”

P = dp, (h d dp; ( f
i PO R YO R
B =ndM) gy BOITE” Jﬁiil————-d ()

SR (Em(H)” " (ERuD)”

R =np (h)+@-n)E +p (1))
Completely analogical is the derivation of the Briledex for foreign:

R =n(B(h)-E)+@-n) (f)
Global goods market equilibrium:

e =n P Yy oy POV g
R R
The left-hand side is given byC"” =nC, +(1-n)C,, take natural logarithm of both sides

INC" =In (nCt +(1-n)C, ) , totally differentiate:

aC” _ A 1-n dC, , one must recall tha, =C, =CY’

—L = —dC, +
C, nC,+(@-n)C, nC,+ (1-n)C,
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a9 ndgt +(1-n) dS}

— - C"=nC +(1-n)C
ol C, C, ' LG

The right-hand side:

4 -G, take natural logarithm of both sides

cr=nPOY gy P (Fi)yt
t t

INC" =1In (n% +(1- n)% - GtWJ , totally differentiate:

t t
L Po(h)

P . )
Cl=——— i dy, +(...)dp, (h)+(..)dR +(..)dy; +(..)dp; ¢ »(.)dP +( .)dG"
n%(gmq(l_n)w_égv

0 0

where () is the first partial derivative with respect to thariable of the following

differential (it is explicitly solved only fory,, the other cases are as straightforward).

A _Po(h)

Here, it is important to remember thg; =C, =y, =Y, =C} and 5 =
0 0

Then the above equation can be simplified to:

Cv = n% + n—d_pt(h) - n£+ - n)d_l*t +(1- n)—OEt (H_ (I-n )—dE ——d—thv

o B R Yo Po(f) Po  Co

e o A dGY

C=n(y, +p(h)-R)+@A-n)(y, +p (F)-F)- e

0

Demand faced by producers:

-6
Y, (2) = [%} (C"+G"), take into account that all producers are symmeind take

t

natural logarithm of both sides:

t

Iny, =-6ln {@} +In(CY +GY),

Iny, =6(InR ~In p,(h)) +In(C" +G"), totally differentiating gives:

. A 5,  dG"
5, =6(R-p.(M)+Cr+—=t
0
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w

Analogously for foreign:y, = 6’(!5{ -p (f)) +C"

First order conditions determining output
Y9 take natural logarithm of both sides

6-11
(6+1)/16 _— el CW+GW
e ( )
H—+lln yt=n5—_1+ln—1+—1ln(CW+GW), multiply both sides by# and totally
e Ok C

differentiate:

(@+1)y, = HC +CW

dGW

O

dGW

Same for foreign(6+1)y; =-6C, +C" +
0

Modified budget constraints:
C=TF+ p(hy -G, take natural logarithm of both sides

n (ﬂf LY _ C_;j , totally differentiate:

InC =1 _
P
C=— T ()dp)+(.)dy-(.)dP-(.)dG, one must here again
 + Py _=
0 D 0
R
recall the fact thatC, =C, =y, =¥, =C} ; pOF_Eh) = p(;s(*f) =landF,=F, =0
0 0
C=r & i ihy+j-p-2C
0 CO
For foreign, repeating the same procedure leadsn fto (1?nj E + P (F_L)y -G
dF dG’

Consumption Euler equations
= B(1+r,)C,, take natural logarithm of both sides and totdlfferentiate:

t+l



Cou=—+C =——+C =fd, +C =(1-B)f +C, (note that F=—L or

=
Same for foreignC,,, = (1- B)F, +C,
Money demand equations:

M, 1+i

—t = C. t
P (X L,

t

l/e Ve .

+
= M, =| xC, 1 recall thatP,, = RQ, from where
R Iy 1+

(1+ r.t)|:¥+l _1: (1+r )E R . Then:

t

one can express=

t

l/e l/e
M, XC, (LHJ = XC (&J , take natural logarithm of
R 1+r)R.—R @+r)R.,-R

both sides:

|n%:1 |n)(+|nCt+|n &
R ¢ @+r)R.-R

|nMF_E(In)(+InC +In((1+r) t+1) ((1+r)t+1 t))

t

|nﬂ_1(|n)(+lnc +In@+r)+ IR, ~In((L+r,)R,, - t)),totally differentiate:
£

n ~ ~ ~ P +F
Mt—R:E t+_1 1_ dr,+R., - _FB— =dr, - E —ro dR,, + ;—de
£ £ (1+7,)P,— P,

Mt—éziAt+—1 r_O_l__O drt—1_1|§+1+—1j1|§, recall that T =—'B, hence
e ' e\ TA+T) ET, ET, B
1 1 B
—=——_=—"_ Then
n 126 1-
B
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~ ~ 1~ 1 1 l L [
Mt_R Et ( _jdl’t (R

-R)
L(1+7,) £1- £
TO(1+FO)=1—ﬂ[:’(1+ 1,_8ﬁj _ 1—ﬂﬁ+ (1—;)2 _ ,8(1—,8/);2 EBF_ ﬂ—ﬂ2+ﬂr2 B+p’

S
r.0(1-'- rO) = 2

. Substitute in the equation:

~ 2 ~ ~
MI—R:1 t——l A drt——li(Rﬂ—R) recallthai _i
£ e\1-p4 E1-4 1-8 T,
Mt_é 1At_ﬁ :+R+l_R
£ £ 1-8

A.10. Solving the linearized model:

First solve for the difference between home andifpr variables. Subtracting (5) from
(4) gives:

§—§*=9(5 ﬁ(h))+éw dG 3(5 ﬁ(f)) gv_dc"

0 CO
J- :e(ﬁ—ﬁ(h)—ﬁ* +B (f)), recall thatE = P - P’
§-5 =6(E- B +5 (1)

Then subtracting (7) from (6):

(O+1)§-§)=-6C+Cr+ T w6 -C* -T2
0

(@+1)(y-y)=-6C+6C
ESY (7] (i i)
-y =-———(C-C
y=y +1

Subtracting (9) from (8)
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é—é*: 9—5 p(h)+§ |§ ‘i_cj r_(ijq—i—ﬁ*(f)—ﬁ*+l§+d§v

CO CO -Nn 0 0
2 2 1 \dF_dG_d6 - o 5 5 = X
C-C=rl— +y-y -(P-P +p (f)-p(h), note that

1- JCW CW o +y-y —( p (f)-p(h)

y-y = ('3 p(h) - = +p(f)) hence:
é_é*zr(ijﬂj_q_&,d_@ LOG-Y) V-

1-n)C’ G Cg 6 6
C-C=T—|l=m=t=*t 75 , note thaty —(C—
é—é*:r(iﬁ_-i_%d_@ WEWNER

1-n)Cy Cy Cy 6 6+1

=

H

MEEERC IR N
+ 1-n)C; C; Cy

(i)dF dG , dG’
1-n)CY 6;” Cy

é—é*=(6+1j( 1 jr‘dlE (9+1jdG (9+ jdG
20 \1-n)Cy 29 )Ccy 2 )CY

Now multiply equation (6) byr and equation (7) b$—n, then add up:

n@+1)y = n(—9C+(3W de

0

(1—n)<9+1>§*:(1-n)( _oC +Cv+ ‘f]

0

(«9+1)(n§+(1—n)§/) —(C + (1-n)C )+C" + dGW

O

Do the same procedure with equations:

déBW and§*=9( —p(f))+CA3W dc

0 O

§=0(P-B(ry)+C"+
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—~W

5 +(1-n)y = ne(ﬁ— f)(h)) +(1- n)@(ﬁ* ~F(f )) 1G4+ &8

0

, recall that

R =np (h)+@-n)E + { (f)) and R’ =n(p,(h) - E)+@-n)§ (f)
g +@-my =6 n((-DR M)+ @-mE+pi (1)) + @-nfn @ 6B+ 0 () ]+C+
After canceling out:

ny+(1 n)y éW dG

O

A dGW

combining with the result obtain just before thisep(8+1)y" = (1-8)C" + and

O

~W

§v=C"+ PW , wherey" =ny +(1-n)y" gives :
0
(9+1)(é dG j 105+ 98" o ppev= %S
0 CO CO
o188
2T
_1dG"

The same fory"” gives (V" ==—
ry g y 2 ¢y

Noticed thatnX +(1-n)X" = X", where X is equal t&€ or y, can be rewritten in two

ways: X = X" +(@1-n)(X =X") or X' =X"-n(X =X"). Then:

2~ 1dG" 9+1 1 \fdF (6+1 dG 6+ 1\ dG
C=—=——+(1-n) — , since
2 C) 1-n) CY¥ 2 CW ) Cy

dG" =ndG + (1-n)dG’ this could be simplified to:
& :(HHJ rdF ((1 n@+1), nj dG [ 1-n)@+ 1) 1_nj dG’

26 ) CY 20 2)CY 2 2 )CY
é=(9+1jr_dlf_(9+1— jdG (1—njd(§*

26 ) CY 20 )Cy 20 )CY
For foreign:
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B

c*:—idéw—n (e+1j( 1 delf_(0+1jE+(0+1ij_5*
2 CY 20 )\ 1-n) CY »)cr \®)C)

*=_( n j(9+1jrdlf+(n(9+1)_2jd_é_(n(9+l)+ 1—nij_5*
1-n)\ 26 ) CY 26 2)CY e 2 )CY¥

C*:—( n j(9+1jrdlf+(ijg_(0+njdé*
1-n)L 268 )C' \29)CY » )C)

To obtain the solution for output, use equationsa(@ (7) for a steady state.

Equation (6)(8+1)y = —Hé +éw + dC_C:EW , can be rewritten by usinféW = —% dc_cjw as
0 0

QP

|>

§=- 6 &_ 1 (1dG"_dG"
g+1  6+1 2Cy CY

?z——g E+f L |9
1+86 2(1+8)) C

w

The same procedure from equation ((E):Jrl)ﬁ* = —Hé* +G" + o gives:
0

Do 9 =, l dc_;w
6+1 21+8)) C

The solution for terms of trade can be obtaineddeglling that:

§—§*=9(|§—ﬁ(h)+ﬁ*(f)) and f/—f/:—giﬂ(é—é) The equations can be
transformed to:p(h) - p’ (f) - E= —l(ﬁ—f/) :—1(6—6*)
' 0 1+86

A.11. Linearizing the current account:

F-F_,=r_F_ + & (S)yt -C, -G, , recall thatF,=F, =0and thatF,_, denote the

t

stock of bond held by a home resident at the beggnaf period t. Since the system is

log-linearized around the zero steady state, threngh from this state is examined.

Hence,F,_, denote the bonds held in the baseline steady, s&@t&_, = F, =0.

Then the equation is:
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F =%—Q -G, rearrange and take the natural logarithm of kaths:

t

In pt(_g)yt = |n(|:t +C, +Gt) , totally differentiating gives:
t
dp(h) oy _dR _ _ dR

— ot 4+ 4+t sinceG,=G,=0 and
P(h) Vo, PR FtCutG, F+C+G, FHC+G,

M+§4—I§:%+Q+%GV;, however here the short run is considered, then
Yo 0 0

C—Vi =y-C-(@-n)E-—-, notice that the assets at the end of period theesteady
0 0

state levels, since the economy has returned tstdagly state after one period

F_y-c-a-ne-L

CO CO

Equivalently for foreign, remember thaF + (1-n)F" =0:

oF . A = dG*:_( njf
-n)C}

A.12. Solving the short-run linearized model:
First solve for the difference between home anedifpr variables. Subtracting (19) from

(18) gives:

A

S =(1- B +C-(1-BF -C =C-C
Subtracting (21) from (20) gives:

Gioponep le Bl PP 1s B[ PP
£ £ 1-8 | ¢ £ 1-8
1(a = B (2 2 2 4 .
M-M"-(@1-n)E- nE——(C C)— ( -P +P |, recall the purchasing
£1-5)

parity equationé =P-P", which holds always:
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(V-ni")-E=2(C-¢)-—F(E-¢]
£ £Q1-5)
Consider the same equation one period later, wiiemadables are the steady state

variables, alternatively the equation can be derigier observing that in the long-run

P=M, 1 S, andP =M, —lé’; must hold:
£ £
£ (i1 )-L(¢-¢)
£
Substituting this into the equation for the difiece in money holdings:
(i-ni)-g=2(-¢)- L ((i-w)-2E-C)-€].  noe e
£ E1-5) £

(M —l\7|*) =(I\ﬁ —l\ﬁ) as the monetary shock is permanent, and thatstskawn that

1+ P jéz(h P jl(é—é*)—(h P ](l\?l—l\?l*)
£(1-5) t1-5))¢ £(1-5)

Subtracting (23) from (22) gives:

9—5{—” jci—'jv=A—é—(1—n)I§—§/*+é*—nI§
c’ \1-n)C

Then subtract (17) from (16):
Y- =6@1-n)E+6nE+C" -C"
y-y = GE, plugging in this into the above equation for theerent account:

dF

cr

(l—n)[(H—l)é—(é—é*ﬂ
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Now consider the solution for long-run steady swiféerence between consumptions,
which was obtained in appendix A.10, shortly befibvetwo separate equations for home
and foreign consumption were obtained, (alternatiyast subtract the two solutions):

é—é* =(9+1J( ! Jr_(_]": [6?+1jd(3 [0+ jd_G eliminate the fiscal policy and
20 -n) C} 26 )C) ¥ )C/

express for the current account:

(1_':; = (_ 26 j(l— n)(é—é) unite the two equations for the current account:
C, r(é+1)
(1- n)[(é? DE-(C- )} (r(9+1)j - )(C 6)
(@-1)E = (2«9_+r(6?+1j ¢-¢)
r(é+1)
é=(29_+2(9+1)j(é_é*)
r(e -1

Combining this result Witfé=(|\7| —M*)—l(é C ) gives:

. (20+7(6 S e
(B3l €

(5[2(9+r_(0+1)] +1jé =[£[2:9+T(9+ 1jj(|\7| i)

T (6% -1) (-1

=)

é:( £[20+7(6+1) J(M_M*)

g[20+T(@+1)]|+T (6" - 1)
Then plugging in this inttéé—é*) =£[(I\7I —I\7I*)— é}:
N P £[26+7 (6+1)] PO
€-¢ )_g_(M M )_[5[29+r(9+1)]+r(92—1)J(M M )}

£[20+T (O+D)+T (6 -1)-¢e[ B+T @+ 1] (|\7| —M*)
g[20+T(@+1)|+T7 (6" - 1)

N £F (6% -1) I
(C_C )_(5[29+r(9+1)]+r(92—1)J(M )



To solve for the current account, ugei—= — 29 (1- n)(é—é) and substitute the
Gy \T1(6+))

difference in consumption with the result obtaiaddve:

dafF [ 26 ET(6°-1) Aoa
= =|— (1-n) - (M -~)
Cy \T(6+1) g[26+T @+ 1]+T @ - 1)

dF _ 20(1-n)e(@-1) (|\7| —|\7|*)
Cy | e[20+T(@+D]+T (6" -1)

After obtaining the current account, all the loegrt variables can be easily found:

Consumption:
&= 6+1}r‘dlf_(6?+1—njd_é+(ﬂjdé* N é:(T(9+1)j£
26 ) CY 20 )CY 26 )CY 20 )CY
&= r_(0+1)j 249_(1—n)£(6?_—1)2 (I\?I—l\?l*)
20 )\ e[26+T @+ 1+T € - 1)
2 r(1- 6 -1 PO
C= r( n)g( ) J(M -M )

g[26+T(@+1)+T(6° -1

A (02 _ A A
For foreign:C" = - _nrg(é’ 11 S (M—M*)
g[26+T(6+1)]+T (6°-1)
Output:
so 0 g f_1 )& _ o 6¢
1+8 211+8)) C 1+6
N or(1-n)e(@-1) N
y=- (L=n)e(6- — (M-~
g[26+T(@+1]+7 (6" - 1)
L onre(6-1) A A
For foreign:y = M-M
an-y (a[29+r—(9+1)]+r(92—1)J( )

Terms of trade:

mp
[@]B
Q)

(f)-

ol

p(h) -

|

1
1+0
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<

_ £ (6-1)
P(Y- P (1) (5[29+r(6?+1)]+r (92—1)J(

-M )
To obtain the short-run variables, however, onetrfitst solve for world aggregates:

Multiply the home Euler equation (18) by and the foreign Euler equation (19) by
(- n)and add them up:

nC+(@1-n)C =n(-BY +nC+ (1-n)1=BY + (=n &’
C" = (1- By +C"

Recall thatéW = l dG

. Thus, hereCW—O Then:

C"=-(1- )

Now, multiply the home money demand equation (29)rb and the foreign money
demand equation (21) b§t—n)and add them up:

n(|\7l —f’)+(1—n)(l\7|* —Is*): n{%é—ﬁ(ﬂ T_;]]ﬂl n)[

g —

™ |H
™ Im
7 N\
-
+
i
|
h -U,f
N—
| — |

Equations (14) and (15) give, respectivelif’, =(1- n)é andP’ =-nE, and let
M"=nM +(1-n)M":

M" —n(1l-n)E+n(1-n)E = léw ﬁf A (nlg—nls+(1—n)lg*—(1—n)5*)
£

£l1-P)
szléw—ﬁf— A (nl§+(1—n)lé*)
£ e &Q1-5)
1z 2 =z~ 1z
RememberthaP M -—C andP =M -=C :
£ £

Combining this withC" = —(1- B)f gives:

A

B.__ B w
—(1 B - p s(l—,B)M
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aw /8 AW — _£
E1-5) £
f= —(5 B j MY
1-8)
Alternatively combining the same equations gives:
M w zléw +£ C _ ﬁ M w

£ £@1-B) £1-p)
EL=B)* B \jw = A=B)*+ B au
E1-P) e(1-5)
(e@-pB)+B)M" =C"

Furthermore, equation (3), global goods marketldaiuim always holds:
C"=n(y +p (N)-P)+@-n)(y +p (f)-P)- dgw and here it simplifies to:

0

A

C"=ng+@-n)y ="
Lastly, the model can now be solved for short-ranables:

Noticed again thanX +(1-n)X" = X", where X is equal t€ or ¥, , can be rewritten in
two ways: X = X" +(@1-n)(X =X ) or X' =X"-n(X -X"). Then:
g=9"+@-n)§-) asy-§ =6E

(- B)+ B)M™ + (1-n)dE, recall that

y
y
é:[ [26+7(0+1)] )(M—M*)
g[26+T(6+1)]+T (6°-1)

- ) . £[26+7 (9 +1)] Y
y—{n(é‘(l BA+pB)+( ”)‘9(5[23+r—(9+1)]+r(5’2‘DHM+

G+r (@ -
{(1‘ N (e@=F)+p)- (- ”ﬂ(g[zei[r—z(eirlg] ++F1 2]0 - 1)ﬂ !

S RN e
For foreign: § —{”(5(1 )+ h) ng(£[29+r‘(9+1)]+f_(92‘DHM+
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g[26+T(6+1) -
g[26+T(@+1)]+T(6° -1

{(1— n)(e(-B)+pB)+ nﬁ(
For consumption:
C=C"+(1-n)(C-C")

C=(e-pB)+B)M"+(@1-n)C-C), as

(é—é*):( ol et ](M—M*) it follows that:
g[26+T@+D)+T(6° - 1)

Ao o T (67 -1) YR
C=(e@-A+pM"+ (L n)(g[20+r_(9+1)]+r_(92—l)j(M W)

R T -1)
For foreignC’ = (£(1- )+ B)M n{g[2«9+r_(9+1)]+f(92—1)](M M)

Special case=1:
Then20+T (6+1)+T @-1)@+1)=6( 2+ O+ 1J)

_ _n+(1— n)(249+T(49+1)H|\7I .\ (1—n){1—( 20+T @+ 1))%7'*

<>

2+(@+1r 2+ @+1r
g _{2n+n(6’+1)r+ (1—n)(_29+F e+ 1))}}\7' +(1_n)2+(9+1)r— 20-T @+
2+(@+1)r 2+ @+ 1y

2(n+6(1-n))+ @+1F NRCHDICHINE
2+(@+1)r 2+ @+ 1y

y=

Mathematical Appendix B
B.1. Optimal allocation between home and foreign gumls:

Note first that:

“H
Plugging inq(z):(pI;(Hz)j C into total expenditure for home gooﬁ;spt(z)ct(z)dz
t
gives:
- H A
1 P, (2) H 4o _ ~H 1 1 1—,u_H(t) _~HPH o
) pt(z)( = j Cldz=C| (R”)_”L p.(2)#dz=C, () =C"P", since
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) e
P = ([ pr )

Analogously:

[ P (26 (2dz=FC,

[[RC (2d*=PCl

Let the individual has fixed income equalltoand let him/her gain utility from higher
values ofC, = [(1—0')1”7 (Ct” )(H)/” +a' (CtF )('7_1)/'7 Tw—l), then the agent

B} 1y 1Y)
maximize<C, = [(1—0')1”7 (Ct” )('7 4 (CtF )('7 l)/”} , subject to his/her budget

constraintP"C" + PFC" =1 . Take the Lagrangian:

n/(n-1)

L= [(1_ a)l/l] (CtH )(/7—1)/0 +oi ( CtF )(0—1)/,;}

The first order conditions are:

- - V-1 p — -
o =yl @y (e) e (@) [ R ay (e) - 4R <o
aCt n-1 i

_ . 1U(7-1) p — _
= =T [(1—0)1”’ ()™ +a (cF)” M} T2 (cF) ™ - ARF =0
oC, n-1 4

Rearrange and divide the two FOCs:

1-a V7 (ch\" _p .
- - - =—— , take both sides to the power
( a j (Cf R PO

H -1 _ -1 H U _ H -n
& E - e
t t t

Plug in this into the budget constraint gives:

p" 17”(Pt—Fj CF +PRFCF =1, divide both sides b, and use the definition d? .
t
1-a

p (RH )1"/ (RF )’7 CtF + RFCtF

L
(R ea(er )R

, multiply both sides byr (RF)":
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1-n E\7
2 +a(R 2 CF =a(|:gF)_" C., canceling out gives:
F

[a-a(R") " wa(RT) ]

V] e =a(r)

1
®
Q
~—
—
~g
T
~——
-
S
+
Q
—
~g

Note that[(l— a)( RH )1-,7 + 0’( RF )1—/7 ]'7/(1—/7) _ H(l— O’)( RH )1_,] N a( RF )1_,7 }1/(1—,7)]'7

By plugging in into the budget constraint not faf' but for C7, the analogous result for
home goods consumption is obtained:

H -n
C' = (1—0)(%j C

t
To show thatP"C + P"C" = PC,, just plug in the results fof" andC’ just obtained

in the left-hand side:

t t
t

H - E -n
P“C”+F:FCI=F1“(1—a)(Pt—j chfa(Pt—] C,
P P
t
1

RIC! +R G = W) (R) " +a(RT)

B.2. The agent’s decision problem:

0 1-0 1+¢
maxU =E; > A2 —fi N
t=0 o 1+¢

subject toRC, +E,[ Q.4D..; | = D +WN, +T,
The individual decides how much to consun@ -how much to work -N,, and what

payoffD,,,, he/she wants to sent aside for the followingqueri

Expressing explicitly foiC, the budget constraint gives:
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C = D, +WN, +T, —E I:Qt,t+1Dt+1:|
=
P

t

, plug this into the utility function:

_ o -
D +WN, +T, - E, [Qt,t+lDt+l:|
@ R N
U= Eoz B - and maximize the unconstraint
t=0 l1-o0 1+¢
problem:
FOCs:
0V _ oW o pinge o - W
= =LC°-FN’=0 = C/N/ =—
aNt ﬂ R t ﬂ t t t R
ouU . 1 a1 i
=-pC’ h)—+ C.5(h)y=0,whereh=12..H
oD, BCQ )F? B P MU

Note that the second first-order condition mustdhok all possible states of nature (the

notation here is a bit sloppy.). And th@t,(h) and C,,(h)are conditional on the state of

V. ...(h
nature. Written differently, usin@, ., = ea(h) , this is:
Q)
V(D) ., o 1 . : -
TCt —Et’tﬂ(h),BCHl(h)P M The left-hand side gives the utility loss from
t t+1

purchasing the Arrow-Debreu security due to forgooesumption in period and the
right-hand side gives the expected utility gainniradditional consumption due to the
revenue from the security in peride-1.

Rearranging the second first-order condition gives:

_R Gi
Ra(h) C°

ontee| 2%

1 R(Cu) |_
g Et[Qt,tﬂ]E‘[K( CtJ ] '

, take conditional expectations on both sides:

Qui(h) =45
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B.3. Log-linearizing (approximating) the FOCs:

C°N! =%, take natural logarithm of both sides:
t

In(Ct”Nt“’):In% = ogInC, +¢InN,=InW,-InP

t

oG +4n =W - p

. R(Cu) |-
/sama[a( =) ] 1

Notice that for smalli,, (1+i,) can be approximated b?it. Formally, the first-order

Taylor approximation of €' around zero is given by =€’ +¢e°(i, —0) = 1+i,, but one

can best see this from the graph:

3 ! ) ) ) ) ! ) ) )

a3

o 1 | | | | 1 | | |
1 0B Rk} 04 -0.2 ] 0z 04 D& 0.3 1
Interest Rate

For i, 0[-0.2,0.3 there is hardly a difference, and such high interates 0.2, i.e. 20%,

(especially riskless) are not common. Then:

ﬂ(l'Ht)Et{E( Ct] ] /Be Et{eﬂ(ctj ]
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P.LC

,Bei‘E{i(ij ]:1, take natural logarithm of both sides and intencjea
t+1
expectations and logarithms:

In B+i,+InR -E[InR,,]-0E [InC,]+0oInC, =0

oG :0Et [Ct+l]+Et[pt+1]_ P —Inﬂ—it

G =E [Ct+1] _%I:it -k (M+1) _,O:I, wherep=-In

B.4. Some other Log-linearizations:

Before log-linearizing, note that, as shown in pinevious appendix for the interest rate,
e‘ =1+ X, when X is small (X can here stand for any variable). Therefore, aétking

natural logarithms of both sidesX =In(1+ X). Then the sequence following of

equalities and approximated equalities holds:

Xt:_:—_:|n(l+ Xt_szmﬁzlnxt—lnx
X X X

where Xt Is, as defined before, percentage change from steasly stateX . In this

model, it is worked with the logarithms of the \adnies, not with the percentage changes,

as in Obstfeld and Rogoff's model. Therefore, wh%;ét— is reached, it would be

interchanged withn X, —In X, not with >2t :

Terms of trade:
pPF A\
s=fe=| L8] 0"

the first equality can be linearized by only taklogarithms of both sides:

1/(1-y)

F

P
lnS=ln§ = s=p -p

t

take natural logarithms of both sides for the sdoaguality as well:
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ds 1 I 1-y(s)”
SO [(s) o

0

dasg d*. It might, at first, seem strange that the Itota

differentiation leads to expression like this ohat this is exactly the continuous time
counterpart of the operation that was made manggim this paper in discrete time. The

differentiation on the right-hand side is done wigispect t& for all *. If instead the

integral in the problem there would have been a,dhmen the expression would have

oF L (oF
05 tzo]ds* +(asf

*1

looked like: (

]ds*z +...., a sum over all the differentials for the
t=0

different *. In continuous time this summation isn@ by integrating, as there is a unit

interval of differentials. Hence, the expression:
i a-y(s)”
1 \Yr .
o[ [,(s) d
Now, note thatS, =S, =1. Then:

dS [d*, is nothing but the sum over all the differenfefiéntials.

B - (fagdr

8 -[o

NS -InS,=[ (In§ -Ins,)d*
s = sd*

Consumer Price Index:
A

e =t aa)(R) 7 (R

1/(1-17)
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wR_ war)’

Boa-a)(R) T +a(P)T T a-a)(R) T +a (R

note thatP,' =P =P,

® PN G O i
0 (Po) B (Po) P

INP-InP,=(1-a)(InP" —InP,))+a(InP" -InP,)

NP =1-a)InP" +aP’

P = (1—0') ptH +aptF
Price index for foreign goods:
I
0
Vg YV s
jo(E[F:l*) d)

U-y)

pF :( Fg*)l_yd*) , plugging inR" = E P, gives:

F
Pt - (
1/(1-y)

1| ety . -y \V@&H) vy ) )
PF = J'O[E[ (IO( pt’*(z)) dz) } d* ,take the natural logarithm of both sides:

V(-p)

, plugging inR. = (j:( p:,*(z))l_” dz) gives:

U(t-y)

P 1 [ ey oy \HEROTT : .
InPR —ﬁln J‘O{E[(J'O(pt,*(z)) dz) } d* |, totally differentiate:

A=N)IQ-p)

dr” _¢ (J-:( p;,*(z))l_ﬂ dz) (E;)_ydE;

= d*+

* ey e T .

(&) (F@) e | (@) e ™ [l 0) o o)

felsara Te

Note that in the case fop:’*(z) the summation as explain before is done twicer ave

d*

and over *;

-89 -



As in the steady state all the countries are theesé holds thatg, =1, and further more

Po-(2) is the same for alt,* D[O,l] (meaning it can be factor out the integrals). Then

i j(po (2)”d jpo (2) (pz,*(z>)”(p’;,*(z))'”[ﬁ(dﬁt,*(z))dz}d*
o (m.2) % (p;-2)”

i dE d* ﬂj:(d:((zzndz:ld , rememberE; =1, hencedE, :E%‘

InPF -InPF —j(ma -InE )d*+j[j (In p.(2 -In ﬁoy*(z))dz}d*

0
1 1 1
INR™ -InR’ =I(|n E )d* +I[L (In p:,(z))dz}d* 4n E,;P., sinceE, =1 and
0 0
5 7 & 1-pu V@-p) * 5 * .
B = (jo( poy*(z)) dz) = . (2). FurthermoreP =E P:,* always, and since all the

- V(t-y)
l y x
) =P,. Then:

P are the sam& :(j:(pg) d*
P =j(|n E )d* "'Jl‘“‘;('n p:,*(Z))dZ}d* , where p” =InPF
0 0

+[(p.)d* , wheree =InE and p;. EJ':(m .. (2))dz

o
n
|
—
’_rDl(-
o
o t—r

1

1
=e +p", wheree Ejefd* and p, EJ-(pt*,*)d*
0 0

B.5. International asset markets integration:

P. C7J. E.
Qua=Bg o
TR G B

Is the optimality condition for the foreign countr

Q= ﬂpict—_*}f is the optimality condition for Home.

t+1

o P* C—+0' . . ) ) % *P*
g R Ct+; =,[>’ e 5 , the bilateral real exchange rate is definedas SR
RaC Ry G By "
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ci.ci&  _ ¢ _c (B)
Ct_g Ct_,*g B[*+1 C:t+l Ct+1,* (B,: 1 )UJ
Ct+l = #é:)ug Ct+1,* ( Bt*+1)l/0

Shift the equation one period in the past.

C «\lo
C =—>_C.(B
e

Combining the two results gives:

—Ca e (5)”
anfm )

C:t+l - 1o Ct+1,* (B’:+1 )1/J
C.(8)
Ct+1 = ﬁ Ct+1,* ( Bt*+1)1la , compare t t4l ﬁ Ct+1,* ( Bt*+1)llg

One can go on with the shifting until the initithtes are reached.

C =LC (Bt )M. Note that here the variables with the subscripold for any

* )1/0 tx

Co (B
initial conditions, not only for the steady stattowever, without loss of generality one

can assume identical initial condition — no netefgn assets and identical ex-ante
Co
«\1lo
Co: (B5)

environment, i.e. the steady state conditions. 1L#t= . Hence ¢ is a

constant depending on the initial conditions and:
. « \lo
C, =9C,.(B)
With identical initial condition it must be th&, =C,. and B; =1, then& =1 (as in the

steady state).

B.6. Log-linearizing the index of aggregate domestioutput:

Hl(p-1)
Y, = (j: yt(z)‘”‘”"‘dz) , take natural logarithm of both sides:
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ny, = Inj y,(2)*'*dz, totally differentiate:
ﬂ_

@
Y, j Yo (2)“ D dz

_ YoYo(@ ™
dy; —WL dy, (z)dz

InY, -InY, = j:(ln Y, (2) = In y,(2)) dz
y, = J'Olln y.(2)dz, use the fact thay, (z) = AN, (2)
=[.In AN,(2)dz
=a, +J'01|n N, (z)dz, now log-linearizeN, = .[; N, (z)dz around the steady state:

InN, =In [ N,(2)dz, totally differentiate:

1
j dN, (2) dz, since N,(z) is the same for allzproducers in the symmetric

oj N, (2)dz
equilibrium:
dN, _tdN,(2 A
= dz INN, =In N, =|(InN,(2) —In N,(2))dz
N0 O NO(Z) = t 0 v([( t( ) 0( ))

1

n = j In N (z) dz plugging in this intoy, = a, +j In N, (2)dz gives:
0

Y =a+n

B.7. Optimal Pricing:

Let FE” (2) be the new price set by the firm, producerzgofwhich is adjusting its price in
period t . Note thatp!!, (2) = p/* (2) with probability @* for k=0,1,2.... As all firms

that are able to re-optimize in periodvill set the same price, the indexesare dropped.
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Then the firm sets its price in periddin such a way that the current value of future
profits is maximized, conditional on this price tgistill effective, subject to supply

equals demand. That is:
maxzm Et |:Qt t+k t+k ( MCtn+k):|

: P : :
subjectto Y, :(Pt” j (Ct'ik +.[01Ct'jk’*d*). Note that the demand function previously

t+k

derived was demand for home goods from Home. Time fe'— E it
t+k

H

j J' C/..d* captures

the demand for home goods from foreign countries.
@-7)W,

MC/, = is the nominal marginal cost.

Plugging in the budget constraint into the objexfnction gives:

R ) .
maxy @€, ka( (i reted)(p" - Mcslk)]

0 H _ -
maxy @' | Q.. (Pi (et Jretea)((P) 7 - () Mctik)]

Then the FOC is:

gwkEt { Qt,t+k 1 (Ctlik +j:Ctl:r|k,*d*) (1 ,U) (é )_ +Iu(é )_'”_1 Mctik}} =0

I Rh |
o K I éH ” H L g« Ir SH \ 7t n .
S| Qi | (choeficnoa) [a-m+u(r?) mer =0, mutiply
k=0 t+k L

both sides by-P":

2 |5H e 1 ~ n /i
ZwKE{ka(F;—HJ (C:k+ joc:k,*d*)][(u—l)e”—umcﬁk]}:o. now divide
k=0 +k

t

both sides by —1:
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w pH ~H
@E | Q. (cﬁ +[cn *d*) Pt ——# _mc, |1 =0, plug in backY,
; t{{Qttk(Rrkj t+k .[0 t+k, t /,I_l t+k p g t+k

from the budget constraint:

kzwkEt {[Qt t+k t+k]|:PH IullilMCtrlk :|} =O
=0

Recall thatQ,,, = ﬂp—% One can shift this expression by k periods toaiobt
t+1
— nk R Ct_‘f'i P At
Q=8 5 Plug this into the budget constraint:
t+k ™t

2 P C¢ -~ 7] . . c’
w'E, { g —=tky | P" -—L_MC", |} =0, multiply both sides byt
Z t B P.. Ct—g' trk [ Tt u-1 t+k ply y?

N k 1r-o D H n _
Z(Wﬂ) Et {( I:er) Ct+kY(+k |:RH _m MCt+kj|} =0
Or alternatively one can write this equation as:

" PH PH
(wﬂ) Et{ t+kY(+k |: Iu I_ll-ilt+kMCt+k}} 0

NgE

P. R #-1

=~
1l
o

Ho o FLk MCi
wherel’, ., = and MC,,, =—> , rearrange:

t—1 t+k

< o PUPY] & o~ PO M
Z { t+kYt+k - t|-| } Z { t+kYt+k - M Filt+kMCt+k} = O
k=0 I::t‘+k R—l k=0 I:¥+k u-1

rearrange again and take the natural logarithnmotf bides:

ag ﬁH c ag PT
Z(Wﬁ) Et{ t+kYt+th } Z { t+kYt+kF:,t1 ,Ul —1t+kMCt+k}

k=0 t+k k=0 t+k

Now this expression can be linearized around a udlation steady state. Note that in

zero inflation steady statel.,,,, =1, —-=1, MC,, =MC =MC, Y, =Y, =Y,

C.. =C,=C. Itis as in the subscript O steady state, bult wdditional assumption that

there are no changes in prices.

Linearizing around the steady state
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g éH N o RH1 ,U .
Z(wﬁ) Et t+kYt+k P Z t+kYt+k P /J 1 —1t+kMC’(+k IS an

k=0 t+k k=0 t+k
extremely long and tedious process. In this appeitilée total differentiation is done with
respect to only two variables, but they represhetmain cases and all the others are
equivalent to them.

The easiest case is with respect to variablesdbatot depend ok, such asP™” and

P" . If the total differentiation is done with respéatR" , it yields:
S(en)' e { e, 1} )
k=0 I:)O dlf)H dR

o0 PH PH t lf)H

JY "0 ‘o 0

With respect toR" it will yield InP" —In P, the two second terms will cancel out.

—1n PH SH
=InR" -InR

The second case is for variables that dependk pauch asMC,,,, M .., Yo: Cux

and the prices. If the total differentiation is éomith respect taMC,,, , it yields:

k o PH
e [ 2
0 dMC,

- ~ .+« » the sum can be explained similarly
k s H
@B Y,-o -2 n¥ MC
ICORR AU

0

M

E,

k

I}
o

to the explanation of why there is an integral ppendix B.4. Note that most of the

variables cancel out, leaving:
= _ (@) aMC, MC;' & (@B) E (dMC,, MC7?) _
;Et - t+k ; t+k

> (wp) —

k=0

= (1—w,8)i (@B)"E, (In MC,., —In MCO) :

Same is done with respect B, ,,, and the prices. One can see that the terms obtaine

for Y,, andC,, cancel out.

The end result of this procedure is:
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B = Pl + 2 (@), (7 ) + A-@B) ). (@) E (me, — mey)
k=0 k=0
This could be written in a more compact way. Jubtract the expectation in periador

the new price in perioti+1 timesa@g, i.e.:

Subtract

aE, (i) = @B’ +LU/3§ (@B) Ep (781 ) +wﬂ(1—wﬂ)§ (@B) Eros (MG = MC,)
from:

P = plt+ . (@) E, (72 ) + A-wB). (@B) €, (e -, Then:

Pl -, (L) = o'y —aBp!! +E (7") + A-aB)(me - mc,)
P - o, =a@fE, (L) ~@Bp + i + (- a@B)(me ~mc,)

P - o, =a@fE (pl - )+ 72" +(1-@B)(mG - mG,)

To proceed further, note that under the zero iioftasteady state, as the firms never re-
optimize (change prices), hence for how long pri@sain fixed is irrelevant, the firm
optimizes in every period (actually, all periode #he same) the problem (notice that in
order for them not to re-optimize, they must natéhan incentive to change prices, hence
the solution must be identical to the one undexilfle prices — that is also the reason

why the indexed are kept, since it is the general case when paceflexible):
maxy, (p" @)-MC/)

@) (ory
subject toY, = tP—H (Ct“ +j0Ct'1d*)

t
here the good indexis briefly introduced again, because there mightcbefusion

otherwise. Once firms optimize, they will all sdtet same price, and basically

p" (2) =PR" will hold. However, firms do not know that and yhthink they do not have

an effect on the overall price index, hence theyimie asP" is given.

Plugging the budget constraint into the objectivection gives:
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e 22| (e +f 00 (v -y
FOC.:
(—] [+ [ica)(@-m (pr @) +a(pr(2) " M | =0, mutiplying by

(" @)
) e

w-0-u(p @) Mc;

both sides gives:

n _ -1
MHCt =MC, :,u_lz(Lj , again note that all producers would set the sance,
P (2) Hoo\u-1

hence one can usg” (z) as deflator. Take natural logarithms of both sides:

mc' - p' =mg = —In(LJ =-h , which is the value of log real marginal costien

M1
the zero inflation steady state, i.exc,. Note that because under this steady state the

stickiness of the prices is irrelevant, this isuatly the log real marginal cost that would

be obtained under flexible prices.

Plugging the last result intgp — p, = @BE, ( P - pr ) +71" +(1-@B)(me, —mc,)
gives: p' - p, =@wBE, ( ph, - ptH)+7ZH +(1-@B)(mc - p! +1)

B’ = -a@Bp! +a@lE () + o' - pl - A-a@B)p! + (L-@B)(me) + 1)

P =B, ( bt'il)+(1—w,8)(mct“ +1), shift the same with one period in the future:
ph, :wﬁEtﬂ( pt'jz)+(1—m,8)(mct”+l+ 1), plug into the first one.

B =@k, (@, (p!,) + 1-@B)(MG., + 7)) + (1-@B)(me] +1)

B = (@B) €, (pl,) + @B~ @B)n + h+ @B (L~ @B )(mey, ) + (1~ e

If one continues with the same procedure, the esdltrlooks like:
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= (@B)" (-mB)h+Y. (@B)" (1-aB)(mel,)

P _—,5(1 @B)h+ (1= wﬂ)z @B)" (el )

p =h+(1-@p)) (@B)" (mc'., ), which is the equation in the text.
k=0
For further uses it is convenient to derive oneereyuation

Notice that the price index for home goods candfendd as:

1/(1-p)

P s[w(e_”l)l_”ﬂl—w)(lf{” )HI} , Which is quite straightforward to interpret as

(1-) of firms adopt new prices and the remaining kéwir told prices.

Log-linearizing this around the zero inflation stgatate:

In p¥ :iln[ (Rﬁl)w + (1—w)(|=§H )1—;1} , totally differentiate:

7
-H —H\H
R _ (R") H (R") 5
pH =w o \LH o\ A dR’ +(1-@) o\ o\ dR
v o(R') " +a-o)(R) w(R') " +a-w) (R
H H SH
dEH =wdRH‘l +(1—w)o:5lf4 , since in the steady sta' = P}' = P" = P"
0 0 0

INnP" -InP" =winP" -@wInP +1-w)InP" - 1-@)InP
P - ph =(@-1) py + (L-@)p!’
m =1-@)(p - py)

!

p" - p, =———, plug this into the preciously derived equation:

(1-w)
P - pf', =aBE, (P, - o ) +77 +(L-@B)(mg, +7)

pr =@ B a(rﬁil) D) 1-ap)(me, +1)

o (1-w)
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= pBE (77{11)+)I(n'q +1), where E%(l—mﬁ) (not a Lagrangian multiplier)

B.8. Aggregating the equilibrium condition:
-H - Vi F\7"
. P, (2) P i P" P’ :
Pluggin 2)=| ——= 1-a)+—| C+a N — | C,.d*|into
g9ing y,(2) (RHJ {( )(Rj t L(ERE R.)
1 Hl(p-1)
Y, = (jo yt(z)‘”‘l)’”dz) leads to:
(4Dl
—H H -n H i =7
[ (—pt (Hz)j (1—a)(Pt—j ct+ajol( i Fj ( J C,.d* dz
R R ER. .
(11l

" {(1_”)(3_;} coff &) & C"*d*] =] [ea) e

t t

Ml (p-1)

<
I
O ‘:qﬁ

Hl(p-1)

Recall thatP" = (E p.(2)7#dz

St
R ER.
a7 [ N pFV/(p n
Y(: Pt_ (1—a)ct+aj Pt_J (Efi-: ( tF] Ct d*
R RJLURY R
el PFV T Ep Y
Y, = R (1—a)Ct+ajl E‘Ht] (E‘ “J C.d*
R o\ R R
._EP, ._F _PF .
Recall thatB, = B and § =5 Furthermore,§ = which looked from the
t t t

: : R: : . PP
perspective of a foreign country * becom@s =Pt— Now notice that§.§ =Pt—P—tH

t* t* Tt
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ER. PP ._F . _EPL I
and —— =ﬁp—t since E, :P—i. Therefore, §.§ = PHt , and the equilibrium
t t,* t,*

t

relation becomes:

v =(%Hj [(1—0)(; +afl(s.5) 7 (8) c.d }

t
. . . * . \Vo .
It was previously shown in this paper th@t=2 Ct,*(Bt) , WhereJ is a constant

determined by the initial condition. Furthermoreithout loss of generality one can
assume identical initial condition and theh =1. The aggregate output equilibrium
condition is given by:

_(P" K 1 S\ [ VIV
¥ [ﬂ C |a-ay+af)(s.s) " (8) " ar]

t

B.9. The steady state:

Let all countries be symmetric. Furthermore, assantenstant productivity level equal
to A.

Global goods equilibrium in the steady state is:

Y, = (%Hj_ﬁ CO[(l—a) +a j;(soy*s;)y‘” (B*O)”‘”” d }

0

Since all countries are symmetric, it must be #iatS, and B, are the same. In fact,

F Ly e
notice that the effective terms of trade are gibgnS :%=[J‘:(S) d*} , but
t
sinceS, are all the same, it follows th& =S, and from their definition§ E% and
t

F
S E%, it must hold that?, =P, at the steady state.
t

. . 177 1 HED .
The price index is given b = [(1—a)(PtH) +a(RF) } , or alternatively:
v(n)

F\Y7
= {(1—a)+a(%j } , this holds always, including at the steady sfaben

t

R
RH
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% = [(1—a)+a(80)1_” Tl(l_”) .

0

B, =—= = a function of§,.

o 0 [(1—a)+a(50)1—r/]1’(1"7)’

From the integration of the financial markets tle¢ationship C, :Cty*(B: )llg (again

identical initial conditions are assumed). In theady state that i, =COV*(B;)M.
Integrating over all * gives:

1 Yo Vo
Co=[ Co-(By)  =(B,) " Ci

And lastly, remember that when the terms of trageaggregated over the whole world,

they cancel out. Then the equation

_(PF K 1 S \V [ o \1-Vo . )
Y, _(?j CO[(l—O')‘*aL(So,*So) (BO) d *} can be rewritten as:

0

Y,=[@-a)va(s) ] [(1_a)+a?so)l_ql,u.w cta-ara(s) " (8)™]
Y, = [(1‘0’)+O’(SO)1_'7}(”_1/J)/(1_'7) (So)llo' (1—a')+a’(SO)y_I7 S l/(l_r]) o

(-a+a(s)”]
Y, = [(1—0’)(80)1/0 [(1—a)+ a(So)l—r/:|('7—l/U)/(l—l7) + O'(SO)V} CZ,V
World goods market clearing condition impli€§ =Y,", then:

Y, = [(1_ a)(SO)l/U [(1_ a)ta (So)l—fy :|('7—l/c7)/(1—/7) s (SO)V}YSV

The other equilibrium condition is obtained frone tabor market clearing.
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W, T : : :
CIN{ =—2, substituting from the production function gives:
R

¢
CU E :%
0 A FB
_(A-T)W,

Recall that real marginal cost was definedM§; = =
0

and moreover that it was

calculated in appendix B.7. thmC, :’u—_l. ThenW, = pt AP . Hence:
U ul-1)

¢ _ H H
Cy (ﬁj = A/J—lpi. Use the facts obtained f@x, andpi:

A 1-1)u R, P,
(Y, Y u-1 1
B (YY —Oj =A -
O( ° ) (A (1_7-)/'1 [(1‘0’)"‘0’(80)1_'7}1/(1”)
w\o [ Y, ? -1 1
= 1/<1—r7)(Y0) (Koj =A K U@

(a-a)+a(s)”]

(Yo - p sl
S(%) (KJ “Maou

(%) = At —E
@-1)us,(¥")

7

-DH @ arra(s) ]

Y, = AT/ H-1
@-1)us(¥)

There is a system of two equations in two variafjjeend S, conditional onA andY;"

Y, = [(1_ a)(SO)l/U [(1_ a)+ra (So)l—fy :|('7—l/c7)/(1—/7) ta (SO)V}Y:'

)
Y, = A H-1
@-1)us,(¥")

Notice that the first function is strictly increagiin S, while the second is strictly

decreasing & >1), both are always in the positive numbers. Theeefthese two curves
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meet only once, and there is a unique solutioit.i#f obtained, the problem is solved in

its entirety.

U(g+0)
Make guess ofY, =Y," = A9+ (’U—lj and § =1
A-r)u

From the first equation, one can see t§at 1 satisfies the condition:

Y, :[(1—0)(1)1/‘7[(1—a)+a(])1_'7} +a(])y}YoW =Yy

Check if the values satisfy the second condition:

(n-Ua)I(1-n)

U

1(g+0)
A(l+¢)/(¢+a)( u-1 NG H-1
A-7)u

1 g

+ +0 ,Ll_l ¢+o
(L-T)uS,| AP )( j
A-7)u

~U(g+o)
A9 (B+0) p-10)p AT #+0)] — (SO)-W ( H-1 j ( H-1

[1roig+o))p
-0 (1-r)ﬂj

The powers of the left-hand side are:

It¢ _14¢ o(+g) _¢+¢°~¢-¢"-0-op+o+op _,
p+to ¢ (9p+t0)d (9+0)¢

The powers of the right-hand side (excluding the ofitheS, ):

1--9 ¢
-1 N ¢+J: -1 +¢+0': -1 N 1 -0
p+o ¢ p+to ¢ pto ¢to

Then:1=(3)™ = §=1

Therefore, this is the unique solution of the syste

If S =1, it follows that§ =1 for all *. B, = > P =) =1 Therefore, it
(a-a)+a(s)”]

must be also thak, =1. Furthermore,C, :(BO)M C, =Cy.
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B.10. Log-linearizing equilibrium relation in home goods market:

v :(%j C [(l_a)_l_aj-:(sms:)y-ﬂ (B: )/7—1/:7 q *}

t

t t

. 1-n 1/(1-n) .
Again use the fact that&%=!(1—a)+a(%] ] =[(1—a)+a(s{)l'”}l o

Y = [(1—a)+a(s)1—r/ Jrz/(l—rz) C [(1—a)+a'|-:(8[,$*)y_” (Bt )/]—1/:7 q *}

InY; = In [(1—a)+a(8[)1_"} +InC, + In[(l—a)+ a.[:(sbg*)y_" (Bt )”’1’” d *}

1-n
Totally differentiate:
- «\1-Uo (& \yn y-n-1
ay, __ na(s)” d$+dCt +1(y_,7)a(30) (s) " (s0:) s, .,

n-lo

Y @@+a(s)” T G o a-a)+afl(s.s) 7 (B) 7 dr

-lo y-n-1 y-n _ i S\ 1o f . \y-n-1 y-n
tay-m)(B) " (8) " (s,) " es |, 190 JIE) () T(S) o

+j n-1llo

o (-o)+af ($.8)7(8) 7 dr o (-a)+af(s.s)”(8) d

1 1 1
Y, =InY, = and§ +¢ ~InC, +a(y-n)[ds .d* +a(y-n) [ dS d* +a(n—§) [ B o
0 0 0

)/7—110

1 1 1 1
Y, =¢ +ans +a(y-n)[s.d*+a(y-n) [sd* +a(n—%) [tid* . Note that[s.d* =0,
0 0 0 0

since when terms of trade are aggregated on a wasid,lthey cancel out (if they are not

in logarithmic form they cancel out to 1, but heye are logarithms, hence it is zero.)
Y=g rans+a(y-ms+a(y -%)h

y,=c +ayst+a@ —%)b[. Recall thath, = (1-a)s :

V=6 +ays +a(n-)1-a)s

a aw
¢+ ~1)(1- =¢c +2%
Y, q+a(01/+(0/7 )1-a))s G+—§

wherew=oy+(on-1)(1-a)
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B.11. Modifying the Euler equation:

The linearized Euler equation (27) is given by:
1-
G =E [Ct+1] _;I:It -k (M+1) _'O:I
Expressingc, and ¢,, from vy, =¢, +£‘)st and vy, :q+l+%)§+l, and plugging into
o o

the Euler equation gives:
1-
Yi _%)St =k I:yt+l _%)St+1j| _E[It -E (77{+1) _,0]
1. aw
= Et [yt+l] _E[It - Et (77{+1) _p] _FE'{ [Ast+1]

Recall thatz = 77" +als

Y =§ [yt+l] +%Et [ASM] _%[it -k (7ZEH+1) _,0] _%)Et [Ast+1]

yt:Et[yt+1]_%[it_Et(7ﬂ1)_p] a(@- 1)EI[A +1]

. L1 R w
Combiningy; =y +——§ andy,,, = yiiy +——5., yields 3, =7, (Vo = %) = 000,

a a

yt=E¢[yt+1]—%[it—Et(7#il)—p] a(w- DE{U (Yeor = Y0) ~ 00" ]

SOy [y, ]- T W [y, -2 (1) -]+ TP [y,

t

o
o-a(w-1)o, o-a(w-1)o, aw-1o,
yt Et [Yt+1] _[ t Et (7#11) _p} —Et [AyHJ
o o
Y. =E [yt+1] - |:it -k (7#:1) _,0] + a(w-1)o, E, [Aytvilil
o-a(w-1)o, o-a(w-1)o,
Note that:
_ oa(w-1) o-o0a+ooaw-oaw+oa _ o _
o-a(w-1Y)o,=0- = = =0,
l-a+aw 1-a+aw 1-a+aw
a(w-Na, _ a(w-1)o, _ a(w-1o, _aw-1p, _ a(w-1)
o-a(w-1)o o—-a(w-1) g o -oa+oaw-oaw+ oa o,
l-a+aow l-a+aw

Then:
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Yi = Et [yt+1] _i[ j| + a(a)—l)Et [Aytvil}

g

a

= (7#11)

-p
Yi = Et [yt+1] _Ji[t Et (”21) _:0:|+a®Et I:Aytvj-l}

a

where®© = (gy-1)+ (on-1)(1-a)=w-1

B.12. Formulating the model in terms of the outpugap:
The natural output level can be determined from:

—h=-v+(0-0,)Y +(@+0,)y -(1+@)a
—(p+0,)y =h-v+(0-0,)Y - (1+P)a

n_ U—Th +Ja—0' w 1+¢

"0, pro, T peo,
- +
Let Q= v-h S 1+¢ : wz—%. Then:
¢+0-H ¢+Uﬂ ¢+0-g

o =Q+aWy’+Tq

. - w-1)o
Notlcethat:aa—J:L—a:aa aa)o*:_a( ) =-a00,

l-a+aw l-a+aw l-a+aw

Furthermore, equation (29) ismc =-v+(o-0,)Y,"+(p+0,)y,—(1+¢)a and,
correspondingly,~h=-v+(o-0,)y," +(¢+0,)y; —(1+@)a when prices are flexible.
Combining these two results with the identity, +7# = mc, — (-#) yields:

MG +h =0 +(T=0,)Y +($+0,)y ~ (L 9)a +u= (-0, - (@ +0,) + 1+ ¢)a
MG +1= (P +0,)x%

Plug this into equation (28)7" = SE, (m'il) +A(mc, +7):
' = PE (7 )+ A +0,)%
7 = () +,x, wherex, =49+,

To derive the IS-type relation in terms of the aitgap start from

Yi = Et [yt+1] _Ji[it - Et (77;21) _:0:| +a®Et I:Aytvj-l}

a
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XY =E [ Xt y{ll]—a—la[it -E (7 )—p}+a®Et [Dy: ], asy =x +y
Recall thaty! =Q+aWy," +I'a, . Then
E[v]=E[Q+aWy, +Ta,, |=Q+a%E [y, |+E [Ta,]

Sincea, = p,a._, +& with E [&] =0, it must be that:
E[Vl]=Q+a%E [y |+T 0.3

Using these facts the equation can be modified to:

x =E [Xt+1] —Q-a¥y'-Ta +Q+a¥E I:ytvj-l}-'-rpaa[ _Ji[it -k (ﬂ:il)_p:|+a®Et [Aytvx-l}

% =E[x.]-T@-p)a - [i -E () - o] +a(0+w)E [ay4]

a

% =B~ [ ~E (%) - pro,ra-p)a -ao, (0+W)E [ 2y:]]

X = Et[xt+l] _Uia[it _Et (nﬁl)_rn]

wherer" = p-o,l(1-p,)a +a(0+W¥)E, [Aytvﬂ

B.13. Solving the model:
The model is given by:

= BE () + K%
x =k (Xt+1)_ai[it -E (ﬂl)_rn}

a

i = p+h 7 +hx +4

Use the last equation to eliminate the interest rate

X = ET(Xt+1)_Ji|:IO+hnn£H thx+4 - (q‘il)_rn:l

{1+U&jxt =E () —— o+hg' +4 -E (7})-r"]

a

1
0’0’
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g,

X = o, ':hx E, (Xt+l)_

| p+h +4-E (mh)-r"]

g, *+h,

Plug this into the Phillips curve:

= () | 2 ()

Lot va-e(n)-r]

28l e

o, +h, o, +h o, +h, o, +h
Bo,+h)+k K. O K n
- a HE + a~ a — a +5_r
IZEH UH +hX +KHhIT t(lﬁl) JH +hX +KHhIT Et (Xt+l) UH +hX+KHh]T (p t )

==, [(Bo, +h) +K,)E, () + K,0,E. (x.2) &, (p+ 8 -1")]

1

where= =—— |
! UH+hX+KHh]T

Now plug this into the IS relation:

g,

X = o, ':hx Et (Xt+l) -
1 _ n n
_0_ + hx |:10+h77:a [(ﬁ(aa +hx)+Ka) Et (n:il)-'-/(aa-aEt (Xt+1) _Ka (10+d( -r ):|+a-t _Et (7#:1) - :|
_ 0'0, _hﬂEaKaJa _hnEg (IB(UH+hX)+KD’)_1 hﬂEaKa -1 _ph
Notice that:
thKO _1 — 0-(7 + h)(
h=ok,-1_o,th+k,h, —_ o, +h+kh, _ _ Hence:
UH+hX Uﬂ+hx Uﬂ+hx - .
(1_ h]TEHKH)UH :UHEH
g, +h,
Furthermore:
h=, (B0, +h)+K,)-1_h=,B0, +h=,Bh +h=.K, -1 _
0'0, ‘|'h>< Ua +hx
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=, 050,+h,
g, +h

X =2, [ 0B (x) + @ B0 )E (71) = (p+8 ")

Putting this into matrix form:
X E, (Xt+l)
= +b,(r" - p-3)
%) Aﬂ(a (n:;)]

WhereA,,EEa(J 1-ph, j baEEg(lj

Ua/a(a Ka+pl0, +1)

=P -=,==,(6h,-1). Then:

Solving the system of equations:
Guess a solution of a form =G ;J, and 77" =G _;J,

Plug this into the system, and note that p,
E (7)) = E (G91) = G, +E, (G’ ) = G050, and henceE, (x.,) = G059
The system:

= BE () + K%
x =k (X[+l)—ai|:p+hnﬂ;H +thx +4,-F (lﬂl) _rnj|
becomes:

a-t = ﬁGmpddt +K0/G><55t

Gxda—t = Gx5p5 [h G +h ch)'a—t + Jt _Gnapda_t]
Cancel thed, and rearrange the first equation:

(1-B05)Gs =k,Gs = G, =1_Kﬁ6m, Plug this into the second:

a

K K

a a a H

1- ﬂpéG 1- ﬂpéijpé hG +hx1 /BIOJG +1 Gnélod}
g,

a a a a a a

1 1-Bp; 1-Bp, _h 1 1-Bpo; 1
= — —__ T - Mo 4= G
o, ( . P o Nk, oo
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1= 9237 Ps)(Ps =D~ Nk, = (17 s )* Lok

KH

G, = %

P (@~ Bos) o, (ps~D-h]- (O, - ps )k,
Gy = Lo

" (1~ Bos)o, - ps)+h ]+ (0, - o5 K,

G, =—k,H;, where H; = =
(1_,8:05)[Ja (1—[35)"' hx] + (hrr_pd)Ka

Then: G, =2"PPsg  =12PPs W y=—(1- po,)H,
K K

a a

The solutions are given by:
% ==(1-Bos)H,4
=, HG
1

Note that H; = >0. If (h,—p;)k, >0 then it
(1_/8:05)[00/ (1_:05)"' hx] + (hn_pa )Ka

obviously holds. More interestingly, {h, - p;)k, <0, one can open the brackets on the

left side and take out the terfi— fSp,)h,, which is obviously positive. Note that
(- Bos)h > (1-4)h, and, furthermore, the inequality that ensures wmigolutions is
k,(h,-1)+ (1- B)h, > 0. Notice that if (h, - p;)«,is negative, therx,(h,-1) is even
“more” negative, but the inequality still holds. ke, (1- 8o, )h, + (h, — o5)k, > 0 and

thereforeH; >0 .
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Abstracts in English and German:

This thesis aims at reviewing and comparing in desyatic manner some of the most
prominent New-Keynesian models concerning an opencgoy. Obstfeld and Rogoff

(1995) and Gali and Monacelli (2005). It examines #ettings of the models, the
concluding findings, and how differences in theisgt have affected these findings. The

paper investigates the applicability of the differenodels to diverse economic situations.

In dieser Masterarbeit werden zwei von den zentralstel bekanntesten Ansétze aus der
Klasse der New-Keynesian Modelle fur offene Volkswineften hergeleitet und
vorgestellt: Obstfeld und Rogoff (1995) und Gali uktbnacelli (2005). Es werden
insbesondere die Unterschiede beider Modelle eimagelgentiber gestellt und welche
Unterschiede sich hinsichtlich ihrer Schlussfolggemdaraus ergeben. Zuletzt wird die
Anwendbarkeit beider Modelle auf diverse 6konomis8hkenarien evaluiert.

Curriculum Vitae:

Name: Yordan Mahmudiev

Date of Birth: 08.08.1987

Nationality: Bulgarian

Education: Secondary education: National GymnasiiifNatural Sciences and
Mathematics “Lyubomir Chakalov”, Sofia, Bulgaria@d@.-2006
Bachelor of Science in Management and Econon@tto-Von-
Guericke University, Magdeburg, Germany: 2006-2009
Master of Science inoBomics: University of Vienna, Vienna,
Austria: 2009-2011

- 115 -



