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Abstract

This paper analyses how optimal policy responses to productivity shocks change when
the government loses the exchange rate as a policy tool after entering a monetary union. It
is shown that over the business cycle (generated as cyclical changes in productivity), both
deficit and inflation will be more volatile when there is no exchange rate to support the
stabilization policies. The reason is that the exchange rate is quite an efficient weapon in
addressing the impact on the price level from the different shocks. Losing it therefore makes
prices less stable and triggers a more extensive response in the only policy tool left, the
deficit.

With respect to unemployment, the outcome depends on the source of the asymmetric
shock. If the government dislikes fluctuations in the unemployment rate, and supply shocks
are mainly domestic in origin, a monetary union is preferable. If supply shocks are instead
mainly foreign in origin, unemployment is less volatile under a flexible exchange rate regime.
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1 Introduction

The objective of this paper is to compare how the government’s optimal policy response to a
stylized business cycle differs between on the one hand a situation with a flexible, discretionary
exchange rate, and on the other hand a monetary union. The policy tools available are the
exchange rate and the deficit. The business cycle is roughly proxied by changes in labor pro-
ductivity. In order to do this, we use the set up used by Agell et al in their paper ”Fiscal policy
when monetary policy is tied to the mast” [1], and extend the model to include a stochastic

productivity level.

2 Background

With the imminent creation of a monetary union in Furope, EMU, the issue of how well the
eleven future members fit in to a currency union is still unresolved. In a world of asymmet-
ric shocks, a high degree of factor mobility is the main requirement, according to the original
Mundell theory of optimum currency areas [21]. Without it, a shift in demand from one coun-
try’s goods to the other’s will lead to recession in the former and inflationary pressures in the
latter. With separate currencies, this adverse effect can be remedied by an adjustment in the
bilateral exchange rate. Even though the European economies are not especially specialized in
production with respect to each other, asymmetric disturbances are far from extinct. Bayoumi
and Eichengreen [5] claim that supply shocks are larger in magnitude and less correlated across
regions in Europe than in the US. Furthermore, among the core of EU countries supply shocks
are relatively small and highly correlated, whilst among the ”EU periphery” supply shocks are
bigger and more country specific. In a different study, Caporale [9] estimates that the percent-
age of output variance due to asymmetric shocks has a lower bound ranging between 30 and
70 percent among the EU countries.! The rather high degree of asymmetry within Europe is
therefore seen by some economists as one of the greater challenges to the EMU project.

The above reasoning leads to the question of how much of a buffer the exchange rate is

in addressing country specific disturbances. According to Canzoneri, Vinals and Valles [§],

! Her analysis, using a principal components technique, is based on the EU-12 group, ie the present 15 countries
minus the lastest entrants, Austria, Finland and Sweden. In the case of Sweden, Hansson and Sjsholm [13] claim
shocks to output are mainly asymmetric (vis-a-vis the EU). Looking at correlations, they find that with respect
to supply shocks, the only correlations which are statistically significant are with Great Britain, Italy, and the
Netherlands. With respect to demand shocks, the only statistically signifcant correlation is with Greece. In
a different study, Assarsson and Olsson [4] conclude that Swedish supply and demand shocks are only weakly
correlated with those of Germany, indicating that an adjustable exchange rate may be preferable. However, they
also show that domestic supply shocks have not been the dominant shocks in the Swedish economy.



exchange rates among the countries in the EU do not move in response to macroeconomic
imbalances, but rather respond to financial shocks. Therefore, for the countries they look at,
giving up the exchange rate is not a very costly action with respect to stabilization issues.

Furthermore, the lack of a federal fiscal policy of any significant dimension in the EU rein-
forces this problem. Eichengreen [11] states that while state taxes paid to the federal government
in America go down by 30 percent for each dollar decline in state income, the corresponding
figure for a European country’s payments to Brussels is a reduction of no more than one percent.
Moreover, Sachs and Sala-i-Martin [23] conclude that a one dollar income drop in house hold
income raises federal transfers in the US by between 6 and 10 cents. Thereby, 40 percent of the
income drop is eliminated through the federal insurance system.? The two studies conclude that
this aspect may pose a big problem for the EMU region.

Yet the situation may not be as bad as that. Firstly, Bayoumi and Masson [7] find that
although the federal stabilization budget within the EU is nowhere near that of the US, national
fiscal policies have been as effective as the American federal system in cushioning shocks. How-
ever, this cushioning effect may be restrained by the stability pact’s requirement that deficits
in the union stay below three percent of GDP.> One of the drawbacks of imposing fiscal restric-
tions under a monetary policy dedicated to EMU-wide price stability is that fiscal flexibility
may be essential to make the monetary union functional. Fiscal policy can potentially ensure an
adjustment to shocks since it can both affect the consequences of shocks and stabilize income.
Not least if labor markets prevent speedy adjustments to shocks.* To further complicate things,
restrictions regarding fiscal policies may in turn increase the pressure on the European Central
Bank for a looser monetary stance (Masson [20]).

Secondly, Italiener and Vanheikelen [17] assert that a stabilization tax of only 0.2 percent of
GDP would be sufficient to compensate for the lack of national stabilization policies by allowing
transfers between countries in the event of asymmetric shocks. That is, a rather limited insurance
scheme is necessary.’

In the Agell et al paper [1], the government can address a shock and stimulate the economy

% Sala-i-Martin and Sachs also estimate the tax reduction to 30 cents on each dollar.
3 Artis and Winkler [3] argue on the other hand that the leeway in case of a temporary disturbance is quite
large.

%et the actual restrictions on fiscal policy may be even more restraining than the Maastricht treaty indicates.
According to Masson [20], in order not to exceed the stability pact’s limits the countries need to have an average
deficit less or equal to one percent, since the standard deviation between actual and structural deficits has been
two percent of GDP among the EMU participants.

! See for instance de Grauwe, 1992 [10], and Kenen, 1995 [18].
° This may be a too low estimate, though. See for instance Andersen , 1996 [2].



through two different channels; the exchange rate and the deficit. The government, which chooses
its policy variables after unions have set nominal wages, cares about three things: unemployment,
the deficit and the level of inflation. In the discretionary case, the outcome is a wage-depreciation
cycle and a time inconsistency problem both with respect to monetary policy and fiscal policy.b
However, the main focus of the Agell et al study is the effect on the fiscal policy from giving
up the exchange rate. Their results indicate that a deterioration of the fiscal stance (increased
deficits) is likely to follow once a monetary union is created. The reason is that as monetary
policy is taken away from the hands of national policy makers, fiscal policy gets to bear more of
the burden in achieving the government’s goals. Hence restraining rules regarding fiscal policy
might be appropriate. The Maastricht Treaty’s convergence criteria and the Stability Pact’s
requirements may be seen against this background.

This paper uses the same model as Agell et al [1], but adds a productivity variable in
the production function. Changes in domestic labor productivity affects the supply side of
the economy, whilst changes in foreign productivity will affect the domestic economy on the
demand side, via fluctuations in export demand. The analysis focuses on how the optimal
stabilization policies regarding the deficit and the exchange rate change over the business cycle
(represented by changes in labor productivity) in two different worlds. That is, one with a
flexible, discretionary exchange rate regime, and one with a monetary union. The model is
chosen because of some attractive features. It is simple in its set up, is based on optimizing
agents, and has an ”overambitious” employment target on behalf of the government, leading to
combined deficit and inflationary biases.”

The results indicate that both the deficit and inflation will become more volatile in a mone-
tary union. The former will fluctuate more mainly because it will be increasingly utilized as a
shock absorber when there is no exchange rate to help buffer the disturbance, while movements
in inflation will be dramatically larger in a monetary union due to the fact that the exchange

rate is a very potent price stabilizer in this model.

¢ The wage-depreciation cycle occurs in many models, see for instance Horn and Persson [16] and Gylfason
and Lindbeck [14]. The fiscal time inconsistency problem/outcome is less common, however.

T Although both consumers and firms are optimizing, their horizon is restricted to the present period. Fur-
thermore, consumers optimize over consumption only, ie there is no disutility from labor in the utility function.



3 The model

The economy consists of four parts; an aggregate demand side, a production function, a wage
equation and the government’s loss function. We assume a Cobb Douglas style production
function which only depends on labor.. We have two different productivity shocks, either to
domestic production, A :

Yje= L] A

or to foreign production, Ay. (We will denote foreign levels by a star superscript throughout
the paper.) A shock to foreign output affects foreign income, and hence foreign demand for
domestic exports. We think of the foreign shocks as being of the same source as the domestic
ones, affecting the supply side. Furthermore, the shocks affect all production within the national
borders identically. Hence A can be seen as a technology parameter or a cost parameter that
is universal to the country in question. Also, calling it a shock is not really correct, since it is
productivity factor. In this sense, it would be more correct to denote the change in productivity
as the shock. However, we will refer to the level as the shock. The logarithmic values of the

productivity shocks (denoted by lower case letters) follow an AR(1) process:

ai = pal | +el i = domestic & foreign (x)

el ~ N(0,0%)

BE(a) = pai 4 (3.1)

where p € (0,1), and both the persistence in productivity and the variance of innovations are
the same in the domestic and in the foreign economy (p = p*, (02) = (02)")®. Furthermore, we
assume:

i) Identical consumers and identical firms.

ii) The world consists of two areas; a domestic economy which produces one single good, and
the rest of the world that also produces a single, different good.

iii) No intertemporal aspects on behalf of consumers or unions, who maximize expected
instantaneous utility each period.

In order to let the government react to contemporaneous productivity changes, the timing

in each period in our economy is as follows:

8 In order to keep the analysis simple and clear, we ignore propagation between our two different types of
shocks. I e shocks are totally independent from one another. See appendix D for an analysis based on the
empirical estimation of propagation of technology shocks.



i) first to move are the unions who unilaterally decide wages before shocks are realized.

ii) shocks are realized.

iii) second to move is the government, which can react to shocks by choosing its policy
variables (exchange rate S and deficit as proportion of domestic output, D) appropriately, which
in turn determines the period’s price level.

iv) Finally, firms choose employment levels as a function of the real wage and realized shocks.

As a result of this ordering of events, it will turn out that the government can affect both the
inflation and the employment level. Consequently, consumers and unions have an informational

disadvantage.

3.1 Aggregate demand (AD)

Consumers get utility from consuming a combination of the two goods produced in the world,
the domestic good X, and the foreign good M. Despite the income uncertainty, we do not
allow for savings, but instead assume consumers spend all their income each period. Given this

assumption, consuners face the following maximization problem each period:

maxU; = XM}

st. P(1+D)(L]A;) = PX;+SM;

where « is the share of domestic goods in total consumption. In this sense, o will be an
indication of the openness of the country. The smaller is «, the more imports the domestic
economy consumes. L] A; is gross income per identical consumer, measured in domestic goods.
D is the budget deficit (D > 0) or surplus (D < 0) as proportion of gross income. P indicates the
domestic price level, and S is nominal exchange rate (domestic currency/foreign currency). We
choose to assume a foreign monetary policy set to keep the foreign price level constant.” Given
this assumption, p* can be normalized to unity, and dropped from the equations. Since there are
no savings, there are no credit markets. Total real consumption is therefore equal to income plus
any deficit or surplus. Consequently, the implicit assumption is that the government borrows
from abroad to pay for a possible deficit. Furthermore, we implicitly assume that the world
economy is sufficiently much larger than the domestic one so that a deficit D can be financed

without affecting the world’s demand for domestic exports. In this simple set up, we furthermore

9 A fluctuating foreign price level results in the cancellation of the foreign shock in the expression for the
domestic price level. The reason is that its indirect effect via the foreign price level (p*) is fully offset by its direct
effect (a* in p* cancels with the direct effect of a*).



ignore possible borrowing limits for the government. That is, there is no intertemporal budget
constraint. This is obviously an extreme assumption. However, empirical facts indicate that
governments in industrialized countries such as the OECD group have quite extensive borrowing
possibilities on international capital markets. Since our analysis focuses on how the use of the
deficit as a shock absorber changes as the government loses the exchange rate as a policy tool, and
the interesting results come when borrowing is unconstrained, the paper accepts this weakness
of the model.'”

Given this set up, changes in the deficit level affect aggregate demand, so Ricardian Equiv-
alence does not hold. Aggregating over all identical consumers, solving for domestic demand in

the budget constraint, and using this in the utility function, we eventually get demand as :

M = (1+D)(L7A)(1—a)§ (3.2)

X = o(l+D)(L'A) (3.3)

(See appendix A for a more thorough exposition of the calculations behind section 3.) Domestic
demand for foreign goods (M) is a function of the domestic economy’s openness (1 — ), relative
prices and disposable income. So the higher is the domestic price level, and the stronger is the
nominal exchange rate (low value of S), the stronger is import demand. By symmetry, world
demand for domestic exports equal to:

s

X' =(1=a")5 (L) A7) (3.4)

where (1 — *) is the share of imports in foreign consumption. So the weaker the real exchange
rate, the higher its value, and the higher is the outside world’s demand for the domestic good.
Adding up demand for the domestically produced good ((3.3) and (3.4)), and dropping the
constant (it will not affect the comparative analysis which is the focus of the paper) we have

total demand for the domestic output (good X ) as:

(87
ylt—kat:s—p—kmD—i—af (35)

where lower letters indicate logarithmic values. The expression says the demand for domestic
goods is a function of the real exchange rate (s — p), the fiscal stance and foreign supply shocks
(working via higher foreign demand). Domestic shocks will enter on the right hand side (RHS)

in p, and also in the policy variables s and D.

10 See appendix C for a presentation of how the model behaves when there is a limit to the government’s
aggregate debt level.)



3.2 Aggregate supply (AS) part 1: Production and employment.

There is a continuum of identical firms, normalized to unity. As a result, all firms will employ
the same amount of labor.. Each firm takes the price level and the exchange rate as given, and
faces a demand equal to X;; + X 7¢- We assume that the law of one price holds, since there
are no impediments to trade and there is perfect competition in each of the two goods. Hence
firms get the same price irrespective of the market in which they sell. That is, the price of the
domestic good in the foreign market is % (in foreign currency). The interest rate is set to zero

(it does not matter for the analysis). Consequently, we have that profits for each firm j equals:
pT‘OfZ'tjyt = PtL;-Y’tAt - Lj,th,t

Since firms act after shocks are realized and the price level and the real wage are known, there
is no uncertainty at the time of firms employment decision. Profit maximization (with respect

to firms’ discretionary employment decision) gives us log employment in each firm as:

ljt = - O(wjr — pe — at) (3.6)

where 6 = ﬁ > 1 is elasticity of labor demand, and [ = fln~. This expression gives a
relationship of how much the firm’s employment level differs from a bench mark case, indicated
by’lv, (where (w—p—a) = 0, that is, the shock augmented real wage P—MQ is normalized to unity),
due to effects from the real wage and domestic supply side shocks. A positive domestic shock
raises productivity (by assumption) and raises firm employment. Thus aggregate unemployment

in our normalized economy will be:
w=1—1l; = O(we — pr — at) (3.7)
Writing the production function in logs, we have:
Y = — (0= 1)(w, — py) + ba, (3.8)

Hence, actual supply will deviate from our bench mark level, § = ’le, due to adjustments for the
real wage and supply side shocks. Using (3.5),(3.8), and the equilibrium condition y4% = yAP

we can solve for the price level (ignoring the constant term):

1
Dy +ywy + =aj — az (3.9)

Pt T —a) 0

0



Adding shocks has two direct effects on the price level. A foreign supply shock increases foreign
productivity, raising foreign income, and hence foreign demand for our exports. This in turn

raises the domestic price level.

al= y'T= X"1T= pI

dp
Oa*

A domestic positive productivity shock works the opposite way, as it makes production more

— >0

efficient, and thereby cheaper, resulting in a lower domestic price level.

a T = more ef ficient production — p |

dp

However, there are also the indirect effects entering via the two policy variables s and D, as they
will be functions of the shocks. The government can reduce the real wage, and thereby stimulate
output and employment, by creating a price surprise in two different ways. It can either use
an unexpected depreciation or an unexpected fiscal expansion. In the first case, both domestic
and foreign expenditures switch to domestic goods through a real exchange rate depreciation.
In the second case, there is a domestic aggregate demand increase at the same time as the real

exchange rate appreciates (the price level is increased).

3.3 AS part 2: Wage setting

We assume unions have monopoly power with regard to setting the wage, but firms have "right

" as they decide unilaterally what amount of labor to hire once unions have set wages.

to manage,’
Furthermore, we assume one union per firm and no labor mobility. Unions care about the real
consumption wage and employment, and each union’s utility function is a combination of these
two. The union is small enough to ignore the effect its wage may have on the aggregate wage

level. The set up implies unions set wage demands given expectations of policy parameters S

and D. Real consumption wage is defined by:

real consumption wage = W (14 D)/CPI

CPI = aP+(1—-a)S

Recall that D is transfers as a proportion of Y, so in symmetric equilibrium it will spread evenly

among all consumers, hence we can multiply the wage by the factor (1 + D). Let superscript e



denote unions’ expectation. Union expected utility (in logs) in firm j at time ¢ is given by:

. A
Vo= (wya + D = i) = B |50~ 1,07 (3.10)

or in words, expected union utility is equal to the log of the real wage (In(1+ D) is approximated
with D) minus a quadratic unemployment term. X is the weight unions put on employment
relative to the real wage. In periods with low unemployment, union cares mainly about the real
wage. However, due to the quadratic term, as unemployment grows its weight automatically
increases in the union’s objective function. There are no intertemporal links, the union just
maximizes expected Vj; in each period. We focus on the Nash equilibrium in the ”game”
between the union and the government. That is, the union knows the objective function of
the government and maximizes its utility given its assessment of p¢ and D¢, where the latter
is consistent with the set up of the economy (rational expectations). Using equation (3.7) and

differentiating (3.10) with respect to w;; yields:

1
Wit = —5 +pi +af 3.11
gt G2 Dy t ( )
under the assumption of exogenous shocks and that the unions believe the wages they set affects
neither the general price level nor the fiscal position chosen by the government ( gu]ji = gfj ‘i =0).

Symmetric equilibrium implies w; = w Vj. We see that the nominal wage is related 1:1 to the
expected price level. Using the price level expression (3.9), we have:

e__e+ o
Pe= g T e

Plugging this into our wage expression, we get the wage as:

1
Df+7wt+§(af)e—af

1 e a e *\€

The union’s rational expectations of s¢ and D¢ will follow from solving for them below. However,

we =

we can already see how the government can improve the unemployment situation. Plugging in
the price expression into firms’ employment decision, and then substituting in for w, we get

unemployment as:
1 o o
=g~ ) T gy

Once again we see that a surprise depreciation and a surprise increase in the deficit reduces

(Dy = Dp) = (a; — (a7)°) (3.13)

unemployment. Furthermore, plugging the price expression (3.9) into the unemployment equa-

tion (3.7), we have:
o)

(1-a)

10

D, —a (3.14)

Uy = Wy — S¢ —



Assume for a moment that there is no government interaction in any period. Then s and D
are zero (exchange rate in levels normalized to unity), and unemployment is related 1 : 1 to the
wage. Hence without a government, as wage goes, so goes unemployment. The implication is that
changes in domestic productivity do not affect labor demand (when there is no government), and
the reason is that a change in productivity, which ought to induce firms to adjust employment, is
fully offset by a counter-effect through the price level. For example, an increase in productivity
makes the firm want to hire more labor. However, the same increase lowers prices, thereby
raising the real wage. If the price level is not affected by policy variables, these two effects
cancel out. When we introduce a government, it will choose its policy variables in response to
present shocks. Hence the unemployment level will be affected, since policy variables will add
additional changes to the price level, thereby nullifying the previous 1:1 link between the rise in

productivity and the rise in the real wage.

3.4 Government

The government is concerned with unemployment, deficit and inflation.!! The government’s loss

function is therefore defined as:

1 1 1

where consumer price inflation is defined as:
e =ca(pt —pe—1) + (1 —a)(sg — s¢-1) (3.16a)

That is, inflation is caused by the effect from domestically produced consumption times its
share of consumption (), plus price changes on imported goods (caused only by changes in the
exchange rate, as the foreign price level is normalized to unity), times its share (1 — a). pp and

i, indicate the government’s preferences over the three terms in the loss function.

4 Solving the model

' As the model is set up here, the government wishes to have full employment. But as equation (3.13) indicates,
the steady state natural level of unemployment is /\—19. This ”overambitious” employment target is what drives the

deficit and inflationary biases. Had we set the employment target in the loss function to u; — /\—19, the steady state
deficit is zero, as is the inflation rate.
For a presentation of how the model behaves when there is a limit to the government’s aggregate debt level,

see appendix C.
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4.1 The flexible exchange rate case (government chooses both s and D).

In the case where the government has discretion over both the exchange rate and the deficit, it

solves the maximization problem:

o
ming p H = Zﬁt_lRt
t=1

subject to (3.15) and where 3 is the government’s discount factor. Using (3.7), (3.16a), (3.9)
and (3.12):

w = 0w —p—ar)
e = ofpr—pi—1) + (1 —a)(ss — s¢-1)
1 o 1
= = — D —af —
Dt 08t+(1_a)0 t+7wt+0at a
1 o
we = Sptsit the + pai

we can plug in for the wage level and the price level and get the terms in the loss function R
to be a function of policy variables and their expectations, and lagged and present shocks. In
order to solve the problem, we use the Bellman technique of dynamic programming. The value
function J(p,s) is set up with lagged price level and exchange rate as the state variables, and
the minimization problem becomes:

J(pe-1,801) = By Htllsftl [Re + BJe11(pts 8t)] (4.17)

Since the loss function is linear quadratic, we know that the value function J must be quadratic.

Hence we can write its general form as:!?
1 2 1 2 * 1 * \2
J(pe,8t) = vo+vipr+ 5V2Pi + VioSt + SV118; + V3G T+ SV4 (aip1)” +
1 %
FVsa141 + 576 (at+1)2 T V12PtSt + V7PiQyyq + VeDiQiy1 T
+11384a5 1 + V145¢Qeq1 + VoQy Q41 (4.18)

which gives us the derivatives as:

0Jii1
ap = V1 +Vapr + V125t + UGy 1 + VGt
¢
Ji11
D V10 + V118t + Vi2ps + V13671 + V144
¢

2 The timing subscripts follow from the fact that when the government acts, the present period’s productivity
levels are known.
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The government minimizes (4.17) given the private sector’s expectation of the price level, and

given wages. This gives us the two first order conditions (FOC's):
OR; i1 0pe | OJia

75, "L o9 95, " Bs | = ° (4.19)
ORy 0Jiy1 Opy
3D, T PP 53, 0 (4.20)

From these equations we solve for s and D as functions of a constant, lagged price level and

exchange rate, and lagged and present shocks to eventually get:

Sflem = S (pt—17St—17a:7az‘717a]t7a]t—l) (421)

DtFleI = D(pt—lvSt—ba/;fk?a?fl?at?at—l) (422)

In order to solve for the nine unknown v coefficients, we use a numerical method (method of
undetermined coefficients), as an analytical solution would be prohibitively messy. See appendix

7?7 for a more thorough exposition.

4.2 The monetary union case

One of the main findings in the Agell et al paper [1] was that under commitment of the exchange
rate, the deficit may be used to a greater extent to stimulate the economy than under a flexible
exchange rate. Our question is how passive the government becomes with respect to stabilization
policy when it loses the exchange rate as a tool. That is, will the monetary union economy be
more volatile then the flexible exchange rate one?

Let the nominal exchange rate S be normalized to unity, and hence log S; = s = sf =0
V t. All structural equations from above remain valid. To solve the government’s problem and
get an explicit value of D, we again set up the government’s objective and constraints, but now

dropping the exchange rate term in each equation:

00
mz’n37D H = Z,@tilRt
t=1

1

7 fix
s.t. Rt == ath + TDD? —+ 771'?
where (3.7), (3.16a), (3.9) and (3.12)become:
up = O(wy —pp — ay)
T = a(pt—pi-1)

13



o 1,
pe = mT——=Di+yw+zap —ay

(1—-a)b 0
1 o e *
we = 57 WDt + pa;_y

We follow the same solution algorithm as in the flexible exchange rate case. Now we only have

one first order condition, however:

OR; 8Jt+1 Opy N
8Dt Etﬁ 8pt 8Dt -

(4.23)

which eventually results in a closed form solution for the deficit, D, as a function of lagged price

level, and lagged and present shocks.

DfV[U =D (p1,07,0f_1,a1,a-1) (4.24)

5 Application and analysis

We use the following values on our parameters:'3

a = 07

v = 2/3=0=3

A = 57
= 0.75
B = 0.96
pup = 24
Ye = 24

That is, the import share (1 — «) is 30 percent, labor’s share of output is 2/3, the unions place
almost three times as high weight on the unemployment factor as it does on the real wage
(A/2 = 2.85), and the government puts equal weight on the deficit term and on the inflation
term in the loss function, both of which carry more than double the weight of the unemployment
term. Obviously, the choice of parameter values is critical to the results we obtain. That is, with
unemployment given a less than half of the weight of the other two variables in the loss function,

our model is prone to yield relatively high unemployment. Yet given the last two decades of

13 The model is parameterized so as to match Swedish data 1989-98, assuming this to be a period of flexible
Swedish exchange rate. I e U19s9—9s = 5.8 %, B1gso—9s8 = 3.2 % and T1989—9s = 4.7 %. The share of trade to GDP
is from the annual Swedish national accounts, Central Bureau of Statistics (SCB). Data on technology shocks

come from Zimmerman [25]. Inflation, deficit and unemployment figures are from OECD Economic Outlook, nr
63, June 1998.
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EU’s experience in this respect, one could argue that this is not an unreasonable assumption.

The bottom line is that the choice of i, = p,, = 2.4 is open to criticism, however.!

With these parameter values, equations (4.21) and (4.22) become:

Sf‘le:c = ¢ +o (Oépt—l + (]_ — Oé)st—l) -+ c3a? + C4az:1 + csay + cear—1

Sfle:c = —0.03+0.70p;—1 + 0.30s;1 — 0.60a; — 0.08a;_; + 0.94a; — 0.18a; 1  (5.1)
Dflem = cnn+en(api1 + (1 —a)si_1) + c1z3af + c1aa;_1 + c15a¢ + C16G1—1
DFles — .03 — 0.10a% + 0.07a’_; — 0.23a; + 0.17ar_1 (5.2)

with ¢ = 1 and ¢12 = 0. This is a result of the fact that all the v’s in the Bellman equation come
out as zero. Inflation will be constant and independent of lagged endogenous variables in the
model. In order to see why, we focus on the case when there are no shocks. Then expectations
of the policy variables are the same as their outcome, that is, s = s¢ and D = D¢. This in turn
implies that unemployment is constant at v = %. Under these circumstances, the price level

reduces to:

_ a
Pr=%0 01— o)

after plugging in for the wage (and assuming no shocks). Now assume the government stands

+ s+ Dy

in a hypothetically end period T. Then, the FOC with respect to s reduces to:

ORr
8ST

= —ur + <%+1—Q>WT:0

and therefore we have inflation as:

1
Mt (5 +1—a)

T (5.3)

That is, inflation depends only on parameters and is therefore constant. Given that this is the
solution in the last period, and that it is independent of any action taken in period 1" — 1, it
must be the case that this will be the outcome in all earlier periods, too. Furthermore, given
that both unemployment and inflation are constant in a shock free world, the FOC with respect
to D in the last period will be:

ORT « a?

= ————=ur+upDr+ /ubw(

9Dr 1-a) —ap T =Y =

14 Agell et al [1] use the following parameter values in their base case: 3=0.9, a =0.75, 0 = 1.4, up = p, =1
and A = 15. See appendix F for a sensitivity analysis of how the coefficients in front of the shocks in the
government’s reaction functions depend on the parameter values chosen.
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That is, equal to a constant and independent of any earlier decisions, too. Hence under a flexible
exchange rate, the problem facing the government is static rather than dynamic.!
In the case of a monetary union, the /s are non-zero and the government’s reaction function

follows:

DMY = 0.03 +0.17pi—1 — 0.27a} +0.08a;_; + 0.10a; + 0.05a;_; (5.5)

6 Analysis

At first sight there seem to be some peculiarities in the results. A drop in domestic labor
productivity raises prices and unemployment according to equations (3.9) and (3.7) and is in
general a bad thing for the economy in the eye of the government. However, equation (5.1) tells
us that if the economy is exposed to such a shock, the government will choose to appreciate
the currency, thereby contracting the economy further. In the monetary union case, the same
reasoning makes equation (5.5) equation look un-intuitive regarding the sign of the domestic

productivity shock’s coefficient, too. Yet after a closer look it all makes sense.

6.1 Domestic productivity shock

Assume we start off in a situation with employment at its benchmark, full employment level (I,
not to be confused with the natural level, - %) which implies zero unemployment, zero deficit

and zero inflation. In this case, the value of the loss function is also zero.!6

6.1.1 Flexible exchange rate case

A drop in domestic labor productivity will raise the price level. Hence the government uses the

exchange rate to counter-act the upward movement in the general price level. The exchange

5 The two expressions for inflation and deficit above are identical to Agell et al’s [1] solutions in the flexible
exchange rate case (their equations (22) and (23) on page 1423).

6 Recall that full employment is given by the expression | = 0ln+~, implying 0 (w — p — a;) = 0. That is, the

shock augmented real wage % is normalized to unity. Since this level has no practical meaning, we can for the

sake of clarity when reasoning about what the equations say, assume that employment can be even higher, thereby
generating negative unemployment.
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rate is a potent tool for this objective, as it affects inflation both indirectly via the price level p,

and directly. Furthermore, it carries no cost in itself (as opposed to the deficit).
al=pTl=s] tosupport price stability

However, the use of the exchange rate to mitigate the inflationary pressure causes negative
effects on the other terms in the loss function. Given a starting point where all terms in the loss
function are zero, and shocks last period were zero, the unions’ expectations of the exchange
rate will be above what the government sets it to in the absence of any productivity shocks.
Hence equation (3.13):

1 e ol
E_(St_st)_m(

tells us that unemployment rises (if we for the moment disregard any movement in the deficit).

U = Dy = Df) = (ay = (a;)°)

This is the off-setting effect from further usage of the exchange rate to handle the inflation,
caused by the fact that the terms in the loss function are quadratic. It results in a tendency
to "even out” the deviations in the three variables. Therefore, the exchange rate is not used
so extensively as to totally cancel the inflation triggered by the domestic shock, and the price
level is still above its initial value, but below what it would have been without an exchange
rate response. Thus, a drop in domestic productivity will drive unemployment up above its
optimal level given by the benchmark real wage, causing in turn a deficit response to counteract
this negative unemployment effect. Therefore, the domestic shock has a negative coefficient in

equation (5.2), which works to decrease unemployment in (3.13).
al=pT=s] tosupport price stabilitly = u | = D T

So given our starting position and a flexible exchange rate regime, the final result from
an unexpected deterioration in domestic productivity will be some inflation, unemployment
above its optimal level and a budget deficit. A rise in domestic productivity will cause the
reverse scenario, being equally bad for the government since the terms in the loss function enter

quadratically. 17

6.1.2 Monetary union case

In a monetary union, there is by definition no exchange rate to counter-act the inflationary

pressures from a negative domestic productivity shock. Instead, the government is confined to

'7 Hence unemployment below the bench mark level is no better than unemployment above it, and budget
surpluses and deflation no better than deficits and inflation.
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fiscal policy, running a budget surplus to decrease the price level (by a factor of m) As the

government uses the negative deficit to react to the shock, the price level loses its "neutrality” on
employment along the lines stated above in section (3.3), that is, that employment is unaffected

by the domestic shock effect since the price level effect cancels with the wage effect.
al=pl= D] tosupport price stability = u 1

Assuming a starting point with zero inflation, zero deficit and benchmark unemployment, the
induced surplus increases unemployment. Just as under a flexible exchange rate, the result is a
situation where the optimal response by the government eases the first effect from the inflation
by causing costly changes in unemployment and deficit, respectively. The extent to which the

deficit is used is governed by the ”internal balance” given by the FOC (4.24).

6.2 Foreign productivity shock

6.2.1 Flexible exchange rate case

A decrease in foreign productivity lowers the price level according to (3.9). The mechanism is
that foreign income drops, and with it foreign demand for domestic exports (equation (3.5)),
resulting in lower prices. Assuming the same starting position and following the same reasoning
as above, the government uses the exchange rate to dampen the deflationary pressure by making

imports more expensive via a depreciation of the exchange rate.

a|=y" |= X" = pl= sT tosupport price stability

0s
However, | S

< 1 from equation (5.1), that is, the drop in the level of the foreign productivity
is larger than the depreciation of the exchange rate. With no changes in the deficit, this would
result in a rise in unemployment, according to equation (3.13), that is a* | = u 1.

Just as in the case of a domestic shock, the inflation term and the unemployment term in the
loss function work against each other. On the one hand, the unemployment equation suggests
that the government should counteract the foreign productivity decrease one for one. On the
other hand, in the inflation equation (3.16a) a change in s has a greater impact than a change in
ay, since a; only affects inflation via p, so the aggregate effect on inflation is . Yet the exchange
rate has its direct effect (1 — ), and its indirect effect via the price level, which is identical to
the foreign shock’s impact.

om _ o _ a_ﬁ_g+(1_)
da* 0 ds 6 @
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The result is therefore an ”overreaction” of the exchange rate regarding the inflation term,
reversing the initial deflation to inflation. The explanation is that the depreciation does too

little with respect to unemployment, and too much with respect to the inflation. That is:

| ou or
oa* da*

=124 b 12T <08
T ' 9s u Os

Hence the use of the deficit, which also rises in response to a drop in foreign productivity, thereby

mitigating the loss created in unemployment according to equation (3.13).

6.2.2 Monetary union

When foreign productivity decreases in the monetary union case, the price level drops and the
government runs a deficit to both reduce the deflationary pressures and to mitigate the rise in
unemployment. The intuition is the same as in the flexible exchange rate case, but since there

is no exchange rate to support the task, the deficit is used more extensively.
a* | = pl = D1 tosupport price stability

This is clearly shown by the reaction equations (5.2) and (5.5), where the coefficient on the

deficit almost triples in absolute value in the case of a monetary union.

aDFleJ: 8D1\IU
| —| =010 > |—=
da Oda

| = 0.29

Hence one of the main results from Agell et al’s paper [1] carries over to the case with stochastic
productivity shocks. Namely that giving up the exchange rate as a stabilization tool results in

a substantial increase in the usage of the deficit.

7 Steady state

In the absence of any productivity shocks, the steady state under a flexible exchange rate implies
an unemployment rate equal to % = 5.7, a deficit at 3.2 percent, and a 4.8 percent inflation
rate.'® By comparison, the monetary union steady state is characterized by zero inflation and

a deficit of 5.1 percent.

8 Business cycle analysis

In order to see how our model behaves when exposed to a series of productivity shocks, a

fictionary business cycle is created by letting productivity vary +/- 10 percent over an eight

8 This is the natural level of unemployment, i e when s = s¢ and D = D*®.
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interval period. The cycle is symmetric and generated as a sine curve. Aggregate utility is
unaffected by the business cycle since the latter is symmetric. Therefore, the only welfare

statement the analysis offers is one regarding the government’s aggregated loss.

8.1 Domestic productivity cycle
8.1.1 Flexible exchange rate case

With pup = p, = 2.4, the average deficit over the cycle is 3.2 percent. As the equations
(3.7),(3.9),(5.2) and (5.1) indicate, unemployment, inflation and the deficit are all counter-
cyclical with respect to domestic productivity (although the peak of the productivity and the
trough of the three variables differ by one period, resulting in a correlation of -0.66).!? Both
unemployment and the inflation rate oscillate more than the deficit. As a point of reference,
unemployment would fluctuate between 2 and 15 percent over the cycle if there was no deficit

to mitigate the adverse effect the exchange rate has on it.

Table 8.1: Correlation matrix.
Flexible exchange rate. Domestic productivity cycle.

a u D iy
a 1
u -0.66 1
D -0.66 1 1
iy -0.66 1 1 1

8.1.2 Monetary union case

Under a monetary union, unemployment is countercyclical as in the flexible exchange rate case.
Yet the deficit is now procyclical. The reason is the same as stated above, that the inflationary
pressure caused by a negative domestic shock is mitigated by decreasing the deficit. Its average
level is now 5.1 percent, 60 percent higher than the flexible exchange rate outcome. Inflation

has a slight bias towards the positive side, averaging 0.1 percent over the cycle. Hence on the

19 That the correlation is less than unity stems from the fact that as the productivity parameter reaches its
peak, each period’s innovation is reduced. Hence the impact on the price level becomes smaller and smaller, which
triggers less of a response in the policy variables s and D. The outcome is that our three loss function variables
have their ”turning points” one period ahead of the productivity cycle. An easy example can illustrate the point:
when domestic productivity drops in a monetary union, the price level increases and unemployment with it. The
price instability triggers a decrease in the deficit, which in turn leads to a rise in unemployment. As the cycle
approaches its trough, the innovation is smaller, and hence inflation is lower, i e less of a problem. Hence the
government’s focus is shifted towards the unemployment situation. The result is an increase in the deficit (and
consequently a reduction in unemployment) one period ahead of the turn in productivity.
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one hand inflation is much more volatile than it is under a flexible exchange rate regime. On
the other hand unemployment is dramatically more stable. The reason is that the exchange rate
is used relatively efficiently as a price stabilizer under a flexible exchange rate. This, however,
causes adverse effects on the unemployment as we saw above, resulting in the use of the deficit
to mitigate the latter effect. Yet despite the deficit’s effort, the large response in the exchange
rate makes unemployment almost twice as volatile under a flexible exchange rate regime.?’

With respect to the government’s aggregated loss, giving up the exchange rate has a marginal

negative effect. The gain from price stability (or rather, inflation stability) under a flexible

exchange rate outweighs the loss caused by higher average inflation.

Table 8.2: Correlation matrix.
Monetary union. Domestic productivity cycle.

a u D iy
a 1
u -0.66 1
D 0.30 -0.91 1
iy -0.50 0.98 -0.98 1

Table 8.3: Standard deviations in response to a domestic productivity cycle.

Flexible exchange rate Monetary Union

u 2.1 1.2
(5-8) (5-8)

D 1.1 0.7
(3.2) (5.1)

™ 1.6 3.7
(4.6) (0.1)

1000« > R 54 38

Notes: Except for the loss value, numbers are in percentage points. Average levels over the
business cycle within parentheses.

8.1.3 Impulse response

If we, instead of letting productivity gradually decrease by 10 percent, let it drop at once to
its trough, and then assume no more innovations in productivity, we get an impulse response
analysis. Due to the model’s set up, the results are rather trivial under a flexible exchange
rate regime in the sense that the impulse will affect the economy only one period. After that,
expectations are equal to actual levels, and therefore wages and unemployment are back at

steady state levels, as are deficit and inflation.

20 Note: This is a clear example of how the specfic results hinge upon the relative weights pp and p in the
government’s loss function. See appendix E.1 for a similar analysis but with all weights equal to unity in the loss
function, and appendix F' for an analysis with the parameter values used by Agell et al [1].
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In a monetary union, the response in unemployment is the same as under a flexible exchange
rate. That is, any impact lasts only one period. After that, the unions’ expectations are correct,
and unemployment returns to its steady state value %. Regarding the deficit and the inflation
rate, the dynamics are more pronounced. The deficit first drops in response to a negative
domestic impulse, then rises above its steady state level after which it gradually returns to the
steady state level.

The reason is the deficit is now affected by the state variable, p;_;. Although the unions’
expectations are correct in the second period, and consequently unemployment is at its natural
level, the negative ”decay” in productivity back up to its steady state value means that there

is a positive jump in domestic productivity in each subsequent period, imposing a downward
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pressure on the price level in every period. Since the government is concerned with changes in
the price level, deflation is as bad as inflation, and as a result the deficit is now used to increase
the price level. This process goes on until domestic productivity has settled down at its long
run level, resulting in an inflation rate approaching zero from below and a deficit approaching

its steady state level from above.

8.2 Foreign productivity cycle
8.2.1 Flexible exchange rate case

Under a flexible exchange rate, all three variables are countercyclical and they fluctuate less than
when exposed to a domestic cycle. Their average levels are unchanged, however. Since foreign
productivity has less of an impact on the price level, the price instability is less of a problem for
the government and the standard deviation of inflation drops from 1.6 to 0.7 percentage points.

The correlation matrix is identical to the domestic shock case (table 8.1).

8.2.2 Monetary union case

Under a monetary union, inflation is procyclical whilst the deficit and unemployment are coun-
tercyclical. When the foreign productivity level is below its expectation, the deficit works in
the same direction in its effort to mitigate on the one hand the price effect, and on the other
the unemployment effect, resulting in a countercyclical behavior. The difference from the do-
mestic shock is that unemployment is more volatile in a monetary union than under a flexible
exchange rate. This steams from the shock’s effect on the price level, which in turn affects the
unemployment via the real wage. As opposed to the flexible exchange rate case, there is now no
exchange rate to mitigate the shock’s effect. And since the deficit carries a direct cost in itself in
the loss function (which in our analysis here is more than two times as high as the relative cost
of unemployment), the government’s optimal response is to let the unemployment vary much
more than the deficit. The result is a standard deviation of unemployment of 1.9 percentage
points, leading to a slightly higher loss than under flexible exchange rate. The increased loss
is partly reduced by the fact that price instability is less of a problem under a foreign business

cycle than under a domestic one, and therefore giving up the exchange rate is less costly.

23



Table 8.4: Correlation matrix.
Monetary union. Foreign productivity cycle.

a u D T
a 1
u -0.66 1
D -0.82 0.96 1
™ 0.95 -0.75 -0.90 1

Table 8.5: Standard deviations in response to a foreign productivity cycle.

Flexible exchange rate Monetary Union

u 0.9 1.9

(5.8) (5.8)

D 0.5 1.8
(3.2) (5-3)

™ 0.7 1.9
(4.6) (=0.4)

1000 > R 50 54

Notes: Except for the loss value, numbers are in percentage points. Average levels over the
business cycle within parentheses.

8.2.3 Impulse response

When foreign productivity drops by 10 percent at once, our flexible exchange rate economy
reacts similarly to when it was hit by a domestic impulse (see graph 8.1.3.1). Any effects last
only one period. Since the impact on the economy of a foreign impulse is smaller than a domestic
one (mainly the effect on the price level), so are the magnitude of the responses.

GAUSS  Wed Sep 16 14:12:47 1998

Responses to a foreign productivity impulse. Monetary union.
0.14

—0.02

Unemployment
Deficit

. — Inflation
Foreign pdty

—0.06

—0.10

! ! !
—4 -2 0] 2 4 6

Periods

In a monetary union, the deficit and the inflation rate again convey a more dynamic pattern.
Just as in the case of a negative impulse in domestic productivity, there is a gradual return to
steady state levels. The deficit rises the first period to address both the deflationary pressure
from the shock, and the unemployment the shock triggers (equations (3.9) and (3.14)), then
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drops below its steady state level, after which there is a gradual increase back to equilibrium.
The reason is that from the second period on, unemployment is back at its steady state level
since the unions’ expectation of the productivity level is equal to actual levels. Yet the ”decay”
from below in foreign productivity causes a price increase in the second period, which triggers
a deficit below its long run level. Hence inflation and deficit once again mirror each other’s
behavior. The above reasoning thereby explains why the deficit moves in opposite directions
depending on whether the shock is domestic or foreign, whilst unemployment deteriorates in

both cases (given that productivity drops).

8.3 Synchronized domestic and foreign business cycles

What happens if our model economy is hit by a global productivity shock, that is, domestic
and foreign productivity cycles overlap? Will the effects on the domestic economy be larger or
smaller than when it is exposed to either of them separately? In Mundell’s original paper [21]
the shock is a slump in demand. When this affects two the countries symmetrically, the desired
policy response is the same in the two countries, and hence a monetary union is not a problem.
Furthermore, under symmetric shocks to an open economy, a coordinated fiscal policy is likely to
be advantageous due to spill-over effects.?! In our model, overlapping technology shocks cause
fluctuations in the domestic economy that are generally larger than any one of the single shocks

do.

8.3.1 Flexible exchange rate case

Under a flexible exchange rate, a global productivity cycle reinforces the results above, in the
sense that the time series patterns of our three key variables are more volatile. For example,
unemployment now has a standard deviation of 3 percentage points. The correlation matrix is
identical to the domestic shock case, table (8.1), indicating the dominance of the domestic shock

compared to the foreign shock regarding their effect on the economy.

8.3.2 Monetary union case

In a monetary union, the pattern is less uniform. Inflation lags the business cycle by two peri-
ods, indicating that the domestic shock dominates the price behavior since inflation is positive

when the domestic shock decreases, and negative when it increases. The deficit remains nicely

2L For instance, see Masson [20].
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countercyclical, increasing as soon as productivity starts to drop. As above, the countercyclical

deficit is a result of the need to offset the price effect.

Table 8.6: Correlation matrix.
Monetary union. Overlapping productivity cycles.

a a* u D iy
a 1
a* 1 1
u -0.66 -0.66 1
D 0.97 -0.97 -0.82 1
™ -0.02 -0.02 0.75 0.24 1

Table 8.7: Standard deviations in response to overlapping productivity cycles.

Flexible exchange rate Monetary Union
u 3.0 3.1
(5.8) (5.8)
D 1.6 1.3
(3.2) (5.3)
™ 2.3 .
(4.6) (=0.3)
1000* >~ R 60 39

Notes: Except for the loss value, numbers are in percentage points. Average levels over the
business cycle within parentheses.

From the government’s point of view, overlapping shocks make things a little bit worse. The
aggregated loss increases to 0.060 under a flexible exchange rate, and 0.059 under a monetary
union regime. The latter regime is marginally preferable because of the lower average inflation

rate under a monetary union.

8.3.3 Impulse response

In line with the results above, the impulse response results are reinforced when the two produc-
tivity cycles overlap under a flexibility exchange rate regime. Apart from that, they are identical
to the impulse response graph in section 8.1.3. And they again die out after one period. Giving
up the exchange rate yields more dynamic results, with a gradual return in deficit and inflation.
However, with a common productivity cycle the deficit jumps only once, after which it returns to
the equilibrium level smoothly. (In the cases of a domestic impulse and a foreign impulse above,
the deficit first jumped down, then up above its long run level, and then started its gradual

return. )
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8.4 Counteracting business cycles

What happens when the domestic economy is totally out of sync with the rest of the world? That
is, when domestic productivity increases as foreign productivity drops. How will this affect the
choice of policy variables, and what is the impact on amplitude of the business cycle fluctuations

from such a scenario??2

8.4.1 Flexible exchange rate case

Letting domestic productivity be half a cycle behind /ahead of the foreign cycle, all three variables
are countercyclical under a flexible exchange rate regime. Again, the domestic shock’s greater
impact on the price level is the reason for the price level’s behavior.?? The exchange rate, which
is utilized to dampen the disruptive price effect and therefore is procyclical with respect to the
domestic shock, affects the unemployment in an opposite direction to its own movement. This
effect is sufficient to dominate over the foreign shock’s impact on unemployment, rendering the
latter countercyclical with respect to the domestic shock, and procyclical with respect to the

foreign shock. Consequently, the variables’ correlations with the shocks are identical to table

2 For countries in a monetary union, this may be of decreasing interest (Frankel and Rose, 1996 [13]). The
reason is that economic integration with the rest of the union will most likely increase, thereby making the business
cycle more correlated. Hence it is plausible that the degree of symmetry of shocks is endogenous. This will likely be
the case regarding demand shocks. Supply shocks may or may not become more correlated, depending on whether
integration leads to further specialization (as argued by for instance Bayoumi and Eichengreen [6], Eichengreen
[12], and Krugman [19]), or to more diversification. However, despite relative integration among the Scandinavian
countries, Hansson and Sjoholm [15] estimate that Sweden has negatively correlated supply shocks with both
Norway and Finland (although statistically insignificant).

3 Recall that the partial derivatives are % = —1 and 665 = %, respectively.
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(8.1), but now have a positive sign with respect to the foreign shock (but the same absolute

value.)

8.4.2 Monetary union case

In the monetary union case, the deficit and the unemployment is procyclical with respect to
the domestic cycle, with inflation being countercyclical. As above, the domestic shock’s impact
dominates the price effect. As domestic productivity starts to fall, the price level starts to
increase. But it is a gradual increase, since the government uses the deficit to mitigate the
price increase. However, the deficit and the foreign shock is not enough to cancel the impact
of the domestic shock, and hence inflation is countercyclical with respect to the domestic cycle.
Unemployment is mainly affected by the foreign shock, and is therefore countercyclical to the
foreign shock, according to equation (3.13).

When the domestic economy is out of sync with the world economy, the loss of the exchange
rate makes a substantial difference. The deficit fluctuates four times as much as under a flexible
exchange rate, and inflation more than five times as much. As a result, the aggregated loss

exceeds the loss under a flexible regime by 40 percent.

Table 8.9: Correlation matrix.
Monetary union. Counteracting productivity cycles.

a a* u D T
a 1
a* -1 1
u 0.66 -0.66 1
D 0.71 -0.71 0.99 1
T -0.71 0.71 -0.99 -1.00 1

Table 8.10: Std deviations in response to counteracting productivity cycle.

Flexible exchange rate Monetary Union

u 1.2 0.7
(5.8) (5.8)

D 0.6 24
(3.2) (5.0)

™ 0.9 5.0
(4.6) (0.5)

1000« > R 51 72

Notes: Except for the loss value, numbers are in percentage points. Average levels over the
business cycle within parentheses.
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8.4.3 Impulse response

Under a flexible exchange rate, opposing impulses cause a similar reaction to a pure domestic
impulse. The contribution of the opposing foreign impulse is to dampen the responses. In an
monetary union, the deficit determines the dynamics of the price level after the first period, and
as the deficit starts its decline back to the equilibrium level, so does the price level, creating a

negative inflation that gradually approaches zero from below.
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9 Conclusion

With respect to unemployment, the comparative outcome depends on the source of the asym-
metric shock. A domestic productivity cycle has a relatively large impact in the price level,
which in turn triggers an exchange rate response in order to stabilize the price level that via
its surprise effect (s — s¢) in equation (3.13) renders unemployment remarkably more volatile
than it is in a monetary union. Under a foreign productivity cycle, the opposite holds true.
That is, there is no "trade off” between addressing the unemployment problem or the price
stability problem. A drop in foreign productivity will induce an increase in both the exchange
rate (depreciation) and in the deficit, both of which mitigate the rise unemployment and the
deflationary pressure caused by the foreign shock. However, this response is less effective when
there is no exchange rate, and consequently unemployment fluctuates more under a monetary

union. That is:

Fl MU
Var (u e:c) > Var (u ) ’Domestic shock

Fl MU
Var (u ew) < Var (u ) | Foreign shock

Apart from that, the main conclusion from shifting from a flexible, discretionary exchange
rate regime to a monetary union is the following. On the one hand, the level of the deficit is both
higher and more volatile, as the government now only has the deficit to enforce its stabilization
policies with. Inflation on the other hand is lower, but substantially more volatile since the
potent price stabilizing tool, the exchange rate, is not available.

Regarding the government’s loss, the high volatility of the inflation rate under a monetary
union makes a flexible exchange rate a preferable regime. This is especially true when the two
cycles counter-act. Then the aggregated loss is substantially larger when the government has no
exchange rate to work with. The reason is that the loss under a monetary union is aggravated
by the fact that the inflation is sufficiently volatile to seriously undermine the advantage of
zero average inflation, the trade mark of the monetary union case. In addition to this, the loss
function’s value is worsened by the most fluctuating deficit among all the cases analyzed. When

the cycles overlap, there is little difference regarding the loss value.
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A Calculus 1
A.1 Aggregate demand

Aggregation over all identical consumers yields:
P14+ D)(L"A)=PX +SM
Solving for domestic demand in the budget constraint, we get:

X = (14 D)(L7A) - %M
Using this in the utility function yields:
S ¢ rl—a
maxU = [(14+ D)(L"A) — FM[ M

Differentiating this with respect to M:

M = (1+D)(L"A)1-a)
X = ofl+D)L"A)

0|

By symmetry, world demand for domestic exports equal to:

* * S * *

X =(1-a")5((L7)" A7)

P
Adding up demand for the domestically produced good, we have:
L'A=X+X" = a(l+D)(L7A) + (1 — a*)%(L’Y*A*)
Collecting terms, taking logs (letting lower case letters denote log values):
ywHa=—-In[l—(1+D)a]+s —pr +1In[(1 —a*) (L) +a*

Using a Taylor expansion of the first term of the RHS [f(az) = f(zo) + f (20)(z — wo)} and the
fact that the derivative is to be evaluated at xg, hence D = 0 in its evaluation, yields:

In[l—(1+D)a]=In(1l —a)— D

l—«

where —a« is the inner derivative. Using this, we get:
vy +a=—1In(l —a) —F%D—FS—p—FlH{(l —a") (L") +a*
-«

Letting ¢ = In [(1 — a*) (L{)"] —In(1 — a), we have total demand for the domestic output (good
X ) as:

8
7y+a:¢+8—p+mD+a*
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A.2 Aggregate supply (AS) part 1: Production and employment.

Profit maximization in firm j yields:

d(profit); _1
——— J —PLITA-W,; =
oL, YPL; W; =0
- W;
I J A
J vyPA
Hence log employment in each firm is:
1
lj = - (wj —Iny—p—a)
—O0w; +0In~y 4 0p + Oa
= - 0(wj—p—a) (A.1)

1

where § = = > 1 is elasticity of labor demand, and | = #lnvy. By the symmetry of our

normalized economy, (A.1) will also be aggregate employment. Thus aggregate unemployment
in our economy will be:

w=1—1l; = O(we — pr — at)
Writing the production function in logs, we have:

i = it a

= 7(l~— (ZV— ) + a
g — (0 —1)(wg —pt) + Oay

with v = %.

A.3 AS part 2: Wage setting

Union expected utility in firm j at time ¢ is given by:
Vi = (e + Df = 45 — B |30~ 15,7
Using equation (3.7) we get:
Vﬁ = Wit —Pgt + Df —-FE [% [g(wjt — Pt — at)}Q}

Differentiating with respect to w;; yields:

1
Wit = —5 +pf + E(a;)

? A@Q
under the assumption that the unions do not believe their wage affects neither the general price
level nor the fiscal position chosen by the government ( (,? £ ;t = g'lf;t = 0), and the exogeneity of
shocks. Symmetric equilibrium implies w; = w Vj. Using (3.9), we have:
pi = ls Q+LD8+7w +1E(a*) — E(ay)
LT T e(1—a) P ‘

Plugging this into our wage expression, and cleaning up, we get the wage as:
1 o o'
=— —Df + E(af
Wi =g T8 +(1_a) i+ E(af)
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B Calculus 2
From the two first order conditions (FOCs) :

ORy 0Jiy10pr O]

Bst +ﬁEt 8pt 8st * Bst =0
OR; OJiy1 Opr
aDt +ﬁEt apt 8Dt =0

we solve for s and D, substitute so that each’s solution does not include the other policy variable,
after which we take expectations. The expectations can be rearranged so that they are functions
of lagged price level and the productivity shocks only. That is, step by step we have the solutions
following the FOCs as:

St = S (S§7Dt7Df7pt—17St—lvarvar—lvatvat—l)

Dt = D (87?7 Dtv Df7pt717 St—1, a/,jjv a:—la ag, a/tfl)
Further rearrangement gives us the policy variables as functions of their expected value, state
variables (lagged p and s), and shocks:

s = 8 (S§7D§7pt—l7St—lvaljjvaz(—lvatvat—l) (Bl)
D = D (vaD;??ptflyStflaarvar—laatvatfl)

Taking expectations of the latter (F (x) = 2°) and rearranging, we have:
s¢ = s(Df,pi—1,8i-1,a;,a; _1,at,ai-1)

e e * *
D D (Staptfla Stflvatvat—lvataatfl)

Substitution gives us:

e * ok
8 = S (pt717Stflaatvat—lvatvatfl)

e * *
D¢ = D (p1,$t—1,a;,a;_1,at,a-1)

Plugging in the last two equalities into (B.1) gives us the optimal policy variables as functions
of a constant, lagged price level and exchange rate, and lagged and present shocks.

Flex __ * %
St = S (pt—17 St—1, at ) a’t717 at, at—l)

Flex * %
Dy = D (pt—lv St—hat»atﬂ»at»at—l)
However, these expressions will include the nine /s from the value function. In order to solve

for the s, we recognize the fact that the derivative of the value function can be written in two
different forms:

aJt *
Ei 1 I V1 +Vopi—1 + V12St—1 + V7pa;_q +vgpai—1 =
_ & [ OR; <8Jt+1 Opy 0Jir1 08y )]
= Ly |57+
Opt 1 Ipr Opt—1 dst Ipi-1
where we use that: 4 4
E;_1a; = paj_ i = domestic and foreign

By calculating the second equality, we can then solve for the vs by equating the coefficients on
each of the constant and variables p; 1, a;_;, and a;_1 (method of undetermined coefficients).

Doing the same thing to Eafj_l

identification is done numerically.

gives us nine equalities, and nine coefficients to determine. The
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C An aggregate deficit term in the loss function

In order to see how the model behaves when the government also cares about the aggregate level
of debt, we assume the following loss function:

oo
min H = ZﬁtflRt
t=1
1 t ?

The aggregate deficit level (= debt level) will rise in a concave fashion until eventually the deficit
is set to zero and the debt stabilizes.
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D Technology shocks with propagation

A more realistic description of the technology shocks is as a two variable VAR(1).
ay P11 P a1 &
o | = Lo g ] e ]+ (o]

€ . o2 oo
[ & } o N (0’ [ UZ*(IE o2 ])

£

Using Zimmerman’s [25] calibration in the case of Sweden versus the rest of the world, we obtain:

Lo P = [ 20 1Y
{02 0505*] — 432939
Geoe ol 020 0.30

Including the propagation, the impulse responses have dramatically more persistence. The
graphs below show four different cases: an initial domestic shock under our two regimes, and
ditto for an initial foreign shock. Higher persistence in the shocks affects the responses in the
variables only marginally, however. Unemployment, the deficit, and inflation rate behave much
as they do on section (8).
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Under an initial domestic shock, the responses in the three variables in the loss function
all behave as they did in section (8.1.3), but with more persistence. Furthermore, domestic
productivity grows above its steady state level before eventually settling down at its long run
level in the flexible exchange rate case.

In the case of a foreign initial shock, persistence is very high. The shocks do not die out
until after several hundred periods. Moreover, as the autocorrelation coeflicients indicate, the
foreign shock has a substantial impact on the domestic productivity level.
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E Sensitivity analysis 1: averages and standard deviations

E.1 :uD::uﬂzl

To see what the weights in the loss function do for the results, we look at the case of a domestic
shock. If we, instead of setting up = p, = 2.4, let all three variables in the loss function
carry the same weight (i e set the two ys to unity), the average levels of unemployment is
unaffected but the volatility is reduced since the unemployment term now carries a relatively
higher weight. (Recall table 8.3 with standard deviations of 2.4 and 1.4 percent.) However,
in both the flexible exchange rate case and the monetary union case, the average level of the
deficit increases dramatically, to 9.6 and 11.1 percent, respectively. Under a flexible exchange
rate, the deficit is also approximately 50 percent more volatile than when pp = p, = 2.4. The
same goes for the flexible exchange rate inflation. Furthermore, higher average levels bring up
the aggregated loss.
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Table E.1: Std deviations in response to a domestic productivity cycle.

Hp=— K=
Flexible exchange rate Monetary Union
u I.1 1.0
(8.3) (8.3)
D 1.3 0.6
(9.6) (11.1)
iy 1.9 3.3
(14.7) (0.0)
1000« > R 172 92

Notes: Except for the loss value, numbers are in percentage points. Average levels over the
business cycle within parentheses.

F Sensitivity analysis 2: Using the Agell et al parameters

If we use the parameterization of Agell et al [1], average unemployment is substantially lower
due to the higher value of A (recall that the steady state level of unemployment is equal to
%, which in our base case meant an unemployment of 5.8 percent). This in turn brings down
the aggregated loss (which was 54 (flexible exchange rate) and 58, (monetary union) in section
(8.1.2)). As a consequence of the lower relative weights on deficit and unemployment in the

loss function, their average levels increase. In the flexible exchange rate case, volatility is also
increased. (See table 8.3 )

Table E.2: Std dev1at10ns in resgonse to a domestic productivity cycle.

a=075 0=14 =15, pp=p, =
Flex1ble exchange rate Monetqzr}f Union

v (4.8) (4.8)

D 1.3 0.8
(4.5) (6.5)

T 1.8 3. 0
(6.1) (0.0)

1000« > R 39 35

Notes: Except for the loss value, numbers are in percentage points. Average levels over the
business cycle within parentheses.

G Sensitivity analysis 3: shock coefficients

In each of the following sensitivity analyses, we let all coefficients keep their designated value
from above, but for the parameter under scrutiny. We focus on the coefficients on the present
shocks in the three reaction functions (5.1), (5.2) and (5.5). Some of the shock coeflicients change
substantially as our ”basic” parameters change. Most important for our purposes, however, is
that there is no change in the sign of the shock coefficients throughout the following analysis.

G.1 Alpha,

The most conspicuous characteristic of the results from letting alpha, the share of domestic
purchases in total consumption, vary from zero to unity is a continuous increase in the exchange
rate response to a domestic productivity shock, combined with an increasingly negative coeffi-
cient on the same shock in the deficit equation. The reason is that the exchange rate gets less
and less weight in the inflation expression (3.16a). Therefore, the exchange rate, increasingly
affecting the inflation rate only indirectly via the price level, is used with full force to handle
the disturbance from the domestic shock.
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As we move towards the other extreme (a country that consumes only imports and exports
all its production), only the responses to a foreign shock differ from zero. The reason is that in
this case, the inflation is determined solely by the exchange rate, which therefore must be used
with more and more caution as a stabilizing tool. Hence a decline in magnitude of its response
to a foreign productivity shock. Given this reasoning, the only way for the government to handle
the employment effect from a foreign shock is to use the deficit more. Therefore, its response
increases in magnitude (becomes more negative).
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Under a monetary union, the reaction is the same. As the economy becomes more introvert,
the exchange rate is used more aggressively to keep its potency.

G.2 Rho, p

Letting p (the persistence of the productivity shocks) vary between zero and one has no effect on
the government’s response to present shocks, irrespective of the choice of exchange rate regime.

Looking at the coefficients on the lagged shocks the deficit response function, they grow
from zero to approximately 0.1 and 0.2 respectively, as p goes from zero to unity. Hence high
persistence results in a more pronounced response in the deficit to lagged shocks, balancing the
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deficit response to present shocks. The result is that as persistence grows, the deficit’s overall
impact as a tuning tool is substantially reduced. High persistence makes the deficit a too costly
instrument to use, and the government is better off being more passive in response to shocks.

GAUSS  Wed uul 22 16:52:15 1998
Sensitivity analysis: rho. Flexible exchange rate.ji

Coefficients on lagged shocks in the government'sii
responses as a function of rho.

016 I Foreign in s eq B
Domestic in s eq

cammo Foreign in B eq

0.12 - e Domestic in B eq

—0.08 B

—0.12 | B

—0.16 ! ! ! ! ! ! ! ! !
0.0 0.1 0.2 0.3 Q.4 0.5 0.6 0.7 0.8 0.9 1.0

Rho value

GAUSS  Wed Jul 22 16:26:54 1098

Sensitivity analysis: rho. Monetary union. i
Coefficients on lagged foreign and domestic shocks in the government’s;
deficit response as a function of rho
0.14

0.12 | R
Foreign
Domestic

0.10 - B

0.08 - B

0.06 - B

0.04 - B

0.02 - B

0.00 . . . . . . . . . . . . . . . . . . .
0.0 0.1 0.2 0.3 0.4 0.5 Q.6 0.7 0.8 0.9 1.0

Rho value

In the monetary union case, the story is the same. The coefficients on lagged shocks increase
as the persistence in the shocks rise. The only difference is that the coefficient on the lagged
foreign shock increases more than the domestic one, as opposed to the discretionary case.

G.3 Beta, 5 and lambda, A

[ is the government’s discount factor and lambda the unions’ weight on unemployment relative
to the real wage. The higher is 3, the more the government cares about the future. And hence
the more the government ought to want to see to it that the present shocks influence the future
as little as possible. That is, it seems likely that the government would want to kill the shocks
as much as possible. Just as a central bank may wish to do in models with output persistence
(see for instance Svensson, [24]).

However, since the governments problem is non-dynamic under a flexible exchange rate, it
turns out that changes in 3 do not affect the coefficients. The same goes for A. The latter will
only affect the average level of unemployment, and not any policy responses.
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G.4 Gamma, v

v is labor’s share in the Cobb-Douglas production function. It transforms into ¢ (0 = ﬁ), the

elasticity of labor demand (equation (3.6)). As  grows from zero to unity, the exchange rate
response to domestic productivity shocks and the deficit response to foreign shocks increase,
whilst the other two decrease.

o SFle:I: o DFlem

L e da b oa* f
o sFle:I: o DFlem
voTo=> da* b Oa !

Furthermore, 6 goes from unity towards infinity. This means that the coefficients on the exchange
rate and the foreign shock in the price level goes from unity towards zero. Hence as~ grows, the
impact of a foreign productivity shock decreases, and the exchange rate becomes increasingly
impotent as a tool with which to affect the price level. Despite the fact that these two effects
are weakened by the same amount, it appears that the coefficient on the foreign shock in the
exchange rate’s response becomes increasingly more negative as a reaction to its increasing
ineffectiveness. As v goes towards unity, the effect from the foreign shock on the loss function
is focused on the unemployment effect. Yet the deficit’s response to such a shock decreases as
v grows, instead of balancing the foreign innovation by decreasing D; — Df further (a more
negative coefficient on D).
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With respect to a domestic shock, the exchange rate response grows asy increases. As above,
this is likely a function of the growing impotence of the exchange rate on the price level, and
hence an effort to compensate this loss of power. The deficit, which counteracts the exchange
rate (see the analysis above under section (6.1)), also becomes less potent as it too has a % factor
in front of it in the price equation. Hence its coefficient increases in absolute value. Over the
whole range v € (0,1) none of the coefficients change sign however, so the qualitative results in
the applied response functions above are unchanged.
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In a monetary union, the response to a foreign shock increases, and the response to a domestic
shock decreases, just as they do in the discretionary case. Now however, the coefficient on the
domestic shock drops from above. That is, it is positive throughout the interval.

G.5 Mu-sub-D, pp

ip is the weight on the deficit in the loss function. As pp increases above zero, the shocks’
coeflicients in the deficit response function goes towards zero. This is reasonable, since it becomes
imperative for the government to have a low deficit. As a result, the exchange rate now does all
the work in trying to mitigate the effects of shocks under discretion.

In response to a foreign shock, the deficit moves in the same direction as the exchange rate.
Hence as pj grows, the coefficient on the foreign shock in the exchange rate’s response function
becomes increasingly negative in order to compensate for the loss of help from the deficit, keeping
down both the inflationary pressure from the shock, and its reduction of the unemployment.

In response to a domestic shock, the deficit counteracts the effects of the exchange rate (see
section (6.1)). Therefore, as the deficit goes towards zero, the ”disciplinary effect” from the
deficit is reduced, inducing a less forceful response in the exchange rate. Hence the decline in
its response to a domestic shock as pp increases.
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Just as in the discretionary case, the willingness to use the deficit decreases in a monetary
union as pp increases and the government cares ever more about its deficit. However, the
internal changes are reversed, in the sense that now the domestic shock’s coeflicient goes to zero
rather than the foreign shock’s coefficient. This can be due to the fact that the domestic shock
affects the price level more, and when there is no exchange rate to address the domestic shock
with, it is therefore relatively more important to use the deficit against a domestic shock.

G.6 Mu-sub-pi,

[ is the weight the government places on the inflation term in the loss function. As it increases
above zero the exchange rate’s response to a foreign shock decreases dramatically, and its re-
sponse to a domestic shock increases equally dramatically. When inflation carries zero weight,
the exchange rate only affects the unemployment term. In this case, it is used 1:1 to counteract
the foreign shock’s impact on unemployment (equation (3.13)), giving the foreign shock a coef-
ficient of —1, and the deficit a zero coeflicient. Domestic shocks, only affecting the price level,

have no effect on the loss function. . _ )
As p,. increases and keeping a stable price level starts to dominate the government’s objec-

tives, the deficit starts to take on more of the work to stabilize unemployment and the price
level. Both equation (3.9) and (3.13) clearly show how the deficit can replace the exchange
rate in response to a foreign shock, with the result that the direct effect on inflation from the
exchange rate can be minimized. In response to a domestic shock the substitutability between
the two policy tools is smaller, as the domestic shock has a much more forceful impact on the
price level. Therefore, the exchange rate must also be taken into the arsenal to counter-act the
deflationary pressure (given that the domestic shock is positive) according to equations (3.9)
and (3.16a).
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Under a monetary union, the foreign shock’s coefficient is relatively stable, but the domestic
shock’s coefficient increases dramatically, from zero when g is zero, to above 0.5. The reason
is likely the same as in the monetary union case of . That is, that the domestic shock has
a larger impact on the price level than the foreign shock, and hence as price stability becomes
the key worry of the government, the deficit’s response is increasingly focused on balancing the
adverse effects on the price level, which is more sensitive to domestic shocks than to foreign
shocks.
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