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1. Introduction

The recent formation of a new monetary institution in Europe has, once more, highlighted the
question of the proper role for money in the conduct of monetary policy. In the past few years,
particularly during the gestation of the European Central Bank (ECB), a lively debate has
considered whether monetary targeting or inflation targeting would be the most appropriate
monetary strategy for the Eurosystem.! This debate was only spurred on by the Eurosystem’s
announcement of its actual monetary strategy. As described in the inaugural issue of the ECB’s

Monthly Bulletin [7, p. 9]

[T]he strategy is based on two pillars. The first consists in a prominent role
for money, as signalled by the announcement of a quantitative reference value of
4-1/2 percent for the growth rate of the broad monetary aggregate M3 which is
regarded as being compatible with price stability. The second comprises a broadly
based assessment of the outlook for price developments and the risks to price stability
using financial and other economic indicators.

This strategy appears to be a combination of a weak type of monetary targeting and an
implicit form of inflation targeting. It is only a weak type of monetary targeting because the
Eurosystem has rejected a simple formulation in which money growth is an intermediate target
variable to always be brought in line with the reference value. Nevertheless, the Eurosystem
has made it clear that deviations of money growth from the reference value will be treated as
a major factor in its policy decisions. The second pillar contains the basic thrust of inflation
targeting; however, some of the important elements of an explicit inflation targeting strategy,
such as the public comparison of an inflation forecast to an announced target, are absent.

In order to understand the potential for success of this mixed strategy for monetary policy,
this paper evaluates the relative performance of monetary targeting and inflation targeting.
This exercise provides, in a loose sense, some evidence of the relative value of the first and
second pillars of Eurosystem strategy. Previous analysis in Svensson [33], [36], and [37] provides
a theoretical case for favoring inflation targeting over monetary targeting. In this paper, we
provide an empirical counterpart to this analysis using a small estimated model of inflation,
output, and money.

Of course, an important difficulty for our analysis, or indeed any empirical investigation of

the policy choice faced by the Eurosystem, is the lack of a data set with which to estimate an

! The Eurosystem, which consists of the ECB and the national central banks of the 11 countries that have
adopted the euro, has conducted monetary policy for the euro area since January 1, 1999.



empirical model of the euro-area economy. The 11 nations of the euro area have been bound
together with a common currency for less than a year, so using appropriate post-union euro-area
data for model estimates is not an option. Constructing synthetic pre-union aggregates from
the separate historical data for the 11 euro-area countries is one alternative.? This, of course,
is an ambiguous counter-factual exercise. National statistics with differing definitions must be
aggregated, and some accounting must be made of the actual historical exchange rate fluctuations
among the 11 euro-area countries. Furthermore, even if unambiguous pre-union aggregates were
available, it is not clear that the experience of the euro area before monetary union under
floating exchange rates and with a variety of monetary policy regimes and institutions would be
appropriate for analyzing the post-union euro area under the Eurosystem. Thus, reconstructed
historical euro-area data will be an uncertain guide to the future. The experience of the United
States is, in our opinion, at least as relevant a guide. It is often noted that the euro area has
many similarities to the United States—obviously in terms of a monetary union—but also in
economic size and in the relative importance of external trade. Accordingly, in analyzing the
relative value of monetary targeting and inflation targeting, we use coefficients in our model that
are estimated using U.S. data. We certainly cannot guarantee that this empirical model, which
is merely a rudimentary approximation of the U.S. economy, is the correct vehicle for analyzing
euro-area monetary policy in the future; however, as outlined in the next section, we think
that our model has some desirable attributes even from a European perspective. Still, a major
caveat to our analysis is that the economy in the euro-area under the Eurosystem may behave
substantially different from the U.S. experience (or from a reconstructed euro-area history).?
With that caveat clearly established, our results from a model fit to the U.S. economy are
used to draw some lessons for the Furosystem. Our results show that monetary targeting is
much more inefficient, in the sense of inducing more variable inflation and output, than inflation
targeting. We get this result even after excluding parts of the sample period so as to estimate
a very well-behaved, stable money-demand equation. Furthermore, this result is true even if
we assume that there are no stochastic shocks at all affecting money demand. Thus, counter

to conventional wisdom, monetary targeting is inefficient even if money demand is stable and

% This route is followed by Peersman and Smets [26] and Taylor [40], who use data from a subset of the 11
euro-area countries, and Gerlach and Svensson [10], who use data for the whole euro area.

% Indeed, for what it is worth, as noted in section 2, the work of Peersman and Smets [26] and Taylor [40]
suggests that the equations of our model also have some claim to fit the pre-union synthetic euro-area data. On the
other hand, the work of Gerlach and Svensson [10] indicates that monetary aggregates have a more fundamental
role in determining inflation in the euro area than in the U.S., although not in a way supporting a prominent role
for the Eurosystem’s money-growth indicator.



controllable. This result reflects the fact that given the dynamics of how money is related to the
rest of the economy, money growth is a poor predictor of future inflation (in the sense that the
correlation between money growth and inflation forecasts is quite low). Thus, money growth
is an inadequate indicator of risks to price stability. All this provides substantial empirical
confirmation of the arguments in Svensson [33], [36], and [37].*

Section 2 presents the model and the empirical estimates. Section 3 reports the results on
the relative performance of inflation targeting and monetary targeting. In passing, we also show
that nominal GDP targeting would be quite inefficient compared to inflation targeting. Section
4 discusses the lessons for the Eurosystem. Section 5 presents some conclusions. Appendixes

A-D contain some technical details.

2. An Empirical Model of U.S. Output, Inflation, and Money

2.1. Aggregate supply and demand

The two equations for output and inflation used in our analysis are from (and fully described

in) Rudebusch and Svensson [27],

T4l = Qi+ Qa1 + Qr3Mi_2 + QraTy 3 + Qs + €441 (2.1)

Yer1 = By + Byoyi—1 — By (e — Tt — ) + Nyy1, (2.2)

where 7, is quarterly inflation in the GDP chain-weighted price index (P;) in percent at an
annual rate, i.e., m; = 4(pt — pt—1), where p, = 100 In P;, 7¢ is four-quarter inflation in the
GDP chain-weighted price index, i.e., %E;’-’Zom,j, it is the quarterly average federal funds rate
in percent per year, 7; is the four-quarter average federal funds rate, i.e., %E?:Oit_ j» and y; is the
output gap, the relative gap between actual real GDP (Q;) and potential GDP (@7 ) in percent,
ie., 100(Q: — QF)/QF (approximately ¢ — ¢f, where ¢, = 100 In@; and ¢; = 100 InQ} are log
GDP and log potential GDP scaled by 100, respectively). The series on potential GDP (Qy) is
obtained from the Congressional Budget Office [5]. The constant 7 is the average real interest
rate, and &; and 7, are iid shocks with variances o and 0727. The five variables were de-meaned
prior to estimation, so no constants appear in the equations and 7 is set equal to zero.

Estimated versions of these equations, using the sample period 1961:1 to 1996:4, are (coeffi-

* Svensson [33], [36], and [37] relies on conventional aggregate-supply and aggregate-demand equations. Svens-
son [35] shows that the P* model, counter to conventional wisdom, does not provide any support for money-growth
targeting or a money-growth indicator.



cient standard errors are given in parentheses)

Tt+1 — .675 Tt — 077 Te—1 —+ .286 Ti—o + 115 T¢—3 + 152 Yt + Et+1y
(.083) (.103) (.107) (.088) (.037)
(2.3)

R? = 81, SE =1.084, DW = 1.99,

Yt+1 = 1.161yt — .259yt,1 — .088 (ft—ﬁ't) + N1
(.079) (.077) (.032)

R% = .90, SE =0.823, DW = 2.08.

(2.4)

The equations were estimated individually by OLS.> The hypothesis that the sum of the
lag coefficients of inflation equals one had a p-value of .48, so this restriction was imposed in
estimation. Thus, this is an accelerationist form of the Phillips curve, which implies a long-run
vertical Phillips curve.’

As described by Rudebusch and Svensson [27], the use of this model can be motivated by a
variety of considerations. In particular, although its simple structure facilitates the production
of benchmark results, this model also appears to roughly capture the views about the dynamics
of the economy held by many monetary policymakers. The empirical fit of the model is also
quite good compared, for example, to an unrestricted VAR. Indeed, the model can be interpreted
as a restricted VAR, where the restrictions imposed are not at odds with the data as judged,
for example, with standard model information criteria (see Rudebusch and Svensson [27]).7
In addition, the model appears to be stable over various subsamples—an important condition
for drawing inference. With a backward-looking model, the Lucas Critique may apply with
particular force, so it is important to gauge its historical importance with econometric stability
tests (Oliner, Rudebusch, and Sichel [22]). For example, consider a stability test from Andrews
[1]: the mazimum value of the likelihood-ratio test statistic for structural stability over all
possible breakpoints in the middle 70 percent of the sample. For our estimated inflation equation,
the maximum likelihood-ratio test statistic is 10.89 (in 1972:3), while the 10 percent critical value
is 14.31 (from Table 1 in Andrews [1]). Similarly, for the output equation, the maximum statistic

is 11.51 (in 1982:4), while the 10 percent critical value is 12.27.

® The estimates are slightly different from those in Rudebusch and Svensson [27] because of data revisions and
a longer sample.

6 Using reconstructed historical euro-area data, this model has been estimated by Peersman and Smets [26]
and Taylor [40]. They have obtained coefficient estimates that are close to our U.S. ones, although with lower
inflation persistence.

" Soderstrom [31] scrutinizes the Rudebusch-Svensson model further.



2.2. Adding money to the model

Money could be added to the aggregate supply and demand model described above in a variety
of ways. Just as for our selection of equations (2.1) and (2.2), three considerations motivate
our choice of a model with money: simplicity, congruence with actual central bank models,
and empirical fit to the data. Perhaps most importantly, we add money to the model not
as a “straw man”, but in a fashion consistent with the views of monetary policymakers.® As a
general characterization, central bankers typically hold the view that movements in the monetary
aggregates play essentially no role in the direct quarter-by-quarter determination of either output
or prices; however, a sizable fraction also concedes that money may have some value as an
indicator of economic developments (e.g., Meyer [20]).

This view of the role of monetary aggregates is evident in most central bank empirical policy
models. For example, Smets [29] surveys the central bank models from 12 different countries

(including 6 of the countries in the euro area) and notes:

In most of the central banks’ macroeconometric models the transmission mechanism
of monetary policy is modelled as an interest rate transmission process. The cen-
tral bank sets the short-term interest rate, which influences interest rates over the
whole maturity spectrum, other asset prices, and the exchange rate. These changes
in financial variables then affect output and prices through the different spending
components. The role of money is in most cases a passive one, in the sense that
money is demand determined. [29, p. 226]

Our model will incorporate money in an identical fashion. The alternative, where money
plays a direct role in output or inflation determination separate from interest rates, has little
support among central banks or in the data. For example, Gerlach and Smets [9] fit small
(output, inflation, and interest rate) VARs to each of the G7 countries and state: “In preliminary
work we incorporated monetary aggregates (M3 or M2) in the analysis, but found that they
appear largely determined by money demand shocks that in turn have little, if any, impact on
the economy” (p. 191). Similarly, in our AD-AS structural model, lags of money (in levels or

growth rates) were invariably insignificant when added to equations (2.1) and (2.2).°

8 Our analysis of money will be most convincing to central bankers (including those in the Eurosystem, who
are, of course, among the most important ultimate consumers of this research) if using a model that is similar to
the ones actually employed.

9 There are two primary channels for the quantity of money to affect aggregate demand directly: a real
balance effect and a bank lending channel. The lack of U.S. evidence for either of these two channels is noted
in, respectively, Reifschneider, et al. [25] and Oliner and Rudebusch [21]. The weak contribution of money
in predicting inflation is described in Estrella and Mishkin [8] and Stock and Watson [32]. In contrast, for
reconstructed euro-area data, Gerlach and Svensson [10] find that the “price gap” in the P* model, or the
corresponding “real money gap”, has more predictive power for inflation than the output gap (although this
finding supports neither monetary targeting nor a money-growth indicator).



Therefore, we add money to our model with a separate money-demand equation, which is

cast in a standard error-correction form. The long-run money-demand function is
mi = ¢ — Kilt, (2.5)

where my is the log of real M2 (scaled by 100), i.e., 100In MTft. In the long run, the demand for
real money moves one-for-one with real output and negatively with respect to the interest rate
(a proxy for the opportunity cost of money'?), so #;, the long-run interest rate semielasticity, is

positive. The short-run money-demand equation takes the form
Amyyy = — k(Mg — ¢ + Kity) + k1Amg + &g, (2.6)

where Amyi1 = myq1 — my is the growth rate of real money measured in percent per quarter,
and &, is an iid shock with variance ag. Assuming that the stock of real money adjusts to its
long run average, g — k;i¢, the error-correction coefficient k., should be positive.

Before providing estimates of the money demand equation, it is instructive to examine the
long-run equilibrium condition (2.5). Figure 2.1 shows the log of M2 velocity (i.e., ¢: —m;) and
the interest rate (ir). According to condition (2.5), these two variables should move together
so that their difference is stationary. For most of the sample, this clearly appears to be the
case (and, for example, Hallman, Porter and Small [13] provide supporting statistical evidence).
In the 1990’s, however, there was a dramatic increase in velocity, and the historical long-run
relationship obviously broke down. The cause of this upward shift in velocity is still debated,
but it is likely to be linked to the unusual rise in interest rate term spreads in the early 1990’s
along with an increased availability and liquidity of bond and stock mutual funds. These factors
may have triggered a significantly larger role for such mutual funds in household portfolio choice
and as a payment vehicle.!!

In any case, we estimate a money demand equation just over the relatively stable three
decades before 1991, and our subsequent rule evaluations are based on this equation (along
with (2.3) and (2.4)). We restrict the money demand sample because the 1990’s may reflect
special conditions in the evolution of U.S. financial institutions that are not relevant for Europe.
Thus, our analysis (and any implications for the Eurosystem) assumes a stable money demand

relationship like the one experienced by the U.S. before 1991. However, the following caveat

10 Models of money with more institutional detail calculate this opportunity cost as the difference between
the alternative rate for assets that are substitutes to money and the own-rate on money deposits; however, since
deposit rates are quite sluggish, much of the variation in such an opportunity cost can be captured with just the
alternative rate, which, in our case, is the funds rate. (See, for example, figure 3 in Porter and Small [24].)

' See discussion by Mehra [19] and Orphanides and Porter [23].



Figure 2.1: M2 velocity and federal funds rate

30 -

— Log M2 velocity, q;—my
--- Federal funds rate; 1,

25

20[

10

must be stressed: given the potential for large structural shifts in Europe, especially after the

shift to a monetary union, our results, which ignore the structural shift in money demand that

has already occurred in the U.S., will clearly put money-growth targeting in a favorable light.
We estimate the long- and short-run money demand equations jointly in (2.6). The resulting

equation estimated over the sample 1961:Q1 to 1990:Q4 is

Amyyy = — 108 (my—q) — 1354 + 604 Amy + &,

(.035) (.037) (.079) (2.7)

R% = 51, SE=0.701, DW = 1.79.

Compared with other structural estimates of money demand in the literature, (2.7) appears
to be a simple but reasonable representation.'?> The value of the error correction coefficient ()
indicates that about 11 percent of the gap from the long-run equilibrium is closed each quarter.
This is essentially the same convergence rate estimated in Mehra [19] and in Porter and Small
[24] in much larger and more detailed money demand models. In addition, these authors provide
estimates of the dynamic responses and the interest rate semi-elasticity of money that are also

quite close to our own (k; = 1.25) (after accounting for our scaling of my).

12 Estimates of such error correction money demand equations using reconstructed historical euro-area aggre-
gates are surveyed in Browne, Fagan and Henry [3]. The associated coefficients estimates appear to be broadly
in line to our U.S. estimates.



Finally, as noted above, structural stability is an important condition for policy inference.
Given the spectacular failures that have littered this field (e.g., Hess, Jones, and Porter [14]), we
only and quite humbly note that over our shortened sample, the stability of our money demand
equation is not rejected by the Andrews test (described above). Specifically, the mazimum value
of the likelihood-ratio test statistic for structural stability over all possible breakpoints is 9.91

(in 1981:1), while the 10 percent critical value is 12.27 (from Table 1 in Andrews [1]).

2.3. The loss function and the optimal policy

Thus, equations (2.1), (2.2) and (2.6) provide the aggregate supply, the aggregate demand and
money-demand equations of the empirical model of the U.S. economy. To complete the model,

we add the relation between output, the output gap and potential output,

Y =a— (2.8)

and make the assumption that potential output is a random walk,

Qi1 = Gt + Oti1, (2.9)

where ;.1 is an iid shock with variance ag and mean iy representing the upward growth of the
economy.

We furthermore specify a loss function that allows us to compare inflation targeting and
money-growth targeting in a convenient way. We assume that the relevant target variable under

money-growth targeting is the four-quarter money growth rate at an annual rate, y,, defined as
py = (Mg +pr) — (My—a + Pr—a) = My — My—g + 7y (2.10)

(recall that m; is (log) real money). For convenience we set the inflation target and the money-
growth targets to zero, so 7y, Ty and p, can be interpreted as deviations from the target. We

then assume the loss function
Ar Var [my] + Ay Var[y:] + A\, Var(p,] + Aa; Var [ — i,1], (2.11)

where the parameters A, Ay, Ay, Aa; > 0 are the weights on inflation stabilization around the
inflation target, output-gap stabilization, money-growth stabilization around the money-growth
target, and interest-rate smoothing, respectively. We normalize the weights to sum to zero.

Throughout, we assume the weight Aax; = 0.2, which corresponds to the standard weight on



interest-rate smoothing in Rudebusch and Svensson [27]. Given the weight on interest-rate
smoothing, we here define flexible inflation targeting (FIT) as Ar = Ay = 0.4, A\, = 0; strict
inflation targeting (SIT) as A = 0.8, Ay = A\, = 0; strict output-gap targeting (SOT) as Ay = 0.8,
Ar = Ay = 0; and strict money-growth targeting (SMT) as A\, = 0.8, Ar = A\, = 0.3 Flexible
inflation targeting corresponds to the standard case examined in Rudebusch and Svensson [27].14

Minimizing the loss function (2.11) for given weights and the model (2.1), (2.2) and (2.6)—

(2.10), results in an optimal reaction function
i = £, (212)

where f is a row vector and X; is a vector of the state variables. Then the variances of the
goal variables are easily calculated. See appendix A for details. By varying the weights, we
can calculate the reaction function and the variances of the goal variables for each targeting
case. We use the empirical parameters of (2.1), (2.2) and (2.6), with 0. = 1.08, ¢,, = 0.82 and
o¢ = 0.70. The actual opy for our potential output series is equal to 0.19; however, this series
is essentially a segmented deterministic trend with infrequent breaks; thus, we set gy equal to

zero, which we interpret as corresponding to a fixed trend.!?

3. The efficiency frontier and monetary targeting for the U.S.

Figure 3.1 summarizes the results on the efficiency frontier for inflation and output-gap variances
for the different targeting cases. The solid line shows the efficiency frontier, the best tradeoff
between inflation variance and output-gap variance (given Aa; = 0.2). It is generated by setting
Au = 0, letting A\r = .8 — Ay, and letting Ay run from 0 to .8, in which case A; runs from .8 to
0. The point SIT corresponds to strict inflation targeting (A = .8, A, = 0). Point FIT, flexible
inflation targeting, corresponds to Ax = A, = .4, the standard case examined in Rudebusch and
Svensson [27]. Strict output targeting (Ar = 0, Ay = .8) leads to a very high inflation variance,
and the corresponding point SOT is far to the right outside the figure.

The line with short dashes corresponds to cases of mixed inflation and money-growth target-
ing, that is, when Ay = 0, Ay = .8 =\, and A, runs from 0 to .8, in which case A\; runs from .8 to

0. The point SMT corresponds to strict monetary targeting, when A\, = .8 and Ar = Ay = 0. The

'3 Note that, as dicussed in Rudebusch and Svensson [27], we use the term “targeting” to refer to the mini-
mization of a loss function over expected future deviations of the target variable from a desired level.

' Rudebusch and Svensson [27] use the weights Ar = A\, = 1 and A, = 0.5 in their standard case.

5 Smets [30] generalizes our model to allow for a stochastic trend in potential output, and he obtains an
estimate of og = 0.73. Our results were robust to variation in oy.



Figure 3.1: Variance tradeoffs for 7, and y;
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line with long dashes corresponds to cases of mixed money-growth and output-gap targeting,
with A =0, A\, = .8 — A, and A\, running from 0 to .8, in which case )\, runs from .8 to 0.

It follows that for intermediate weights on inflation stabilization, output-gap stabilization
and money-growth stabilization, the corresponding combination of inflation and output-gap
variance will be in the interior of the area enclosed by the three curves in figure 3.1. Thus,
when there is some positive weight on money-growth stabilization, the resulting combination of

inflation and output-gap variability will be inefficient.

Table 1. Variances and losses

Targeting case  Ar Ay A\, Ag | Var[m] Var[y] Var[y,] Var[Ai] Var[g)] | Loss
1. FIT 4 4 0 O 5.14 5.14 18.68 3.15 7.99 4.74
2. SIT 8 0 0 0 3.71 8.67 34.11 4.45 6.93 5.84
3. 50T 0 8 0 0| 44499 2.90 46506 1.61 46502 | 18601
4. SMT 0 0 8 0 9.93 9.72 8.00 5.06 9.29 8.87
5. SMT, stable 0 0 .8 0 9.72 9.34 5.24 1.92 9.01 8.01
6. NGT 0O 0 0 .8 9.08 23.03 39.70 3.76 4.66 13.60

Note: For all cases, Aa; = .2. For case 5, “SMT, stable" refers to stable money demand, that is, o¢ = 0.

The first four rows in table 1 report the weights and variances, including the variance of
money growth and of the first-difference of the federal funds rate, for the four targeting cases
discussed (disregard the last two rows and the columns for A\, and Var[g] for the time being).

The last column reports the loss evaluated at the weights for flexible inflation targeting (A =

10



Ay =4, A = .2).

3.1. Reasons for the inefficiency of money-growth targeting

As we can see from figure 3.1 and table 1, strict monetary targeting is quite inefficient, in the
sense of incurring as high an output-gap variance as strict inflation targeting but causing much
higher inflation variance. The loss evaluated at the standard weights is almost double the one
of flexible inflation targeting. What is the reason for this inefficiency?

The conventional wisdom is that money-growth targeting will be efficient if money demand
is stable and inefficient when money demand is unstable. According to conventional wisdom,
with stable money demand, there would be a stable relation between money and prices, and
stable money growth would imply stable inflation. Conversely, with unstable money demand,
there would not be a stable relation between money, and stable money growth would not imply
stable inflation.

The conventional wisdom has been challenged by Svensson [33], [36] and [37], with the
argument that the reaction function for the interest rate following from money-growth targeting
is quite different from the optimal reaction function under inflation targeting and therefore likely
to be inefficient. In particular, the reaction function is also quite different under the assumption
of a completely stable money demand without any money-demand shocks. The present empirical
model with its empirical money-demand function allows us to examine these issues.

The reaction function following from flexible inflation targeting, point FIT in figure 3.1 and

row 1 in table 3, is
it = .867Tt + .317Tt_1 + .377Tt_2 + .127Tt_3 + 134yt - .35yt—1 + -50it_1 - .06it_2 - .O?)it_g.

In contrast, the reaction function resulting from strict money-growth targeting, point SMT in

figure 2.1 and row 2 in table 1, is
iy = .88my+.32m_1 + .37m—o + 10m—3 + .97y, — 16941 + .33i1—1 — 02449 — .014;_3
+1.83my — 1.52my—1 — .31my_o — .19my_3 + .18¢;.
The reaction function for monetary targeting is clearly quite different from the reaction function

under flexible inflation targeting, in that the interest rate in the latter case depends (with sizeable

coefficients) on current and lagged real money stocks.!®

6 Taylor [39] observes that money-growth targeting would imply a particular reaction function. He concludes,
however, that the reaction would not differ too much from the Taylor rule, in that it would make the interest
rate a function of inflation and output. However, as we can see, the reaction function under monetary targeting
is actually quite different from the Taylor rule, in its dependence on current and lagged real money stocks.

11



Is this difference in reaction functions sufficient to make money-growth targeting inefficient
for a stable money-demand function as well? We can examine this by setting the variance of
the money-demand shocks equal to zero, ag = 0. The result of strict money-growth targeting
with stable money demand is shown in row 5 in table 1 and can be compared to row 4, with
money-demand shocks. Whereas the variance of money growth is substantially lower with than
without a stable money demand,'” we see that the variances of inflation and the output gap
are only slightly lower in row 5 than in row 4, resulting in only a slightly lower loss. It follows
that the point SMT would only shift slightly to the southwest in figure 3.1, so that the figure
would look very similar with stable money demand. Thus, the inefficiency of monetary targeting
is not due to the instability of money demand. Instead, it is due to the form of the dynamic
money-demand function and the resulting reaction function.®

That money-growth targeting does not imply low and stable inflation is further illustrated
in figure 3.2. The curve shows the substantial tradeoff between inflation variability and money-
growth variability. It corresponds to the curve with short dashes in figure 3.1 that shows cases
of mixed inflation targeting and money-growth targeting (that is, when A\, = 0, A = .8 =\,
and A, runs from 0 to .8). The dashed curve in figure 3.2 shows the same tradeoff with stable
money demand (o¢ = 0). The variability of money-growth is less, but there is still a substantial
tradeoff and, as we have seen above, strict money-growth targeting still causes a high inflation

variance.

3.2. Nominal GDP targeting

Nominal GDP targeting has been promoted by Gordon [11] and McCallum [16] and [17]. We
can easily examine nominal GDP targeting in the present framework. Let us assume that the

relevant target variable is four-quarter nominal GDP growth, g;, defined as

9t =P+ @) — (Prat+qa) =7+ — s (3.1)

We can then add the term A\;Var[g] to the loss function (2.11), and represent nominal-GDP-
growth targeting (NGT) by Ay = 0.8 and Aa; = 0.2. The required modifications of the model

are detailed in appendix D.

' Readers may wonder why the variance of money growth is not zero under strict monetary targeting with a
stable money demand. The reasons are two-fold. First, it is the demand for real money that is stable, so nominal
money growth still varies with inflation. Second, the weight on interest-rate smoothing implies that money growth
is stabilized somewhat less than what is feasible.

18 The structure of the reaction function is further examined in appendix B for the case of strict money-growth
targeting without interest-rate smoothing (A, =1 and Aa; = 0).
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Figure 3.2: Variance tradeoffs for 7, and p,
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The column for Var[g;] in table 1 reports the variance of nominal-GDP growth for all the
targeting cases. Row 6 reports the variances for nominal-GDP-growth targeting. Naturally, the
variance of nominal-GDP growth is then the lowest. We see that the variance of inflation is high,
and that the variance of the output gap is particularly high. The corresponding point NGT is
far to the right outside figure 2.1.

Thus, nominal-GDP-growth targeting would be a very inefficient policy, even worse than
strict money-growth targeting. The reason for this inefficiency is apparently the one pointed out
by Ball [2] and further discussed in Svensson [34], McCallum [18], Dennis [6] and Guender [12].
Since monetary policy affects output with a shorter lag than for inflation, nominal-GDP growth
can be stabilized by output adjustments at a relatively short horizon when inflation is prede-
termined. These output adjustments, in turn, lead to high variability of inflation, which then
requires even higher output variability in order to stabilize nominal-GDP growth. The positive

weight on interest-rate smoothing prevents this from developing into complete instability.
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4. Lessons for the Eurosystem

4.1. A lesson about money-growth targeting

Above, we have shown in a simple empirical model that money-growth targeting can be quite
inefficient, in the sense of inducing overly variable inflation or output. As noted in the intro-
duction, the monetary policy strategy of the Eurosystem assigns a prominent role to money
growth. In particular, the deviation of current M3 growth from a reference value is interpreted
as an indicator of the risk to price stability. However, the Eurosystem has rejected monetary
targeting, by emphasizing that money growth will not be an intermediate target to be brought

in line with the reference value. Issing [15] is quite explicit on this:

[T]he monetary policy strategy selected by the ESCB is not a variant of intermediate
monetary targeting... Certain technical pre-conditions have to be met before a mon-
etary targeting strategy is feasible. Specifically, an intermediate monetary target
would only be a meaningful guide to monetary policy if a stable relationship existed
between money and prices, and money was controllable in the short run using policy
determined interest rates...

Future shifts in the velocity of money are certainly possible—perhaps even likely.
They cannot be predicted with certainty. Moreover, it is not clear whether those
aggregates that have the best results in terms of stability are sufficiently control-
lable in the short-term with the policy instruments available to the ESCB. In these
circumstances, relying on a pure monetary targeting strategy would constitute an
unrealistic, and therefore misguided, commitment.

Thus, according to Issing, the Eurosystem has rejected monetary targeting for the Eurosys-
tem, on the grounds that money demand is likely to be unstable and not sufficiently controllable.
The implication seems to be that, if euro money demand had been found to be stable and suffi-
ciently controllable, money-growth targeting would have been appropriate. Furthermore, if the
Eurosystem would, in the future, find that money demand is stable and sufficiently controllable,
money-growth targeting might be appropriate and the money-growth indicator might change
status and become an intermediate target variable.

The empirical demand function for U.S. M2 that we have estimated is quite well-behaved.
By excluding the period after 1991 from the sample, we obtain a relatively stable money-demand
function with a good fit and small money-demand shocks. Furthermore, money is quite control-
lable in this equation, with a semielasticity of one-quarter-ahead real and nominal money with
respect to the federal funds rate given by Kk, k; = .135. Nevertheless, even with this well-behaved

money demand function, money-growth targeting would be very inefficient in the U.S. Even if
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we were to set the money-demand shocks equal to zero and make the money-demand equation
completely stable, the efficiency of money-growth targeting would improve only slightly.
Similarly, if the euro-area economy can be reasonably well described by a system of equations
not too dissimilar from our model (as argued in the introduction), we must conclude that money-
growth targeting by the Eurosystem is likely to be quite inefficient, even under the extreme
assumption of a completely stable money demand. Thus, one main lesson for the Eurosystem
seems to be that it would be wise to continue rejecting money-growth targeting, regardless of

whether the demand for euro M3 is stable or not, and regardless of how controllable it is.

4.2. A lesson about the money-growth indicator

Even though the Eurosystem has rejected money-growth targeting, it maintains that the money-
growth indicator is a crucial indicator for its price-stability-oriented monetary policy. Indeed,
since the money-growth indicator has been elevated to be one of the two “pillars” supporting
FEurosystem monetary policy, the impression is that the Eurosystem will give it at least the
same weight as its internal inflation forecasts. Svensson [37] and [38] has criticized the emphasis
on the money-growth indicator and argued that it is likely to be a poor indicator of the risk
to price stability. In effect, on theoretical grounds, it appears to mainly be a noisy indicator
of current inflation, rather than a good predictor of future inflation at horizons relevant for
monetary policy decisions.

Can we say anything about the likely performance of the money-growth indicator from
the empirical model in the present paper? The issue boils down to how well money growth
predicts future inflation. We examine this by calculating the correlation between money growth
and two different inflation forecasts.'® First, we have the “unchanged-interest-rate” forecast of
four-quarter inflation T’ quarters ahead, denoted ﬁt+T\t(it—1)~ This is the forecast conditional
on an unchanged interest rate, iy = 7;—1 for 7 > 0, and the current state of the economy.
Svensson [37] argues that the best indicator of the risk to price stability is the deviation between
an unchanged-interest-rate forecast and the inflation target. This indicator obviously signals
by how much the inflation target is likely to be missed if there is no policy adjustment. It
also signals the direction and the magnitude of the optimal instrument adjustment. Then,
the correlation of current money growth with the unchanged-interest-rate forecast for different

horizons should be a good measure of the performance of the money-growth indicator. Second,

9 These two inflation forecasts are discussed in detail in Rudebusch and Svensson [27].
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we have the “equilibrium” forecast of four-quarter inflation 7' quarters ahead, denoted 7 7y;.
This is the forecast conditional on the optimal reaction function (2.12) and the current state of
the economy.

The correlation coefficients for the correlation of current monetary growth with unchanged-
interest-rate and equilibrium inflation forecasts, Corr|u, I, 7 (is—1)] and Corr[u;, Ty yy], are
reported in table 2, for the case of flexible inflation targeting (A = Ay = .4, Aa; = .2) and for
different horizons T.2° We see that for longer horizons, the correlation is higher with unchanged-
interest-rate inflation forecasts than for equilibrium forecasts. Still, the correlation is quite low
and does not exceed .3. For horizons around 8 quarters, which are often referred to as most
relevant for monetary policy, the correlation coefficients are as low as .13 or .16. We conclude
that the money-growth indicator is indeed a poor indicator of risks to price stability.

Table 2. Correlations of money growth with inflation forecasts

Horizon (quarters)
Type of inflation forecast 1 2 4 8 12 16
Unchanged-interest-rate forecast | .18 .16 .13 .16 .25 .27
Equilibrium forecast A8 .16 .13 .13 .14 .14

This conclusion does not change, even if money demand is completely stable. The correlations
for this case are reported in table 3. Although the correlation is naturally higher with stable
money demand, the correlation coefficients still do not exceed .35.

Table 3. Correlations of money growth with inflation forecasts,
stable money demand

Horizon (quarters)
Type of inflation forecast 1 2 4 8 12 16
Unchanged-interest-rate forecast | .22 .20 .17 .20 .32 .33
Equilibrium forecast 22 .20 .16 .16 .17 .18

Thus, with regard to the properties of money growth in the euro area, the main lesson is

that it is likely to be a rather inferior indicator of future inflation.

5. Conclusions

Using an empirical model of U.S. inflation, output and money, we compare the performance
of monetary targeting relative to inflation targeting. We exclude the period from 1991, when
M2 money demand displayed considerable instability, from the sample period for the money-
demand estimation. As a result, our estimated money-demand equation is quite well-behaved

with moderate money-demand shocks and controllable money demand.

20 Appendix C derives analytical expressions for these correlation coefficients.
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Nevertheless, our results unambiguously show that monetary targeting would be quite inef-
ficient for the U.S., in the sense of bringing much higher variability of inflation and the output
gap than inflation targeting. Furthermore, setting money-demand shocks equal to zero and
thus assuming a completely stable money demand only marginally reduces the inefficiency of
monetary targeting.

Thus, counter to conventional wisdom, our results indicate that monetary targeting is not
mainly inefficient due to potential instability of money demand. Instead, the inefficiency of
monetary targeting is connected to the properties of the reaction function or the central bank’s
instrument following from monetary targeting. The dynamics of money demand is such that the
resulting reaction function is quite unsuitable for stabilizing inflation and the output gap, even
if there are no shocks to money demand. Thus, as argued on theoretical grounds in Svensson
[33], [36] and [37], the reasons for the poor performance of monetary targeting are deeper and
more fundamental than the instability of money demand.

The lessons for the Eurosystem are obvious. Fortunately, the Eurosystem has rejected mon-
etary targeting and emphasized that the deviation of money growth from the reference value
is to be used as an indicator of risks to price stability rather than as an intermediate target
variable. Nevertheless, the Eurosystem has given a prominent role to this indicator and elevated
it to the status of one of two pillars supporting its monetary policy, the other pillar being the
Furosystem’s internal inflation forecast. There seems to be no support for that elevation of
the money-growth indicator. Our results indicate that the money-growth indicator has quite a
low correlation with inflation forecasts, both unchanged-interest-rate and equilibrium forecasts.
Therefore, money growth is likely to be a poor indicator of risks to price stability.?! This is even
more problematic since the Eurosystem has announced that it will keep its internal inflation
forecasts secret and use the money-growth indicator and the reference value as the main com-
municating device with the market and the general public. Instead of the money-growth being
one of two pillars, it should rather, at most, be one brick among many in the construction of
inflation and output—gap forecasts that will be the crucial input in its monetary policy decisions.

In passing, we have also shown that nominal-GDP targeting, in our empirical model of
the U.S. economy, would be an even more inefficient policy than monetary targeting. Since

monetary policy realistically affects output with a shorter lag than for inflation, nominal-GDP

21 Gerlach and Svensson [10], although finding substantial empirical support for the “real money gap” as a
predictor of future inflation, also find that the Eurosystem money-growth indicator is likely to be a poor indicator
of future inflation.
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growth can be stabilized by output adjustments at a relatively short horizon, for which inflation
is predetermined. These output adjustments, in turn, lead to high variability of inflation, which

then requires even higher output variability in order to stabilize nominal-GDP growth.
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A. The optimization problem

For a discount factor 6, 0 < 6 < 1, we consider the intertemporal loss function in quarter ¢,

Ei(1-9) io: 8" Liy+, (A.1)
=0
where the period loss function is
L = M + Mgy + Nuti? + A (i — ip1)2 (A.2)
When 6 — 1, the loss function (A.1) with (A.2) approaches E[L;] which equals (2.11).
The model (2.1), (2.2) and (2.6)—(2.9) has a convenient state-space representation,
Xit1 = AXy + Big + Upyq. (A.3)

The 15x1 vector X; of state variables, the 15x 15 matrix A, the 15x1 column vector B, and the

15x1 column disturbance vector u; are given by

Ty Z;’-‘Zl Qrj€j + ayes 0 £t
Tt—1 €1 0 0
Tt—2 €9 0 0
Tt—3 €3 0 0

Yt Brera + Byies + Byoes — Brerg — /4 Mt
Y1 es 0 0
it—l €0 1 0
Xt: itfg ,A: €7 ,B: 0 , Ut = 0
it_g €g 0 0
my AlO- — KmK; £t
mi—1 €10 0 0
mi—2 el 0 0
mi—3 €12 0 0
Mi—4 €13 0 0

q i €15 0 0

where Ajg., the 10th row of the matrix A, is given by

Ao = (1 — Km + 51)610 — K1€11 + Hm(€5 + 615);

ej (j =0,1,...,15) denotes a 1x15 row vector, for j = 0 with all elements equal to zero, for
j =1,...,15 with element j equal to unity and all other elements equal to zero; and where e;.
(j < k) denotes a 1x15 row vector with elements 7,7+ 1, ...,k equal to % and all other elements
equal to zero.

Furthermore, it is convenient to define the 4x1 vector Y; of goal variables. It fulfills
Y, = Cx Xy + Ciiy, (A.4)
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where the vector Y;, the 4x15 matrix C'x and the 4x1 column vector C; are given by

Tt €14 0
Yt es 0
Y p— 5 C p— 5 C' =
! g X €1:4 + €10 — €14 ’ 0
it - it—l — e7 1
Then, the period loss function can be written
L, = Y/KY;, (A.5)

where the 4x4 matrix K has the diagonal (Ar, Ay, Ay, Aa;) and all its off-diagonal elements are
equal to zero.

With (A.3), (A.1) and (A.2), the problem is written in a form convenient for the standard
stochastic linear regulator problem (cf. Chow [4] and Sargent [28]). Minimizing (A.1) in each
quarter, subject to (A.3) and the current state of the economy, X;, results in a linear feedback
rule for the instrument of the form (2.12). More precisely, the optimal instrument rule is the

vector f in (2.12) that fulfills

f=—(R+6BVB)™ (U +6BVA),
where the 15 x 15 matrix V fulfills the Riccati equation

V=Q+Uf+fU+fRf+5EMVM,
where M is the transition matrix given by (A.10) and @, U and R are given by

Q=CxKCx, U=CxKC;, R=C|KC;.
Furthermore, the optimal value of (A.1) is
(1 —8)X,VX; + §trace (VEy), (A.6)

where ¥, = E [usuj] is the covariance matrix of the disturbance vector. In the limit when 6
approaches 1, the optimal rule converges to the one minimizing (2.11) and the optimal value of
(2.11) is

E [L;] = trace (VEy,) - (A.7)

For any reaction function of the form (2.12), the dynamics of the model follows

Xt+1 = MXt+Ut+1 (AS)
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where the matrices M and C' are given by

= A+ Bf (A.10)

For any given reaction function f resulting in finite unconditional variances of the goal

variables, the unconditional loss (2.11) fulfills
E[L] = E Y, KY}| = trace (KZyy), (A.12)

where Yyy is the unconditional covariance matrix of the goal variables.?2

The covariance matrix Yyy for the goal variables is given by
Syy = E [WWY/] = CExx (', (A.13)

where Y x x is the unconditional covariance matrix of the state variables. The latter fulfills the
matrix equation

Sxx =E[X;X]] = MSxx M’ + Syu. (A.14)

We can use the relations vec(A + B) = vec(A) + vec(B) and vec(ABC) = (C' ® A) vec(B)
on (A.14) (where vec(A) denotes the vector of stacked column vectors of the matrix A, and ®

denotes the Kronecker product) which results in

vec (Bxx) = vec(MIxxM') + vec (Eyu)

= (M ® M)vec(Zxx) + vec (Xyy) -
Solving for vec (Xxx) we get

vee (Bxx) = [I — (M @ M) vec () - (A.15)

B. Strict monetary targeting without interest-rate smoothing

Consider strict monetary targeting without interest-rate smoothing, A\, = 1 and Az = A, =

Aai = 0. We realize that a first-order condition for a minimum of (A.1) is then simply

feqae = 0, (B.1)

22 The trace of a matrix A, trace(A), is the sum of the diagonal elements of A.
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where for any variable z, ;;|; denotes the expectation of x+;, conditional on the information

available in period ¢, that is, X; and i;. From (2.6) and (2.10), we get

Hepie = Mygae — Mi—3 + T
= Amypqp+mg —me—3 + T

= —Km(me — g + Kiit) + k1AM + M — M3 + Ty,

Combining this with (B.1), solving for #; and using (2.1) gives

. 1 _ 1 1 K1
iy = o1+ —q — —mg +
Kq Kq

Amt +

RmKq RmHKi

(mt - mt—3)

RmHKi

1 2 1 . 14K — K K1 1
- Ak Ko (Wfﬂt +j¥0ﬂ-t_j) + /i_i(yt +aq) + <7m> my — my—1 — Mi—3.

mhg RmHkq RmHKi RmHkq

Using (2.1) and the empirical estimates, we get

it =3.10 ¢ + 1.71 T—1 + 2.38 T2 + 21 T3 + 1.08 Yt + .80 q;‘ + 11.08 m —4.47’)7’2,15,1 — 7.41mt,3.

C. The correlation between inflation forecasts and the money-growth indicator

Let 7,17, denote the “equilibrium” inflation forecast (of four-quarter inflation 7" quarters ahead),
that is, the forecast conditional on the optimal reaction function (2.12) and the current state of

the economy, X;. By (A.8)—-(A.11), it is given by
ﬁt-‘rT‘t = Cl'Xt+T|t = CI.MTXt = CLTXt,

where Cj. denotes the jth row of the matrix C'.
Let ﬁHT‘t(it,l) denote the “unchanged-interest-rate” inflation forecast (of four-quarter in-
flation T' > 1 quarters ahead), that is, the forecast conditional on an unchanged interest rate,

44+ = t4—1 for 7 > 0, and the current state of the economy, X;. We note that
i1 = er Xy
and define

M = A+ Bey
C

= CX + Ci67.
Then the unchanged-interest-rate forecast is given by
ﬁt+T\t(it—1) = él-XtJrT\t = C~'1~*7\~4TX15 =arX;.
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Furthermore, in equilibrium we can write
My = Cg.Xt = bXt

It follows that

_ Cov[miiri, el arYxxb’
COH[WHT\n ) = = = - .
\/Var[ﬁt+T|t] Var|,] \/aTEXXaT bXx xV/

Similarly,

COIT[f[t+T|t(Z.t—1)7 l’[’t] = ~ ~ / )
\/ ar¥xxap bXxxb

D. Nominal-GDP-growth targeting

Nominal-GDP-growth targeting requires expanding the vector of state variables by the four
variables q;_1, qi—2, q1—3 and ¢;_4. Then, the 19x1 vector X; of state variables, the 19x19

matrix A, the 19x1 column vector B, and the 19x1 column disturbance vector u; are given by

e Z§:1 Qrj€j + ayes 0 £t
Tt—1 €1 0 0
T2 €9 0 0
T¢t—3 €3 0 0

Yt Brera+ Byres + Byaee — Brero —B,/4 Ul
Yt—1 es 0 0
itfl €0 1 0
it_g (&4 0 0
itfg €8 0 0

Xy = my , A= Ajp. sy B=| —kmKi |, wp=1| & |;
mMy—1 €10 0 0
mi—2 e11 0 0
my—3 €12 0 0
M4 €13 0 0

a e15 0 0y
g1 es5 + e1s5 0 0
Q-2 €16 0 0
qt—3 e17 0 0

| Gt | i e18 | . 0] | 0

where e; and e;.; (j < k) now denotes 1x19 row vectors.
Furthermore, the 5x1 vector Y; of goal variables, the 5x19 matrix Cx and the 5x1 column

vector C; are given by

Ty €1:4 0
Yt es 0
Y, = L , Cx = e1.4 + €10 — €14 , Ci=101,
it - itfl — e7 1
gt €14 + es5 +e15 — e1g 0
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and the 5x5 weight matrix K has the diagonal (Ax, Ay, Ay, Aai,Ag) and all its off-diagonal

elements are equal to zero.
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