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ABSTRACT

This paper develops a business cycle model with a financial intermediation sector.
Financial wealth is defined as a predetermined state variable. Both, the additional sector
of financial intermediaries and predetermination of financial wealth, affect the demand
for real financial wedlth. If real financial wealth also enters the monetary policy rule, the
conditions for stability and uniqueness of the macroeconomic equilibrium path change
fundamentally compared to standard New Keynesian business cycle models. Here, real
financial wealth is interpreted as a real broad monetary aggregate. Furthermore, diffe-
rent interest rate rules and their consequences for stability and uniqueness of the
macroeconomic equilibrium path are considered. Two monetary policy rules are found
to be feasible - i.e. if these monetary policy rules are applied there exists a stable and
unique macroeconomic equilibrium path. Simulations of the model showed that the mo-
netary policy rule considering inflation and broad money as indicatorsis optimal.
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1 Introduction

During the last three decades, many central banks changed monetary policy considerably. This
is paralleled in the discussion of monetary theory and policy:! In the late 1970s, money and
the long-run effects of its movements on inflation were in the center-stage of economic policy.
Policymakers believed in Milton Friedman’s famous statement that ”inflation is always and
everywhere a monetary phenomenon”.? Therefore, the control of money supply should result
in lower inflation rates. As the attempts of central bankers to control the money supply turned
out to be more complicated than expected, the interest in money and its movements vanished.
Policymakers observed the developments in money further on and they took it indirectly into
account when making monetary policy decisions. However, the direct control of money supply
lost importance; today most of the central banks in the world target the actual or the expected
future inflation rate. Just a few central banks, e.g. the German Bundesbank, held on to the
control of money supply and emphasized the relevance of money as a monetary indicator and
target. Even though, the European Central Bank (ECB) explicitly considers money supply
in its monetary policy analysis of the longer-term risks to price stability, its policy decisions
during the last years were not based on the growth rate of the relevant monetary aggregate
M3, which expanded with a clearly higher rate than the desirable reference value of the ECB.

The theoretical discussion of monetary policy analysis changed in a similar way. First,
monetaristic models characterized the discussion of monetary theory and policy. When the
empirical problems of controlling the money supply became obvious, New Keynesian models
moved into the center-stage of the theoretical discussion. These models replaced the equation
for the exogenous money supply by a so-called ”feedback rule” for interest rates,® so that money
was determined endogenously. Additionally, in the equation for money demand, money was
then modeled as a jump variable. Therefore, in every period, under the condition of a given
interest rate, the desired or needed amount of money could be provided, so that money did not
play an active role in determining inflation or real variables any longer.

In the New Keynesian business cycle models, money is also no longer relevant as an indicator
or a target for monetary policy. However, these models are used for monetary policy analysis at
present; a fact which seems to be a paradox, keeping in mind that inflation is broadly considered
to be a monetary phenomenon - at least - in the long run. Still, the question remains whether
it is really possible and reasonable to analyze monetary policy in models without money,* or
whether money should return into the focus of monetary policy analyses.

The controversial role of money in monetary policy models is currently a hot topic in the
discussion of monetary policy and theory;® the different views are stretching from no relevance
of money to high relevance of money.

The aim of this paper is to develop a business cycle model - as an extension of a standard
New Keynesian model - with financial intermediation, staggered prices and broad money as
a predetermined state variable. If broad money is a predetermined state variable it contains
more information about inflation and output - especially of former periods - than a jump

ISee e.g. King (2002).

2Cited in: Nelson (2003), p. 1033 (appearing originally in Friedman (1963), p. 17).

3The most famous example of such a ”feedback rule” is the Taylor-rule. See Taylor (1993).
4See e.g. McCallum (2001).

5See e.g. Meyer (2001) or von Hagen (2003), pp. 1 et seq.



variable. It is, therefore, important for the macroeconomic equilibrium path and its stability
and uniqueness. The analysis of different monetary policy rules also shows that taking real
broad monetary aggregates into account alters the conditions for stability and uniqueness of
the macroeconomic equilibrium path and, therewith, also for optimal monetary policy.

The rest of the paper is organized as follows: In section 2, the business cycle model and
its macroeconomic equilibrium path are presented. The analysis of several monetary policy
rules, which are all interest rate rules, in section 3 develops different conditions for feasible
monetary policy. Section 4 simulates the business cycle model to analyze the efficiency of
feasible monetary policy rules. Section 5 concludes.

2 The model

In this section, a monetary business cycle model (with microfoundations) is developed, as an
extension of a standard New Keynesian model.’ This model includes four sectors’: households,
firms, the public sector and a financial intermediation sector (banks). The role of banks for
the transmission of monetary policy is important.® In this model, banks’ behavior is also
relevant for the demand function for real financial wealth. Financial wealth is designed as a
predetermined state variable.” This paper analyzes several monetary policy rules to find an
optimal one.

Nominal variables are denoted by upper-case letters, while real variables are denoted by
lower-case letters.

2.1 On the behavior of households

Households’ utility depends positively on the consumption of goods (C;) and on holding financial
wealth (A;)'° and negatively on labor (L;). At the beginning of each period, households decide
to divide their - predetermined!! - financial wealth into cash (M), sight deposits (D?) and
savings deposits (D;).'? Sight deposits do not earn interests whereas interests are paid on
savings deposits at a rate of i¢:

A1 = M+ D? + D,. (1)

6Examples for the derivation of standard New Keynesian models can be found e.g. in Yun (1996), King and
Wolman (1996), Rotemberg and Woodford (1998), Clarida et al. (1999), and Woodford (2001).

"The introduction of the financial intermediation sector can also be found in Briickner and Schabert (2002).

8See e.g. von Hagen (2003), p. 23.

9See e.g. Woodford (1996), p.5.

10 A5 financial wealth is interpreted as a broad monetary aggregate, it will be called broad money in the rest
of the paper. Here, a money-in-the-utility function is used because of its generality. As Feenstra (1986) demon-
strates, models including transaction costs can also be written as models with money-in-the-utility functions.
Carlstrom and Fuerst (2001) therefore conclude that shopping-time models are equivalent to money-in-the-utility
function models, and cash-in-advance economies could be interpreted as extreme versions of money-in-the-utility
function economies.

11See also McCallum and Nelson (1999), Woodford (1990) or Carlstrom and Fuerst (2001) for examples for
stock of money entering the utility function at the beginning of the period.

121t is assumed, that these three assets are imperfect substitutes.



The public sector pays lump-sum transfers (7;) to households and firms pay a wage for
households’ labor input (w;). Households own banks and firms in equal shares.'® Therefore,
firms (superscript f) as well as banks (superscript b) transfer their profits (€2;) in equal amounts
to households. Households’ budget restriction is of the following form:*

A= (L+idf) Ay —if M) — i DP + Pawdy — Piey + Py + PO + PO (2)

where P; represents the general price level. Nominal consumption is therefore restricted to the
beginning-of-period broad money holdings.'®
Households maximize the present value of utility:

EoY U [en, by, (my, df, dy)] | with 0< < 1. (3)

t=0

Here, E is the expectation parameter and U denotes the utility function. [ notifies a
discount factor to compare future and present values of utility. As real variables are all denoted
by lower-case letters, ¢, l;, m?, d?, and d; represent the real values of consumption, labor, cash,
sight deposits, and savings deposits, respectively. The utility function is of the following form
- separable in all arguments:!°

1-o L+ v 0y1=¥ 1=r
ho o o Cy . lt (mt) (dt) dt
U[Ctalta(mtvdtvdt)}_l_a 1_*_90—’_ 1—v + 1—’1# +1—/i (4)

- with o, ¢, v,19, k > 0, denoting the constant substitution elasticities of the real values of
consumption, labor, cash, sight deposits, and savings deposits.
In the optimum, the transversality condition

— =0 (5)

must also be satisfied. The transversality condition provides a terminal condition for the
households’ intertemporal behavior.

Maximizing the utility function (3) under consideration of its functional form (4) and the
budget restriction (2) in real terms, leads to the following first order conditions for real con-
sumption, real labor, and the real values of cash, sight deposits and broad money:

G’ =N (6)

If

Y

w (7)
(my) " = Nif = d;" (8)

13See Erceg et al. (2000), p. 287. Households’ shares of firms and banks are not contained in the broad
monetary aggregate, they do not correspond to the conception of stocks.

14See Christiano and Rostagno (2001), p. 4.

15This restriction is the so-called Clower constraint (see Clower (1967)).

161t is a simplified form of the utility function of Erceg et al. (2000), p. 287.



()™ = N = d;* (9)
1 1+ if 1
E>\t — E; <)\t+1(TJ:L1)> = E; ( t+1?+1> (10)
where A\ denotes the Lagrange multiplier for the budget constraint (2) and the gross inflation

. P
rate is defined by my1 = 5+

2.2 On the behavior of firms

While households act on perfectly competitive markets, the firm sector is marked by sticky
prices and monopolistic competition.!” Production is structured by the following steps: First,
intermediate goods are produced; second, all the different intermediate goods are aggregated
to create the final consumption good which will be consumed by households. By modeling
monopolistic competition in the intermediate goods sector, price setting behavior of the Calvo-
type'® is introduced. Then price rigidity allows the derivation of a New Keynesian Phillips
curve.

As a first step, the optimization problem of the intermediate goods producers is presented.!?
They maximize the present value of their future profits:

[e.9]

A N
max»  (08)" B, =Sy, 1(5) [P () — COpial | (11)
Pt (.7) =0 >\t

with Pf(j) and CO; denoting the optimal price respectively the production costs per unit
of the intermediate good j, yiyx(j) denoting the demand for the intermediate good j, and
k denoting the period. Intermediate goods producers’ profit is the difference between their
earnings of P;(j)y:+x(j) when they sell the intermediate good j to the aggregator and their
production costs of the intermediate good j (COyxyiix(j)). The profits are weighted with
different factors. First of all, they are discounted by the factor S (which lies between zero and
one). As discount factors of all compared periods are multiplied with each other, B results.
The profits are also weighted with the relation of households’ future consumption utility to their
present consumption utility Ai\—tk,m because households use firms’ profits only for consumption
purposes. Finally, the price setting mechanism of Calvo (1983) influences intermediate goods
producers’ profits. With the probability of 1 — 6, intermediate goods producers are allowed to
set the optimal price P} (j). If they are not allowed to set an optimal price in period ¢ + 1, they
have to keep the optimal price of period ¢ fixed with the probability of . Here, the optimization
problem considers that intermediate goods producers have to fix this optimal price of period ¢
for the following k periods, so that the probabilities multiply to #*.2' Therefore, intermediate
goods producers’ profits are weighted with these probabilities.

I7A detailed discussion can be found in Schumacher (2002).

18See Calvo (1983); in every period, firms are allowed to set their own optimal price with an exogenous
probability of 1 — 6. With the probability of § they are not allowed to adjust their price and have to keep the
price of the former period ¢ — 1.

9See e.g. Kimball (1995), p. 1245.

20Gee first order condition of households for the real value of consumption (6).

2LTf they are again allowed to set a new optimal price after k periods, the same optimization problem - with
a new optimal price P;(j) - will arise.



To solve the optimization problem of the intermediate goods producers, the demand for the
intermediate good (y;1x(j)) has to be derived. For the aggregation of the final consumption
good, the following aggregating production function is used:

€
1 e—1

Yt = /yt (])i dj (12)

0

- with € > 1, denoting the substitution elasticity between the different intermediate goods.??
All the intermediate goods are indexed on a continuum between zero and one and are needed
for the production of the aggregated final consumption good. For the derivation of the demand
function, the aggregator’s optimization problem has to be solved.?? It is assumed, that the
aggregator maximizes his real profit:

1

Yy — /Ptp(j)yt (j)dj (13)

whereby y; represents the real earnings of selling the final consumption good to households
and the second term denotes the real costs to obtain the intermediate good. Maximizing the
aggregator’s profit function considering the aggregating production function (12) leads to the
demand for the intermediate good:*!

0 () = (PTU)) " (14

The demand for the intermediate good depends positively on the demand for the final consump-
tion good. But, if an intermediate goods producer raises the price for his good j relative to the
aggregated price P; the demand for the intermediate good will decrease. —e denotes thereby
the elasticity of the demand for y, (j) in relation to the price P, (). It is also possible to derive
the aggregated price index P, from the aggregator’s optimization problem under consideration
of the demand function for the intermediate good:*

1
1 1—e

o / PG 4| (15)

0

It is shown that the aggregating production function (12) and the price index (15) connect the
production of the intermediate goods with the production of the final consumption good.

The intermediate goods producers’ profits are not only determined by the demand for the
intermediate goods but also by the cost function and, therefore, by the production technology.

22Gee Woodford (1996), p. 5 or Dixit and Stiglitz (1977), p. 298 et seq.

23The aggregator creates the final consumption good by aggregating the intermediate goods.

24The derivation of the demand function for the intermediate good can be found in Appendix 6.1.1.
25Gee again Appendix 6.1.1 for the computations and Woodford (1996), p. 5.



It is assumed, that the production function for the intermediate goods is of the following form:2

v (4) = zdb()), (16)
with logz, = (1 —p)logZ+ plogziq + (,,
0 < p<l,and(, ~iidN(0,07).

The factor cost
CO(j) = we Pl (j) (17)

is only composed of the cost for labor, i.e. nominal wage times labor input. As households are
perfectly competitive, they all receive the same wage for their labor input.?” The factor cost

can then be rewritten as ]

COye(4)) = thtyt(j)Z_ (18)

t
if the production function is taken into account. The first derivative in accordance to y;(j) of
this cost function is the following marginal cost function:

1

MCy = w P,—,
2t

(19)

i.e. a rising nominal wage w; P, increases the marginal costs M}, while technology raises the
labor productivity and, therefore, decreases marginal costs. With the cost function and the
demand function for the intermediate good, all components of the intermediate goods producers’
optimization problem are known. Then, the optimal price P;(j) for each intermediate goods
producer can be determined. Therefore, the optimization problem in equation (11) can be
reformulated for real profit by using equations (14) and (19):?®

o

A 1 P*(H\ ¢ ‘
o~ (09" B o () g () = MG, (20)
Pz A Pire \ Pk

Maximizing the profit function and remodeling the equation lead to the optimal price in log-

linearized form??:

fD\t* =(1- 95)]\/4\01& + eﬁEtl/D\*tH (21)

where 7; = log z; — logT, i.e. variables with a ”circumflex ()" denote logarithmic deviations
of these variables from their constant long-run or steady-state values - all variables with a ”bar
(7)”.3% To derive the New Keynesian Phillips curve, the aggregated price level is needed, which
can be calculated by reformulating the aggregated price index (15):3!

1

P = [(1 —0) P 0P| (22)

26Tn this case, capital is set to be constant and equal to one, so that the intermediate goods are only produced
by labor input (1) and a stochastic technology variable (z).

27See Yun (1996), p. 351.

28Gee Yun (1996), p. 352.

29T,0g-linearization replaces the nonlinear model by a linearized approximate model.

30The derivation of the optimal price for the intermediate good will be found in Appendix 6.1.2.

31 The interested reader can find the derivation of the aggregated price level in Appendix 6.1.3. See also King
and Wolman (1996), p. 89.



Here, the aggregated price level is a combination of the current optimal price level and the
price level of the former period. Log-linearizing the aggregated price level by a first order

Taylor-approximation leads to the New Keynesian Phillips curve:3?

Tt = BET1 + xme (23)

with y = (1 —6p5) % and mc; = ]\{Dtct denoting the real marginal costs.*® The current "gross
inflation rate" is determined by expected future "gross inflation rate" and current marginal

costs.

2.3 On the behavior of financial intermediaries

Financial intermediaries are assumed to be perfectly competitive. They take sight deposits (DY)
and savings deposits (D;) from households and they pay interests at a rate of i for savings
deposits. The deposited funds are invested into government liabilities, i.e. money (M?) and
bonds (B;). In each period, their profit (P£2?) is transferred to households, which are the
owners of banks. In addition, banks have to hold a constant ratio (0) of sight deposits and
savings deposits as a minimum reserve requirement:

M} > §(D? + Dy), with 0<d< 1. (24)

Banks maximize the present value of their future real profits:**

o
K Atk b
H})aX EtE B \ Qt+k7 (25)
btamt 7d,(g],dt k=0 t

with by, m%, d?, d; denoting the real values of government bonds, money demanded by banks,
sight deposits, and savings deposits. The assumptions about the weighting factors are similar
to those for the firms’ profits: [ again denotes the discount factor, the profits are weighted
with the relation of households’ future consumption utility to their present consumption utility
M,% because households use banks’ profits for consumption purposes only. Banks’ nominal

)
prz)ﬁt is given by the following equation:

P = (1+1i) Bi+ M)+ D}, + Dy — Biy — My, — DY — (14if) Dy, (26)

with i; denoting the interest rate on government bonds. It is further assumed that the financial
intermediaries have to satisfy the following solvency constraint:

J
Jim (Biyj + M}y, — DYy — D) By T] (1 +den) ™ > 0. (27)
—0Q0 n=1

32For the derivation of the New Keynesian Phillips curve, see again Appendix 6.1.3.

33See Gali and Gertler (1999), p. 200.

34 Although banks are perfectly competitive, they earn profits because of the difference between the interest
rate on savings deposits i¢ and the interest rate on government bonds i;. The difference results due to the
minimum reserve requirement for savings deposits. This can also be seen in the first order condition (31) and
equation (33).

35See first order condition of households for the real value of consumption (6).

7



Solving the optimization problem (25) under consideration of the profit function (26) and the
minimum reserve requirement (24) leads to the following first order conditions for the real
values of government bonds, money, and savings deposits:

1+ it—&-l] 1
E, | A = - 28
A (23)
1+ 77t+1:| 1
By [ Ay — L[ = Z) 29
et = 2, (29)
1+l +6 1
B || 2, (30)
Tt+1 B
n, [m} — 6 (df +dy)] =0, with 1, >0 (31)

where 7, denotes the Kuhn-Tucker multiplier referring to the minimum reserve requirement and
equation (31) is the Kuhn-Tucker condition.
Combining the first order conditions (28) and (29) leads to:

lg = My (32)

Inserting equation (32) into the first order condition (30) shows the relation between the two
different interest rates of the economy:

i (1 —6) = id. (33)

As 0 < 0 < 1 applies, ¢ is less than ;.

2.4 On the behavior of the public sector

The public sector consists of two parts: the fiscal authority and the monetary authority. The
fiscal authority issues one-period risk-free government bonds B; which bear interests at a rate ;.
Government bonds are held by banks only because they represent an instrument of the interbank
market. The monetary authority issues money to households and banks: M; = M]* + M?. The
receipts from this money creation are allocated to households by paying lump-sum transfers
Py

Py = By + Myyy — (1 +4y) By — M,. (34)

Furthermore, the monetary and the fiscal authorities have to satisfy the following solvency
constraint:

J
Jim (Brej + Myyy) B T] (1 +iin) ™ =0, (35)
— 00 n=1

Additionally, the monetary authority is assumed to control the short-term nominal interest
rate on government bonds 7;. It thereto uses the gross short-term nominal interest rate R; =
144, >1 WVt.36

36For the conception of these policy regimes see Benhabib et al. (2001), p. 178 et seq.



2.5 Macroeconomic equilibrium

In this model, there exists a dynamic sequence of market equilibria.?” Each of the three markets
- goods market, labor market, and money market - has to be in equilibrium. In the following,
it will be analyzed whether the macroeconomic equilibrium path converges to the steady-state,
or whether the economy gets on an explosive path.

The dynamic macroeconomic equilibrium consists of three equations. The first equation is a
forward-looking IS-curve which is derived by combining the first order condition of households
for real consumption (6) and the first order condition of financial intermediaries for the real
value of government bonds (28). After log-linearizing by a first-order-Taylor-approximation
and some remodeling, the following equation is obtained:®

N N 1 N _
Y = Evyryr — ;Et (Rt+1 - 7Tt+1> (36)

with ¢ > 0 denoting the substitution elasticity of consumption. z; = logx; — logT is again
the representation of a variable in log-linearized terms, i.e. in deviations from its constant
steady-state value. Real production - or aggregated demand -, therefore, depends positively
on expected future production - aggregated demand - and negatively on expected future real

interest rate E; <§t+1 — Ty11 ). This means, that increasing future aggregated demand raises

current aggregated demand, whereas the expectation of rising real interest rates lowers the
current real production.
Second, remodeling the New Keynesian Phillips curve with the help of the production

function of the intermediate goods producers, leads to the following Phillips curve:**
Te =YY + BET1 — x (L4 ) Z (37)

with v = x (¢ + ), and ¢ > 0, 0 > 0 denoting the constant substitution elasticities of labor
and consumption. The ”gross inflation rate” is determined positively by the expected future
”gross inflation rate” and the actual production, and negatively by the stochastic technology
variable. Therefore, rising expectations of future "gross inflation rate" or current aggregated
demand are converted into an increasing current "gross inflation rate". In contrast, "gross
inflation rate" sinks due to a positive technology shock.

The third equation for the macroeconomic equilibrium path is the real broad money de-
mand function. To derive this equation, the first order conditions of households for the real
values of cash, sight deposits, and broad money as well as the first order condition of financial
intermediaries for the real value of government bonds have to be combined and log-linearized

by a first order Taylor-approximation:*°

Gy = VG4 e — vﬁfi R (39)

37In the literature, there are several examples of the procedure to obtain a dynamic stochastic general equi-
librium from the households’ first-order conditions, the market-clearing conditions and a monetary policy rule,
see e.g. Erceg et al. (2000), Smets and Wouters (2003), or Giannoni and Woodford (2003).

38The derivation of the IS-curve can be found in Appendix 6.2.1.

39You can also find the derivation of the Phillips curve in Appendix 6.2.2.

40Gee for the several computations Appendix 6.2.3.



with v = % + i + % and R denoting the steady-state value of the ”gross interest rate”.
Equation (38) defines real broad money demand. As real broad money is a predetermined state
variable and, therefore, given at the beginning of period ¢, it is already denominated in the
previous period’s price level, as a;_; = ’2‘,::11. Real broad money contains information about
inflation and production of previous periods which are important for the current development
of these real variables. So, real broad money has essential positive influence on inflation and
production. Production is weighted by the different constant substitution elasticities of con-
sumption, cash, sight deposits, and savings deposits (o > 0, v > 0, 1) > 0, k > 0). Real broad
money is negatively related to the "gross interest rate" as that denotes a measure of opportu-
nity costs of holding money. Equation (38) can also be interpreted in the way that households
desire to raise their consumption of goods (which is always equal to the production y) if their

real broad money deviates positively from its steady-state value, et vice versa.

3 Implications for monetary policy

Before analyzing different monetary policy rules it is important to define the conditions for
feasible monetary policies. To find the optimal macroeconomic equilibrium path it needs to be
stable and unique. So, the central bank should avoid policies that lead to (i) fluctuations on
the macroeconomic equilibrium path and (ii) the existence of explosive paths. In the following,
different monetary policy rules are examined for their feasibility. The problem of finding feasible
monetary policy rules can be solved by analyzing the macroeconomic equilibrium path for
determinacy. If the evolving system of equations is determinate the used monetary policy is
feasible, et vice versa.*!

The monetary policy rules analyzed in this section are all interest rate rules. They are
divided into interest rate rules for pure inflation targeting, pure monetary targeting, and interest
rate rules taking into account both changes in inflation and changes in money.

First of all, the three equations in section 2.5 are reduced to a two-equation-system. There-
fore, the IS-curve and the Phillips curve are remodeled by taking real broad money demand
into account:*?

1 1 1 1 R = 1 ~
—ay— == 1) By = =G — =T + = R — = ER 39
Uat (U ) tT¢+1 Uat 1 U7Tt+ =1 t 1 tLi41 (39)
~ . . R 4
BEF = — LGy 1 + (1 + l) 7 - LR, (40)
ov ov cR—-1

1 Further examples for methods to solve dynamic models can be found e.g. in Kydland and Prescott (1982),
Sims (1984), King et al. (1988a, 1988b, 2002), Coleman II (1989), Novales (1990), Baxter (1991), Tauchen and
Hussey (1991) and Judd (1991).

42The necessary remodeling and reformulation to derive the reduced model can be found in Appendix 6.3.1.
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Proposition 1 If the central bank applies pure inflation targeting, the policy rule can be of the

following - simple Taylor-type - form:*3

ﬁt = pﬂ'%t (41)

with p, > 0 denoting the reaction parameter of the central bank for changes in the gross inflation
rate. Then there exists a stable and unique macroeconomic equilibrium path converging to the
steady-state of the economy if and only if:**

pr <1 (42)

respectively
pﬂ>1+2(1+5)%. (43)
So, if the central bank applies pure inflation targeting, it should either cut or raise the gross
interest rate on government bonds by less than one-for-one on changes in inflation or by much
more than just one-for-one on changes in inflation to conduct a feasible monetary policy.*®
Otherwise, a central bank altering the gross interest rate on government bonds by more than
one-for-one on changes in inflation (p, > 1) would not pursue a feasible monetary policy.

Proposition 2 If the central bank applies pure monetary targeting, the policy rule can be of
the following form: R
Ry = p,ay—1 (44)

where p, > 0 denotes the reaction parameter of the central bank on changes in real broad
money’®. There exist multiple stable macroeconomic equilibrium paths converging to the steady-
state of the economy, because the macroeconomic equilibrium is indeterminate in this case.*”

As there does not exist only one stable macroeconomic equilibrium path, in this model, a
monetary policy rule to conduct pure monetary targeting is not feasible. Maybe, the central
bank should always react on changes in inflation as well:

Proposition 3 If the monetary policy rule is given by the following interest rate feedback rule:

R, = Palt—1+ PrT (45)

43Bernanke and Woodford (1997) as well as Carlstrom and Fuerst (2001) show that forecast-based policy rules
are susceptible to real indeterminacy of rational expectations equilibria, and Svensson (2001) discovers time-
inconsistency problems of these rules. Therefore, it is refrained from monetary policy rules including expected
inflation.

44 The proof of proposition 1 can be found in Appendix 6.3.2.

45Benhabib et al. (2001, p. 181 et seq.) name these monetary policies ”passive” if p,. < 1, "active” if p, > 1,
and "hyperactive” if p > 1.

40The reaction parameter on real broad money (p,) should always be positive, because a central bank reacting
on changes in broad money should raise (cut) the interest rate if broad money increases (decreases). Therefore,
the condition that p, > 0 is given by definition.

4TThe proof of proposition 2 is found in Appendix 6.3.3.
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- with p, > 0, p, > 0 denoting the reaction parameters of the central bank on changes in
inflation respectively in real broad money - there exists a stable and unique macroeconomic
equilibrium path converging to the steady-state of the economy if and only if*8

ov 1+R(U—1)]
<1l4+p, |—0B-1)+ ————= 46
p p {7 (8-1) =1 (46)
respectively
o 0U(E+1)(5+1) 1+R(v—1)
>14+2(1+08)—+ — — + — ) 47
Pr ( 6)7 Pa |7 =1 =1 (47)

In this case, the central bank can cut or raise the gross interest rate on government bonds
by less than one-for-one on changes in inflation to conduct a feasible monetary policy. But it is
also possible that the central bank cuts or raises the gross interest rate on government bonds
by more than one-for-one on changes in inflation if p, > 0, and if the term in square brackets
in equation (47) is positive. Therefore, the central bank can conduct a more active monetary
policy than in the case of pure inflation targeting.

Summarizing these results, one can conclude that it depends very much on the interest
rate rule whether the central bank should change the gross interest rate on government bonds
by more than one-for-one on changes in inflation or by less than one-for-one on changes in
inflation to conduct a feasible monetary policy. In the case of pure inflation targeting, the
central bank should cut or raise the gross interest rate on government bonds by less than one-
for-one on changes in inflation. But in the case of an interest rate rule also containing a real
broad monetary aggregate, the central bank can additionally change the gross interest rate
on government bonds by more than one-for-one on changes in inflation. The range for the
reaction parameter on changes in inflation (p,) is greater than in the case of pure inflation
targeting. Therefore, policy makers are able to react more actively on changes in inflation
and the probability to react incorrectly is much smaller. Price stability - as a potential policy
objective - could then be pursued more effectively than in the case of pure inflation targeting.
This analysis shows that taking real broad monetary aggregates into account in monetary policy
rules alters the reaction of the central bank on changes in inflation fundamentally and therefore
also the feasible monetary policy.

4 Simulation of the model

In section 3, it was shown that there exist two feasible monetary policy rules for the business
cycle model developed in this paper (ref. to Proposition 1 and Proposition 3). This implies the
problem that a policy recommendation should be unambiguous. The monetary authority should
choose a feasible policy rule which is optimal. The optimal policy rule for a New Keynesian
business cycle model like this one is a Taylor-type interest rate rule considering changes in
inflation and in the output gap.*’

48 The proof of proposition 3 can be found in Appendix 6.3.4.
For the derivation of this instrument rule, please refer to the Appendix of Clarida et al. (1999).
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Here, the feasible monetary policy rules do not take the output gap into consideration.
Therefore, these two policy rules must be evaluated for their efficiency to find the optimal rule.
The efficiency of a policy rule is usually measured by a welfare criterion.”® The utility-based
approach of welfare analysis derives this welfare criterion from the households’ preferences.’!
This approach states that households’ welfare is defined as a steady output growth in relation
with price stability. So, a minimal variability in the output gap and price stability are relevant
for welfare. In contrast, high variabilities of the output gap and inflation are producing welfare
losses, e.g. caused by inefficiencies in the labor market, technology shocks or nominal rigidities
as sticky prices. An efficient monetary policy rule should be one that minimizes welfare losses.*?

A central bank should adopt this social welfare function as its policy objective function
to pursue an efficient respectively optimal monetary policy, as it is obvious that a monetary
policy rule should fit the central bank’s policy objective. Therefore, the monetary authority’s
policy objective is to stabilize prices and output growth, or - in negation - to minimize inflation
and output gap variability. This is e.g. the policy objective of the Board of Governors of the
Federal Reserve System (FED).*® The European Central Bank’s (ECB) policy objective would
be slightly different as its mandate is to preserve price stability only. In the following, the
FED’s policy objective is formulated as the minimization of an ad hoc-loss function which is
the weighted sum of unconditional variances® of the inflation rate and the output gap®:

Lrpp = Var (7)) + aVar (y;) , (48)

with o > 0 determining the central banker’s preference to reduce output gap variability in
relation to inflation variability. In the ECB’s loss function o = 0°¢, so that®’

LECB = Var (;T\t) . (49)

The model was calibrated and simulated by solving it for the recursive law of motion by
applying the method of undetermined coefficients.?® Calibrating the model, the following values
which are frequently used in the literature were applied: The discount factor 5 = 0.99 implies a

S0Welfare is here defined as economic surplus, and welfare loss is loss in economic surplus (see Aizenman and
Frenkel (1986)).

1See Woodford (2003) for several examples for the derivation of social welfare functions depending on slight
changes in the households’ utility function.

2Gee Ball (1999).

3See Levin et al. (2003), p. 623.

54 As the central bank should treat positive and negative deviations from steady-state values equally, the
objective or loss function should be of a quadratic form or should consider variances respectively (see Brainard
(1967), Tobin (1990), Blinder (1997) or Chadha and Schellekens (1999)).

53In this model, the Phillips curve is formulated as a function of the inflation rate. Therefore, the policy
objective is to stabilize inflation (see also Woodford (2003) for economic reasoning).

56 A central banker who places no weight on the variance of the output gap is called an ”inflation nutter” by
King (1997), p. 89.

*TFurther examples of loss functions of central banks can be found in Taylor (1979), Erceg et al. (2000),
Fuhrer (2000), and Amato and Laubach (2001). The interested reader can find the derivation of an optimal
objective function for a central bank in Debelle (1996).

8 For the derivation of the method of undetermined coefficients see Muth (1961), Sargent (1979) or Whiteman
(1983).
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rate of intertemporal preference of 1 % per quarter. This leads to a quite realistic 4 % real inter-
est rate per year in the steady state.”® The substitution elasticities for consumption, labor, cash,
sight deposits, and savings deposits are all equal and set to 1.5 (60 = o =v =1 = k = 1.5).%
The probability to keep prices fixed in a period is § = 0.75. This could be interpreted as a
price contract duration parameter implying an average contract duration of 1_—(1)'75 = 4 (peri-
ods). Therefore, in a quarterly model, the price can be set optimally with the probability of
(1 —0.75) = 0.25.5! The influence of the technology shock variable z; should be quite persistent,
therefore, © = 0.95 with J% = 0.5069.

The model was simulated by using the algorithm of Uhlig (1997) with MATLAB. First,
the two monetary policy rules were evaluated by their value of the FED’s loss function: For
a = 0.5, p, was varied in the interval [0.5;0.8] (for the monetary policy rule without money)
respectively in the interval [0.5;1.5] (for the monetary policy rule with money).®? The following

losses - calculated based on the frequency-domain method - occurred:

Table 1: Welfare losses of the FED
values for p. 0.5 0.8 1.5

Rule 1: R, = p.my 0.1407 | 0.1906
Rule 2: Ry = p,ai—1 + py7e 0.1361 | 0.1358 | 0.1353

It is shown, that for the monetary policy rule without money the welfare losses rise with
increasing p,.. In contrast, welfare losses decrease with increasing p,, if the monetary policy
rule with money is used. Furthermore, welfare losses generated by the monetary policy rule
considering also broad money are smaller than those arising from the monetary policy rule
considering inflation only. The monetary policy rule with money is more efficient than the
monetary policy rule without money even though the reaction parameter on changes in real
broad money p, is very small. Therefore, a policy recommendation for the FED would be to
use a monetary policy rule with inflation and broad money as indicators and a relatively high
value for p,_.

Then, the two monetary policy rules were compared by their value of the ECB’s loss function:
Again, p, was varied in the interval [0.5;0.8] and [0.5;1.5] (see above).% The following losses -
calculated based on the frequency-domain method - occurred:

Table 2: Welfare losses of the ECB
values for p, 0.5 0.8 1.5

Rule 1: R, = p, 0.079 | 0.164
Rule 2: Ry = pyar—1 + p.me 0.043 | 0.046 | 0.051

?See e.g. Canova (1993), Erceg et al. (2000), Smets and Wouters (2003) and Casares (2004).

60Gee e.g. Erceg et al. (2000) where it is shown that the substitution elasticities should be greater than 1.

61See Erceg et al. (2000).

%2Tn the policy rule with money, the central bank’s reaction parameter on money p, = 0.03. The sensitivity
analysis of p, showed that the welfare loss function generated by the monetary policy rule with money is convex.
In the range of 0.5 < p,. < 1.5, the monetary policy rule with p, = 0.03 produces the minimal monotonously
decreasing welfare loss function. For 0 < p, < 0.03 as well as for 0.03 < p, < 5.0 the welfare losses are slightly
higher but they are still smaller than those arising from the monetary policy rule without money. A parameter
value of p, > 5.0 seems to be implausible for being used by a central bank.

3In the policy rule with money, the central bank’s reaction parameter on money is again p, = 0.03. Here,
the sensitivity analysis of p, showed that the welfare losses decreased with raising p,.
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Here, the welfare losses are rising with increasing p,. for both monetary policy rules. And again,
the welfare losses generated by the monetary policy rule with broad money are considerably
smaller than those arising from the monetary policy rule for pure inflation targeting. Therefore,
in this case, the monetary policy rule with money is also more efficient than the monetary
policy rule without money. A policy recommendation for the ECB would therefore be to use
a monetary policy rule with broad money as well, but this time with a relatively low value for
P, even though the absolute differences of the loss values are quite small for this rule.

Here, the fundamental influence of real broad money demand and its positive impact on
welfare losses was shown.®® Therefore, for both central banks’ policy objectives the monetary
policy rule including a broad monetary aggregate as an indicator would be optimal, because it
is more efficient than the policy rule for pure inflation targeting.

5 Conclusions

In this paper, it was shown that real broad money can have a substantial effect on the macro-
economic equilibrium path. The introduction of a financial intermediation sector as well as
the definition of real broad money as a predetermined state variable affect real broad money
demand. If real broad money is additionally considered as an indicator in the monetary pol-
icy rule of the central bank the conditions for stability and uniqueness of the macroeconomic
equilibrium path change fundamentally. The optimal monetary policy rule in this model is one
that includes the inflation rate as well as a broad monetary aggregate as indicators. It reduces
the welfare loss considerably. This result points out that monetary aggregates (especially broad
monetary aggregates) and their movements contain very important information for the devel-
opment of output (in the short-run) and inflation (in the longer-run). This information would
be lossed if only pure inflation targeting was used.

Summarizing the paper, one can conclude that real broad monetary aggregates seem to
be very relevant for monetary policy models and that they should explicitly be taken into
consideration by central banks when conducting monetary policy.

64This influence of real broad money is especially determined by the sum of the inverse substitution elasticities
of cash, sight deposits and savings deposits (v = % + i + %) Raising these elasticities generates slightly rising
welfare losses. But, even if these elasticities were increased to such extreme values as v = ¢ = k = 100, the
welfare losses were still smaller than those generated by the monetary policy rule without money.
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6 Appendix

6.1 Derivation of the New Keynesian Phillips curve
6.1.1 The demand function for the intermediate good

For the derivation of the demand function for the intermediate good, the aggregator’s opti-
mization problem has to be solved. It is assumed, that he maximizes his real profit:

1
P)
w— [ (50)
t

0
whereby y; represents the real earnings of selling the final consumption good to households
and the second term denotes the real costs to obtain the intermediate good. Maximizing the
aggregator’s profit function considering the aggregating production function (12):

€

1 1 1

max /yt (J)% dj - /PtTij)yt (J) dj (51)

Y (5)
0 0

leads to the following first order condition:

-1 Py -1
ye (J) < = tP(t>yf

which can be reformulated to the demand function for the intermediate good:
: VAN
wi) = (%) (52)
t
It is also possible to derive the aggregated price index P, from the aggregator’s optimization
problem under consideration of the demand function for the intermediate good in the equation
of the expenditures for the intermediate good:
1 1
B() o e
[FRunmai= [RGa
t
0

0

?yt-
This should be the same as the real value of one unit y;, if one defines the price index as the
price of one unit final consumption good:

1

1
P N1—€ d _
/ 2 (7) J—Pg,ﬁyt Y
0
1

[ro g = B
0
so that the price index will be denoted as follows:

o /ﬂm“@ - (53)
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6.1.2 The optimal price for the intermediate good

The modified intermediate goods producers’ optimization problem has the following form (see
equation (20)):

max (95)

)\t+k 1 (Pt*(j)
P(J) )\t ~Pt+k

— ) Yoo [P) — MCi). (54)

It is possible to obtain the first order condition by derivating the profit function and setting it
equal to zero:

€
1 MCiyy,

€ —

- A ./ ./
0= Y09 EAER G Bt | P2 G) -
k=0
Setting =~ = p (markup on the marginal costs) and reformulating lead to the following equa-

tion:
(o)

A A
2(95) t+kp+k yt+kP ( ) Z(%) t+kP+lc Ykt M Ci . (55)
k=0 k=0

After log-linearizing by a first order Taylor-approximation, one obtains:

o0

_E—l__ > o~ o~ A~ ~ —
P gPY (08)" E, [)‘Hk =M+ (€= 1) Pryg + Yoare + Pt*:|
k=0

— PT'gudCy  (08) E, {XM Nt (e—1) Py + Joun + ]\//[\C’Hk] .
k=0

As in the steady-state all firms are allowed to adjust their prices, it is here assumed that
P=puMC:

1 _—
— /3 2(95) EMCyy.
k=0
This leads to the following optimal price for the intermediate good:%°
P o= (1-08)Y_(08) EMC,, (56)
k=0
= (1-08) MCi+ (1 —08)> " (08" EMCi i1 (57)
k=0

Rewriting equation (57) in forward-looking terms, multiplying it with 63, and then inserting
it into the second term on the right-hand side of (57) lead to the optimal price level for the
intermediate good:

(08)" E,MCyip

M]3

EP = (1-065)

k=0

0BEP 1 = (1-08)Y (08" BMCyripn

NE

B
Il

0

05See Gali and Gertler (1999), p. 199.
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P = (1—0B) MCy + 0BE P+, (58)

For the further computations, the equation (58) is rewritten - along the lines of the definition
xy = logxy — logT:

log P —log P = (1 — 08) (log MC; —log MC) + 0BE, (P}, —log P) . (59)

The steady-state condition for all firms P = pMC looks like log P = log 1 + log MC' in log-
terms:

log P = (1 —03) (log MCy + log 1) + 08 E,log P/ ;.

Rewriting this equation in relation to the price level and working with a few tautologies lead
to a first order difference equation:

log P} —log P, = (1—0p)(log MC;+logu)+ 05E,log P/, —log P,
= (1-0p) (log MC; —log P; +1log u) + (1 — 63) log P;
+0BE; (1 Py —log Pt+1) + 0BE;log Piy1 — log B
MC,
= (1-6p) (log + log ,U> +0BE, (log P}, —log Piy1)
+0BE; (log Pry1 — log P,)

MC
log P —log P, = 0BE, (log P}, —log Pry1) + (1 —65) (10g -+ log u)
t
—I—QﬁEt 10g Tt41- (60)

6.1.3 The aggregated price level
The aggregated price level can be calculated by reformulating the aggregated price index (15):

1
1 1—e

/ ) di (61)

0

where the index 7 indicates the intermediate goods producers in this case. Therefore, the index
j (for the intermediate good) was replaced. In the following, P;,(i) denotes a price which was
set in period s and has to be fixed until period t. Now, the price setting mechanism of Calvo
(1983) has to be taken into account: The probability to set a price in period s and to keep
it fixed until period ¢ is denoted by Pr [Ps*t(z)] .56 As the probability to keep the price of the

former period is equal to 6, the following definition of Pr [P}, (i)] results:

Pr [P:t(z)] = HPT[ st— 1(1)}
= 0°Pr[Pr,_y(i)]

— 0P [PL(0)].

66See Calvo (1983), p. 385.
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Here, Pr [P;S(i)] denotes the probability that the price can be set in each starting period with
the probability of 1 — . Therefore, if s > 1 then Pr [P} (i)] = 1 —6, and if s = 0 then
Pr [P;,(i)] = 1. The probability to set a price in period s and to keep it fixed until period ¢ is
then:

0"=5(1—0) for Vt>s>1 } ‘ (62)

Pr [P&t(z)] - { ot for s=0
In a symmetric economy, all firms will set their prices equally if they are allowed to, so that
P; (i) = P};. There exist two groups of firms: One group is allowed to set the price in a certain
period, and one group is not allowed to set the price. The assumption of a symmetric economy
implies that the probability to set the price is equal to the fraction of firms who are allowed
to set the price. Therefore, a fraction of 1 — 0 firms is allowed to set the price in a certain
period, and a fraction of # firms is not allowed to do it. So, the aggregated price index can be
reformulated in dependence on former prices as:

1 0'4+(1-0)0" 1 ot T—
P, = / P di+ ...+ / Py (i) di + / Pr (i)' di (63)
|0 ot 0
[ 1 0t 4+(1-0)6' 1 ot T
= / P+ / Py cdi + / Pyl di (64)
0 ot 0

1
1—e

= [A=0) B 4.+ (=00 P+ 0 Py (65)

The index 7 vanished, because all price setting firms behave equally in the particular periods. If
the observed period is infinite the aggregated price level can be denoted in a compressed form:

1

B= |30 (1) P (66)
=0

The price level is composed of former optimal prices. Taking the price level of period t — 1 and
multiplying it with @ leads to a simplified expression of the aggregated price level:

1—e

P, = [Zei (1—0) P
=0

P = (1=0) P2 +0(1—0) Py + 62 (1—0) Py + ...
0P = 0(1L—0) P+ 02 (1—0) By +0° (1— 0) PPy + .
Pl¢ = (1-0) B+ 0P

P o= [(1—0) P+ 0P ] (63)

Now, the aggregated price level is a combination of the current optimal price level and the price
level of the former period.®” Log-linearizing this term by a first order Taylor-approximation,

67Ref. to King and Wolman (1996), p. 89.
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leads to: B B B
P,—P=(1-0)(Pf—P)+0(P-1—P)
P=0P_1+(1-0)F. (69)
Rewriting equation (69) in log-terms and using some tautologies:
log P, = Olog Py + (1—0)log Py

log P, +0log P, — Qlog P, = 0OlogP,_ 1+ (1 —0)log P}
1-0

logh —log Py = —5—(log Ff —log )
1—6 .

logm; = —5—(log " —log )
log P —log P, = T Qlogm.

Inserting this expression into equation (60):

0 0 MC
1_91037715 = Qﬁl_gEt(loth+1>+(1—96) (log Pt—l—logp>

t

+0BFE; log w41
logmy = PE; (logm) + (1 —65) 1T79 (log ]\étct + log u) (70)
leads to the New Keynesian Phillips curve in log-linearized form:
Ty = BEy (Te1) + xmcy (71)

with x = (1 —605) 1776’ and me; = MTtCt_ﬁs

6.2 Derivation of the macroeconomic equilibrium path
6.2.1 Derivation of the IS-curve

To derive the forward-looking IS-curve, the first order condition of households for real consump-

tion (6) and the first order condition of financial intermediaries for the real value of government
bonds (28) are combined:

Ct_a = ﬁEt |:)\t+1Rt+17Tt_+11j| . (72)
Log-linearizing equation (72) by a first order Taylor-approximation leads to:

—0c; = By + By Ry — Bymygs.

As ¢;° = )\, and ¢ = X hold, the following expression is valid for this economy: —o¢, = /)\\t.
The equation

—o¢, = —0E 1+ EiRyy — BT
~ ~ 1 = ~
¢ = Eog— EEt |:Rt+1 - 7Tt+1] (73)

08See Gali and Gertler (1999), p. 200.
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can be interpreted as an intertemporal consumption function. In this economy, no invest-
ment takes place, so that ¢; = y;, which means that ¢ = ¥ and ¢ = 7; hold. Rewriting the
intertemporal consumption function will lead to the IS-curve (36):

~ - 1 = ~
Y = By — ;Et [Rt+1 - 7Tt+1} . (74)

6.2.2 Derivation of the Phillips curve
Remodeling the New Keynesian Phillips curve:
T = xme; + BET

with the help of the intermediate goods producers’ production function:

2 ct 2
- after log-linearizing by a first order Taylor-approximation -
e, = ¢l + 0% — %
- as the production function is: y; = zl;, the following holds: 7; = Z; +lAt -
mee=(p+0)—(1+¢) %
leads to the following Phillips curve:

T = X(p+o)p+BET 1 —x(1+¢)%
T = Yy + BET L — V% (75)

with v = x (¢ 4+ o) and ¢ = x (1 + ¢).

6.2.3 Derivation of real broad money demand

Log-linearizing the first order condition of households for real cash (8) ((m}) ™" — A = d;*)
by a first order Taylor-approximation, leads to:

——v "7 ——K7T
—vmh “mb — [d/\)\ +zd)\zt} = —rd dy
— v = ~ . ==K

—vmh mp — il (—JCt + zf) = —kd d
— v 7 KT e o~ T——o
—vmh mP = —kd “d, — ifc Uoct + e3¢,

As il = R? — 1 and i1 = R? — 1, the following holds true: 7¢ Rd BT
t t t RI_1

/\

vt mlt = —kd "d, — o (Rd— 1) &8 + Ric R (76)
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Log-linearizing the first order condition of households for real sight deposits (9) ((d2)™¥ — \i¥ =
d; ™) by a first order Taylor-approximation leads to an analogous equation:

—pd Vdy = —kd “dy— o (ﬁ — 1) & ¢ + Riz °RY. (77)

Combining the first order condition of households for real broad money (10) with the first order
condition of financial intermediaries for government bonds (28) leads to:

141 1+ ¢ 1
B, [At+l tH] — E; (%HM) = E (dt+l_> :

T41 Tt41 Tt4+1

After log-linearizing this equation by a first order Taylor-approximation:

(E - ﬁ) N+ A (EEJ%M - ﬁEﬁtH) — —xd "Eidy
g (Tz . ﬁ) OB G +T° (TzEtfth . ﬁEﬁtH) — —wd "Edy.y
and reformulating this equation, one obtains:
o (E - W) TG 4T (Eﬁt - Wﬁﬁt) = —xd "d,. (78)
Inserting this expression into equation (76):
—vnt mp = —o (R-T?)e 6+ (RR - RIRY) —o (R 1) 275
YRz RY

leads to the following cash demand function:

_% 1 _R g
my = VCt y (R_ 1) Rt. (79)

Cash demand is determined by the current consumption and the current gross interest rate
of government bonds. Inserting the equation (78) into equation (77) leads to an analogous
demand function for sight deposits:

o, L1 R
v Y (R-1)

Reformulating equation (78) leads to the savings deposits’ demand function:

4o = R,. (80)

=G = % (Ré}:;;dt> ' (81)

Savings deposits’ demand is not only dependent on current consumption and on the current
gross interest rate on government bonds but also on the current gross interest rate on savings
deposits. The definition of real broad money is:

1
a_1— = m? + dto + dt.
Ty
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Log-linearizing this equation by a first order Taylor-approximation results in:

N N mh —~ de ~ E ~
a1 — Tt = —73 m? + — d? + —— dt- (82)
aTm aTm aTm

Inserting the different demand functions of the components of real broad money leads to the
real broad money demand:

zl\t,1 = O"U/y\t + %t — UmRt (83)
with v = % + i + %, the sum of the inverse substitution elasticities of the different compo-
nents of real broad money. Real broad money of the previous period is determined by current
production, the current gross inflation rate and the current gross interest rate on government

bonds.

6.3 Proofs of the propositions for feasible monetary policy
6.3.1 Derivation of the reduced model

First of all, the three-equation system of inflation, output and real broad money has to be
reduced into a two-equation system of only inflation and real broad money. Therefore, the
reformulation of real broad money demand (38) leads to:

N 1 1 R =~

Y = Ea\t—l — T+ cTh_1 Ry
R 1. N 1 R ~
Etyt+1 = Eat - EﬂTt+1 + EﬁEthH'

Inserting this new equation into the IS-curve (36):

1 1 R =~ 1

—Qp 1 — T+ —=—"R = —a;— Eﬁtﬂ +

ov cR—1 ov
1 R ~ 1 ~ N
—=—E R — —E, <Rt+1 - 7Tt+1)
cR—1 o

leads to a modified IS-curve (39):

1. 1 . 1. 1. R = 1 ~
;Cbt - (; - 1) Emyg = ;%—1 - ;Wt + R 1Rt - R 1Eth+1- (84)

The same reformulations of equation (37) are necessary to obtain a modified Phillips curve
(40):

~ 1 . 1 R 4 ~ -
T o= (—@tl — Tt = Rt) + BET 1 — Uz
ov cR—-1
~ . ~ R ~
BEt’]Tt+1 = —latfl + (1 + l) Ty — 1_ Rt — ’192’15. (85)
ov ov cR—-1
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For the following analysis of stability and uniqueness of the macroeconomic equilibrium
path, only the non-stochastic part of the dynamic system has to be examined. Therefore, the
results will also hold for any monetary policy rule that depends on current or past values of
the exogenous technology process. In the following proofs, only the deterministic part of the
two dimensional system (equations (39) and (40)) is investigated.

6.3.2 Proof of proposition 1

If the central bank applies pure inflation targeting, the monetary policy rule can be of the
following - simple Taylor-type - form:

ﬁt = pﬂ—%t‘
Inserting this policy rule into the equations (39) and (40) will lead to a modified two-equation
system: .
1. /1 P R 1. 1 pR\.
;at_<;_1_ﬁ_1)Et7rt+1:;at1_<;_E_1>7rt (86)
- v vy pR N\~
ﬁEﬂTtJrl = —Eat,l + (1 + 5 - ;ﬂ) Tt (87)
In matrix form it looks like:
L ile g\ a
0 s BT

1 _1 R ~
_ ( . U+§1_)(at1>
_a a2 apLR T '
1+ b

Since this system contains one forward-looking and one backward-looking variable, the system
is determinate if one eigenvalue of the following matrix M is larger than one in absolute value
and one is smaller than one in absolute value:%

1 )

1 1 2\ ' 1 S
Ve (v Tyttt v riab s
0 5 -L 14+2X-12

The characteristic equation of M is given by:

=

D =
=|

=

21 r_ 1
F(X)=X 5(1+5+0 Opﬂ)X-i-ﬁ.

Since

f(O):%>O as 0<fB<1,

there exists one eigenvalue between zero and one, and one eigenvalue larger than one if f(1) < 0:

f(l)zl—%(l%—ﬁ—i—g—gm)—k%.

09See Blanchard and Kahn (1980).
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This expression is less than zero if:

T, <o

EPTK‘ O_B
pe < 1.

The second condition to ensure determinacy of the system proves that there exists one eigen-
value between minus one and zero, and one eigenvalue smaller than minus one if f(—1) < 0:

B 1 v oy 1
f(—l)—1+B<1+5+;—;p7r)+B.

This expression is less than zero if:

gl 2 0
—— P2+ =+ — < 0
8" 37" B

o
pr > 14+2(1+p5)—.
g
This completes the proof of proposition 1 - with a monetary policy rule for pure inflation
targeting.
6.3.3 Proof of proposition 2

If the central bank applies pure monetary targeting, the monetary policy rule can be of the
following form: R
Rt = paat_l.

Inserting this policy rule into the equations (39) and (40) will lead to a modified two-equation

system: -
1 Pu | ~ 1 . 1 PR\ ~ 1.
(5"’?_1)6&— (5—1) Et7Tt+1: (;_’_E—l) Cbt_l—aﬂ't (88)
~ T PR\ - 7Y\ ~
BEtﬂ'tJrl = (_E — ;}_% — 1) A¢—1 + (1 + 5) T¢. (89)

Since this system contains one forward-looking and one backward-looking variable, the system
is determinate if one eigenvalue of the following matrix M is larger than one in absolute value
and one is smaller than one in absolute value:

1 1 -1 14 sl _1
M— > T —=+1 s TR > ‘
0o YA ST

ov —1 ov

2
D =
=l

=
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The characteristic equation of M is given by:

fX) = X B
1 [Bov—~(1—v)] (R— 14 Rup,) + (ov+7) (R—l—I—vpa)X

_B ov (E—l—l—vpa)

1 R—1+ Rup,
B R—1+wvp,

Since — —
1R—1+ Rup
))=—-—=——""">0 or p, >0,
/(0) B R 1top for p
there exists one eigenvalue between zero and one, and one eigenvalue larger than one if f(1) < 0

[ =1
1[Bov—~(1=v)] (R—1+Ruvp,) + (cv+7) (R—1+uvp,)
_B ov (E—l—l—vpa)
1 R—1+ Rup,

B R—1+wvp,
_ pa[(1—ﬁ)(}_%—l)cvv—l—vv(ﬁ—l—vﬁ)]—WU(E—I)
B Bov (ﬁ— 1—|—Upa) '

This expression is less than zero if:
pa [1=B)(R=1)ovv+~v(R—1-vR)] =y (R-1) <0

b < _ fy(ﬁ—l)_ _
¢ (1-B8)(R—1)ov+~(R—1—-vR)
(1-8)(R-1)ov+~(R-1-vR) >0.

Pa > 0 if
The second condition to ensure determinacy of the system proves that there exists one eigen-
value between minus one and zero, and one eigenvalue smaller than minus one if f(—1) < 0:

f-1) = 1
+l[ﬁav —y(1=v)] (R—14Rup,) + (cv+7) (R—1+vp,)
B ov (}_%—l—l—vpa)

+lﬁ—1+}_%vpa
B R—1+wvp,
pa [(B+1) (R+1)ovv+rv (1+ (v—1)R)]
B +U[7+20(5+1)](R—1)
B Bov (E—l—i—vpa)

This expression is less than zero if:
P [(B+1) (R+1)ovo+qv(1+ (v —-1D)R)] +v[y+20(B+1)] (R—1) <0
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[y+20(B+1)](R-1)
B+1)(R+1)ov+v(1+(v—1)R)

Po < —
p, < 0.

As - by definition - p, > 0 the system is not determinate for a monetary policy rule in the case
of monetary targeting. This completes the proof of proposition 2.

6.3.4 Proof of proposition 3
If the central bank applies a policy rule represented by the following interest rate feedback rule:
ﬁt = Pali—1 + PrTt

the following modified two-equation system will exist:

1 p N 1 0 N 1 p,R\ .
— L o - (1= Emy = [—+ =2 _
(Goa2g)a- (31— ) BRn = G+ 425 )ae

~ AT\ N
5Etﬁt+1=(—l—1p )at_1+(1+l—1p

ov oR-—1

In matrix form it looks like:

1 Pa l Px -~
ctey o tltas Gt
0 B Eimi
~

1 pR _l b ~
_ v T R-1 _ v R-1 _ at—1
S N 7 A IO I 3 T )

ov o R—1 ov o R—1

Since this system contains one forward-looking and one backward-looking variable, the system
is determinate if one eigenvalue of the following matrix M is larger than one in absolute value
and one is smaller than one in absolute value:

1 Pa 1 _Pr -1 1 paﬁ _ 1 pﬂ'ﬁ
o vtes vtltas v T RS vPRT )
0 /3 o J Pa 1+l_1p7rR
agv g

D =
=

ov o R—

—

The characteristic equation of M is given by:

fX) = X2
(ﬁ—l)(v—#ﬁa—l—a)—i—pam_(y(v—l)—kﬁav)—i-av—l—v]
p O'(E—l—l—vpa)
| (B—1) + v,
e .
B R—1+wvp,
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Since ( )
1 (R—1)+vRp,
0) == >0 >0,
f0) =73 11, for p,

there exists one eigenvalue between zero and one, and one eigenvalue larger than one if f(1) < 0:

(R—=1) (y+ B0 +0) +p, [R(y (v —1) + Bov) + ov + 7]

1 —pwy(}_%—l)
1) = 1_5 U(E—l—f—vpa)
| (R 1) +vFp,
B R—1+wvp,
Y(R-=1)p,+[ov(R=1)(1=5)—~v((v—=1)R+1)]p,
—W(R—l)

Bo (R—1+wvp,)

This expression is less than zero if:

YR-1)p+[ov(R-1)(1-8)—v((v—=1)R+1)]p,—7v(R-1) <0

pr<1Hp, | (B-1)+

The second condition to ensure determinacy of the system proves that there exists one eigen-
value between minus one and zero, and one eigenvalue smaller than minus one if f(—1) < 0:

(}_%_1) (v+Bo+0)+p, m_(’Y(U—1>+60'U)+O'U—I—7}

1 —p.y(R—1
f=) = E a(ﬁ—(1+vpi)
1 (R—1)+vRp,
ﬁ R—1+wp,
—YR-1)p,+[B+1)(R+1)ov+~((v—1)R+1)]p,
+( 1) (20 + 260 + )

Bo ( -1+ Upa)
This expression is less than zero if:
0> —y(R-1)p,+[B+1)(R+1)ov+7((v-1)R+1)]p,
+(R—-1) (20 + 280 +7)

ov(F+1)(B+1) 1+R@w-1)
v R-1 R

o
Py > 1+2(1+5);+ .

This completes the proof of proposition 3 - with a monetary policy rule containing inflation
and real broad money.

28



References

[1] Aizenman, J./Frenkel, J.A. (1986), Wage Indexation, Supply Shocks, and Monetary Policy
in a Small, Open Economy, in: Edwards, S./Ahamed, L. (eds.) (1986), Economic Adjust-
ment and Exchange Rates in Developing Countries, University of Chicago Press, Chicago
and London, pp. 81 - 142.

[2] Amato, J.D./Laubach, T. (2001), Implications of Habit Formation for Optimal Mone-
tary Policy, Board of Governors of the Federal Reserve System, Finance and Economics
Discussion Series Working Paper No. 2001-58, Washington, D.C., December 2001.

[3] Ball, L. (1999), Efficient Rules for Monetary Policy, in: International Finance, vol. 2, no.
1, pp. 63 - 83.

[4] Baxter, M. (1991), Approximating suboptimal dynamic equilibria - An Euler equation
approach, in: Journal of Monetary Economics, vol. 28, no. 2 (October 1991), pp. 173 -
200.

[5] Benhabib, J./Schmitt-Grohé, S./Uribe, M. (2001), Monetary Policy and Multiple Equilib-
ria, in: The American Economic Review, vol. 91, no. 1 (March 2001), pp. 167 - 186.

[6] Bernanke, B.S./Woodford, M. (1997), Inflation Forecasts and Monetary Policy, in: Journal
of Money, Credit, and Banking, vol. 29, no. 4 (November 1997), pp. 653 - 684.

[7] Blanchard, O.J./Kahn, C.M. (1980), The Solution of Linear Difference Models under Ra-
tional Expectations, in: Econometrica, vol. 48, no. 5 (July 1980), pp. 1305 - 1311.

[8] Blinder, A.S. (1997), What Central Bankers Could Learn from Academics - and Vice Versa,
in: Journal of Economic Perspectives, vol. 11, no. 2 (Spring 1997), pp. 3 - 19.

[9] Brainard, W.C. (1967), Uncertainty and the Effectiveness of Policy, in: The American
Economic Review, vol. 57, no. 2 (May 1967), pp. 411 - 425.

[10] Briickner, M./Schabert, A. (2002), Can money matter for interest rate policy?, mimeo.

[11] Calvo, G. (1983), Staggered Prices in a Utility-Maximizing Framework, in: Journal of
Monetary Economics, vol. 12, pp. 383 - 398.

[12] Canova, F. (1993), Statistical Inference in Calibrated Models, EUI, Working Paper No.
ECO01993/23, Florence, 1993.

[13] Carlstrom, C.T./Fuerst, T.S. (2001), Timing and real indeterminacy in monetary models,
in: Journal of Monetary Economics, vol. 47, no. 2 (April 2001), pp. 285 - 298.

[14] Casares, M. (2004), On monetary policy rules for the euro area, Banco de Espana, Working
Paper No. 0415, Madrid, 2004.

[15] Chadha, J.S./Schellekens, P. (1999), Monetary Policy Loss Functions: Two Cheers for
the Quadratic, University of Cambridge, Working Paper No. 9920, Cambridge, November
1999.

29



[16] Christiano, L.J./Rostagno, M. (2001), Money Growth monitoring and the Taylor rule,
National Bureau of Economic Research, Working Paper No. 8539, Cambridge, October
2001.

[17] Clarida, R./Gali, J./Gertler, M. (1999), The Science of Monetary Policy: A New Keynesian
Perspective, in: Journal of Economic Literature, vol. 37, no. 4 (December 1999), pp. 1661
- 1701.

[18] Clower, R. (1967), A reconsideration of the microfoundations of monetary theory, in:
Western Economic Journal, vol. 6, no. 1 (1967/68), pp. 1 - 8.

[19] Coleman II, W.J. (1989), An algorithm to solve dynamic models, Board of Governors of
the Federal Reserve System, International Finance Discussion Paper No. 351, Washington,
D.C., May 1989.

[20] Debelle, G. (1996), Central Bank Independence: A Free Lunch? International Monetary
Fund, Working Paper No. 96/1, Washington, D.C., January 1996.

[21] Dixit, A.K./Stiglitz, J.E. (1977), Monopolistic Competition and Optimum Product Diver-
sity, in: The American Economic Review, vol. 67, no. 3 (June 1977), pp. 297 - 308.

[22] Erceg, C.J./Henderson, D.W./Levin, A.T. (2000), Optimal monetary policy with staggered
wage and price contracts, in: Journal of Monetary Economics, vol. 46, pp. 281 - 313.

[23] Feenstra, R.C. (1986), Functional equivalence between liquidity costs and the utility of
money, in: Journal of Monetary Economics, vol. 17, no. 2 (March 1986), pp. 271 - 291.

[24] Friedman, M. (1963), Inflation: Causes and Consequences, New York.

[25] Fuhrer, J.C. (2000), Habit Formation in Consumption and Its Implications for Monetary
Policy Models, in: The American Economic Review, vol. 90, no. 3 (June 2000), pp. 367 -
390.

[26] Gali, J./Gertler, M. (1999), Inflation dynamics: A structural econometric analysis, in:
Journal of Monetary Economics, vol. 44, pp. 195 - 222.

[27] Giannoni, M.P./Woodford, M. (2003), Optimal inflation targeting rules, National Bureau
of Economic Research, Working Paper No. 9939, Cambridge, August 2003.

[28] Judd, K.L. (1991), Minimum Weighted Residual Methods for Solving Aggregate Growth
Models, Federal Reserve Bank of Minneapolis, Discussion Paper No. 49, Minneapolis,
August 1991.

[29] Kimball, M.S. (1995), The Quantitative Analytics of the Basic Neomonetarist Model, in:
Journal of Money, Credit and Banking, vol. 27, no. 4, pp. 1241 - 1277.

[30] King, M. (1997), Changes in UK monetary policy: Rules and discretion in practice, in:
Journal of Monetary Economics, vol. 39, no. 1 (June 1997), pp. 81 - 97.

30



[31] King, M. (2002), No money, no inflation - the role of money in the economy, in: Bank of
England, Quarterly Bulletin, vol. 42, no. 2 (Summer 2002), pp. 162 - 177.

[32] King, R.G./Plosser, C.I./Rebelo, S.T. (1988a), Production, Growth, and Business Cycles
- I. The Basic Neo-classical Model, in: Journal of Monetary Economics, vol. 21, no. 2 -3
(March - May 1988), pp. 195 - 232.

[33] King, R.G./Plosser, C.I./Rebelo, S.T. (1988b), Production, Growth, and Business Cycles
- I. New Directions, in: Journal of Monetary Economics, vol. 21, no. 2 -3 (March - May
1988), pp. 309 - 341.

[34] King, R.G./Plosser, C.I./Rebelo, S.T. (2002), Production, Growth, and Business Cycles:
Technical Appendix, vol. 20, no. 1 - 2 (October 2002), pp. 87 - 116.

[35] King, R.G./Wolman, A.L. (1996), Inflation Targeting in a St. Louis Model of the 21st
Century, in: Federal Reserve Bank of St. Louis, Review, vol. 78, no. 3 (May/June 1996),
pp- 83 - 107.

[36] Kydland, F.E./Prescott, E.C. (1982), Time to build and aggregate fluctuations, in: Econo-
metrica, vol. 50, no. 6 (November 1982), pp. 1345 - 1370.

[37] Levin, A./Wieland, V./Williams, J.C. (2003), The Performance of Forecast-Based Mone-
tary Policy Rules Under Model Uncertainty, in: The American Economic Review, vol. 93,
no. 3 (June 2003), pp. 622 - 645.

[38] McCallum, B.T. (2001), Monetary Policy Analysis in Models Without Money, in: Federal
Reserve Bank of St. Louis, Review, vol. 83, no. 4 (July/August 2001), pp. 145 - 160.

[39] McCallum, B.T./Nelson, E. (1999), An Optimizing IS-LM Specification for Monetary Pol-
icy and Business Cycle Analysis, in: Journal of Money, Credit, and Banking, vol. 31, no.
3 (August 1999, Part 1), pp. 296 - 316.

[40] Meyer, L.H. (2001), Does Money Matter?, in: Federal Reserve Bank of St. Louis, Review,
vol. 83, no. 5 (September/October 2001), pp. 1 - 16.

[41] Muth, J.F. (1961), Rational expectations and the theory of price movements, in: Econo-
metrica, vol. 29, no. 3 (July 1961), pp. 315 - 335.

[42] Nelson, E. (2003), The future of monetary aggregates in monetary policy analysis, in:
Journal of Monetary Economics, vol. 50, no. 5 (July 2003), pp. 1029 - 1059.

[43] Novales, A. (1990), Solving nonlinear rational expectations models: A stochastic equilib-
rium model of interest rates, in: Econometrica, vol. 58, no. 1 (January 1990), pp. 93 -
111.

[44] Rotemberg, J.J./Woodford, M. (1998), An optimization-based econometric framework for
the evaluation of monetary policy: expanded version, National Bureau of Economic Re-
search, Technical Working Paper No. 233, Cambridge, May 1998.

31



[45] Sargent, T.J. (1979), Macroeconomic Theory, Academic Press, New York, 1979.

[46] Schumacher, C. (2002), Alternative Schiitzansitze fiir das Produktionspotenzial im Euro-
raum, Baden-Baden.

[47] Sims, C.A. (1984), Solving Nonlinear Stochastic Equilibrium Models ”Backwards”, Uni-
versity of Minnesota, Discussion Paper No. 206, Minneapolis, October 1984.

[48] Smets, F./Wouters, R. (2003), An estimated dynamic stochastic general equilibrium model
of the euro area, in: Journal of the European Economic Association, vol. 1, no. 5 (Sep-
tember 2003), pp. 1123 - 1175.

[49] Svensson, L.E.O. (2001), Requiem for Forecast-Based Instrument Rules, mimeo, Princeton
University, April 2001.

[50] Tauchen, G./Hussey, R. (1991), Quadrature-based methods for obtaining approximate
solutions to nonlinear asset pricing models, in: Econometrica, vol. 59, no. 2 (March 1991),
pp- 371 - 396.

[51] Taylor, J.B. (1979), Estimation and Control of a Macroeconometric Model with Rational
Expectations, in: Econometrica, vol. 47, no. 5 (September 1979), pp. 1267 - 1286.

[52] Taylor, J.B. (1993), Discretion versus policy rules in practice, in: Carnegie-Rochester
Conference Series on Public Policy, vol. 39, pp. 195 - 214.

[53] Tobin, J. (1990), On the theory of macroeconomic policy, in: De Economist, vol. 138, no.
1, pp. 1 - 14.

[54] Uhlig, H. (1997), A Toolkit for Analyzing Nonlinear Dynamic Stochastic Models Easily,
mimeo, 1997.

[55] von Hagen, J. (2003), Hat die Geldmenge ausgedient? Plenumsvortrag zur Jahresta-
gung des Vereins fiir Socialpolitik, Ziirich, 2. Oktober 2003, downloadable at:
http://www.socialpolitik.org/docs/oldtag/tag2003 _hagen deu kompl.pdf.

[56] Whiteman, C.H. (1983), Linear Rational Expectations Models - A User’s Guide, University
of Minnesota Press, Minneapolis, 1983.

[57] Woodford, M. (1990), The optimum quantity of money, in: Friedman, B.M./Hahn, F.H.
(eds.) (1990), Handbook of Monetary Economics, vol. II, Amsterdam, pp. 1067 - 1152.

[58] Woodford, M. (1996), Control of public debt: A requirement for price stability?, National
Bureau of Economic Research, Working Paper No. 5684, Cambridge.

[59] Woodford, M. (2001), The Taylor Rule and Optimal Monetary Policy, in: The American
Economic Review, vol. 91, no. 2 (May 2001), pp. 232 - 237.

[60] Woodford, M. (2003), Interest and Prices - Foundations of a Theory of Monetary Policy,
Princeton University Press, 2003.

32


http://www.socialpolitik.org/docs/oldtag/tag2003_hagen_deu_kompl.pdf

[61] Yun, T. (1996), Nominal price rigidity, money supply endogeneity, and business cycles, in:
Journal of Monetary Economics, vol 37, pp. 345 - 370.

33



	HWWA Discussion Paper 317
	Impressum
	On the relevance of monetary aggregates in monetary policy models
	ABSTRACT
	Author
	1 Introduction
	2 The model
	2.1 On the behavior of households
	2.2 On the behavior of firms
	2.3 On the behavior of financial intermediaries
	2.4 On the behavior of the public sector
	2.5 Macroeconomic equilibrium

	3 Implications for monetary policy
	4 Simulation of the model
	5 Conclusions
	6 Appendix
	6.1 Derivation of the New Keynesian Phillips curve
	6.1.1 The demand function for the intermediate good
	6.1.2 The optimal price for the intermediate good
	6.1.3 The aggregated price level

	6.2 Derivation of the macroeconomic equilibrium path
	6.2.1 Derivation of the IS-curve
	6.2.2 Derivation of the Phillips curve
	6.2.3 Derivation of real broad money demand

	6.3 Proofs of the propositions for feasible monetary policy
	6.3.1 Derivation of the reduced model
	6.3.2 Proof of proposition 1
	6.3.3 Proof of proposition 2
	6.3.4 Proof of proposition 3


	References



