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Abstract

A unified model of monetary policy and bank regulation is presented. 1n accordance with
modern banking theory, banks not only intermediate loans and deposits but also provide a
financia service affecting aggregate output. Optimal parameter settings for monetary and
regulatory policy are derived. New results are that monetary policy affects the expected level as
well as the variance of output, bank regulation should change continually in response to the state
of the economy, and bank regulation and monetary policy should betightly coordinated. This last
result has important implications for the institutional arrangements for conducting regulatory and
monetary policy.



|. Introduction

What is the proper relation between the conduct of monetary policy and the regulation of
the financial system? That question is important both for the conduct of the two types of policy
and for the organization of the system in which the policies are carried out. The regulations
imposed on the financial system affect the money multiplier mechanism and thus the impact of
monetary policy; conversely, the reserve requirements and central bank emergency lending
policies affect the riskiness of banks and thus the optimal structure of bank capital requirements,
deposit insurance, and other such regulations. A deeper question is the optimal structure of the
ingtitutional framework for both monetary and regulatory policy. Should the two types of policy
be carried out by separate agencies or asingle agency? If by separate agencies, what should be
the nature of coordination among them? These latter questions currently are of specia interest to
the European Community, which is wrestling with the issue of whether or not responsibility for
the regulation of European financia institutions should be delegated to the new European Central
Bank. On the one hand, financia ingtitutions constitute the “channels of monetary policy” so
often discussed in the literature on monetary policy. It would seem natural for a country’s central
bank to have responsibility for financia regulation both to ensure that the structure of the financial
ingtitutions was sound and to provide useful information for the conduct of monetary policy.* On
the other hand, there is concern that if the central bank has the responsibility for regulation, the
regulation will be carried out too much for the benefit of monetary policy and not enough for the
benefit of the financia system itsalf.

A difficulty in addressing all the foregoing issues is that there is no theoretical treatment

See Ferguson (2000) for a recent argument along these lines.
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that smultaneoudly analyzes both regulation and monetary policy. The large literature on the
optimal choice of monetary policy instruments, starting with Poole (1970), does not include
regulatory policy in the analysis. The even larger literature on optimal regulation of financial
ingtitutions has the symmetric problem of not including monetary policy in the anaysis. The
present paper presents a unified analysis of optimal bank regulation and optima money stock
control. The approach is a generaization of Poole’'s (1970) original study of the optimal conduct
of monetary policy, in which the central bank must decide how to respond to shocks to the
economy while having only limited information on the current state of the economy. The model
extends that line of analysisto include bank regulation as well as monetary policy.

There are two innovationsin the model. Oneisthe introduction of afinancia service
provided by the banking system. The financia serviceistied to but not the same as the volume of
bank lending, and it directly affects the productivity of the output sector of the economy. An
example of such a service is bank monitoring of its borrowers (Fama, 1985; Holmstrom and
Tirole, 1997). Thefinancial service provides acrucial link between real economic activity and the
financial sector that heretofore has been missing from most aggregate models. The work of
Bernanke (1981, 1983) and Bernanke and Gertler (1989, 1990) suggests that such alink is
important for understanding the effects of money on the real economy. The other innovation is
inclusion of abank regulatory requirement, such as a reserve requirement or required bank capital
ratio, imposed on the banks by a bank regulator. This requirement affects the money multiplier;
through that, it affects both the level and stability of the financial service and therefore the level
and stability of real output. The trade-off facing the regulator is that a stricter regulatory

requirement reduces both the mean and variance of output. The latter is desirable, but the former



isnot. The optimal choice of the regulatory requirement reflects these competing effects.

Severd interesting results emerge from the analysis. Contrary to the usual rationa
expectations result, monetary policy affects the expected level (“natural rate”) of real output.
Bank regulatory policy should be reactive, that is, it should change continually to reflect current
economic conditions. Optimal regulation therefore should not be a passive activity, setting the
regulatory requirement only infrequently. The sign and magnitude of the reaction parameter
depends on al the structural parameters of the system, including the variances and covariances
among the random disturbances. Optima monetary policy and bank regulation are smultaneoudy
determined, implying that there must be tight coordination between the central bank and the
regulator. The obvious institutional arrangement for achieving this coordination isto have a

single agency conduct both monetary and regulatory policy.

II. The Model

The analysis is conducted in the framework of alog-linear, rational expectations |S-LM
model. The model includes a supply side for aggregate output and a governmentally regulated
banking system that generates inside money through a standard money multiplier mechanism.
1. Aggregate Demand for Output.

Aggregate output demand has no specia importance in the analysis, so we confine

attention to the simplest possible model:

@ YP = d,-d,R+3,

whereY isthelog of output, R isthereal interest rate, 6 isarandom disturbance term, and the d,



are positive constants. Equation (1) isthe IS equation. All effects of consumption and
investment not arising from the interest rate, such as expectations of future income or of the
marginal productivity of capital, are included in theterm d,. To keep the analysis tractable, we
shall treat d, as a constant, thus suppressing all dynamic elements of the economy’s behavior that
would arise from changes in household or firm expectations of the future. In principle, the model
can be extended in a straightforward way to include these influences, but the analysisis difficult.
2. Aggregate Supply of Output.

The aggregate output is given by the indirect production function:

~ sl

~ Sn A
Y° =5 —=| F.’9,

where P isthe price level, P is the expected price level, F is athe quantity of the financial
service provided by banks, 0~ is arandom term, and the s are positive constants. The term
s F>,0" captures, among other things, the level of technical progress (i.e., total factor
productivity). Taking logs of the production function gives a standard rational expectations

supply function augmented to include the effect of the financia service:
(2) v = s,+s,(P,-P5)+s,F,+0,
where variables without tildes are the logarithms those with tildes.

The novel aspect of this aggregate production function and its corresponding aggregate
supply function is the presence of the financia service F. Modern theories of financia
intermediation argue that banks and other financia intermediaries provide services beyond simply
intermediating deposits and loans (an activity that is nonetheless still important and discussed

momentarily). Examples of such services include liquidity insurance (Bryant, 1980; Diamond and
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Dybvig, 1983), information sharing to overcome adverse selection (Leland and Pyle, 1977),
monitoring (Diamond, 1984; Holmstrom and Tirole, 1997), facilitation of risk transfer (Allen and
Santomero, 1997), and reduction of participation costs (Allen and Santomero, 1997). To expand
on one specific example, we could suppose that the only element of F is monitoring, which Fama
(1985) has argued is the essence of what banks really do. Monitoring prevents opportunistic
behavior of the borrower during realization of the investment project funded by the loan. The
possibility for opportunistic behavior arises because borrowing means that the entrepreneur has
only apartial financial interest in the project and so has an incentive to devote some of his
energies to other things, thus reducing the expected profitability of the project that has been
financed. Monitoring prevents or at least reduces such behavior and thus increases the efficiency
of the economy. See Holmstrom and Tirole (1997). Thisincrease in efficiency can be captured
by letting total factor productivity depend on the amount of monitoring, as done above. We thus
have a ssmple model of aggregate production (and so of aggregate supply) that corresponds to the
view of Bernanke (1981, 1983) and Bernanke and Gertler (1989, 1990) that financial
intermediaries affect the aggregate economy through channels other than the traditional one of
creating inside money.
3. Money Market.

Nominal money is defined as M1, the sum of private demand deposits and currency in the
hands of the non-bank public. Consideration of broader aggregates is unnecessary, but attention

cannot be restricted solely to high powered (outside) money because the non-monetary services



intimately associated with the presence of inside money is essential to the anaysis.> Real money

demand is the usual

3) MP = a,+a,Y°-a,R +a,

where M isthelog of real M1, « isarandom disturbance, and the g are positive constants. Real
money supply is determined by real high powered money and the money multiplier:

(4) MtS =m,+H,-P,

where m isthe log of the money multiplier and H is the log of nominal high powered money.
High powered money is determined by the central bank according to its monetary policy function
©) H, = hy+h R +n,

where m is arandom disturbance and the h are constants chosen by the central bank. The money
multiplier mis

(6) m, = my-m B +m,R +p,

where B isthe log of aregulatory variable constraining bank lending, p is a random disturbance,
and the m are positive constants. The interest rate R affects the multiplier through the
opportunity cost of holding excess reserves.® Anincreasein R induces banks to hold less excess

reserves and thus raises m.

The variable B can represent many kinds of constraints; two straightforward possibilities

“McCallum (2000) has argued that omitting monetary aggregates from models of
monetary economicsis harmless. The analysis of this paper suggests otherwise, at least for some
kinds of questions.

3Asusual, it isthe unlogged value of the interest rate that enters (6) because what really
entersislog(1+R) which is approximately equal to R for small values of R.
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are arequired reserve ratio or arequired bank capital ratio. The precise channel through which B
affects bank lending depends on what B represents, but the net effect is the same and is captured
by (6). Consider the case where B isarequired capital ratio. A bank’s capital ratio isthe ratio of
the bank’ s capital (sources of funds obtained from the owners of the bank) to itstotal assets
(loans plus cash). Regulators impose on banks a minimum value of the capital ratio.* Banks
whose ratios fall below the required ratio are subject to disciplinary action, including being forced
into receivership. The higher the required bank capita ratio, the less lending a bank can
undertake for any given amount of capital that it has. To seethis, suppose the required capital
ratio is set at its upper limit of one. The banks then cannot lend any deposited funds; they can
lend only their own capital. In this case, the banks cease to be banks in the usual sense of the
term because they stop intermediating deposits and loans.® Inside money will be zero, and the
money multiplier equals one. Asthe required capital ratio is reduced below one, the banks can
and will start lending some fraction of their deposits. Thisincrease in loans raises the amount of
inside money from zero to a positive amount, and the value of the money multiplier rises above

one.® We thus have a negative relation between the money multiplier and the value of the

“There actually are several capital/asset ratios varying in the assets considered and the risk
adjustment applied to them. That complication isignored here.

°It is assumed for simplicity that the banks have no sources of funds other than their own
capital and their deposits. They thus cannot offset the constraining effect of the capital
requirement. Other sources of funds could be introduced with no substantive change in results as
long as banks could not use them to fully offset the capital ratio’s negative effect on the volume of
bank lending and therefore on the money multiplier. Furlong (1992) presents evidence that bank
lending in the United States is indeed negatively related to the required capital/asset ratio, so the
simplification of ignoring the existence of non-deposit sources of fundsis qualitatively harmless.

®Note that this discussion implies that (6) is not exact but rather is an approximation. |f
the required capital ratio were set to its maximum possible value of 1, then as just noted the banks
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required bank capital ratio. Exactly the same analysis appliesif B isarequired reserveratio.

We suppose that B is determined by the bank regulatory authority according to the
following regulatory policy function
(7) B, = by+b R, +p,
where 3 is arandom disturbance and the b are constants chosen by the regulator. Thisfunction is
unusual in that it allows the regulatory requirement B to be flexible, responding to the state of the
economy through a feedback rule. One does not normally think of bank regulations as being
flexible in this manner because they typicaly are not.” Nothing islost by using the general
functiona formin (7); the standard inflexible requirement is obtained as a special case smply by
setting the coefficient b, and the disturbance term [ to zero. However, one of the main results of
the subsequent analysisis that an inflexible B generally is suboptimal.

A random termisincluded in (7) for two reasons. First, the regulator responsible for the
day-to-day administration of regulatory policy may not be the sole institution setting regulatory
policy. Inthe US, for example, federal regulation of financia institutions is administered by the
Federal Reserve, the FDIC, and the Comptroller of the Currency, anong others. The US

Congress, however, can pass laws changing regulations at any time. In addition, state

could not lend any of their deposits. The banks would have no need of free reserves and so would
not hold any. Also, the shocks u, could not affect the money multiplier, which would be constant
at avaue of one. Consequently, an exact representation of the multiplier would have m, and m,
dependent on B and also would have an exponent on u, equal to zero whenever B equaled 1. An
exact form of this nature is analytically intractable. For acritical discussion of bank capital ratios
and their impact on bank behavior, see Santomero (1991).

"However, before central banks learned to use open market operations to control the
money supply, they did often changed reserve requirements in response to economic or financial
conditions. The notion of aflexible B thusis not completely novel.
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governments institute regulations independently of the federal government. Second, equation (7)
isasmplification of the complicated real world of bank regulation. Risk-adjusted bank capital
requirements, for example, are fixed numbers. However, the impact they have on bank lending
depends on the risk structure of the financial assetsin existence. A change in the way underlying
risk is distributed across different borrowers will change the mix of assets banks wish to hold.
The existing bank capital requirements may be viewed as more or less stringent after the change
than before. The random term in (7) picks up such effects. In any case, one aways can eliminate
the effects of the random term in (7) simply by setting § and its variance to zero in all that
follows. None of the conclusions of the analysisis atered by doing so.

An issue that has been skirted in the foregoing specifications is the role of expected
inflation in determining the demand for money and the money multiplier. The opportunity cost of
holding currency is the spread between the real rates of return on the interest-earning asset and

currency, R-R.. This spread can be written in terms of nominal interest rates:

R-R. = (r-=°)-(r,.—-7°)

(r-rz)
=7

R+7°

wherer isthe nominal interest rate on the interest-earning asset and r. is the nominal interest rate
on currency, which isfixed at zero. Consequently, both real money demand and the money
multiplier should depend on either both R and t®, not just R. Inclusion of nt®isanayticaly
difficult because it introduces expectations of future values of the system’s variables into the

expressions for the current values. We therefore will use the expressions for money demand and



the money multiplier given above and treat them as approximations to the true functions.
4. Financial Services.

The financial service Fisintimately tied to bank lending. Banks provide the service only
their own borrowers; if there are no loans, there is no service, either. The quantity of financial
services F therefore is afunction of the quantity of rea loans:

) F = fothiL+d,
where L isthe log of the quantity of real loans, ¢ is arandom disturbance, and the f, are positive
constants. All loans are associated with an equal value of inside money; that is, the quantity of
loansisthat part of the money supply that is not high-powered money:
@~ DA,

P

t

-

or, in log terms,
9 B ~
) L, = log(m,-1)+H,-P,
Unfortunately, this expression is hopelessdy nonlinear because it involves the log of a difference.

We linearize (9) with the following approximation. For any value of m,, thereis ak, such that

m,~1 =

Define m as the average value of m, and O<k<1 as the value of k, such that

m-1=mk*

Then for any m, we have the approximation
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log(,~ 1) ~ log(,)
= km,
Using this approximation, we can replace the intractable (9) with the tractable expression
(20) L, =km+H-P,
5. Random Disturbances.

Up to now, nothing has been said about the properties of the various random disturbances
appearing in the model. It issufficient for our purposes to impose the smplest possible time
series structure on the disturbances, so we assume they are white noise. Nothing important is
changed by allowing a general ARIMA structure, but the analysis quickly becomes tedious once
serial correlation in the disturbances isintroduced. Contemporaneous correlation of disturbances
is permitted throughout the analysis.

6. Expectations.
We assume rational expectations, so that the expected price level P°isjust the usual

mathematical expectation of the solution of the model’ s solution for P:
(11) P = EP,|1)
where |, isthe information set at timet. For most of the analysis, we assume that |, includes the

true values for all variables dated t-1 and earlier, but we briefly discuss some other possibilities

below.

[11. Solution of the M oddl

Equations (1)-(8), (10), and (11) constitute the model. The model is conceptually smple
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and, having only linear equations, mathematically trivial. In this section, we derive the model’s
solution and then examine a graphical interpretation.
1. Mathematical Solution.

Solution begins by substituting (5), (6), (7), (8), and (10) into (2) and (4). Then (3) and
(4) are solved to obtain R as afunction of P. This solution is substituted into (1) and (2), giving

the semi-reduced forms

(12) yP - g - d X, _ d, Pid - dy(e,+a,5,-p, +mp,-n,)
t — % X 7 t Ut X
1 1 1
(13) X X-5h%

YtS =X, +X2_°+
X 1

Pt+S1(Pt_Pte)+et+s2¢t+s2f1nt

X
_s2f1km1Bt+?2(at+a1 &,-m,B.-n,)
1

where
(14) X, = a,+a,dy-m,-h,+mb,
= U, +Uihy+ U, b,
X, =my-mb +h +ad +a,
= Uy +h +U,b,
X, = s,fi[k(m,-m b )+h ]
= Us+Ughy + Upb,
Xy = 8y 8,0y + 8,1 k(my—m, by) +5,1 by
= Uy + Ushy+ Upb,

and the U, are functions of the structural parameters excluding the four policy parameters by, b,,
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h,, and h,. Table 1shows the full expressions for the U,. Notice that aggregate supply Y= depends
not only on P-P? but also on P independently. The term P-P° represents the usual influence of
expectation errorsin arational expectations model. The independent term P reflects the influence
of the financia service F in (2) and the dependence of F onreal loans. A changein P, given the
money multiplier m, and high powered money H,, changes real loans, thus also changing F and Y*.

This independent influence of P on Y? is the source of several interesting conclusions derived

below.
We use the semi-reduced forms for Y® and Y= to solve for Pin terms of P?, obtaining:
(15) po MG a4 XA X, sK o, e
5,1 X - X, -d; $HX -X,-dy ! t

N X 0 + 5, X . s, X,
s,1X,-X,-d, ‘ s, 1 X - X, -d, ‘ s,1 X, -X,-d,

N,

. s, f1kX, " - s, fikm X ) X 5
$,1X, - X, -d, ‘ S, 1 X, - X, -d, ‘ $,1X, - X, -d, '

X, +d
+
$,1X, - X, -d,

(at+a1 6t_ B, tm, Bt_ nt)

We then find the solution for P* by taking the expectation of (15), which gives

(16) o _ XX XX, -d, X, +d X,

t S, 1 X, - X, -d,

Substituting this expression back into (15) gives the reduced form solution for P:
(17) P, = P +[s, X, +s,/,X, - X, -d] - [X,0,+5,X, b, +s, /, X,
+8, f1 kX - s, frlem X, B - X, 8, + (X, +d ) (e, +a, 6~ +my B -1,
The expected supply of output is the mathematical expectation of (13):
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(18) XX+ X, X, . X, -,40X

X X

EYS PS

~d\ X;-s,f,d, X, - dX, +s, fid) X,
S, 1 X, - X, -d,

Thefirst line of (18) shows that expected real output depends on the expected price level, a
nominal variable. Thisisastriking result, quite unlike the usual rational expectations solution in
which expected nominal variables have no effects on real variables. It reflects the previoudy
noted influence of the financial service on aggregate supply. The intuition isthat, for any given
amount of high powered money H and money multiplier m, an increase in the price level reduces
there real quantity of loans, which also reduces the quantity of financial services. Notethat in this
argument, the value of H was held fixed. Changesin the price level brought about by changesin
H just cancel, leaving both L and F unaffected; see equation (10). Aswe will see below, when we
expand the X; parameters in the second line of (18), some of the determinants of P° drop out. In
particular, the only policy parameters that will remain are b, and b, from the regulatory policy rule
(7); the two parameters h, and h, from the monetary policy rule (5) disappear, so that the standard
expectationa neutrality of money holds.

Finally, the fully-reduced form solution for current output is
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19 7® = E¥S+[(2x,X,-d) X, (5, X, +$,/,X, - X, - d,)

+d (X, - 8,1, X, +8, X)X, (s, X, +5,/,X, - X,-d)] ',
+[(2x, X, -d)Y(m, X, - s, fLkm X)) (s, X, +5, /X, - X, -d,)

+dym (X, - s, i X, +5, X)X, (5, X, +s5,/,X,-X,-d| )L B,
+[(2x, X, -d, ) (@, X, - X)) (5, X, +s,f, X, - X, -d,)

+d a, (X, s, [i X, +5, X)) 1[X, (s, X, +s, /1 X, - X, - dl)]_1 o,
+[(2x X, - d) (/X - ) (8 X, +5, /X - X, - dy)

+d| (X, - s, /1. X, + 5, X)X, (s, X, +s, /1 X, - X, -d| )]_l‘r]t
+[(2x, X, -d)) (s, 1, kX, - X,) (5, X, +5, /1 X, - X, -d)

+d (X, - s, /1. X, + 5, X)X, (5, X, +5, /1 X, - X, -d| )] M,
+(2s, X, -d))s, b,

+(2s,X,-d,)0,

This expression is not quite as horrendous as it seems. The first term on the right side is the
expected level (“natural rate”) of output; al the other terms are disturbance terms multiplied by
coefficients and represent temporary deviations from the expected level.
2. Graphical Interpretation.

We can depict the model in an IS-.LM framework augmented to include aggregate supply
and rational expectations (see Branson, 1989). The IS equation is simply equation (1) with
current Y replacing YP. The LM equation is obtained by equating money demand and supply -

equations (3) and (4) - and using (5), (6), and (7) to eliminate H,, m, and B,, which gives
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(20) Y. = (my-mpb,+h +a,)R-P,+(my-mb,+h,-a,)-o.-mpP,+n,+u,
= (X,-ad)R,-P,+(ad,-X)-o-mPB+n+U

The terms after the first two constitute the intercept, which consists of a constant and a linear
combination of some of the disturbances. Finally, thereisathird equation representing the output
supply side of the economy; we can call it the SS equation (for Supply Side). It is obtained by
using (8), (10), (5), (6), and (7) to eiminate F, and then L,, H,, m, and B, from (2), which gives
(1) v = (s,f,km,-s,f,km b, +s,f b )R +s,(P,-PS)-s,fP,

(8o 8, S0 TS, S kmy =5, fm By 5, fihy) = 8, fym B+ s, fin + s, iR s,

= [X,+s,f,(k-)m b R +s,(P,-P°)-s,1, P,

+[X3 +8,/, (k- l)mlbo]_szflml B+, /i, + 8,1k, 5,9,

Figure 1 showsthe IS, LM, and SS curves. The graph shows a situation of general
equilibrium, with the three curves intersecting at a common point. Figure 1 differs from the
standard augmented mode! in that the SS curve is sloped rather than vertical, reflecting the effect
of the interest rate on the quantity of the financial service F, which in turn affects output. Also
notice that the intercepts of the LM and SS curves depend on the policy parameters b, and h,, and
the slopes depend on b, and h,. The policy reaction parameters b, and h, can have either sign and
any magnitude, so in genera the slopes of the LM and SS curves can be either positive or
negative. If b, and h, are small, the slopes are positive, and the curves have been drawn that way
in Figure 1. The dependence of slopes and intercepts on the policy parametersis what underlies
the optimal choice of those parameters, as we see shortly.

Figures 2 and 3 show two experiments that illustrate the workings of the model and that
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also will help understand the subsequent discussion of optimal policy parameter choice.

Consider first an unexpected increase in the supply of financia services (that is, a positive
realization of ¢). The behavior of the economy is shown in Figure 2. The shock to ¢ has no
effect on either IS or LM but does move the SS curve rightward from itsinitial position SS, to
SS,, thus disturbing genera equilibrium. To restore equilibrium, the economy lowers the price
level P, which causes shifts in both the LM and SS curves. The lower P raises real balances and
thus shiftsthe LM curveright. The lower P has two effectson SS. First, for the usual rational
expectations reasons, P° lags behind P, so that (P - P°) becomes negative. This perceptual error
shiftsthe SS curve left. Second, the decrease in P raises the quantity of real loans L, which raises
the quantity of financial services F, which in turn raises output supply. This effect shiftsthe SS
curveright. The net shift in SSis unclear and depends on parameter magnitudes. Figure 2 shows
the case where the perceptual error dominates. SS shiftsleft from SS, to SS,, meeting the LM
curve at LM,. Thereisatemporary equilibrium at E, with the interest rate lower and output
higher. The next period, the shock to ¢ disappears (because the random terms are white noise)
and everyone learns the true value of the ¢ shock in the first period. The extra supply of financial
services and the price perception error disappear, and the economy returnsto its original state
with an equilibrium position of E,.

Consider next an unexpected decrease in aggregate demand (that is, a negative realization
of 0), shown in Figure 3 as a shift from IS, to IS,. The economy’s responseis similar in character
to that in the previous case. The price level in this case must fall to shift the LM curve rightward
and restore equilibrium. As P falls, P° lags behind, causing a perceptua error and thus shifting SS

leftward. Thefall in PalsoraisesF. Again assuming that the perceptual error dominates, a
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temporary equilibrium occurs at point E, with the interest rate lower and output also lower. The
next period, everything reverses and the economy returnsto its original state.

The foregoing examples were chosen for illustrative purposes because of their smplicity.
Nonetheless, they do lead to an important conclusion: the behavior of the financial sector affects
the real economy both directly (through ¢ and p shocks) and indirectly (through the effect of
price level changes on real financia services F). These effects are quite unlike anything seenin
modern macroeconomic anaysis (save for the work of Bernanke, 1981, 1983, and Bernanke and
Gertler, 1989, 1990). They reflect the effects of afinancial sector that providesreal services; they
are the reason that the behavior of the financial sector isimportant for real economic activity.

Finally, as already mentioned, the slopes and intercepts of the LM and SS curves depend
on the regulatory and monetary policy parameters by, b, h,, and h,. These parameters are at the
disposal of the authorities and can be used to offset or at least reduce the impact of shocks to the
economy. For example, if b, and h, are chosen to make the LM and SS curves vertical, as shown
in Figure 4, then the IS shift analyzed in Figure 3 would have no effect on output. The temporary
equilibrium in the period of the shock would be E, with the interest rate lower but the level of
output unchanged. Unfortunately, when LM and SS are vertical, then the financial services shock
analyzed in Figure 2 would have alarge effect on output than when the curves are doped as in
Figure 2. If al shocks to the economy were IS shocks, then making the LM and SS vertical
would totally eliminate variation in output. If shocks are of various types, however, parameter
settings that reduce the output effects of one kind of shock can magnify the effects of other kinds
of shocks. The problem facing the policy maker is to choose parameter settings that achieve an

optimal balance in the face of various types of shocks. We now turn to an analysis of the optimal
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choice of the four policy parameters.

V. Optimal Policy

We suppose that the policy maker has two objectives. to maximize the expected value (the
“natural rate”) of real output and to minimize the variance of current output around its expected
value. Inthe usua anaysis of optimal monetary policy choice under uncertainty, al interest
centers on minimizing the variance of real output. No attention is paid to the level of output
because monetary policy does not affect expected output EY in standard rational expectations
models. In the present model, however, bank regulatory policy affects EY, so we need to include
EY inthe objective function. The formal objective function is discussed momentarily.

Policy makers would have no difficulty designing optimal policy if they could know the
current state of the economy. They would observe the shiftsin the IS, LM, and SS curves and
would change their policy parameters (b, b;, h,, and h, in this case) to eliminate the temporary
deviations from full equilibrium that we saw in Figures 2 and 3. Unfortunately, policy makers
cannot know the current state of the economy because of data limitations and so are forced to
base their policy decisionsinstead on various indicator variables. To keep the present discussion
simple, we will suppose that the only indicator variable available to policy makersis the interest
rate. The two examples discussed at the end of the previous section illustrate the problem that
policy makers face. Inthe example of Figure 2, a shock to money demand causes (1) a short-run
decreasein R and increasein Y and (2) along-runincreasein R and decreasein Y. Inthe
example of Figure 3, a shock to commodity demand al so causes a short-run decrease in R but a

concurrent decrease rather than increasein Y; in the long run, R decreases even more, and output
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rises, possibly ending up above its pre-shock value (but drawn in Figure 3 as ultimately lower than
the pre-shock value). A policy maker who wants to use policy to stabilize real output will find
himself in aquandary because a given observed movement in the interest rate - the only
information he has on the current state of the economy - can correspond to a positive or negative
shock to output about its expected value and to a positive or negative change in the expected
valueitself. The policy maker thus will have difficulty deciding which way to move his policy
parameters and how far to move them.? The anaysis that follows derives the optimal policy
prescription.

Before we proceed to the formal analysis, we can see immediately something of the
general character of the answer. Optimal choice of the four policy parameters will depend on two
sets of parametersin the model: (1) the variances and covariances of al disturbance terms, and (2)
the dope and intercept terms of the various demand and supply functions. The variances and
covariances matter because they determine the probabilities that an observed change in the
interested rate is caused by shiftsin each of the IS, LM, and SS curves. The policy maker needs
to know which curve is shifting to respond appropriately. The sopes and intercepts matter
because they determine the impact that any policy response will have on output and therefore
determine how big the policy response should be. (For example, if the LM curve were flat, then
the money demand shock shown in Figure 2 would have no effect on the economy because the

LM curve would smply shift rightward on top of itself.) The four policy parameters cause

8 n fact, the information problem is even more difficult for the policy maker because the
economy also can experience shocks to the aggregate supply function, causing shiftsin the SS
curve with commensurate changesin the interest rate. Such shifts are included in the formal
analysis below, though not shown in Figures 2 or 3.
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movements and tiltsin the LM and SS curves; the effect on output of moving either of these
curves depends on theinitial positions and slopes of all three curves.®

We now proceed to aformal derivation of the optimal choice of the model’s four policy
parameters, b, b;, h,, and h,.

1. Optimality Criterion.

Optimality is defined as the maximization of a socia welfare function V that depends on
both the expected level of output EY and the variance VarY of output about EY. The functionis
(22) V(EY,VarY)

V,>0 V<0

I/2<O V22<O

We have no intuition for the signs of the cross-derivative V,, = V,,. They play no role in what
follows, so we leave them unspecified.

The reader will notice the absence from the welfare function of that standard goal variable
of the banking literature, “banking system stability.” The policy maker’s goa isto maximize
socia welfare; banking system stability isin itself no more relevant to that goal than, say, cheese
shop stability (apologies to Monte Python). Banking system stability does enter the welfare
function indirectly, in a sense, because the banking system affects the economy in two important
ways that other specific industries (including cheese shops) do not. Thefirst isthe classic
monetary transmission mechanism. Inside money is created by bank lending, so disruptions to the

banking system also disrupt the money supply. The second is the intermediary service, which

°Readers familiar with Pool€e's (1970) analysis will recognize the similarities between his
work and the analysis presented here.
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affects the efficiency of production. Banking system instability can cause instability in output
through both channels. Nonetheless, minimization of banking system stability is not an objective
of optimal policy and so isnot an end in itself. It isrelevant only to the extent that it leads to the
optimal mix of expected output and variance of output. Indeed, as we now see, in amaximizing
environment with policy trade-offs, it is as conceivable that there is not enough banking system
instability as that there istoo little.

Bank regulation affects the ability of both the monetary channel and the financial services
channel to transmit any instability in the banking system to real output. In the model, *banking
system instability” would be interpreted as the variance of the random term p in the money
multiplier equation (6). That term captures various effects, including changes in the public's
desired currency/deposit ratio (which can change dramatically as part of a bank panic) and failure
of banks (such as through bankruptcy, perhaps in response to a bank panic). Increasing the
required bank regulation variable B reduces the transmission of any variability in p to aggregate
output. To seethis, recall that all equationsin the model arein log form. Thus the money

multiplier is the antilog of m;:

i, = e™(1+B) ™ (1+R) ™,

t
The variance of m™ involves the product of the variance of the random term p~ and the square of
the term (1+B)™,. A higher value of B thus reduces the variance of m. It thenisclear from (2),
(4), and (8) that the variances of aggregate output, the money supply, and the financial service al
arereduced aswell. Thusincreasing the bank regulatory requirement reduces the variances of the
variables of interest.

Finally, note that increasing the bank regulatory requirement affects not only the variances
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of important variables but also their expected levels. In particular, a higher value of B means a
lower value of expected output EY, asis easily seen by substituting the expected values of (6),
(8), and (10) into the expected value of (2). We thus have the basis for a classic optimization
problem: on the one hand, raising B is good because it reduces variance of output, but on the
other hand it is bad because it reduces expected output. We now turn our attention to solving
that optimization problem.
2. The Effects of the Policy Parameterson EY and .

It is convenient to consolidate the effects of the policy parameters in the expressions for
EY and Y. If we substitute the expressions for the X; given in (14) into (18) and (19) and

rearrange terms, we get (after an enormous amount of tedious algebra)

(23) Ziyo* Zgy by + Zy,b,
EY, =
Zpo*tZp, by
= Y°(b,,b,)
(24)

E avi 9 E BY: E ori d E nYz

Y, = EY +| —— | &+ Bt _— 6t+ n,

Em,, EYD, Em, Em,

2
E ¢Y1 ] t+[§ZBYiqi)e

YK (b, hy) o, +KP (B, 1) B, + K (b, 1y )8, + KN () )M, +K# (B, ki,
K (b, 1) b+ KO (b, 1)),

where the Z coefficients, defined in Table 1, depend on the system parameters other than the four
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policy parameters, the g are the elements of the 10-fold vector

q = (1, h, b, hb, h? b2 h%, hb? h? b2
and the K! coefficients are the ratios of the sums in the coefficients in the first line of (24). These
K! are functions of b, and h,. We can make (24) more compact by defining the vector Q of
random terms:

Q, = (a, By 8, My s Gy, 6,)

so that we can write (24) as

(25) Y, = Ye(b,,b)+Y K, (b,h)o,

weR
We then can write the variance of current output as

(26) VarY, = E(Y,-Y )

- E(Ye+EK“’wt—Ye)

we

- E( ) K“’wt)

weld

= E(K“’)2oi+2 E K°Ko_

weQ w0z VveQ
There are some interesting things to notice here. Both expected income EY and current
income'Y depend on the bank regulation policy parameters b, and b,. Bank regulation affects the
amount of loans made for any given stock of high powered money and so also affects the amount
of the financial service offered by banks. The financial service hasred effects and so affects both
EY and Y. In contrast, monetary policy has much more limited impact. EY does not depend on
either h, or h;; money is expectationally neutral. Current incomeY aso isindependent of h,, but

it does depend on h,. Independence from h, is another manifestation of expectationa neutrality;
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h, is the deterministic component of high powered money’s intercept and affects no real variables.
Dependence of Y on h, reflects the ability of monetary policy to amplify or reduce random
disturbances through the reaction function and is typical of rational expectations models such as
that used here (Walsh, 1998; Woglom, 1979).

3. Optimal Regulatory and Monetary Palicy.

We choose by, b, h,, and h, to maximize (22). The four first order conditions are

27 e
(27) W _ e,y Far¥
ob, ob, ab,
-V )
b,
= b
=J (b()’bl)
=0 for max
2 e
(28) W _ A,y ary
b, b, b,

J*(By.b,,h,)

=0 for max
2 e
(29) W _ A,y ary
oh, oh, oh,
=0 for all ho
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(30) v _ v ore +V28VarY
oh oh, oh,

oVarY

2 oh

1

J"®,.h)

=0 for max
The signs of the derivatives of the functions J generally are ambiguous, depending on the
magnitudes of al the structural parameters of the system. The parameter h, does not affect
anything, so itsfirst order condition (29) isidentically zero irrespective of the value chosen it.
Choice of h, is arbitrary, and we may ignore equation (29) hereafter. The other three policy
parameters are chosen to satisfy the system consisting of (27), (28), and (30). In generd, the
three relevant policy parameters by, b,, and h; must be determined smultaneoudly. This may seem
alittle surprising, given that by, does not directly affect the variance of income VarY and h, does
not directly affect the expected level of output EY. Indeed, b, is absent from the first order
condition (30) for h, and h, is absent from the condition (27) for b,. However, b, enters both
conditions and so ties b, and h, together. Choice of b, affects choice of b;; choice of b, affects
choice of h;; and conversely.

The system (27), (28), and (30) is highly non-linear in the three policy parameters, so an
explicit solution isimpossible to provide. Nonetheless, we can deduce severa important
conclusions quite quickly.

3.1. Output effects of monetary policy.

Standard rational expectations models obtain the result that monetary policy affects only
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the variance of current output but not the level of expected real output. Once we introduce
financial services and regulation of the banking system, we get quite a different result. Insucha
setting, monetary policy does affect the level of expected real output. The effect isindirect, but it
isthere. Bank regulatory requirements ater the amount of financial service provided by the
banking system and thus affect expected output directly. However, the optimal values for the
bank regulation parameters depend on the value of the monetary policy reaction parameter h;, so
the choice of h, affects the choice of b, and b, and thereby affects not only VarY but aso EY.
3.2. The level of regulatory policy.

Although the monetary policy intercept parameter h, is not relevant to anything of interest
here, the regulation policy intercept parameter by, is. The mean level of the bank regulatory
variable B is +b,ER, which depends not only on the reaction parameter b, but also on the
intercept parameter b,. The value of b, affects the amount of lending for any given quantity of
high powered money and thus also affects the amount of the financial service F supplied by the
banking system; that in turn affects aggregate output.

3.3. Active bank regulatory policy.

A very interesting result is that the optimal bank regulation reaction parameter b, generaly
isnot zero. Both the sign and magnitude of b, depend on all the non-policy parameters of the
system: the intercept and slope coefficients from the demand and supply equations for both money
and output and the variances and covariances of all the random disturbances in the economy.
These system parameters are impounded in the J functions in (27), (28), and (30). This result
mirrors the well-known conclusion from the literature on optimal monetary policy, whereit is

shown that the monetary policy reaction parameter generally is not zero and depends on all the
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parameters of the system (Poole, 1970; Walsh, 1998; and Woglom, 1979). Asin that literature,
the parameter h, generally is not zero.

An important implication is that bank regulation should not be a passive activity, in which
the bank regulatory requirements are set once (or once in agreat while) and then left unchanged.
Rather, the requirements should change in response to the shocks hitting the economy.

Asin al models of thistype, the effectiveness of monetary policy hinges on the monetary
authority having an information advantage over private agents. If the private sector knows
everything the central bank knows, it can achieve everything that reactive monetary policy can
simply by adjusting the price level.™® The same conclusion is not true of bank regulation. Because
both b, and b, directly affect the quantity of financial service F provided to the economy, they
have redl effects even if al agentsin the economy have the same information as the regulators.
We can see thisin Figure 1, in which the slope of the SS function is not vertical, asitisin the
usual treatment (Branson, 1989), but rather is positive, reflecting the effect of the financial service
F. The quantity of F is determined in part by the values of by, and b,.

3.4. Ingtitutional arrangements for optimal policy coordination.
The simultaneity of optimal policy parameter choice means that regulation of bank capital

and conduct of monetary policy should be coordinated. Neither can be done properly without

190f course, it may be not be realistic to suppose that most private agents have same
information about the economy that the central bank has. Indeed, some information available to
the central bank is likely to be proprietary information that must be kept secret. This certainly is
the case with the US central bank, which has access to a great deal of detailed information on
individual private banks. In addition, it seems safe to say the average household knows much less
than the central bank about the economy’ s structure and workings; this sort of information
advantage, however, is very difficult to capture in aformal rational expectations model in which
all agents know the true structure of the economy.
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reference to the other. The requisite coordination is al the more demanding because, as just
noted, bank capital regulation should be active rather than passive. The need for coordination
arises from two separate sources in the model. First, random disturbances in the banking and
monetary sectors may be correlated. It is quite plausible, for example, that the disturbance ¢ to
the supply of financia servicesis correlated with the disturbance p to the money multiplier.
Second, even if the disturbance covariances are all zero, the optimal policy parameters are still
related to each other through the structure of the economy. In general, each policy parameter
depends on al the coefficients and variances of the system, so each policy parameter’ s optimal
value isinfluenced by al sectors of the economy. Conversdly, this fact implies that bank
regulatory policy can be used to counteract disturbances in both the real and monetary sectors of
the economy; indeed, the formal solution shows that the two sets of policy parameters must be
varied simultaneoudly to achieve an optimal response to any given disturbance to the system.

These conclusions argue for a close link between the monetary and regulatory authorities.
The obvious way to provide that link is to give responsibility for both types of policy to asingle
government agency. Indeed, the whole spirit of the foregoing analysis implies this arrangement.
Choosing both the monetary and regulatory policy parameters by maximization of asingle socia
welfare function amounts to having a central planner make al policy, and what is a central planner
but a single agency?

Other considerations of the real world not included in the analysis here may call for
modification of this conclusion. For example, Di Noiaand Di Giorgio (1999) present evidence
that countries where banking supervision is assigned monopolistically to the central bank are

characterized on average by more protected and less efficient banking systems. Why thisistrueis
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unclear. Perhapsit isjust another manifestation of the tendency for regulated industries to end up
dominating the agencies that regulate them; it may be that powerful banks get their governments
to assign supervision of themselves to a single agency that they then end up controlling one way
or another. In any case, monopoly control may be as inefficient and unimaginative in the
regulatory sphere asit isin the productive one. If so, thereisthen atension between the
theoretical ideal of a single unified monetary and regulatory agency suggested by the results
presented above and the political reality that monopoly agencies are inefficient.

A concern sometimes suggested in the literature is that bank regulators and the central
bank have different objectives, so that assigning regulation to the central bank could pervert
regulation if the central bank were to give too much weight to monetary policy considerationsin
deciding what the regulations should be. The analysis presented here suggests quite the opposite.
With one agency responsible for both regulation and monetary policy, that agency then actsas a
socia planner and gives correct weight to all considerations. Indeed, if improper weights are ever
likely to be given to parameter choices, it would seem to be when the two functions are assigned

to separate ingtitutions that may well have different, parochia objective functions.

V. Conclusions

On atheoretical level, perhaps the most surprising conclusion of the foregoing anaysisis
that monetary policy can affect the expected level of real output even in arationa expectations
model. This effect arises from the cross-effects of bank regulation and monetary policy on each
other. Bank regulation affects the money supply, so it ends up being chosen simultaneously with

and therefore influenced by monetary policy. However, bank regulation directly affects output, so
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monetary policy affects output indirectly. Optimal choice of monetary policy takes this indirect
effect into consideration.

On apractical level, the most important conclusions concern the conduct of regulatory
policy and the implied ingtitutional arrangements for carrying it out. Bank regulation should be
active rather than passive, continually changing in response to economic conditions. Thisisan
important conclusion. There is no question that financial regulation can have powerful effects on
aggregate economic activity.** To my knowledge, however, systematic activism has not
characterized bank regulatory policy in any country, although there is some evidence of
occasional episodes in which regulations were conditioned on economic conditions.> No less
important is the conclusion that optimal regulatory and monetary policy should be s multaneoudy
chosen, implying that the ingtitutions responsible for them must at least coordinate their activities
and perhaps even should be combined into one agency.

The analysis here suggests some lines of future research. In the foregoing anaysis, the
policy objective function includes only the normal level of output and variation around that level.
A more redlistic objective function would aso include at least the rate of inflation (possibly both

itslevel and variance). A related issue is the form of the monetary policy and financial regulation

“For example, Choi (2000) argues that strengthening of capital adequacy requirements
were an important contributor to the recent sharp recession in Korea.

2Berger, Kyle, and Scalise (2000) present evidence that U. S. bank regulators were
stricter during the credit crunch period of 1989-92 than subsequently. The last recession in the
U.S. occurred during 1989-92; after that, the U.S. economy enjoyed a magjor boom. Evenif this
behavior was part of alarger systematic relation between regulation and economic conditions, the
direction of causality isunclear. If economic conditions drove regulatory behavior, the optimality
of the latter cannot be known until the implied reaction function is compared with that suggested
by the foregoing theory.
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reaction functions. Most central banks seem to follow afeedback rule of the Taylor type,
responding to lagged values of variables of interest and treat the interest rate as an instrument
rather than an indicator, and it would be worthwhile to embed such monetary reaction functions in
the anaytical framework presented above. A more difficult challenge is a better specification of
the financial regulation reaction function. Most financial regulators consider the soundness of
financial institutions, worrying for example about the proper valuation and control of the riskiness
of various types of capital that go into the capital ratio. Adding such concernsto the foregoing
theory would be most useful to regulators, but it also seems quite difficult to do. Finally, the
treatment of the financia sector should be extended. A full theory would include a cost of
providing the financial service, an explicit benefit of doing so, and an exploration of how the
provision of the financial service would change in response to monetary and regulatory policy
changes. The relevant micro theories are well developed (see the literature cited earlier), but
including any of them in atractable macro model is avery difficult challenge.

These extensions all would greatly enrich the theory and would be useful to both theorists
and policy makers. It seems unlikely, however, that they would alter any of the qualitative

conclusions derived above.
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