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Abstr act

The process of FEuropean nonetary integration has
pronpted interest in the study of differences in financia
systens and their consequences for nonetary transm ssion
mechani snms. This paper analyses the case of a nonetary union
conposed of countries with heterogeneous “credit channels”. In
order better to insulate the economes from the asymmetric
effects produced by differences in national financial systens,
a noney supply process based on the interest rate on bonds and
its spread with respect to the bank lending rate is proposed.
Using a two-country rational expectations nodel, this study
hi ghlights the properties of the optiml nonetary instrunent
with respect to a wi de range of stochastic disturbances.
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1. Introductiont

The process of FEuropean nonetary integration has
pronpted interest in the study of differences in financial
systens (both structural and institutional) anong EU countries
and their consequences for nonetary transm ssion mnechani sns.
In the spirit of Bernanke and Blinder (1988), heterogeneity in
the structure of financial internediation and the degree and
conposition of firms’ and househol ds’ indebtedness could inply
differences in the effectiveness of the “credit channel” of
nonetary policy among EU countries. Enpirical studies seemto
confirm the inportance of these asymetries. For exanple, the
presence of a “credit channel” has been found in the United
Ki ngdom (Dale and Haldane, 1993a, 1993b, 1995) and Italy
(Buttiglione and Ferri, 1994; Angeloni et al., 1995; Bagliano
and Favero, 1995), but not in France (Bellando and Pollin,
1996) or, at least at the macro level, in Germany (Barran,
Coudert and Mojon, 1995). Apart from their different
concl usions, these econonetric studies point out the high
information content of the spread between bank |ending rates
and market rates in explaining |oan market disturbances and
their inmpact on the evolution of real output (see also
Kashyap, Stein and WIcox, 1992).

The aim of this paper is to analyse the optina
nonetary policy in the case of a nonetary union conposed of
countries wth heterogeneous “credit channels”. 1In order
better to insulate the economes from the asymetric effects
produced by differences in national financial systens, the

! The author is grateful to Donmenico Delli Gatti, Al exander Denarco,
Sinonetta lannotti, Carlo Mnticelli and Jennifer Smith for useful
conments. The opinions expressed in this paper are those of the author
only, and in no way involve the responsibility of the Bank of Italy.



cl assic noney supply process proposed by Poole (1970) is
nodi fied to consider the spread between the interest rates on
| oans and bonds as an additional feedback variable. In fact,
while the interest rate on bonds enbodies information mainly
on noney market equilibrium the spread also indicates the
state of the credit and goods markets.

In the case of credit market and supply shocks, the
optimal nonetary policy is highly sensitive to the degree of
asymmetry between national “credit channels” and is not
uni vocal ly determ ned. Moreover, if the economes are hit by
supply disturbances, the optinal rule wth respect to
inflati on has opposite consequences on output variance. If the
performances of the “pure” policies are conpared (noney
targeting, interest rate on bonds pegging and spread peggi ng)
the main result is that the country with a nore effective
“credit channel” always perforns better (in ternms of both
prices and output stabilisation) independently of the selected

policy rule.

The remainder of the paper is organised as follows.
Section 2 presents the analytical framework, based on a two-
country rational expectations nodel along the lines of
Turnovsky and d Orey (1989) and Monticelli (1993), which is
then used to anal yse the case of a nonetary union (Section 3).
After discussing the objective function of the area-wde
nonetary authority (Section 4), Section 5 investigates the
properties of the noney supply process as indicated by Poole
(1970) and derives the analytical solution for the optinal
nmonetary policy. The inplications of an alternative noney
supply process based on the spread between interest rates on
loans and on bonds are studied in Section 6. Section 7
anal yses the optimal nonetary rule based on a nore conplete



noney supply process that uses as feedback variables both the
interest rate on bonds and the spread. The last section
sumari ses the main concl usions.

2. The anal ytical framework

The analysis is based on a two-country rational
expectations nodel in which both econom es are subject to real
and nom nal disturbances. The specification is |og-Iinear and,
in order to sinplify the analytical fornms, all variables are
expressed as deviations fromtheir trend |evel.

The system of equations is sunmmarised in Table 1 where
asterisks are used to indicate variables pertaining to the
foreign country. The nodel has three assets (noney, bonds and
| oans) and a common traded good.

The first pair of equations indicates equilibrium on
the noney market. In particular, (1) represents a standard
nmoney demand function where, for sinplicity, the incone
elasticity is set to one, while (2) specifies the noney supply
process as indicated by Poole (1970). In the presence of
stochastic disturbances, novenents in the interest rate enbody
information on the nature of current shocks, so that the
optimal nonetary instrunment is defined by a feedback rule from
interest rate changes to noney stock. In terns of the
classical |1S-LM nodel, this nmeans fixing the optimal slope of
the LM function by maki ng noney supply interest sensitive. The
policy instrument is represented by k, which optimses the
stabilisation objectives of the authorities. In particular,

i nposi ng a non-negative LM sl ope (Eggriq, this paraneter wll
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Li st of vari abl es:

a= elasticity of demand for nobney with respect to the interest rate on bonds,

b= elasticity of exports with respect to foreign real output (it also represents
the degree of interrelation between the countries),

b%= nomi nal bond demand by househol ds (b®) and banks (b®), expressed in |ogs
b®= nomi nal supply of bonds by firms, expressed in |ogs,
d= elasticity of aggregate demand with respect to the real exchange rate

e= exchange rate, measured in terns of wunits of donmestic currency per unit of
foreign currency, expressed in |ogs,

E.= expectation operator, conditional on information at tine t

f= measure of the overall (conmon to the capital and credit markets) effect on
output of a change in the real interest rate on bonds (“nmoney channel”),

g= nmeasure of the “price surprise” effect on real output,

h= elasticity of denmand for |oans with respect to the spread
i= nominal interest rate, expressed in units,

k, x= policy instrunents,

K= capital stock,

| %= noni nal | oan denmand, expressed in |ogs,

| °>= nominal |oan supply, expressed in |ogs,

ni= nomi nal noney supply, expressed in |ogs,
p= price of output expressed in |ogs,

g= elasticity of supply of loans with respect to the spread

I = spread between the interest rate on loans (r) and bonds (i), expressed in
uni ts,

r= bank reserves, expressed in |ogs,

uUjg= stochastic disturbance in the denmand for |oans,
ujs= stochastic disturbance in the supply of |oans,

Uw= Stochastic disturbance in the denand for noney,

up= stochastic disturbance in the purchasing power parity condition (“price-
wedge”),

uyg= stochastic disturbance in aggregate demand,
uys= stochastic disturbance in aggregate supply,

v= nmeasure of the effect on real output of a change in the spread (“credit
channel "),

i

elasticity of demand for |oans with respect to real output,
WE noni nal weal th, expressed in |ogs,
y= real output in logs, neasured as a deviation fromits natural rate |evel

z= elasticity of supply of loans with respect to real output.
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lie in the interval -2a<k<¥ which includes the “pure” policies

of noney targeting (k=0) and interest rate pegging (k=¥).?

Ignoring currency in circulation, the equilibrium in
t he noney market coincides with that in the deposit market. In
fact, setting for sinplicity the interest rate on deposits to
zero, equation (1) also represents the demand for deposits,
while the supply of noney is equal to the supply of deposits
by definition.

Fol | owi ng Bernanke and Blinder (1988), the |oan narket
is characterised by inperfect substitutability between bonds
and |oans: borrowers (households and firns) and |enders
(banks) choose, respectively, their liability and asset
conposition according to the spread between the interest rates
on loans (r) and on bonds (i). The demand for credit (3) is
negatively influenced by the spread and positively related to
real output for transaction notive (working capital or
liquidity considerations). The |loan supply (4) depends
positively on noney (equal to deposits) and the spread (it is
inplicitly assunmed that the rate of return on excess reserves
is zero). The loan market clears by quantities (lq=ls) and

there is no credit rationing.

Gven total wealth, the bond market is conveniently
suppressed by Walras’ law using the private sector budget

constraints (5) and (6).

2 In the analysis of this paper the policy variable k is assumed to be

controlled without error while no use is nade of the proximte target
concept. This approach has been followed, on the one hand, to sinplify
the anal ysis and, on the other, because the treatnment of the noney stock
as a stochastic function of the nonetary base woul d not have changed the
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The equilibrium in the goods market 1is given by
equations (7) and (8). The first relation represents output
demand, which depends upon the other country’'s output (via
exports) and t he r eal exchange rate (nmeasure of
conpetitiveness). Moreover, output demand is influenced by the
cost of financing for investnent and consunption. The
conditions of the capital market are captured by the real
interest rate on bonds (“noney channel”), while the spread

(r =r - i) underlines the conditions of the credit nmarket

(“l'endi ng channel ™).

In fact, if borrowers (not only households but also
“smal | ” firnms) have no access to the capital market they have
to rely on bank credit for external funding. In this

situation, bonds and | oans are inperfect substitutes and every
change in the conposition of bank assets influences the spread
and investment financing.?

The paraneter v has a special role in the nodel and
represents the only asymetry in the econom c structure of the
two countries. It shows the strongest inpact of nonetary
transm ssion on output due to the relative inportance of

results of the study.

Sone observations on the form used for output demand are worth making.
Equation (7) is equivalent to that which considers separately the
i nfluence of the two real interest rates on bonds and loans. In fact, if
the other variables are fixed and for sinplicity the interest rates are

expressed in nomnal terms, the relation Y = -f'i -v' r is equivalent
toY =-fi -v(r-i) with ¥y =-f"=-f +v <0 and Y, = -v.=-v <0. The
only restriction to inpose is that, given Y, <0, it nust be that

f >v. However, the interpretation of f' is different from that of f.
The former explains only the effects on output of the interest rate
condition in the bond market, while the latter (f =f '+ v ') nmeasures
the overall effect of a change in i, which is conmon to the bond and
credit markets, assigning v the task of capturing the effect caused by
the “peculiarity” of the |loan market with respect to the capital narket.
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i nternedi ate versus direct financing. In summary, the val ue of
this paraneter is expected to be high if the private debt
market is |ess developed, and/or firms’ and househol ds’
i ndebtedness is significant and dependent on the banking
sector. In order to enphasise the source of divergence of a
het er ogeneous financial system on the nonetary transm ssion
mechani sm described by the nodel, the hone country has been
considered as being nore dependent on the “credit channel”

(v>v).

Equation (8) is a standard Lucas supply function where
deviations in output from its natural rate (normalised to
zero) are a positive function of wunanticipated novenents in
the price |evel

The two country blocks are |inked by equations (9) and
(10) which represent, respectively, the uncovered interest
parity (U P) condition and a stochastic version of the
purchasing power parity (PPP) condition. The U P postul ates
the perfect substitutability between the bonds of two
countries. On the contrary, |loans are considered inperfect
substitutes, not only because bank credit depends on custoner
rel ationships that facilitate concentration in |ocal narkets,*
but also on account of the lack of an efficient secondary
market for credit, which prevents arbitrage. The PPP assunes
perfect substitutability in the output market, except for the
random di st ur bance, Up, whi ch I ncor por at es mar ket
i nperfections.® This wedge between the prices of the two

“ In sone cases credit relationships are characterised by a “lock-in”

effect that allows the bank to extract a nmonopolistic rent from the
client (Sharpe, 1990; Rajan, 1992).
® The sinplifying assunption of an exogenous disturbance to the PPP
condition, used as a short-cut to nodel the real exchange, wll be
relaxed in Section 3. In a franework in which the difference between the
goods produced in the two countries is explicitly recogni sed, the real
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countries could be determned by a difference in the
nonopolistic power of firnmse and trade wunions (Mnsky and
Ferri, 1984). In particular, the capacity of firms to
i nfluence prices (mark-up) depends on institutional factors
(monopoly legislation) and demand elasticities, while the
ability of trade unions to influence wages (and so prices)
depends on workers’ participation and the |evel of
unenpl oynent (see Layard, N ckell and Jacknman, 1991).

Al the stochastic variables are assumed to be
i ndependently distributed with zero nmean and finite variance

(u~id (0,s)).

3. The case of a nonetary union

This section analyses the inplications of a nonetary
union in the two-country nodel di scussed above. The
introduction of a single currency at the area-|evel neans not
only an irrevocably fixed exchange rate,® but also specifying
a conmon nonetary policy.

The irrevocable fixing of the exchange rate (for
exanple to one, so that e=0) nodifies the UC and the PPP

exchange rate can be derived as a function of the shocks hitting the two
economni es (see Mnticelli, 1993).

This assunption, in line with the Delors Committee (Conmittee for the
Study of Econonmic and Monetary Union, 1989), inplies that an irrevocably
fi xed exchange rate would nake national currencies perfect substitutes
and therefore be equivalent to the creation of a comon currency. For
the institutional aspect of the difference between having separate
nati onal currencies with irrevocably fixed exchange rates and a conmon
currency, see anpongst others, De Gauwe (1994) and G os and Thygesen
(1992).
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The first condition (see equation (9°) in Table 2) inplies the
uni queness of the interest rate on bonds at the area-|evel
(the same default risk is assumed between borrowers in the two
countries), while the second condition shows that the
difference in prices depends only on the disturbance u, (see

equation (10’)). In particular, assum ng honbgeneous “anti -
trust” legislation, this wedge in prices should reflect
differences between national |abour markets (unenploynent

| evel s) that determine different wage pressures on price and
demand.

The nonetary policy is determined by equation (2),
which represents an extension at the area-level of the noney
supply process discussed in Section 2 (see Mnticelli, 1993).
It is worth noting that this rule determnes the overal

amount of noney (m'=(m -Frﬁ)s), while its distribution

between the two countries i s endogenously determ ned.

Since the nonetary market is perfectly integrated, the
| oan supply depends on the overall anmount of noney at the
area-level (see equation 4'). The special case of credit
mar ket s’ segnentation (loan supply depends only on nationa
deposits while interbank |oans are negligible) will also be

considered in the di scussion.

Assuming that the optinmal policy is constant over tine,
given that the nodel s in deviation form all the
expectations based on information at time t can be set to zero

(F Pt +1 = F p:+1 = 0). On the other hand, even if the rational

expectations hypothesis assunes that agents know the nodel
period by period, the paranmeters are not necessarily constant
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over time and may cause “price surprise” effects (tEl p; could

be different from zero). Dealing with a rational expectations
nodel, a classic “three-step” nethod has been used. The
solutions for prices and real output, reported in Table 3,
show the well-known neo-classic result: the only effect of
nmonetary policy is on prices, while real 1inconmes are a
function only of the disturbances. The expressions suggest the
foll ow ng comments.

(1) The endogenous distribution of noney between the two
countries produces a symetric effect (A=B=A=B;). A
different result is obtained if <credit markets are
segnented (loan supply depends only on national
deposits). In this case, given the assunption v>v', it
is possible to prove that A=By>A;=B; and, therefore,
price levels are lower if nmem.

(1i) Disturbances in loan supply and demand have an opposite
effect on the endogenous variables. In particular, a
positive supply shock, by generating a reduction in the
cost of bank credit, I ncreases real out put and
inflation, while a positive demand shock produces an
increase in the spread, causing the opposite result.
Moreover, given the financial integration between the
two econom es, internal and external shocks on the |oan
mar ket enter the equations with the sanme sign, while the
absolute value is directly proportional to the different
effectiveness of the “credit channel” (given v>v',
Ax=B>As=B:) .

(iii) Internal and external noney demand shocks influence
prices and income with the sane intensity. This result
depends on the symetry of the paraneter f and
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(iv)

(v)

(vi)

20

Jo, = h+qg which represent, respectively, the relevance

of the “noney channel” and the sumof the elasticities of
demand and supply of |loans with respect to the spread.

Al so shocks to output demand have the sanme effect on
price levels and real incones. In fact, as a result of
the stochastic law of one price, the different
conpetitiveness between the two countries has no
influence on the sum of outputs and therefore the
paranmeter d, denoting the elasticity of output demand in
relation to the neasure of conpetitiveness, does not
enter the solutions.

Al'l financial and aggregate demand shocks affecting the
two economes enter the equations in additive form and,
therefore, the nonetary union tends to reduce the effects
of such disturbances only if they are negatively
correl at ed.

Supply shocks have a different effect on the endogenous
variables. On the one hand, a supply shock (internal or
external) produces a variation in the price levels with
an intensity that is directly related to the relative
inmportance of the «credit channel. Considering the
assunption v>v', the variation in prices is relatively
hi gher if the supply shock is related to the honme country
and vice versa. On the other hand, the effects on out put
are asymmetric. An internal positive supply shock
produces a boom while an external positive supply shock
causes a depression. Also in this case the intensity of a
change in output depends on the relative weight of the
“credit channel” (G>D; and G>Ds).
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(vii) Also a shock in the “price-wedge” affects price |evels
and real incones in opposite directions. The nodelling
of wu, as an exogenous stochastic variable is a
sinmplifying assunption which gives tractability to the
nodel. In general, solving the nodel w thout i nposing
condition (10'), it is possible to obtain the follow ng
anal ytical expression of the stochastic conponent of the
| aw of one price, which is endogenously determ ned by
t he shocks hitting the econom es:

Uup = Fy(d) (v - v)Im  + Fouis - Ug) - Falujge - Ujgs) +
(10" ") T
*FAv - v )(Upg - Upg#) + Fslyg - Felygr - FAduys + Fglduys«

where the coefficients F; > O(for i=1,...,8) are
functions of the paraneters of the nodel. In this case
d, denoting the elasticity of output demand in relation
to the neasure of conpetitiveness, enters the
coefficients of noney supply and supply shocks. It is
worth noting that the asymetry v>v' deternmines a
positive “price wedge” also in the absence of economc
shocks. Mor eover , gi ven t he relation
F, > F3 Fg < Fg and F; > Fg, u, responds also to
symmetric shocks hitting the two economes. Only when
the two credit channels have the sane effectiveness
(v=v’) does the price wedge have zero nean and is not
influenced by noney demand shocks. In this case,
F, =F3 Fg =Fg, F7; =Fg and u, responds only to
asymmetric shocks, as already pointed out by Monticelli
(1993).
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(viii)Only when the sources of instability discussed in (vi)
and (vii) are negligible does the stabilisation
obj ective of each of the countries coincide with that of
t he nonetary-area as a whol e.

4. The objective function of the area-w de nonetary authority

The nonetary policy at the area-level is assuned to be
unique and fornulated by an independent council which
represents the two countries. The primary objective of this
authority 1is supposed to be the nmintenance of price
stability.” Therefore the nonetary instrunment k is chosen in

order to mnimse the follow ng | oss function:

(15) mi(n LP = var (p) + Var (p').

Since all the variables are expressed as deviations
fromtheir trend level, this objective function is equival ent
to stabilising inflation.?

Following the basic idea in Rogoff (1985), the
mnimsation of the objective function (15) <could have

" These hypotheses are consistent wth the Mastricht Treaty. The

Governi ng Council, which formulates the nonetary policy of the Conmmunity
(intermediate nonetary policy, interest rate pegging and supply of
reserves in the systen), is conposed of six nenbers constituting the
Executive Board and the CGovernors of the national central banks. Each
nmenber of the Governing Council has one vote (see Art. 10 of the
Maastricht Treaty). Mreover, Art. 2 of the Statute for the European
System of Central Banks (ESCB) states that “the prinmary objective of the
ESCB shall be to maintain price stability”.

8 1t is worth noting that, given Ag-Bs=1, the objective function (15) is
equivalent to mnimsing the variance of the sum of the variables
(Var (p) +Var(p)=Var(p+p)).
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different welfare inplications regarding output stabilisation.
The | atter can be neasured by:

(16) LY = Var (y) + Var (y")

In this case, the consequences of a “too conservative”
area-w de central bank should also enconpass the possible
asymmetric effects in the economes in ternms of real output.

Using the definition of variance and the assunption of
i ndependent|ly distributed shocks, the follow ng equations are
obt ai ned:

P — Y = 9a2(c2 4 o2 y 4 oA2e?2 +c2 +
L Var(pt) + Var(py) 2A2(Suls suld) 2A3(su|s* suld*)

(15") +2A%(s?  +s? )+2A%s? +s2 )+2A%s? +2A%s? 4+
4" umd und * 5" uyd uyd* 6 uys 7 uys*

2 2\ 2
+(Ag + Bs)s o

LY = var(y;) + Var (y;) = 2C§(siIs +s§|d)+2C2(s2 +s2 )+

3" uls* ul d*
) 2 2 2 2 2 A
+ + + +
( 16 ) * ZCi(S und TS und*) * 2C§(S uyd S uyd*) (C6 D6)S uys

2 2N\ 2 2 2\ 2
+(CF +DP)s? | +(Ch + DYs?

with the expressions of the synbols identical to those
reported in Table 3. The only source of asymetry in price
stabilisation is represented by the shock in the “price-wedge”
(AstBg). On the other hand, internal (G!Ds) and external

(GtD;) supply shocks <could also determne a different
sensitivity of the results wth respect to output
stabilisation.
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5. The optinmal nonetary policy a |a Poole

The conbi ned policy described by equation (2') focuses
on the paraneter k and beconmes a pure interest rate rule when

k=¥ and a pure noney stock supply when k=0. It is obvious
that, except in special cases, the optinmal nonetary rule
-2a < k < ¥ is superior to both of the “pure” policies.

The properties of the optiml nonetary instrunment k can
be investigated wusing inplicit differentiation of the
objective function (15). The response of the optinmal nonetary
rule to all kinds of shocks is reported in Table 4.

In the case of disturbances in the credit market or in
out put demand (wherever they occur), k is nodified in order to
increase the slope of the LM curve (in particular, if a is
relatively low the optinmal rule can be approxi mated using
noney targeting). On the other hand, the predom nance of noney
demand shocks calls for interest rate pegging (the LM curve is
hori zontal ).

Consi dering the Bernanke-Blinder nodel, where the IS
line is replaced with the CC (Commpbdities and Credit)
equilibrium these results are simlar to the classic Poole
(1970) findings: in the case of a high variability of the CC
curve (shocks in the loan and goods markets) a noney stock
supply rule is preferable, while interest rate pegging is
superior in the presence of LM disturbances (shocks in noney
demand) .
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Tabl e 4
THE PROPERTI ES OF THE OPTI MAL MONETARY POLI CY K
. Tk . Tk . (22 + kv 4f(1 + g)d v
sign = sign = -sign[ ] <0
Siis S&d D 52
sign Ek = sign Ek = -sj gn[(Za + KV 4 (1 + g)dyv ] <0
ﬂsuls* ﬂsuld* D D2
4220 AF +gdq) +(v +v*)(1 +
sign 1“2( = sign 1Lk = -sign[- A21Af +9dg) +( ) ( QW)]] -0
TS i 9IS U D
sl gn ﬂI2< ~ sign 1;k _ s gn(B K32 4391 + 9w _ g
ﬂsuyd ﬂsuyd* D [)2
AJf204F - Iy +
Tk - gignl@I2+0xdp *vw(2a + W] +1-(2+gw +v*(1+gw}

si gn 052 5 = ]
AIf204F - I +

sign—TK = gign 12z t0p tvat ] wIL-(2+ g)[\;z\d + V(1 +gw}
uys* D
sign K = gign 2O - v oWtz i g
Ts Gp D

wher e:
D=(a+KI[Af +gI)d, +(v +V) (1 +gw] +4J4 1 +g) >0

0<J;=1-b<x<1 and J, =h+q >0
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|f the econony is hit by an internal supply shock, the
sign of the derivative is highly sensitive to the elasticity
of demand for | oans with respect to real output (w) and to the
degree of asynmetry between the “credit channels” (v>v'). The
result is also influenced by the sign of the difference
between the “noney channel” (f) and J; =1- b, where b
represents the interrelation between the economes. The
different cases are shown in Figure 1 where “ni (noney

targeting) represents 1& <0, while “i” (interest rate
fis Uys
. . Tk
peggi ng) indicates > > 0.
fis Uys

Sufficient conditions for the optiml nonetary rule to
nove towards noney targeting are given by:

(17) w>_1* andvyv > 24T -Jdd)  Trow .
2+g (2+gw-1 (2+gw-1
which are nore likely to be fulfilled in the case of an

expansive credit cycle, an ineffective “noney channel” and a
low interrelation between the economes (see Figure 1). Vice
versa, there is a call for interest rate pegging.

Tk

is
2
ﬂsuys*

In the case of an external shock, given v>v',

nore likely to be positive. In fact, the condition for the

derivative to be | ess t han zero becones
*>2J2(f-J1)+ 1+ gw

(2+gw-1 (2+gw-1

v, which is satisfied only if

f <Ji(see Figure. 2). Mreover, in this case nonetary policy

is less reactive to the credit cycle. This outconme is due to
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Figure 1

THE OPTI MAL MONETARY POLICY | N THE CASE OF AN | NTERNAL SUPPLY SHOCK

n f >J,

<w <1

C)

w > 1

<V

\4

Figure 2

THE OPTI MAL MONETARY POLICY | N THE CASE OF AN EXTERNAL SUPPLY SHOCK

b
) 2+ g

<w <1

C)

w > 1

<V

<V

\4

\4
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the fact that a |l ess effective “credit channel” will have | ess
di rect influence on prices.

Wen the economes are hit by a “price-wedge” shock,

Tk

the sign of >
ﬂs up

is negative, inplying that the optina

policy instrument noves towards noney targeting. Gven the
assunption v>v', this kind of shock determines a greater |oss
for the foreign country (it is worth noting that in the cases
anal ysed before there was no asymetry in the effects on the
countries). A conparison between the “pure” policies shows
that interest rate pegging is superior to noney targeting in
terms of minimsation of this asymetric effect.® Therefore,
even if an “nm’ rule reduces the overall loss, interest rate
pegging determines a snaller difference between national

results.

To anal yse the consequences of the optiml nonetary
rule k (referred to prices) for output stabilisation, the sane
procedure was applied to the variance of real incone (see
equation 16). The results, reported in Table 5, show that in
the case of financial (credit and noney markets), aggregate
demand and “price-wedge” shocks, k is optimal also in ternms of
out put .

°® |In particular, it is possible to prove that the differences in

performance (DLP = LP - L'P) are given by the follow ng expressions
(v - v+ gws,
204f +gdy) +(v +v) (1 +gw
_ qv’ - V(L +gws,
204f(1+38 +gf +al)] +av +v)(1+gw

*

and DL =P - LP =

DLP =P - P =

. with D] < [oLp].
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In the case of supply shocks the derivatives prove that
output variance mnimsation |eads to opposite results wth
respect to (15). For exanple, if the econony is hit by an
internal supply shock, conditions (17) are sufficient for

Tk
2
fs ys

to be positive (see Figure 3). In the case of externa

Tk
2
fs dys

shocks, given v>v', is nore likely to be negative (see

Fi gure 4).

Regarding the difference in performance between the
economes, it is possible to prove that in the case of a

symmetric supply shock (sﬁys = sﬁys*) interest rate pegging is
neutral, while noney targeting determnes a smaller loss in

terms of output for the country which has a nore effective
“credit channel” (and therefore a steeper AD curve).?'

Followi ng the solution nethod described in Mdigliani
and Papadenbs (1990), it is possible to find the analytical
expression for the optinmal nonetary rule (see Appendix):*

Y |n fact, the differences in performance are given, respectively, by
Dy =L - L’;V =0 and DLy = Uy - LY =

ZagV\(v* - v)sﬁys
{204f(1 +a) +gf +al)] +av +Vv) (1 +gw}*

Y In synthesis this approach consists of: (i) calculating a number of
partial equilibria equal to the nunber of policy variables to be
controlled; (ii) using a linear conbination of the equations obtained in
(i) to define the conbination policy; (iii) rewiting this conbination
policy in ternms of the objective variables and disturbances; (iv)
mnimsing this new expression with respect to the policy instrunments
and substituting the results in (ii) in order to obtain the analytical
expression of the optimal policy rule.



30

Table 5

THE EFFECTS OF THE OPTI MAL MONETARY POLI CY K ON OUTPUT STABI LI SATI ON

sign K =sign K o gjgnB KOV 4ol + gy
Isdis IS4 4 D 7
si an Ek = Si agn Ek = -sj gn[(za + k)gV 4f 9(1 + g)J 2V ] <0
s i s+ s i d+ D N3
4 242 .
si gn ﬂ; = sign 1; - sign[ 42921920 4f +gdy +(v R JCI- V) M
Sumd 1S G * D
4gI%1 + gw
sign 1"2( = sign gk = -sj gn[(2a +Kjgd, 49351 +g )]
fis uyd fIs Gyd+ D of

A9IAf204f - J) +V[1-(2+gw +Vv(1+gw}

sign 1“2‘ :_Sign[{ZfJ2(2+2a+k)+(2a+|;;[v(1-gw) +v (@ +gw]}

uys

|
1

269320 4f - J) +VvTl-(2+gwm + vl +gw}

sign K = gign{ZI42 2k H(2ar IV - gw + vl + oW}y
ﬂsuys* D3
2 * 2
sign K = sign 29942+ RWA QM - WAL+ aw'
s, o

wher e:
D=(a+KI[If +gI)do +(v +v) (L +gW] +4JI{1 +g) >0

0<J; =1-b<1 and J, =h+q >0
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Figure 3

THE EFFECTS OF THE OPTI MAL MONETARY POLI CY K ON QUTPUT STABI LI SATI ON:
THE CASE OF AN | NTERNAL SUPPLY SHOCK

a w < 1 b) 1 <w<i c)w>l
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2 f <J, \\\\fﬁf I
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Figure 4

THE EFFECTS OF THE OPTI MAL MONETARY POLI CY K ON QUTPUT STABI LI SATI ON:
THE CASE OF AN EXTERNAL SUPPLY SHOCK

a w< 1 b) 1 < W < i £ i
2+4g : g g
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43 CSGmy + S+ *+ Shys + Shys?) + 2aCCIVAsT s + Shja) +
+av As s + SGar) + AAsiya + Shyar) +4IJ, + VWIS +
(18) M s VWS fyer +(1+ gwAV - v)’s ]
it 24V + V)C(SGry + Simi+ * Slys * Slyse) * CCIMNAshis +Shiqg) +
+A As G s + Shia) + AAshg +Shyar) *4I1do + VWIS +

+43J, + v*w)zsfys* +(1 + gw)z(v* - v)zsﬁp]

wher e:
C, =[24f +9dp) +(v +v) (1 +gw]?
C =23, +v +v’
C = +0)?>

Expression (18) provides the following insights into
the characteristics of the optimal feedback rule.

(i) The ratio 0<m_<¥ lies in an interval that includes the
It

situations of vertical LM (1(=¥), noney targeting

(m'=0) and interest rate pegging (iy =0)."

(iit) I'n the case of a noney demand shock the ratio becones

mo__ 2 The

* .

It z (v +Vv)

intuition behind this condition can

be explained in the CCLM and AD-AS franmework referred to
the whole union. In fact, the result depends on the sl ope

of the CC (influenced by f, J, and the average credit

12 Using the noney supply process described by equation (2'), these three
situations are reached by setting the value of k, respectively to -2a,

0, and ¥.
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*
_ vV +V
channel, v =

) and on the sensitivity of the CCto

a change in the noney stock (z). The case in favour of
interest rate pegging applies when f and J, are high and
V. is low (CC is alnost horizontal), while z is
negligible (the supply of credit does not react to a
change in m and CCis fixed).

(iii)lIf the economes are hit by a disturbance in the credit

(iv)

(v)

mar ket or output demand (both shocks nove the CC curve
hori zontally), the optimal rule depends on the slope of

the LM curve. 1In fact, wequation (18) <collapses to
iﬂ_ = 2a and the feedback rule depends on noney demand
I't

elasticity wth respect to the interest rate. For
exanple, if the latter is low and LM becones rigid,

nonetary targeting is preferable.

Also with “price-wedge” shocks, the optimal rule depends

on the <condition HL-: 2a, and the sane conclusion
I't

expressed in (iii) is valid. Nevertheless the nature of
the result is different because the wedge in prices
i nfluences national aggregate demand also through the
“noney channel”. In particular, these effects nove in
opposite directions with the sanme intensity (f is common)
and the overall result on output demand for the union

does not change.

In the case of an internal supply shock the optim
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m' _ 4fJ2C1 + 88.C203(J 1J2 ‘|'VW)2

i 22(v +v')Cp +4C,CqI 1o + Vw2
G ven the conplexity of the fornmula, only differential
calculus with respect to each paranmeter can explain the
characteristic of the feedback rule. In particular, it is
possible to prove that ii— =f(az). As expected, a

It + -
nonetary targeting rule is preferable when the absolute

nonetary rul e becones

value of the slopes of LM (influenced by a) and CC
novenents (influenced by z) are high. On the other hand,

as already pointed out, the choice of +the optim

nmonetary rule with respect to CC and AS sl opes depends
upon the effectiveness of noney (f ) and credit (v, V)
channel s. These conclusions also apply in the case of an
external supply shock, where the optinal rule is

M _ 43,0 +8aCCHI1Jp +V W
it 22v +v)Cp +4AC,ClI T, + v W2
between an internal and an external supply shock is

represented by the conditions under which the optinal
rule switches from noney targeting to interest rate

The di fference

pegging. In particular, given v>', the value of —— is
It

nore likely to be low if the supply shock hits the
country that has a relatively nore effective “credit
channel” (this can also be seen by conparing the critical
areas in Figures 1 and 2).

6. An alternative noney supply process based on the spread

The aimof this section is to analyse a different noney
supply process which uses the spread between the interest
rates on | oans and bonds as a feedback variable. The intuition
behind this policy sinmulation is that the spread could enbody
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nore information about current shocks than the interest rate
on bonds. From an anal ytical point of view, it is possible to
hypot hesi se different cases, nested in the follow ng equation
based al so on national rates on | oans:

(27') m=(m +m)° =m +m - X0y - X, +Xz i,

where X;, X, and x3 are policy instrunents chosen jointly by
the nonetary authority to mninmse its objective function.

Using the spread definition and considering, for
sinplicity, only one policy instrument (X=2x;=2X,=X3) It 1is
possible to obtain the followng expression of the nobney
supply process (2'’):

~ ~%
r{ +r;

(19) m=(m +m° =m +m - x -

based on the average spread between the two countries.

W+2J2)

| nposing (i) a non negative LM sl ope (X (i)
4ad ,

a well behaved real balance effect (when prices increase LM
intercept rises) and (iii) a positive effect of noney on

prices (quantitative theory), the value of the policy
instrument x will lie in the follow ng interval
2] 5 2av

(20) mn[- —=,-2]5,- —] <x<¥,
w f

which includes the “pure” policies of noney targeting (x=0)

and average spread pegging (x=¥).% In particular, the average

3 The sign of the influence that the spread has on the noney supply stock
depends on the nature of the shock and cannot be established a priori
For exanple, an increase in the spread could be caused by an autononobus
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spread pegging policy (hereafter the *“s” rule) can be
interpreted as a nmeans to reduce, on the one hand, credit
mar ket inperfections (a spread reduction neans that the cost
of capital supplied by banks tends to be equal to the cost of
financing in the bond market) and, on the other hand,
di fferences between the credit systens of the two countries.
In fact, given the existence of “nonitoring” and “screening”
costs, the spread cannot be negative and the average spread
tends toward zero only if both national spreads converge
toward zero.

Using equation (19) to solve the nodel, the reduced
formreported in Table 6 can be obtained. This solution, given
condition (20), has the sanme characteristics as that of the
nodel with the noney supply process based on the interest rate
on bonds (see comments (i)-(viii) in Section 3).

The properties of the nonetary instrument x are
analysed wusing inplicit differentiation of the objective
function of the nonetary authority (see Table 7).

An internal shock on the credit market reduces the
value of x. Only if the difference between the “credit

channel s” S hi gher t han a critical val ue
* 2 f(1 +3a +g(f +al . :

(v -v > Al 3 * o 1)]) are the derivatives ﬂ;

and fix positive and spread control becones necessary to

s i d

reduction in loan supply (which inplies the need for an “easy” noney
policy) or an increase in l|loan demand (which calls for a *“tight”
nonetary policy).
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Table 7

THE PROPERTI ES OF THE MONETARY PCLI CY X

Z{2f(L+a +gf +aly+

i : x : (xf + 2av) +a(v* - V) (1 +gw]}
sign = sign = -gj gn[ ]
ﬂSE|S ﬂ35|d D 7 1
A{24f(1+a +of +aly +
ign —X— = sign X Lo+ 2a) v - V) (L + gw])
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1Tslis* ﬂ85|d* D D2 |
. ﬂx _ . ﬂX _ . _2fJ2 4.[.' ZJ il + gVV)
sign = sign = -sign[ 1>0
ﬂs&mﬂ ﬂSSmj* D D3 !
R | S | S 2ad, 4af J 1 + gw)
stgn = sign = -sign[- 1>0
ﬂsSyd ﬂSEyd* D o :
A{2f[1 - Wl +3a] +2aJJ, +
si gn ﬂ;( - i gn[-[ZJz(f +alJq) + wxf + 2av)] +awv - v) (1 +gw) ]
ﬂsuys D 2
20{2),f[1 - W1 +3d] +2aJJ;, +
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contain the effect on price variability. In the case of an

external shock on the credit market, x always nobves towards
ix _ ix

Tsdiss  TGia

flatter CC, the effect on the interest rate structure is

noney targeting ( < 0), because, given the

[imted.

As expected, if the economes are hit by disturbances
in noney and aggregate denmand the derivatives are positive. In
particular, a pure spread pegging rule perfectly insulates the
economes fromthis kind of shocks. This result represents, on
the one hand, an indication of the superiority of spread
versus interest rate pegging (in fact, the latter insulates
the econom es only from noney demand shocks) and, on the other
hand, an extension to classic Poole findings (in the case of
IS and LM shocks, spread pegging is also superior to nobney
targeting).

The sign of the derivative is also positive for “price-

wedge” shocks, inplying that x noves towards spread pegging.
In this case, however, the setting of x=¥ does not perfectly

insulate the economes. In fact, by wusing the objective

function (15) and the expressions in Table 6, it is possible

. 1
to show that each country suffers a symmetric | oss of Esﬁp.

In the case of supply shocks, the sign of the
derivatives depends on |oan demand el asticity with respect to
incone (w) and on the difference between the two “credit

channel s” (v - v*). In fact, these paraneters influence the
sl ope of the AD curve and, hence, the price reaction to supply

di sturbances. Gven v>v', in the case of an internal shock,
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the optimal nonetary policy is nore likely to nove towards
spread pegging, which is nore effective in containing the
indirect effect due to the banking sector. Vice versa, in the
case of an external shock, there is less need to neutralise
the consequences produced through the *“credit channel”
(conpare the critical areas in Figures 5a and 5b). Moreover,
with both an expansive credit cycle (w high) and an effective
“money channel” (f high), noney targeting is preferable
wherever the supply disturbance occurs (see Figures 5a and
5b). ™

Figure 5

THE OPTI MAL MONETARY POLICY X I N THE CASE OF SUPPLY SHOCKS

a) I nt ernal b) Ext er nal

4 When random di sturbances affect the supply side of the home econony, a

ﬂ; to be positive is w < 1 , While it

s uys 1+a

and f > 280102 +awyv - v*)(1+gw)_
1+a 2aJ4w1 +a) - ]

case of an external supply shock, given v>/', the derivative is nore

likely to be negative (see Figure 5b). In particular, if the difference

bet ween nati onal “credit channel s” is hi gh

* 23 [1 - W1 + @] +23.J]_JZ)

(1 + gwaw ’

sufficient condition for

woul d be negative if w > In the

(v -v

noney targeting is preferable.
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Tabl e 8

THE EFFECTS OF THE MONETARY POLI CY X ON OUTPUT STABI LI SATI ON
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uys D3
4 gff[x + 201 + @] +av (Ll - gw) + av(l + gw)}
S| gn 1;)( = _S| gn[{ZJ Zf[l - V\(l + a)] + 2aJ1J2 + aV\(V - V) (1 + gVV) }]
ﬂsuys* D3
* 3
sign ﬂé :_Sign[_4a2fg(v -v)2(1+gw)] -0
Sup D’
wher e:

D=7xf +av +v)](1+gw) +44f(1 +a +gf +aly)] >0

0<J; =1-Db<1 and J, =h+q >0
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The consequences of the nonetary rule x (designed to
mnimse price variation) for output stabilisation can be
anal ysed fromthe results reported in Table 8. In the cases of
financial (credit and noney markets), aggregate demand and
“price-wedge” shocks, x is also optimal in terns of output
stabilisation. In the remaining case of supply disturbances,
simlarly to the outcones obtained in Section 5, the optinal
nmonetary rule x has opposite consequences on output variance
(this can be seen conparing Figure 6 with Figure 5).

Wth reference to the effects between countries, the
result in terns of both prices and output stabilisation is in
favour of spread pegging, which always determ nes symretric

losses (LP - L.P = ¥ - LY =0).
Figure 6
THE EFFECTS OF THE OPTI MAL MONETARY POLI CY X ON QUTPUT STABI LI SATI ON

a) | nt er nal b) Ext er nal

*

(v-v)-

\4
\4
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7. What are the consequences for the optimal nonetary rul e?

If the economies are hit by a wi de range of stochastic
di sturbances (not only IS and LM shocks as in Poole (1970),
but also by credit market, AS and “price-wedge” disturbances),
the optimal noney supply process should consider both the
interest rate on bonds and the spread as feedback vari abl es.
In fact, while the fornmer enbodies information mainly on noney
mar ket disequilibria (LM, the latter also indicates the state
of credit and goods markets (CC).

Using the follow ng noney supply process to solve the
nodel :
+ T,

(25)  m=(m o+ W) =m e+ ki - x ot

it is possible to obtain a reduced form that has the sane
characteristics as those reported in Tables 3 and 6 (the only
difference is that each paraneter is a function of both k and
X). Moreover, the study of the optiml nonetary rule (obtained
using partial differentiation with respect to k and x)
confirms the conclusions reported in Tables 4-5 and 7-8. In
this case the nonetary instrument (k, x) consists in choosing
a point in the two-di mensional space (see Figure 7).

Each shock noves the optimal conbination (k, x) in a
different direction, with an intensity that is a function of
the absolute value of the paraneters of the nodel. G ven the
asymmetry between national credit channels, the |law of notion
of the optimal nonetary instrunment is univocally determ ned
only for the disturbances represented in Figure 7.
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Fi gure 7

THE LAW CF MOTI ON OF THE OPTI MAL MONETARY | NSTRUMENT
W TH TWO FEEDBACK VARI ABLES (K, X)

X
A
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-2), LM > K
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In the case of aggregate denmand and “price-wedge”
shocks the optimal nonetary policy noves towards the North-
West (this means that the three “pure” policies are in the

following order of preference s>m-i), while if the econom es

are hit by noney demand di sturbances, conplete control of the
interest rate structure is preferable (s,i>n. An external

credit market shock calls for noney targeting (m-s,i).

As regards the remaining disturbances, their |aw of
notion is strongly influenced by the effectiveness of nobney
and credit channels and their degree of asymetry. If the
nmonetary union is characterised by approxi mately honobgeneous

“credit channels” (v - a @0), the optinal policy is
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Figure 8

THE LAW CF MOTI ON OF THE OPTI MAL MONETARY | NSTRUMENT I N THE CASE
OF (A) HOMOGENEQUS AND (B) HETEROGENEQOUS CREDI T CHANNELS
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uys Us, Ud A
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hi gh and il Us, Ug Uys
f is low
4 »
0 | 0 |
m m
0 ¥ >k 0 ¥ > Kk

represented by Figure 8a, while Figure 8b shows the case of

*

het erogeneous “credit channels” (the difference v - v S
high). If the econony is hit by internal credit market shocks,
the optinmal nonetary rule coincides with that of an externa
di sturbance only in the case of honpgeneous “credit channels”
(conpare Figures 7 and 8a) and nobney targeting is preferable
(m-s,i). On the other hand, if the national “credit channel”

difference increases, hone credit narket shocks nobve the

optimal nonetary policy towards the North-Wst (s>=m-i, see
Figure 8b).Wth supply shocks, in the case of honbgeneous
“credit channels”, nonetary policy is highly sensitive to | oan
demand elasticity wth respect to income (w) and the
effectiveness of the noney channel (f). Only when wis |Iow and
f is high (see Figure 8a) does the optinmal rule coincide for
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internal and external shocks and a conplete control of the

interest rate structure is preferable (s,i>m. On the other
hand, in the case of an expansive credit cycle conbined with
an ineffective noney channel (w is high while f is low), an

i nternal supply disturbance calls for noney targeting (m-s,i),
while an external supply shock noves towards spread pegging

(s>m-i ).

In the case of heterogeneous “credit channels”, the
reaction to supply disturbances changes. In fact, an internal
di sturbance calls for spread peggi ng, except in the case of an
effective noney channel (f is high) and a | ow val ue of w which
noves the optimal nonetary policy towards the North-East

(s,i>m see Figure 8b). On the other hand, if the econony is
hit by an external shock, interest rate pegging is preferable.

It is worth noting that if the credit channels are

ineffective (v = v @0) the optimal nonetary rule only
depends upon noney channel effectiveness. In particular, a
supply shock (wherever it occurs) noves the policy towards
spread pegging if f is low and towards interest pegging if f
is high.

As already pointed out, in the case of supply
di sturbances, the optinmal nonetary rule (in terns of price
stabilisation) has asymetric consequences for real output.
These asymetries depend not only on the absolute value of
specific paraneters of the nodel, but also on the proposed
opti mal nonetary process. In fact, the latter, on the one hand
i nproves the performance of the classic Poole’s rule but, on
the other hand it seenms to enbody limted information with
respect to supply-side shocks.



47

8. Concl usi ons and open questions

Thi s paper has anal ysed the optinmal nonetary policy in
a nonetary union conposed of countries wth heterogeneous
“credit channels”. In order to insulate better the econom es
from the asymetric effects produced by differences in
national financial systens, the classic noney supply process
proposed by Poole (1970) has been nodified to consider the
spread between the interest rates on |oans and bonds as an
additional feedback variable. Using a two-country rational
expectations nodel, this study has highlighted the properties
of the optimal nonetary instrunent with respect to a wde
range of stochastic shocks. The main conclusions can be

sumuari sed as foll ows.

In the case of conplete nonetary integration between
t he econom es, not only noney and aggregate demand shocks, but
al so credit market disturbances influence prices and incone in
an additive form and, therefore, the nonetary union tends to
reduce the effects of such shocks only if they are negatively
correlated. Wth regard to their intensity, given the
assunptions of the nodel, credit market disturbances affect
t he endogenous vari abl es in an i di osyncratic way
(het erogeneous “credit channels”), while npbney and aggregate
demand shocks (wherever they occur) influence prices and
income with the sanme intensity (honbgeneous “nobney channel s”
and stochastic law of one price). On the other hand, supply
shocks and *“price-wedge” disturbances have an asymetric
effect on national fundanentals (opposite in sign in the case
of real output) and only when they are negligible does the
stabilisation objective of each country coincide with that of
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the nonetary area as a whol e.

The optimal nonetary policy has to consider as feedback
variables both the interest rate on bonds and the average
spread. While the forner enbodies information mainly about
noney market disequilibria, the latter also indicates the
state of the credit market and aggregate denmand.

Using the spread as a feedback variable in the npney
supply process determ nes, on the one hand, the reduction of
asymmetric effects due to national credit market differences
and, on the other, an insulation of the econom es from noney
and aggregate demand disturbances. This result indicates the
superiority of spread versus interest rate pegging (which
insulates the economes only from noney demand shocks) and
represents an extension to classic Poole findings (in the case
of IS and LM shocks, spread pegging is also superior to noney
targeting). In the face of credit market disturbances, noney
targeting is generally preferable, except in the case of an
i nternal shock associated with high asymmetry between nationa
“credit channel s” which requires spread pegging to contain the
effect on prices and output variability.

When random di sturbances affect the supply side of the
econom es the signalling power of the proposed nobney process
seens to be nore Iimted. In fact, the optiml nonetary policy
beconmes highly sensitive to the elasticity of demand for |oans
with respect to real output, the effectiveness of noney and
credit channels and their degree of asymetry. Mbreover, the
selected rule with respect to inflation leads to opposite

consequences on out put variance.

The country with a nore effective “credit channel”
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al ways perforns better in terns of both prices and output
stabilisation. This asymetry tends to vanish if the nonetary
rul e noves towards spread peggi ng.

The main nessage fromthis paper is that in the case of
a nonetary union anong countries with different financial
structures, nonetary policy should respond by “leani ng agai nst
the wind” with nore intensity than if the countries were
identical. Each kind of shock changes the optimal rule in a
specific direction with an intensity that is a function of the
paranmeters of the nodel. Mreover, if the difference between
national “credit channels” reaches a critical value, wth
credit market and supply disturbances, the |law of notion of
the optimal rule swi tches, depending upon the country in which
t he shock has ori gi nat ed.

Further research could be directed towards tackling the
followng three issues. First, the general anal ytica
framework of the nodel <could be wused to analyse the
consequences for the nonetary transmssion process of
structural and institutional differences between countries
(for exanpl e, heterogeneous “noney channels” or differences in
the elasticity of sone variables). Second, the results of the
optimal nonetary rule proposed in this study could be inproved
using price levels (or real outputs) as feedback variables to
insulate better the economes from supply side shocks.
Thirdly, an analysis of the nonetary instrunent problem should
al so take into account (autononmpus) national fiscal policies.
In this case, in fact, the optimal policy rule also depends on
fiscal policy coordination at the area-level and should
i nclude as feedback variable also an indicator of their degree
of asymmetry.
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APPENDI X

Determ nation of the analytical expression
of the optimal nonetary rule

The anal ytical expression of the optimal nonetary rule
can be obtained fromthe procedure described in Mdigliani and
Papadenos (1990). Wth two control variables (noney and
interest rates), this approach first requires the cal cul ation
of two partial equilibria: CC-AS and LM AS. *

The CC-AS equilibrium can be obtained by the follow ng
system

(A1) Zm +m*)+qFt tug = pg twy - hry +upy
(A2) Zm +m)+af, +us = p,_ +w, - hi, +ug

(A3) yy +y{ = by, +y()- f(2; +pg +p)- Vig +-VI, +Uyg + Uygs

(A4) ye =dlp - E P+ Uys
(A5) yi =olp - E P +uys
(A6) p = p: + Up

t hat expressed in matrix form gives:

> nly the proposed conbination of partial equilibria (CCAS and LMAS) is
consistent with the rational expectations nature of the nodel. In fact,
since only the aggregate supply includes price expectations, the
classical conbination CC LM (that determines the AD) and AS is not
appl i cabl e.
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€1 0 -w 0 J, 004 épi €-2Am +m) +(ug - ) Y
€0 -1 0 -w 0 Joi gy eZdm +m) - (Ugs *+Us*a
ef f J; J1 v v*@ & U g -ZXip +(Uyg t Uyg+) H
€ u é ~U = A } E -
e-g O 1 0 O Ol;I éytu g Uys gt-lpt H
€0 -g 0 1 0 ou é&,u A - . ]
6. 7 i ety g Ws 9 E P g
81 -1 0 0 0 0§ &:n : up ]

where the interest rate on bonds and price expectations have
been treated as exogenous vari abl es.

Applying the “three-step” nmethod to elimnate rational
expectations, the following reduced form for prices is
obt ai ned:

Pt = Agm+ Atm + Ajiy + Ag(Uis - Ujg) + Afujgx - Ujgx) +
+ Ag(Uyg + Uygs) + Aglys + Azlyg« + Aglp

Pt = Bopm+ Bim + Boiy + Ba(Ujs - Ujg) + BAUjs+ - Ugs) +
+ Bg(Uyg + Uygx) + Bglys + Bauygx + Bgup,
wher e:

*
_ (v +v*)z S
D

Ao =B = A =B 0
Ay =B, = -2,/ D<O

A =B =v/ D>0

A, =B, =Vv /I D>0

J2/D>0

&
I
&
I

As =B =-JJo+vw)/ D<O

Ay =B = -(JJ, +vW/ D<O
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[J4f +9Jp) +Vv (1 +gw]/ D>0

Ag
Bg [IAff +9J) +V(L +gw]/ D<O

D= 214f +gJp) +(v +v) (1 +gw >0
0<J; =1-Db<1 and Jo =h+q >0.

The expression of the sumof prices is given by:

A(Ujs - Ug) + A (Usr - Ugs) + 2J fuyg - Uygx) +
~Z33, +vWuys + 23105 +V Wuyes +(L W (v - V)up N
204f +9dp +(v +v) (1 +gw

(A7) LAV V) (mo+m) 43,
fJo +v +v’ A3, +v +v’

(p +p) =

The LMAS equilibrium is obtained by the follow ng

system
(A4) y¢ =dpt - tl-El Pt) + Uys
(A5) yi =olp - E P +uys

(A8) m+m =p +p, +Yy +y, - 22 + Uy + Upys,

where equation (A . 8) considers the interest rate as an

exogenous vari abl e (k=0).

Summing (A.4) and (A 5) it is possible to find an
anal yti cal expressi on for Vi +yt*. Substituting this

expression in (A.8) it is easy to solve for p + p;. Taking

expectations and substituting, the follow ng reduced formis
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obt ai ned:

1+9 '

(A9 p; +p: = m +rq* - 2ai¢ -

The second step consists in using a linear conbination
of the parts of equations (A.7) and (A.9) which refer to the
nonetary instrunents of the noney supply process. The
foll owi ng expression, equivalent to equation (2') in Table 2,
i S obt ai ned:

2(v +v)m' 47,
2fJ2+v+v* AJy +vVv +vV

(A 10) kof it} + kifm'-2ai;} =0,

where kg +k; = 1 and m' =(m +m)S.

Using equations (A.7) and (A 9), expression (A 10) can be
rewitten as:

MU - Upg) + 2 (Upgx - Ujgs) +
2JZ(Uyd - uyd*) +-233, + VV\bUys +
+231d 5 +V Wuyss +(L+gwW (v - V)Up . .

20 f +gdy) +(v +v) (L +gw
Upg + Upgs F Uyg + Uygx

+k +p) + =0,
11 (py Pt) 1+g }

kof (Pe + P¢) -

whi ch, expressed as a function of p; + pt*, i s equival ent to:

(U - Upg) + 2 (Ugx - Ujgs) +
2] fUyq - Uyg=) + -ZJ1Jo + VWU +
+2313 5 +V WUy +(1+gwW (v - v,

+

20f +gdy) +(v +v)(1+gw
_kun-d +Un-d*+uys + U
1 1+g

pe + P =(1- ky

ys*
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Using the relationship Var (p;) + Var (p;) = Var (p; + p)

expl ained in footnote 8 of Section 4):
(A 11) Var (py) + Var (pf) = Var (p; + p:) =(1 - k1)2A + ka,
wher e:

NAsHs +Sha) A ASGsr +SGgr) +

+4] %(SLZJyd + SLZJyd*) + 4313, + VW)ZSLZJys +
I35 v WIshies +(1 WAV - v)PsG,
) [23f +gdp) +(v +v) (L +gw]?

2 2 2 2
Sumd * Sumd* T Suys t Suys*
B = y YS° 5o,

(1 +g)?

Gven the normalisation kg =1- 4, the first order

condition to mnimse (A 11) is represented by:

fvar p; + Var p

= - -k A+ le:
k4
ky = -~ and k =_D
A+B A+B

Substituting o and kj
anal ytical expression of the optimal policy rule is obtained:

The sufficient for the of a mnimm given by:

Fvar( 2Var(p)] - 2A + B
T 1
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2 2 2 2 2 2
4 I,C(Simg * SGmd* * Suys * Stys*) * Za(‘QC\%[‘lVZ(SuIs +S{g) *

* 2 2 2 2 2.2
+v 2(3uls* +S{gx) + 4J§(3uyd + S{yd+) t 43y + VW)TS{ys +

(18) ;e w010y + VW + (1 + gwivT - vysE]

it 2Av +V)CfShmd + Sama* * Suys + Says+) + CCINAsqs +
+35Id) + 4V*2(35Is* + SSld*) + 4J5(35yd + SSyd*) +4Jqd,p + VW)ZSSys +
+43135 + vV WIsder +(1 + gwWiv - v)?s 3]

wher e:
_ * 2

C =[2(f +9Jy) +(v +Vv )1 +gwW]

C, =23, +v +Vv’
_ 2

G =(@1+09"
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