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Introduction

This paper is a report on an attempt to derive a special money supply
hypothesis for the FRG.

Such an attempt proved io be necessary given that the Brunner-Meltzer
approach (BM-approach), which is dominating money supply theory also in
Germany, is lacking microfoundations(l). in that approach, behavioural fun-
ctions of the banks and the nonbank public are not derived from optimization
but are postulated ad hoc. Occasional references to the general portfolio
theory are no substitute because the standard results of portfolio theory
have been derived for utility maximizing, riskaversive investors. The general
portfolio theory is useful to derive the behavioural functions of the non-bank
public but inappropriate for the explanation of the behaviour of riskneutrai,
profitmaximizing banks.

With microfoundations missing the BM-approach is lacking a basis
for integrating institutional particularities of the monetary system of the
FRG. Consequently, in the past some important institutional details of the
German monetary system have not beeﬁ integratad into the mcney suppiy
theory as developed by adherents to the BM-appreach. Examples for neglected
institutions are the regulation of the money market by the Bundesbank and
quotas for central bank credit to commercial banks. The neglect of quotas
for rediscount and lombard credit is sometimes defended on the ground that
quotas normally are not exhausted and therefore do not forrn a binding re-

striction for bank behaviour. However, it can be shown that this argument
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is a fallacy and that unexhausted quotas are in fact binding, too.

The adherents of the BM-approach have compensated for the lack
of microfoundations by political propaganda. Some institutions, not fitting
the ad hoc framework of the BM-approach, were successfully propagated
away. The abolishment of "liquid assets" from the Bundesbank regulation
of the money market (i.e. the elimination of price fixing open market policy)
is one example, the disappearance of the concept of "free liquid reserves"
from the monthly reports of the Bundesbank is a symptom of another one.

However, if available institutions seem inappropriate from the perspec-
tive of the BM-approach then this is not necessarily a defect oi these insti-
tutions but may actually be a signal of impotence of the underlying theoreti-
cal approach.

Depending on the theoretical approach initially chosen existing insti-
tutions may have no chance of proving to be reasonable. In this sense it
is true that theoretical approaches contain institutional prejudices and the
BM-approach is no exception.

In the following we shall present a theoreticai iram|ework that provi-
des such a chance mainly to those institutions of monetary policy of the
FRG that were designed for longer-run adjustments (Grobsteuerung). For
the same purpose "liquid assets" which have disappeared from the stage of
menetary policy have not been excluded from the analysis a priori.

The paper is divided into two parts. In the first part behavioural fun-

ctions of a representative bank are derived from an optimizing approach.

Micro  part 5

Based on this microfoundation a macro money supply hypothesis is developed

in the second part.

I. Micro part

1. The model of a representative banking firm

To clwercome the deficiencies of the BM-approach we shall consider
the maximization problem of a representative bank under the following assum-
ptions.

a) The representative bank is maximizing expected profits, is a price
taker, has only demand deposits and is subject to various restrictions. It
is planning for one period, is submitted to a special time structure and can-
not obtain central bank money from other banking firms both domestically

(2)

and abroad .

b) The demand deposit (D), minimum reserve requirements (r), and
all interest rates (i) are predetermined or exogenous to the bank.

The exogeneity of demand deposits follows from three assumptions
we assume, firstly, that in the short run and at given rates of interest the
bank accepts any volume of deposits. This implies that its supply of demand
deposits is infinitely elastic and that the actual volume of deposits is demand
determined. Since the bank is assumed, secondly, to be a price taker, interest

rates are given by the market. Thirdly, as seen by the bank its volume of
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credits does not influence its volume of deposits. These assumptions imply
that deposits are exogenous (i.e. parametrically given) to the bank.

c) The bank is actively deciding about the desired volume of excess
reserves (Re), the amount of "liquid assets" (L), its volume of customer
credits (K) and its borrowings from the central bank via the discount (BD)
and lombard window (BL).

"Liquid assets" are special money mmarket papers included in the so-cal-
led regulation of the money market by the Bundesbank.

"Liquid assets" may be sold to the Bundesbank prior to their maturity
at any time on demand of the holding commercial bank. To the extent that
commercial banks hold "liquid assets" they can obatin central bank money
at any time outside the limits of the rediscount and lombard quotas. (Lombard
credit from the central bank is credit against ccllateral). Since "liquid assets"
are earning interest they are a form of liquidity superior to the holding
of cash and central bank deposits.

d) Expected profits are the difference between interest earnings and
expected costs. Interest earnings derive from customer credits (K) and "liquid
assets" holdings (L). The expected costs consist of interest paid for deposits,
interest paid for rediscount and lombard credit and expected liquidity costs

(E(LK)).

Micto  part 7

. Y . < - .
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e) The bank is submitted to a balance sheet constraint, to a minimum
reserve requirement, to quotas for rediscount and lombard credit and to

non-negativity constraints.

2) RE+4 R +L +K =D+ BD + BL (balance sheet constraint)
(3) R =D {minimum reserve requirement)
(%) BD - BD->0 . (rediscount quota (BD))
(5) E]., - BL 20 (lombard quota (}-SL))(B)
6 RS L,K,B,B >0 (non-negativity constraints)

D’ L

f) The model has a particular time structure. The planning horizon
is one period. A period has two subsections of equal length.

Deposits flow to a bank at the beginning of a period. In the middle
of a period, i.e. at the beginning of the second half of a period, deposits

may be withdrawn. These withdrawls (W) are unknown to the bank at the

.
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beginning of a period, not precisely predictable and submitted to a probabili-
ty distribution. For deposits withdrawn, the bank must not pay interest during
the second half of a period. Therefore, half of the expected withdrawals
must be deducted in computing the interest payments for deposits. Customer
credits, "liquid assets" and credits of the central bank have a duration of
one period. By assumption additional customer credits cannot be granted
profitably in the middle of the period(u). At that point of time customer
credits, if at all, can orily be cancelled at considerzble expense. In the mid-
dle of the period "liquid assets" can be acquired with a remaining term to
maturity of half a period, "liquid assets" may be sold to the central bank
within its regulation of the money market and credits from the central bank

may be obtained for the remaining half of a period.

2. The llquidity problem of the baric

Since deposits may be withdrawn after the first half of a period,
while customer credits at this point of time may not or may only be cancelled
at extreme costs, the bank has a liquidity problem. In crder to meet the
deposit withdrawals the bank has to provide for central bank money. This
causes interest and liquidity costs (LK). In the beginning of the period, at
the time of planning, the withdrawals and therefore the liquidity costs are
probability distributed. The expected profits of the bank are reduced by
the expected value of the liquidity costs.

The following sources of liquidity are available to the bank:

Micro part 9

e
a) use of excess reserves (R, O)

K,e

L);

b) sale of "liquid assets" to the Bundesbank (L, i
= .e

¢) use of unused rediscount quota (B - BD’ IBD);
= .e

d) use of unused lombard quota (BL - BL’ IBL)'

. = e

e) violation of minimum reserve requirements (r[(l—r)D—Fj , 15);
. e

f) premature cancellation of credits (K - BD - B, 1p).

This - list of liquidity sources is ordered. It starts with the cheapest

one and ends with the most expensive one. The first four sources are someti-

mes added up to form the "free liquid reserves'.
e - -
7 F=R +L+(BD-BD)+(BL BL)

But instead of a positive deposit withdrawal there may be an unfore-
seen inflow of deposits (W < 0). For additional deposits arriving in the middle
of the period the following uses are assumed to exist:

a) repayment of lombard credits to the Bundesbank (BL’ i;L);

p .V, e
b) purchase of "liquid assets" from the Bundesbank (L" =<, i Y
c) accumulation of excess reserves (0, 0).

This list requires further comment. Firstly, it is an institutional feature
of the German monetary system that iombard credits from the central bank
can be repaid at any time while rediscount credits from the central bank

cannot. Therefore a repayment of rediscount credit does not appear in this

list.
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Secondly, also this list is ordered. It starts with the most profitable
use of liquidity. Liquidity will be acquired or used according to the economic
principle.

In acquiring liquidity a more expensive source will not be used before
the cheaper sources are exhausted. Inflowing liquidity will be directed to
the most profitable use. If that use is exhausted then the next best will
follow and so on. For the various sources and uses of liquidity there exist
various upper limits and prices which are indicated in brackets.

Thirdly, if we consider an economy that is closed with respect to
money and if the bank of our analysis is representing the aggregate of the
banking sector then interbank credits may be excluded as an additional source
of or use for bank liquidity. Fourthly, if the upper limit for additional custo-
mer credits in the middle of the period is actually both finite and independent
of the variables explicit considered in the model then the present exclusion
of additional customer credits in the middle of the period is of no analytical
consequence except that it rules out the study of exogenous changes of
these upper limits.

Fifthly, from the point of view both of an individual bank and of
the banking system as a whole additional "liquid assets” cannot exceed the
amount of "liquid assets" that the Bundesbank is able and willing to sell
on demand. I simplify matters by assuming that this amount is infinite so

that unexpected liquidity inflows in the middle of a period will never be

used to build up excess reserves.

Micro part 1

3. Further assumptions

a) To simplify the analysis we assume that at the beginning of a period
no change of quotas or of minimum required reserve ratios is expected to
take place within the period, while interest rates may be expected to change
in the middle of the period.

b) Minimum required reserves are restricted by

8) 0<r<l

c) At the beginning of a period interest rates are ordered as follows:

K v
L . oo
(9w g>igoniny >eign2aly 2 240,

With the exception of ip interest rates in (3) are determined by the

Bundesbank.

Thus, disregarding ip' (9) may be said to describe Bundesbank behaviour.
d) If the bank expects a change in interest rates then it does not

expect a change in the initial ordering as given by (9):

! K .V,e
(10) i§>ie>ie>nBeD>1L > " >0

e) The interest rate policy of the Bundesbank is expected (by the

bank) to be stable in the -sense that
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K,e .V . <
(1 i <2/c i with ¢ <1

where ¢ is the probability of positive withdrawals (W > 0).
f) With the exception of excess reserves (R®) there exists an interior

solution(j) of the maximization problem such that:

- > 0
BLB

fee]]
|
o)

(12 L,B,B,

Thus, it is assumed for the optimum that rediscount and lombard
credits from the central bank are taken but that the quotas are not exhau-
sted. The assumption of an interior solution also implies that the more expen-
sive lombard credits are used before the rediscount quota has been exhausted.
This is both empiricélly observable and economically plausible for the follo-
wing reasony firstly, as opposed to rediscount credits, lombard credits may
be repaid by the bank at any time. For unexpected deposit inflows repayable
lombard credits offer a better investment alternative than "liquid assets".

Secondly, although the lombard rate is higher than the discount rate
the possibility of early repayment of lombard credits compensates for the
disadvantage of the higher lombard rate and makes lombard credits an at-
tractive source of refinance from the Bundesbank before the rediscount
quota has been exhausted.

g) The probability distribution of deposit withdrawals in the middie

of a period may be assumed to be arbitrary with a few inessential restri-

Miero_part 13

(6)

ctions .

4. The liquidity cost function

The liquidity cost function as presented in the diagram is piecewise

Liquidity cost function

LK

Wmin  (1-1D-8L BL
. ' ' |
—— n A e =]
R® L BpBp BrBL | |Whax W
e r[i1-0D-F]
BL A
(-f(1-rd-F]
—— |I‘f9

L)
Numbering of abscissa intervals
]
{ | 1
: - o S R R N -

1 2 3 4 5 6. 7 8.

)

linear ' ’. The slopes of the linear pieces are determined by the interest.
rates which are given exogenously to the bank. The lengths of the linear
pieces and therefore the probabilities of the withdrawals to fall into the

various intervals are determined by the decisions of the bank.
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5. Optimality conditions
Since the objective function is concave, the first order optimality

conditions are both necessary and sufficient for a maximum of expected

profits.

The ifollowing conditions of optimality form part of an equation system

an L ZEE LY ey
2 oL

Gy o WOELK) Y
2 aBD

an & B0 L o =i
2 2B,

that may be analized by the standard methods of comparative static analysis.
orc e . .
A condition for R~ that is comparable with equation (13) together with as-

sumption (11) implies

(1), R® = o

Equations (2), (3), (13), (14), (15) and (16) form a system of 6 equa-

tions to determine the 6 unknowns Rr, Re, L, K, BD and B_ .

Mlcro part 15

6. Results

With very few and inessential exceptions all reactions of the bank
to changes in the predetermined variables are unequivocal(g). For reasons
of scarcity of space we shall discuss only a selection of results and prefera-
bly those results that contradict either directly or indirectly the ad hoc
assumptions of the BM-theory.

1) The holding of excess reserves is optimally zero (R® = 0). No change
of data within the range of our assumptions will change this optimal value.
The rate of interest on "liquid assets" would have to be expected to double
from the beginning to the middle of a period in order for positive excess
reserve holdings to be optimal. According to our assumptions the interest
rate policy of the central bank is not as unstable as necessary for this condi-
tion to be satisfied. If there are no "liquid assets" because they have been
abolished by the Bundesbank then a condition analogous to (11) holds with
respect to the discount rate. In order to interpret this result it should be
kept in mind that the present model is neglecting the transactions aspect
of excess reserve holdings of banks.

2) A change of the rediscount quote has the following effects:

(17) Fm—— = —D = | 3
8BD aBD
6(BD - BD) OF
B iy B 0
a8 3B
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a) Planned customer credits, i.e. the supply of credit will change to the
same extent.

b) The change of credit supply is refinanced by an equally sized change in
planned rediscount credits from the central bank.

¢} All other planned variables do not react. Especially, the amount of unused
rediscount quota does not change. But also excess reserves, "liquid assets"
and the unused lombard quota remain unchanged. Consequently, the sum
of these variables, "free liquid reserves", does not change either.

d) These effects have been obtained in spite of our assumption that the
rediscount quota has not been exhausted prior to its change. These results
may be made plausible without entering into the technical details of the
comparative static analysis by rewriting the balance sheet constraint

(2) by means of (3) and (7):

(18) F+K = (I0D+B +B

On the right hand side of (18) there are only exogenous variables.
If the rediscount quota is increased then the left hand side must increase
to the same extent. Given a ceteris paribus change of the rediscount quota
the volume of deposits and interest rates remain unchanged. Therefore plann-
ed "free liquid reserves" which act as precautionary buffer, presumably,
will not change either and the adjustment of the left hand side of (18) will

necessarily occur via the volume of credits. The mathematical analysis shows

Micro part 17

that this presumption is correct for the rediscount quota. It does not hold
to the same extent for the lombard guota due to liquidity cost effects which
derive from the possibility of an earlier repayment of lombard credits.

3) A change of the lombard quota has the following effects:

0K OF OBL
< —<1, 0< —‘—-<1 5 0 < —_——(1
3B B 3B
(19) . o g
' dB -B éB B -B)
0 < L_ <l, _D >0, D” 2 <0
aBL aBL d L

a) Planned customer credits, planned "free liquid reserves", planned lombard
credits and planned unused lombard credits will all change in the same
direction but not 'io the same extent as the lembard quota.

b) Planned rediscount credits from the central bank will also change in the
same direction but not to the same extent as the lombard quota. This
implies a reduction of the unused rediscount quota.

¢c) These effects have been derived under the assumption of an unexhausted
lombard quota (prior to its change).

4) Quota policies have been shown to be effective under the assumption
of the quotas not being exhausted prior to their change. Thus, the effective-
ness of a quota policy is not a corner solution phenomenon.

5) The effectiveness of a change of the rediscount quota is higher

than that of a change of the lombard quota. This is due to the liquidity

cost effects of the earlier repayment of lombard credits which is not possi-
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ble for rediscount credits from the central bank. (Lombard credits do appear the liquidity risk of the bank increases, to which the bank adjusts by in-
on the left hand side of the liquidity cost function while rediscount credits creasing the volume of "free liquid reserves". For given interest rates
do not (see figure 1). and refinance quotas it is optimal for the bank to extend “iree liquid

6) The effects of a variation of deposits are as follows: reserves" by increasing unused rediscount and lombard quotas. For given

quotas this requires a reduction of refinance credits from the central

oF ) o8, o8,
(20) 1-r> —~ >0, ¢&(F,D) <1, <0, <0 bank.

aD

fnb]
Ch
=
)

7) Further results are stated in table 1 and 2.

8) The bank's demand function for "free liquid reserves" can be writ-

a) Planned "free liquid reserves" rise with the volume of deposits.

ten as
b) The increase under a) is less than proportional, there are economies of
)] - . = . . v K .
scale’”’. (The elasticity ¢ of F with respect to D is smaller than 1). This “ea . iYi 1 I G
(21) F=F (nK, ips lgpy fppr i » 1  ippy ig igr lp’ BD’ BL’ D, r)
result contradicts the proportionality assumptions of the BM-approach. It = 0 + " n 0 - " + + 0 + 4+ -

(+) (+) (+) (+)

implies that the money -and credit multipliers of the BM-model are di-

rectly independent of the volume of deposits. At best the proportionality

. . , The signs below the variables represent the signs of corresponding
assumption and the assumption that the multipliers are independent of

: ) . . partial derivatives.
deposits may be taken as approximations of unknown quality to those

. . ) With one exception the signs in brackets hold for the case of a risk
relationships that have a microeconomic foundation.

1 . " , aversive bank only, the exception being the plus sign below the minimum
c) lf the volume of deposits rises then refinance credits from the central

. . required reserves ratio which is indicating plain equivocality in the risk neu
bank decrease. Both rediscount and lombard credits decline. This result

tral case and a subjective belief of the author that the minus sign is more
contradicts the BM-approach which postulates a positive proportionality
. . ] likely.
between refinance credits (borrowings) from the central bank and the

. 9) If we assume that interest rates do not change within a period
volurne of deposits.

but only change at the beginning of a period, then the following restriction
d) There is a simple explanation for the result under c). If deposits rise then

holds for all interest rates:
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(22) di = di
Comparative static analysis with restriction (22) implies a restricted

demand function for "free liquid reserves"

r, .V K . . .. == <
(23) F=F (1K, i Bpadgpe dpys i IP’ B, BL' r, D)
- + 0 + + + + 0 + -+
(+) (+) (+)
where
r -
aF _ OF J0F
di di 8i°
r
F
i] . JF - 0
BBD OBD (>0)
r
0 < alj = a;. < 1
8B bBL
r
0 < a‘_:- = aﬁ <1-f
oD oD

0 < e{F,D =¢(F,D.<1

7. Transition to macro analysis
In the macro part the following vector definitions will be used

23

Micro part
K

= 6,0 L0,
i el Vo ) R U™

G = (i1 B, EL. r

With these definitions the F' -function (23) may be restated as

(29) F = F (G, D)

The F-function of the macro part corresponds to the F'-function (24),

the index r being dropped for reasons of simplicity.

8. Implications for money supply theory (conclusion)

1) We have found that banks make liquidity provisions not by holding
excess reserves but by holding "free liquid reserves". However, "free liquid
reserves" are not a subset of the monetary base. Therefore, the monetary
base does not include the critical variables of the liquidity provisions of
German commercial banks. An alternative concept that avoids this defect

is the potential monetary base (Bp), which is defined as the actual monetary

base (B) plus "free liquid reserves" (F) minus excess reserves R5.

(25 BP= B+F-R®

In the German monetary system the Bundesbank cannot control the
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monetary base like an instrument (e.g. the rediscount rate). Still, after seve-
ral institutional changes of the monetary system, the course of the monetary
base can only be an intermediary target of monetary policy. This holds true
even for a system of flexible exchange rates. This is different for the poten-

(10)

tial monetary base which can be controlled as if it were an instrument
of monetary policy, while commercial banks determine the partitioning of
a given potential monetary base into the components actual monetary base
and "free liquid reserves" (minus excess reserves).

From this analysis the conclusion emerges that a money supply theory
for the FRG must use the potential monetary base as the critical scale varia-
ble. Analytically, the actual monetary base has no explanatory power but
is just one of several monetary aggregates that require explanation like
any other money stock variable. This statement may not be refuted by refe-
rence to high correlations between the actual monetary base and money
stock aggregates.

2) We have seen that there exist economies of scale in the provision
of liquidity by commercial banks. These economies of scale directly contra-
dict the assumption of linear homogeneity as used by the multiplier appro-
ach(“) of BM. Since the multiplier approach does not offer any technical

advantage in the analysis one is left to defend the approach as a useful

approximation, the quality of which is generally unknown.

|
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II. Macro part

1. Macroeconomic supply functions for money and credit
a) Conceptual preliminaries

The treatment of demand deposits as excgenous on the micro-level
was justified as follows: firstly, we assumed that commercial banks at given
rates of interest, at least in the short run, accept any volume of deposits,
. . e . (12)
i.e. their supply of demand deposits is infinitely elastic’™ . Then the actual
volume of deposits is demand determined. Secondly, we assumed that banks
take interest rates as given by the market. Thirdly, we assumed that banks
do not expect changes in their volume of deposits if they change their volu-
me of credits. These assumptions obviously imply that, at least in the short
run, deposits are exogenous (i.e. parametrically given) to the banks.

' - . ]

If these assumptions are maintained for any admissable set of
interest rates then the actual volume of deposits of an individual bank is
always demand determined and an independent supply function in the usual

) . :

sense does not exist . Thus, a supply function for the market (of deposits)
as a whole cannot be derived by a horizontal addition of individual bank
supply curves since the latter simply do not exist.

However, given the currency demand function of the nonbank public,

the minimum reserve requirements and the banks' demand function for free

liquid reserves, there exists an upper limit for the volume of deposits that

is both compatible with these demand functions and with the given stock
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of potential monetary base. The existence of such an upper limit may be

used to define the macroeconomic supply of deposits:

"The macroeconomic supply of deposits is that quantity of deposits
which via the currency demand of the nonbank public, the minimum
reserve requirements and the banks' demand for free liquid reserves
implies a demand for potential monetary base which is equal to the
given stock of potential monetary base".

b) Derivation
According to the preceeding definition the macroeconomic supply

. s . . . .
of deposits, D, is that volume of D which for parametrically given k, r,

G and BP solves the following stock equilibrium condition for the potential

monetary base:

(26) (r)D + F(G, D) = BP

where
(27) C = kD (currency demand of nonbank public)
(28) RT =D (minimum reserve requirements)
(29) F = F(G, D) (banks' demand for free liquid reserves)

We obtain the demand deposit supply function by solving (26) for

D® as a function of the parameters Bp, G and ks

S

=D E?,G,K
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A deposit supply D° implies a currency demand kD. The sum of the

q S
two is called the macroeconomic supply of money, M".

def
G M° = (+k)D°

For parametrically given G, BD and éL the banks' demand for free

liguid reserves, the macroeconomic supply of deposits, and the balance sheet

constraint (18) imply a volume of credit which will be called the macroeco-

nomic supply of credit K>

def
32 k® = 4D+ ED + BL -F (G, DY).

Applying (30) to (31) and (32) we obtain the macroeconomic supply

functions for money and credit:

33 M = M@BEP,G,K

ey K = kKB G,K

The total differential of (33) and (34) may be derived from the total

differential of (26), (31) and (32).

5 s . . -
The partial .derivatives of the M~ -and K - functions are given In

table 3.
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c) Propertles
From the sign properties of the demand function for free liquid reser-
ves, as determined in the micro section, the following sign properties of

the macroeconomic money and credit supply functions may be determined:

s S ,. =N = = ¥V . . Tl
65) M = M Gy, 8P, By By i gy gy v i 1 60 )
+ o+ - - - - - - .-
+ +
s s . =p = = .YV . R A
Ge K = K G, BP, S0 AP SR N i k)
N o p el " S

+ o+ ?
\}\J +1

For the proper interpretation of these results it is important to note
that the signs below (35) and (36) characterise partial derivatives, i.e. the
effect of ceteris paribus changes.

However, if either the rediscount or the lombard quota is changed
then the potential monetary base is automatically changed to the same ex-
tent (dl_3p = déx . x=D;L). In order to hold the potential monetary base
constant, while one of the quotas is changed a balancing open market ope-
ration is required. Therefore, the signs below E’D and BL represent the effect

of a combination of two actions of monetary policy, one’ action being the

quota change, the other one being the open market operation that eliminates
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(neutralizes) the implied change in the potential monetary base. The effects
of non-neutralized quota variations are specified in table 3 and are indicated
in (35) and (36) by means of special arrows.

The effects of neutralized quota changes may be explained by means
of (26). According to our micro results for the case of risk-neutral banks,
a c.p. change of the rediscount quota leaves desired free liquid reserves
unchanged and will not disturb an initial stock equilibrium for the potential
monetary base. The volume of deposits and money that is consistent with
the stock equilibrium condition for the potential base and therefore the
macro supply of deposits and money will remain constant. Since, in the pre-
sent case, both the supply of deposits and desired free liquid reserves remain
unchanged when the rediscount quota changes, it is obvious from the balance
sheet constraint (18) that the macro supply of credit will change by the

same amount and in the same direction as the rediscount quota:

CK
(37)-6—6— i |

When the lombard quota is increased, c.p., then desired free liquid
reserves increase and an initial stock equilibrium for the potential monetary
base will be disturbed. To reestablish it, the supply of deposits and there-
fore the supply of money has to decline. What is the reaction of the supply

of credit? Since desired free liquid reserves increase less than the lombard

quota the supply of credit declines due to the decline of the supplv of depo-
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Table 3 sits.
THE REACTIONS OF THE MACRO SUPPLY OF MONEY ;
(0, @ Therefore, there are two opposing effects on the supply of credit
AND CREDIT TO CHANGE IN ITS DETERMINANTS' "
and it is impossible to judge their relative strength without further informa-
&P B i Yo i r k i
% e b 5 L"ap'sL's 'y tion.
= If a quota change is not neutralized then it implies an equa! ch
JF, < L ange
am I m>1 IPSLLI T L m 2o w2F.p* <o |(m D<o 8 P e g
ax al BED (<0) aéL ax ar A
. of the potential monetary base. Therefore, the effect of such a change is
K s 250 | a0 e 8 iy e 20 | e B0 | 2 unt<o an® <o
ax LI 28, 3 ax e the sum of two partial effects, one being the effect of the neutralized quota
(<1, S0
change, the other one being the effect of the implied variation of the po-
The effects of non-neutralized quota changess tential monetary base. In this case the macro supply of money and credit
. . clearly moves in the same direction as the quota.
M am® M ;
LU Ry 5 . T Tt emll- —) >l It may be shown that the effect on the macro suppl
(>) 98 |d8P = dB o8 6B 3B (>0 y pply of money and
D D D D
credit of a non-neutralized rediscount quota change is larger than the corre-
o S &
oM oM® oM’ GF .
m > a—_ . = 5 * = m(l-——)>0 sponding effects of a change in the lombard quota.
B dB ] B SR A
L dBL 0B oBL aBL
Both - the money supply and the credit supply react in the same di-
K ok ak® 3F : .. . : :
m = — = + = (lva) (1 - ——) >1 rection to variations of the rates of interest, of the ratio of required reserves
(>) 0B [d” = of, a8® 08 38, (>0
and of the currency ratio. The sign of the reactions may be determined
S S ar,S
. g oK oK (1sa) ( oF ) by the kind of disturbance to the stock equilibrium condition for the po-
— = +— = (lsa) (1l - — ) >0
A= =p = ~ =P - =
¢ d8” = d JB oB 5 . ] .
BL 38 L o8 tential monetary base. Two examples may illustrate this point.
A rise of the ratio of required reserves leads to an excess demand
(1) Inequality signs in brackets hold for the case of risk aversive bank behaviour. for potential monetary base. The equilibrating volume of deposits, i.e. the
l+k OF z . . g N . . .
= dF macro supply of deposits must fall. This implies a2 reduction in the macro
(2) m= >IL,N=r — k, a S50 Z=1-rp
N an® L S~ .
N i supply of money and credit. A rise in the interest rate for bank credits,

ik, reduces the demand for free liquid reserves and therefore leads to an
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xcess supply of potential monetary base. The equilibrating volume of depo-
sits, i.e. the macro supply of deposits must rise, implying an increase in

the macro supply of money and credit.

2. Equilibrium in the credit market
a) Conceptual preliminaries

We shall now distinguish three sectors, the sector, of commercial
banks, the sector of private nonbanks and the state sector which includes
the central bank. The aggregate of the sector of private nonbankes and of
the state sector is called the nonbank sector.

The macro supply of credit is a theoretical aggregate the precise
content of which varies with the kind of macro model to which it is applied.
If the macro model contains as assets-money, bonds and shares and if banks
may buy and hold each of these assets then their supply of bank credit inclu-
des their stock demand for bonds and shares, in addition to their loan supply,
which either may be treated as part of their demand for bonds or as a sepa-
rate item.

The macro demand for credit is defined as the stock excess supply
of non-money assets of the nonbank sector. The excess supply of a non-money
asset is defined by the difference between the total stock (either in the
portfolioc of commercial banks or of non-banks), minus the non-bank stock
demand for this asset. The demand for loans may either be treated as par

of the stock excess supply of bonds or as a separete item.

B e
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If by legal or other contraints commercial banks are not permitted
to buy and hold certain kinds of assets then the corresponding assets should
be excluded from the supply and demand of credit aggregates.

Accordingly, the interest rate on bank credits, i is representing

Kl
a whole spectrum of interest rates, the spectrum depending on the kind
of macro model to which the money and credit supply model is applied.

For the present purposes the demand function for bank credit may

be specified as follows:

(38) Kd = Kd (iK, V)

where V is a vector of unspecified variables. The commedity price level
and the expected rate of inilation are examples of possible cemponents
of V. From the definition of Kd as stock excess supply of non-money assets

it is clear that the stock of any non-money asset included may also be treated

as a component of V.

b) Equilibrium interest rate

The equilibrium rate of interest for bank credits, iK’ is the solution

of the equilibrium condition for bank credit for given Ep, L ky 1y BD’ BL

and V:

u
~
w
=
B%
jo=]}
o
o
5
o
o

(39) Kd (ik, V)

- + + = = =
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The solfution function for ik iss Table &
REACTIONS OF THE EQUILIBRIUM INTEREST RATE FOR BANK
. . =p = = CREDITS TO CHANGE IN ITS DETERMINANTS(O' 2
(40) i =i B,B,B,Lnk V)
k k DL
= =TT v+ 4
N .
0/ :
mﬂ
s
X
The total differential of the ik-function, (40), may be derived from o
N
the total differential of the equilibrium condition for the credit market wﬁ’
(39). The partial derivatives of the ik-function are given in table 4. El
B
K R
c) Properties Y RS
4 3
The signs below the interest function are exactly opposite to the '—'g = ;
; > 2
corresponding signs below the credit supply function. This is due to the fact 5 § .
A : o
that if V is held constant then we only consider shifts in the credit supply S - o 4 i
. 3 v v 2 £
T it} - ~ Y.T 2
function for a credit demand function that stays put in the ik’ K space. = o [ v a8 2
] Q =Y x ':
Thus, the explanations given for the signs below the credit supply function = fu % e
S| » 3 s & 3
immediately carry over to the interest rate function. Lo o % s ' 2 El
: I 3 . " 5 *
. . e . g . v = Ey
If a quota change is not neutralized then the effect of a change in 2 ’ >|, 0 2 |'£_l 3
= 3 N g &R
the rediscount quota on the interest rate is stronger than the effect of a = i 2 2 i “ia £ e
S SIRE 2
comparable change in the lombard quota. This follows from the corresponding - z g e i o : o
m = g %ﬂ 'y l X
' ] i 2 o |
difference in the shifts of the credit supply function. e p o, L & '
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=1 = = g B}
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3. Reduced form equations for the macroeconomic supply of money and Table 5

credit
THE REACTICONS OF THE MACRO SUPPLY OF MONEY AND CREDIT

a) Derivation INCLUDING INTEREST RATE EFFECTs'” @

Given the interest rate function we can eliminate the interest rate

variabie ik from the supply functions (35) and (36) and obtain the following

. % - . - v, . ..
\ & By B ipteprieLsty E K
reduced form equations for money and credit.
am™" aF aF
= Tm>0 |-Tm<0 -Tym<0 T,m—<0 Tym—+ D% < o (1-Tlm)o‘<o
éx dx ar (>)
s, SsC ,=p 5 = .Y . . —
@n M = M7 (BY, BD, BL! IL’ lBD’ ‘BL, 159 IP’ ry k, V) -
+ = A T » = = == 3K aF 5F oF aF N .
— T,a>0 T |1{1+a) —{>0 T | 1d1sa) —20 =T, (l+a)—<0 T ({l+a) (—+ D)< O -T aD” <0
%+/ ax g e ab e | ak B ex Y o) N
w2 K = KITEP, B LB, i, i i, 6k V)
1 +D’ ,751-, L, BD’ BL’ S’ p’ 2 7
+ 7 - - N
W, ¢
o The effects of non-neutralized quota changes:
a Ms,r 9 Ms,r B Ms,r OF
The partial derivatives of (41) and (42) are given in table 5. Tm =— R s+ — = (T -T)m = T, ml-— ) >0
(>) a8 daBP - dB o BP F e * B
D D BD D
am™ aM™ oM™ 3F
TR = + = (T, -T)m=T, m{l -—) >0
. 4 = = 5 5 2 17 %3 4 o
b) Properties P P
) Prope 38 dB dB, 3B 2B 3B
By comparing reduced forms with nonreduced forms of the supply oK™ k> ax™ aF
T4(1+a) 5 . _ = = + B s Tﬂ(ha) (- —:-) >0
of money and credit various observations can be made: (>) 9B, dB8” = dB ) 3By a8,
, , ak™" ar>" B e F
Firstly, the signs below the exogenous determinants of the money Tq(l+a) > i P = T (lsa)(l ~—) >0
A P - 4a AP’ i & ’ i
BBL dB" = dBL 2B BBL aBL

and credit supply functions are the same for the two types of functions.

In order to explain this observation we compare table 3 and 5 and find that (1) Inequality signs in brackets hold for the case of risk aversive bank behaviour.

. . ; . (2) m and a are defined in table 3, ¢ is defined in table 4 and the T. are specified in the appendix.
the reaction coefficients in table 5, with few exceptions for the money supply, _ i

emerge from those in table 3 via multiplication by Ti—iactors which are
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both larger thanthan zero and smaller than one (see appendix). Obviously,
the multiplication by Ti-factors implies a reduction of the absolute size
of a coefiicient, i.e. a reduction of effects. This reduction and the exceptions
for money supply will be explained next.

i one of the exogeneous determinants of the supply of credit is chang-
ed then in general both the supply of money and credit change directly and
the equilibrium of the credit market will be disturbed. The equilibrium inte-
rest rate for bank credits will be changed and will feed back to the supply
of money and credit. The interest rate effects on the supply of money and
credit are indirect, opposed to the direct effects and reduce the direct ef-
fects. For logical reasons the indirect effects can never be stronger than
the direct effects. If the demand function for credit is never completely
interest-inelastic then the indirect effects will with certainty be smaller
than the direct effects.

With respect to the exceptions for the money supply the following
may be said. If, in the case of risk neutrality, the rediscount quota is changed
then there is no direct effect on the supply of money and there is only the
indirect effect via the interest rate. If the lombard quota is changed then
the rate of interest may rise or fall and the indirect effects via the interest
rate are not necessarily opposed to the direct effects on the money supply:
A similar statement holds for a change of the rediscount quota in the case

of risk aversion.

Secondly, the reduced form equation for the supply of credit is also

.
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an equation for the equilibrium supply of credit. This is an implication of
the equilibrium interest rate for the bank credit market. The reduced form
equation for the money supply is not necessarily an equation for the equili-
brium quantity of money. Only if the number of assets distinguished in the
economy is reduced to two will a credit market equilibrium imply a money
market equilibrium and vice versa.

Thirdly, the explanations for the signs below the non-reduced form
equations for the macro supply of money and credit may be transferred
to the reduced form equations.

Fourthly, even if interest rate effects are included non-neutralized
changes of rediscount quotas still have stronger effectﬁ on the supply of
money and credit than non-neutralized changes (of equal size) of lombard

quotas.

4. Completion and extensions
The analysis presented needs to be completed by introducing a price

to the bank credit rate i (in a man-

function that links the deposit rate iD K

ner consistent with our assumptions) and by treating the currency ratio as
a function of iD. The results of this macro section may easily be generalized

by allowing for other kinds of deposits besides demand deposits and by using

different concepts of the money stock.




Conclusion (Implications for monetary policy)

1) "Free liquid reserves" are an important variable for monetary poli-
cy, not as a separate variable but as a component of the potential .monetary
base which is defined as the sum of the actual monetary base and "free
liquid reserves” (minus excess reserves).

2) According to the analysis presented extensions (contractions) of
quotas for rediscount' and lombard credit have expansionary (contractionary)
effects on the macro supply of money and credit even if quotas are not
exhausted prior to their change.

3) Not the actual monetary base but the potential monetary base
is the proper scale ..variable for monetary policy in Germany. If the Bunde-
sbank is freed fromh obligations -like those within the European Monetary
System- to intervene in the foreign exchange market then it can control
the potential monetary base while it cannot control the actual monetary
base even if it abstains from interventions in the foreign exchange market.

4) A reintroduction of those "liquid assets" (Liquiditdtsanlagen) which
were abolished by the Bundesbank in the Seventies would not be an obstacle
to perfect control of the potential monetary base. Their former elimination
appears to be the consequence of a misguided preoccupation of the Bundes-
bank with the actual monetary base.

5) Both the actual monetary base and "free liquid reserves" are mislea-

ding indicators ¢f monetary policy in Germany. The former attack of the
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monetarists on the use of "free liquid reserves" as an indicator of monetary
policy was justified but misguided to the extent that it suggested the repla-
cement of "free liquid reserves" by the actual monteray base. According
to the analysis presented the iwo concepts should be synthesized into the
potential monetary base.

6) During certain periods of the past the upper limit for Bundesbank
lombard crgdit to an individual bank has not been preanncunced explicitly
to the individual bank. An upper limit existed nevertheless and in the process
of planning was taken into account by the individual bank in a subjective
manner. However, in order to obtain an objective value for the potential
monetary base the Bundesbank should preannounce the lombard quota to

each individual bank as explicitly as it is done for the rediscount quota.




List of symbols

banik credit interest rate

[

k
i\]/_ sales or offer rate (of Bundesbank) for "liquid assets"
i‘;‘ buying or bid rate (of Bundesbank) for "liquid assets"
iD deposit rate of interest
iBD discount rate (of Bundesbank)
iBL lombard rate (of Bundesbank)
ilBL . expected average lombard rate of a period
E é‘(iBL * i;L)
iS penalty rate for violation of minimum reserve requirements
ip penalty rate for premature cancellation of credits
r rate of_ required reserves
F "free liciuid reserves" =—_'Re + L+ (BD - BD) + (BL - BL)
K bank credits
L "liquid assets"
D deposits (exogenous)
BD rediscount credit
BD rediscount quota (exogenous)
BL lombard ceredit
éL lombard quota (exogenous)
BD - BD unused (part of) rediscount quota
EL - BL unused {part of) lombard quota

R total reserves
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e
R excess reserves
R minimum required reserves
W withdrawals
E expected value operator
€ index for expectations (exception: e = excess in R®)
w! (1 -n)W liquidity needed
F) X . .
E(y, x) 9., 2 = elasticity of y with respect to x
ax y
Pr profits
1 = (iv iK i i i., i ), vector of interest rat
=My i 'sp? 'L ST D ates
G a(iK, I, BD’ EL’ r) vector of interest rates and policy parameters
BP potential monetary base
D° macro supply of deposits
M macro supply of money
K macro supply of bank credit
M reduced form macro supply of money
K> reduced form macro supply of bank credit
A vector for unspecified determinants of bank credit demand

B
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aKd " 3 '
— =:=>.0 i Tu = T5 = O<Tl = T2 = 1'3 = T6<l
61K
dF
T, >—
< -
3 a
L
(A3)
d
= T < = T, =T
BT T, = 0<Ty, Tyl 17
alK T -__-aF T. = 1-T
3 - OB ¥ "5 3
L
0 = T6 = _a_‘i_ <1
aBD
(<)

Footnotes

(1) This can be verified by examining the following work: Brunner,
Meltzer (1968), Brunner (1973), Burger (1971), Neumann (1977), (i977), Siebke,
Willms (1970), (1974), Willms (1971). For the, institutional environment of
the US the contributions of Klein (1971), Porter (1961) and others could
be considered as a microfoundation. However, typically the representatives
of the BM-approach do not refer to this body of literature. For the envi-

ronment of the FRG such a reference would be entirely misplaced.

(2) In the ‘eyes of the author these restirictions on the sources of cen-
tral bank money form the strongest limitations of the present analysis. In

future work they will be eliminated with priority.

(3) At times the Bundesbank does not announce explicit upper limits

for lombard credits. For such cases BL is a symbol for the upper limit of
lombard credits as expected by our representative bank. Unfortunately, these

expected values are generally not true, only approximate certainty equivalents.

(4) This assumption is a technically simple special case of the more
general assumption of a fixed upper limit for the additional credits possible.

The crucial point of this assumption is not that additional credits cannot

be granted but that the amount of additional credits possible is assumed




48 Footnotes

to be invariant. The explicit introduction of a fixed exogenous nonzero upper
limit would not change the following results. The author believes that an

endogenous upper limit will not alter the results qualitatively in an essential

way.

(5) The assumption of an interior solution is consistent with empirical-
ly observable states of the corresponding macroeconomic aggregates. Typical-

ly, in the aggregate, quotas are not exhausted.

(6) 1t is necessary throughout that the density function of withdrawals
is not ascending above the fifth and sixth interval (see the numbering of
intervals in the diagram for the liquidity cost function).

Further rest;'ictions are only necessary in order to determine the
effects of a variation of deposits and can be formulated as alternative sets
of sufficient, nonnecessary conditions. In one alternative the density function
has to be a negative function of the volume of deposits (D) for W » 0, indepen-
dent of the volume of deposits for W < 0 and the ratio of probabilities above
the seventh and eigth interval has to remain constant if these intervals

are maintained while the volume of deposits is changed.

(7) If deposits are withdrawn then required reserves are liberated.

Therefore, liquidity is needed only for that part (W") of the outflow of depo-

sits (W) which is not covered by required reservest W' = (1-r) W.

| B
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(8) If "liquid assets" do not exist then both equation (13) and the unk-
nown L disappear from the model. The results presented under 6.1) - 6.6)
will change neither quantitatively nor qualitatively. This follows from the

recursive structure of the equations (13) - (15).

(9) The economies of scale of the model are a consequence of the
lombard quota. They are not derived by applying the law of large numbers

to the stochastic withdrawals occuring in the middle of a period.

(10) If we neglect the interventions in the foreign exchange market
to which the Bundesbank is obliged by international treaties, to my knowledge,
there is only one feature in the monetary system that stands in the way
of perfect control of the potential monetary base. This is the opportunity
of commercial banks to sell (via the Privatdiskont-bank-AG), prime bankers'
acceptances to the Bundesbank. Within an institutionally fixed but rather
low ceiling (4. Mrd. DM = 4 billions of DM) the Bundesbank is acting here
entirely passively. Since this ceiling is not allocated by the Bundesbank to
individual commercial banks similar to rediscount quotas its analytical treat-
ment in our micro analysis cannot be similar either. Prime bankers' acceptan-
ces are usually treated as part of "liquid assets". From the point of view
of controlling the potential monetary base the Bundesbank has abolished
the wrong part of "liquid assets" when it stopped the money market regula-

tion for treasury bills while maintaining its standby facility for prime bankers'




50 Footnotes

acceptances.
However, the control problems arising from prime bankers' acceptance
are not limited to the control of the potential monetary base but fully extend

to the control of the actual monetary base.

(11) Here, the term multiplier approach is applied to a system in
which all scale or level variables vary in proportion to the volume of demand
deposits. In particular, liquidity provisions and borrowings from the central

bank vary in proportion to the volume of demand deposits.

(12) T do not deny that banks may associate a single preferred volume
of deposits with a given set of conditions and that in the long run will try
to be on a non degeﬁerate supply curve in the usual sense. But in the short
run sense, relevant for money supply theory, banks accept any amount of

deposits at the given set of conditions.

(13) These assumptions may look stronger than necessary. Alternative-
ly we might have assumed that the bank is a market maker in the following
sense. It sets bank credit rates and deposit rates with a long run profit maxi-
mizing perspective and then stands by to accept, in the short run, any volume
of deposits forthcoming. With uncertainty about customers' demand fcr de-

posits, the bank, at least in the short run, would not be in a position to

control the actual volume of deposits by choosing the level of deposit rates

51
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while it may have control over the expected value of its deposits. Since,
in our model, we are dealing with the bank's problem of allocating actual
deposit inflows deposits would under these assumptions again be exogenous
to the bank. However, this weaker set of assumptions would be inconsistent
with our.intention to derive a price taker's bank credit supply function that
together with a credit demand function allows to determine a competitive
equilibrium rate of interest on bank credits and, via a price setting function,
of the deplosit rate. Such an inconsistency could be avoided by assuming
that the bank is a price taker on the bank credit market while at the same
time acting as a monopolistic price setter on the deposit market. However, it
seems difficult to justify such an asymmetry of assumptions and we have

chosen to follow the BM-approach with respect to modelling the credit mar-

ket.

(14) As long as iK is not determined the deposit supply function con-
i i i - t just of a line
sists of the whole price (lD) - quantity (D) - space and not ju
. . ined
or another subset of that space. At the same time 1 cannot be determine

on the credit market without knowledge of the volume of deposits that one

wants to determine via demand and supply of deposits.
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