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This paper studies movements in the ratio of free liquid reserves of West (German commercial
barks to total GEposiis over the period 1960-1980. The desired ratio is assumed to depend
positively on the ‘own yield’, measured by recently experienced variance of the required-reserve
ratio (a proxy for portfolio adjustment costs avoided by holding free reserves), and negatwely on
the yield on alternative assets. The observed free reserve ratio also responds to changes in the
Bundesbank’s holdings of foreign exchange and net government deposits. Empirical tests on
quartsrly data support the hypothesis, though behavioral shifts occurred in 1966 and 1973,

1. Introduction

In examining the money sipply process and the functioning of monetary
policy in the Federal Republic of Germany in the last twenty years, the free
liquid reserves of commercial banks are of centrzl importance. Factors
leading banks to adjust their desired level of free reserves relative to deposits,
as well as those influcnces causing the actual free raserve ratio to deviate
from its desired level, result ceteris paribus in 110ney stock changes.
Furthermore, the Bundesbank has regarded the commercial banks’ reserve
position as a proximate target for monetary policy during much of the
period studied.

In this paper, we investigate the causes of movements in the free liquid
resecve position of West German commercial banks during 1960-1980. Our
work builds on the recent study by Richter, McMahon and Regier (1978),
but differs most importantly in that we successfully introduce a novel
behavioral variable -~ a moving variance — to measure banks’ anticipations

“*Much of the-work on this paper was done when the latler author was Richard Merton
Vm'uns “the University of the Saarland in 1979, We arc indebted to the Deutsche
Fonmhungswnmnschaﬁ:for financial sup_urt and to the Deutsche Bundesbank for data and
advice.: Norbert  Juchem gave us valuable assistance in data gathering, processing and
computation. -For comments ‘and suggestions we wish particularly 10 thank Dietrich Liideke,
Patrick-McMahon, and Fans Schaceweiss.
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concerning movements in che average required reserve ratio and hence the
benefits of maintaining a given free reserve position. This innovation enables
us to use a single behavioral hypothesis to explain movements in the free
reserve ratio over the whole period 1960-1980. In contrast, Richter et al.
employed two somewhat different specifications for the subperiods 1960-1966
and 1966-1972, and they did not investigate behavior in the post-Bretton
‘Woods years 1973-1980 at all. We find, as they did, that some structural
change occurred during the period studied.

2. Institutioral background

Free liquid reserves initially were defined by the Deutsche Bundesbanx to
consist of commercial bank excess reserves, plus certain assets which the
banks could convert into central bank reserve deposits at their initiative but
on terms set by the Bundesbank (specifically, domestic and foreign-currency-
denominated money market paper), plus the unused part of the rediscount
quota set by the Bundesbank for the commercial banks, less borrowing fromn
the Bundesbank with securities as collateral (lombarding’).! Following the
collapse of the fixed-exchange-rate system in 1973, bank holdings of foreign
money market instruments were dropped from the definition since the
Bundesbank no longer was obliged to buy them, when offered, to defend the
exchange rate. In 1973, furthermore, the Bundesbank shifted its focus from
net free reserves as defined above to a gross concept in which lombarding
was disregarded, and it began to report monthly average rather than end-of-
month free reserves data. In this study, we have followed the Bundesbank in
omitting bank foreign money market claims beginning in 1973; but we have
chosen to net out lombarding over the whoie period for reasons discussad in
footnote 9 below, and we also have used end-of-month data throughcut to
preserve comparatibility.?

Over the period studied, the Bundesbank has attempted to influence the
quantity and termas of bank credit by using its instruments of control to
affect the level of free reserves. These ir-truments have included rediscount
quotas and rates; the quantity of money market paper available and the
terms on which it could be bought and sold; and, most importantly, the

'For a detailed definition of the specific securities included in euch of thesz categories, see
Instruments of Monetary Policy in the Federal Republic of Germany, Deutsche Bundesbank, 1971,
p. 1.

2*Neuabgrenzung der ‘freien Liquiditiitsreserven’ der Banken', Monartsberichte der Douischen
Bundesbank, Juni 1973, pp. 47-4%. See also Die wdhrungspolitischen Insticutionen und Instumente
in der Bundesrepublik Deutschland, - Deutsche :Bundesbank,: Mirz 1980, p.-27. Complete
definitions of free liquid reserves in the two periods are contained in the appendix to this paper.
Notice that in our calculation of net free reserves for 1973-1980 we have also deducted the
newly-included caiegory ‘trade bills bought under repurchase agreements on the open murket’ as
weli as lombard loans because we consider this to be in effect another kind of borrowed reserve.
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_schedule of reserve requirements for bank deposits.®> Changes in this schedule
affect free hquid reserves directly by altering the amounts of excess and
required reserves held by the banks, However, there are potential points of
slippage in the Bundesbank’s ability to control free reserves closely. During
the fixed-exchange-rate period, for example, free reserves increased when the
Bundesbank was obliged to purchase doilars to defend the fixed doliar/DM
rate; and while it tried to use other means to offset this expansion, such as
reserve requirement changes, those measures usually were not very
successful.* Even though this obligation no longer exists, the Bundesbank’s
foreign exchange operations may still affect free reserves. Changes in deposits
of subsidiary governmental units at the Bundesbank will also affect bank
liquidity if offsetting action is not taken. As will be seen, we have included
these considerations in our woik. Finally, it has been the Bundesbank’s
practice to provide short-run accommodation in response to shifts in the
banks’ demand for base money, via, e.g., increasing the amount of advances
on securities (lombard loans) outstanding. However, such accommodation
reduces the leve! of net free reseives, the measure used consistently in our
study,® and there will likely ensue corrective adjustments in bank portfolios
such that there may not result very much long-run slippage.®

*The Bundesbank's most important instrument for influencing the liquidity of the banks is the
: dnimum reserve requirement.’ *Notes on the Bundesbank’s Liquidity Analysis’, Monthly Report
of the Deutsche Bundeshz k, July 1970, p. 29.

*CI. Instruments of Monetary Policy ..., 1971, pp. 29-30. As mentioned in footnote 19 below,
there is almost no corre'ation between change: in the B:uadesbank’s holdings of foreign
exchange and the reserve ratio of the cornmercial banks over the period studied.

In netting borrowings against gross free reserves, we are following the procedure used in
several other studies. See, e.g, Meigs (1962, p. 3). and for an historical overview, see Cagan
(1969, pp. 267f1). Cf. footnote 9 below for a further discussion of net vs. gross free reserves.

SBefore 1970, lombarding was of relatively minor importance, but thereafter its use grew
rapidly, and various measure: were initiated by the Bundesbank as a consequence. In the
autumn of 1970, it introduced a ‘lombard mrargin’ equal to 20 percent of a bank’s rediscount
quota. On May 30, 1973, the Bundesbank ceased providing lombard loans altogether, as part of
its effort to reduce froe reserves substantialiy and to shift the focus of monetary policy from free
reserves 1o the direct control of the creation of central bank money (cf. Report of the Deutsche
Bundesbank for the Year 1973, p. 3). But late in 1973 it began providing ‘special lombard credits’
and as of July 23, 1974 it began granting ordinary lombard credits without restriction. In
response, commercial bank usage of this facility grew very rapidly, and from September 1979 to
February 1980 the Bundesbank reintroduced a ‘lombard margin’ cquai to 15 percent of a bank’s
rediscount quota. As ©f February 19, 1981, the Bundesbank again stopped making ordinary
lombard credit available but made provision for special lombard credits. Through all of these
changes, it has held that lombard loans are not a permanent source of bank funds but rather are
simply a means for bridging temporary liquidity shortages and has stated, ‘The banks bz ¢ no
general claim to refinancing by the Bundeshank...Whether an advance on securities [ie., a
lombard loan] is granted depends on th. general credit situation and tne situatios of the
individual borrower. In principle the Bundesbank grants an advance on secur:ties only when it
is required to bridge temporary liquidity difficulties, and when the Bank has no objections to the
puroses to which the advince is to be applicd’. Instruments of Monetary Policy...,1971, pp. 29
and 33.
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3. The free liquidity ratio: A behavioral hypothesis

Let us begin by defining the free liquidity ratio A= FR/DTSF, where FR is
total commercial bank net free liquid reserves as defined earlier and DTSF is
the sum of demand, savmg, time, and foreign deposits held by the
commercial banking system. In our work, DTSF is used as the scaling

variable instead of total bank assets because of the unavailability of a
consistent data series for the latter variable over the time period covered by
this study.” To explain movements in this ratio, we follow the standard
wealth-allocation paradigm: the desired free reserve ratio A* should depend
positively on the ‘own yield’ on free reserves and inversely on the yields on
alternative portfolio components (bonds, business loans). The main
inncvation of the present study is the approach taken to the definition and
measurement of these yields, particularly the ‘own yield’ on free reserves
which we will discuss next.

3.1 The ‘own yield’ on free reserves

‘While some of the components of the free reserves definition pay explicit
yields, it is our conjecture that the relatively low market rates of return
characteristic of these assets do not provide adequate incentives for the
banks to maintain their observed free reserve positions.® If banks faced no
uncertainty concerning the near-term futare, particularly as regards the
required reserve ratio, they would probably hold very modest amounts of
gross free reserves relative to deposits and possibly would be willing to
borrow very heavily (if they were allowed to do so) so that their net free
reserves might typically be well below zero.

However, unexpected changes. in the required reserve ratio — the
Bundesbank’s most actively used policy instrument — or in other factors
influencing free reserves can impose heavy adjustment costs on vulnerable
banks in the form of forced changes in loans and in holdmgs of tonds and
other assets; and under this kind of uncertainty, together with some
reluctance and/or inability to extend their borrowing indefinitely, banks may
well find it rational to increase their free reserve holdings over the position
they would maintain under certainty.” Furthermore, the greater the amount

"As of April 1969, balance shect data for building associations and some other financial

institutions were added to the financial statlstics, creating a dlscrepancy in the data on total
bank assets.

8Sore studies of commerciul bank behavior in the Federal Repubhc have used various short-
term interest rates (o0 measure the ‘own. yigld’ of free rese"ves, In-Richter-et ak (1978) the ‘three-
month loan rate is-employed, while in: Komg et al. (1977) the Bundesbank: s:llmg rate for open
marke: papers is a determinant of commercial: bank ‘holdings of these: Papers. s o

“Notice that there is no inconsistency between our-basic concept of free reserves as a bulfer
against unexpected reserve rcquxrement changes and other shocks and our use of net free
reserves — which may be negative wli:n borrowings are large —- rather than gross free reserves
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of uncertainty, the more highly banks will tend to value a given free reserve
position, and the more free reserves are likely to be held relative to other
assets. Therefore we define the ‘own yield” for a given free reserve position as
the banking system’s subjective expectation, over the planning horizon, of the
revenue loss which car be avoided by maintaining that oosition.!°

This expectation cannot be observed directly, so an important question for
our empirical work is how to quantify it adequately. The effective reserve
ratio changes on account of both policy initiatives of the Bundesbank (which
made 54 changes during 1960-19%0)'* and shifts of deposits among
categories subject to differing reserve requirements. Its movements from 1960
tc 1980 are shown in fig. 1. In such an environment, it is intuitively
appealing as well as consistent with other recent worX to suppose that banks
refer to their recent past experience in forming expectations of this kind.'?!3

as the focus of our study. Indeed, the possibility of borrowing, if it exists, is one of the safety
valves available to bariks. However, as indicated in footnote 6 above, there are definite lanits on
the amount of borrowing which the Bundesbank will permit (and sometimes this limit may
theoretically be zero), and it is probably also the case that the banks become increasingly
reluctant to borrow, the larger are their existing borrowings. Therefore we argue that net free
reserves are a more unanbiguous measure of the banks' liquidity position than gross fres
reserves, because a given amount of the latter could correspond to any number of net free
reserve positions for difle -ent levels of borrowing. In particular, we hold that there is nothing
uniquely meaningful aboat a zero level of gross [rce reserves, as the Bundesbank seems to
believe.

'"Note that, in a world of uncertainty, banks would probably find it advantageous to increase
their net free reserve holdings as compared to the certainty case even if a given reserve ratio
now s viewed as the mean of a symmetric subjective probability distribution cver possible
future reserve ratios. In other words, they now find it to their advantage to hold more nei free
reserves relative to deposits even if reductions in the existing ratio are thought to be just as
likely as increases. This only requires that the adjustment costs imposed by increases in the ratio
are greater than those imposed by decreases, as seems very likel:.

"For details, see “Verzeichnis der in der Zeit vom Januar 1960 bis Dexember 1979 in den
‘Monatsberichten der Deutschen Bundesbank’ ers:hienenen Sonderaufsdtze und Kommentare zu
Kreditpolitischen MaBnahmen', pp. 91 in Monatsherichte der Deutschen Bundesbank, December
1980 (supplement).

12Alternatively, the modeling of commercial bank expectations might be approached from a
rational expectations perspective. To work along these lines wonld require reference 0 some
kind of structural macromodel, includirg a model of Bund:stank behavior. We have not
developed such models, and our work is somewhat more in the spirit of the adaptive
cxpectations approach (in fact, it is formaily equivaleat to the polar version of that procedure, 11
which the weight on the most recen: historical observation is unity). Friedman (1979) has argued
that adaptive expectations may be a good approximation te optimal least squares forecasting,
whic 1 in turn is interpreted as being consistent at least with thz spiiit of ratic.aal expectations. It
18 in*aresting to note, incidentally, that if the rational expectations hypothesis were used i the
present context, 8 ‘strong’ or ‘semi-strong’ version of it, in the sense discussed, e.g., bv Shiller
(1975, p. 4), Fischer (1930, p. 212, fn. 2), and others, would bave to be applied. In this version,
behavior depends on higher moments of the subjective probability dis.ribution beld by economic
units than merely the mean (in the present paper, commercial banks™ behavior depends on their
perczption of the variance of the reserve r-:'n),

'3A similar procedure for tepresenting near-term uncertainty has been used recently by other
authors, e.g, by Modiglieni and Shiller (1973) in their study of the term structur: of interest
rutes. Their appreach o+ zinzted in the vork of Richard Sutch, as evidenced by th: following
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Consequently, we have chosen to represent such expectations for the near-
term future by the variance in the average reserve ratio actually experienced
over recent months.'* We shall denote this variable R: the hypothesis is that
the greater is the recently experienced variance in the average reserve ratio,
the more variancz {(or greater uncertainty) will te anticipated for the near
future. And the greater the uncertainty about the future, the more free
reserves will be held relative te deposits. Since, for a given deposit level, free
reserves are valued more highly the greater the degree of uncertainty
concerning the future, the variable R can be viewed as a proxy for the
subjective ‘own yield’ on free reserves.!*

statement in their paper: ‘In [his unpublished Ph.D. dissertation at the Massachusetts Institute
of Technology, ‘Expectations, Risk and the Tenn Structure of Interest Rates’, 1968], Sutch
hypothesized that if long-term bonds command a positive premium, as they seem to do, then
this premium might be expected to rise if there is greater uncertainty about the future course of
interest rates —— ie., greater probability that the actual pata might deviate from the exp:cted
path, described by the expectational model. He further suggested that a reasonable measure of
uncertainty might be provided by the varidbility of the short-term rate in the immediately
preceding period. He found that this variable had the expected positive sign and contributed
moderately to explaining the movements of the long rate... Fellowing his lead we have,
therefore, added to the explanatory variables an eight-quarters moving standard deviation of the
commercial paper rate.... [R]esults obtained by modifications of the basic specifications
uniformly confirm the importance of this variable and yield rather stable estimates of its
coefficient. The Sutch hypothesis and approximation receive, therefore, empirical support... .
[Modigliani and Shiller (1973), pp. 23-24).] _

1“We shall argue below that shocks arising frot1 other sources (e.g., from changes in the
Bundesbank’s holdings of foreign exchange, or frorn changes in net government deposits) do not
affect the desired fiee reserve ratio 4* but result in changes only in the actual ratio 4 (see the
discussion in section 3.3). For a precise definition of the manner in which the expectational
varizble R was constructed, see the notes on variable definitions and data sources in the
appendix. In specifying R in this way, we are aware that a bank’s anticipations regarding future
movements in the average reserve ratio presumasly entail judgments as to both the amplitude
and frequency of such movements. We have not attempted to measure the frequency of changes
in R directly. The variable R measures only the amplitude of changes in r but may also embody
frequency considerations indirectly to the extent that there exists a systematic relationship
wiween the amplitude of reserve requirement changes and their irequency. We have
experimented with various time spans in the calculaticn of R, but we ‘ound that the results are
not very sensitive to this consideration, ~t least within several months of the span actualiy used
(the most recent 18 months). Finally, there are alternative ways of d:picting dispersio, such as
the standard deviation or coefficient of variation. We have chosen the variance over the
standard deviaiion only because the staustical results are slightly better in most cases; however,
the differences are smell and the same qualitative results emerge. We have also carried out
¢ tensive tests using a version of the cocfficicnt of variation. This variable actually gives slightly
better statistical fits than does the variance [luwever, it seems to us that the logic of bank
behavior leads to the choice of a pure measure of dispersion rather than one scaled by the mean.
The notion is that if free reserves basically are fulfilling a buffer-stock function as we
hypothesize, the current or average levei of the reserve requirement is of no consequence in
making the decisicn regarding the amount of free reserves to hold. What does matter is holding
enough free reserves to provide adequate protection against re:erve requirement changes.

15Some studics include the rate for ban'. vorrowings (e.5 the lombard rate) as an argument in
the frec reseives function on the grounds that the higher the free reserve ratio, the ess likely will
be the necessity of borrowing and that the higher is tie borrowing rate, the more such
protection is desired. In the Federal Republic, changes in the torrowing rate are reflected in
changes in the rate on bank loans and so we have disregarded it in this study. Cf. Cagan (1969,
pp. 252-262).
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3.2. The cpportunity cost of holding free reserves

In an uncertain world, with high potential costs of adjustment to reserve-
requirement changes and other shocks and with free reserves functioning
primarily as a buffer, we would not necessarily expect the free reserve ratio
to respond sensitively to day-to-day variations in some representative short-
term money market interest rate, although this of course rcmains an
empirical question which we have tried to address. The problem of
measuring the effect of changes in a short-term rate z on the free reserve
ratio 4 is complicated by the fact that some of the assets which comprise frec
reserves themselves pay a yield which may affect A positively but which may
be correlated with z. Another complicating factor is that causality runs
strongly from A to z as a result of changes in deposits shifting the banks’
demand for free reserves for a given supply.!® As a practical matter, we have
not been able empirically to separate clearly the causal effects of changes ir. z
on A from the feedback effects of changes in A on z. To the extent that we
included z in our preliminary 1cgressions, we found that it generally did not
perform well.!”

'$This process is shown clearly in the figure, in which the supply of free reserves is assumed io
be fixed at FR,, while the demand is assumed to rise due to an increase in toial deposits from
DTSF, to DTSF,. When deposits increase for a given amount of {ree reserves. ihe free reserve
ratio 4 declines, so the consequence of the deposit shift will be an observed *::verse movement
between A and » However, this reflects causality running from 1 to z, whereas our hypothesis is
concerned with the ~artial effects of changes in z on the demand for free reserves given total
deposits (that is, with the slope of the demaud curve in the figure).

z

\\\D(z, DTSFy, ...
Zl ——————
D(z, DTSF), ...)

1

FRo Free reserves

'"Sorne work has recently been done on the causal relationships among the frec reserve ratio,
the effective reserve requirement, and the short- and long-term interest rates in the Federal
Republic over the two subperiods 1960-1972 and 1973-1978 (timespans which closely match
those treated in the present paper) using modern time series methodology. Applying Pierce-
Haugh and Granger causality tests, Baillie, McMahon and Regier (1980) found evidence of
inverse two-way causality between 4 and z in 1960-1972; while for. 1973-1978 they reported a
significant negative correlation between:the two variables at lag zero as well as.evidence that
past A caused z. There is alsc some evidence prasented: in this paper indicating causality from A
to the long-term interest rate i. However, in a subsequent paper by Baillie and McMahon (1981),
this latter evidence is shcwn to be suspect, and it is concluded that ‘... There is no evidence of
direct causation from A to i’. The evidence on causality between A and z is consistent with ‘he
discussion in the text and in footnote 16 above.
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However, we dc not expect the banking system’s free reserve position to be
entirely insensitive to opportunity costs. It would appear (¢ s that a long-
term interest rate is a more logical measure of these costs than is a moncy
market iate. If the prime function of free reserves is to act as a buffer,
shiciding banks from the necessity of making unnecessarily frequent and
costly adjustments in the longer-term part of their portfolios, then it is
reasonable to expect the relevent opportunity-cost variable to be a measurc
of the yield on longer-term: assets in general. A buffer stock may be seen as a
particular type of capital investment. Furthermore, a long-term rate has the:
additional valuable property of embodying current and expected short-term
rates, to the extent that the expactations hypothesis of the term structure of
interest rates holds. This is particulariy pleasing in the context of an
approach like ours, in which the main emphasis is precisely on expectations.
In our empirical work we have used the long-term bond rate i as a general
measure of the cpportunity cost of holding free reserves. We have not
introduced the va‘iance of the long-term rate as a determinant of A* because
changes in it do 1t put the banks in the position of having to readjust their
portfolios.

In summary, then, we expect the banking system’s desired net free lLquid
reserve ratio, A*, to depend positively on ihe "own-yield’ variable R, reflecting
the buffer-stuck function of these reserves; and negatively on the long-term
interest rate, {, summarizing banks’ responses to changing opportunity costs:

A¥=F(R,i), F,>0, F,<0. (1

However, we cannot observe A*. The actual free reserve ratio, 4, embodies
the above considerations but also is affected by (1) the current level of the
average reserve ratio r, and (2) other disturbances whose effects the
Bundesbank and/or the banks themselves may not be able or willing to offset
fully. We next consider the treatment of these disturbances.

3.3. Disturbances affecting free reserves

The relationship between the observed free reserve ratio and the level of
the average required reserve ratio follows directly from our view of free
reserves as a buffer stock shielding the banks from unexpected disturbances.
Given the current valucs of R and i, the observed free reserve ratio 4 will
tend to move inversely with the average required reserve ratio r. Of course,
since at least the policy-induced changes in r may be viewed by the banks as
being ‘permanent’, they may respond to some extent to current-period
changes in r; that is, we would expect the regression coefficient for » to be
negative but perhaps smaller than unity, which would indicate partial
buffering in this dimension.
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As regards other significant influences, we have included in our regressions
two variables which are likely to affect the observed free reserve ratio:
changes in the foreign exchange position of the Bundesbank relative to the
level of commercial bank deposits, fx; and changes in net government
deposits at the Bundesbank relative to the commercial bank deposit level,
g.18

Because of its balance-sheet identity, changes in the Bundesbank’s foreign
exchange position or changes in net government deposits at the Bundesbank
will affect free reserves on a one-for-one basis unless offsetting action is taken
(increases in Bundesbank foreign exchange holdings will cause free reserves to
rise by the same amount, while increases in government deposits will cause
them tc fall, ceteris paribus) or unless commercial banks immediately convert
such shocks into changes in other portfolio components.!®

As we have already emphasized, such rapid adjustments are likely to be
very costly for banks, and it is precisely to minimize such costs that the
banks hold free reserves under our hypothesis. Consequently, we have
modeled these influences in such a way that they affect the banks’ observed
free reserve position immediately and directly (that is, they are absorbed into
the free reserves buffer), subject only to possible intervening action by the
Bundesbank. That is, if there were no intervention at all, we would expect
regression coefficients of +1 and — 1, respectively, for the variables fx and g
in a regression explaining movements in A. If the Bundesbank has been
successful in offsetting exactly the effects of these variables, then (given our
assumptions) their regression coefficients should be zero, showing that in
those circumstances, they have no systematic effect on free reserves.
Coefficients between zero and one in absolute value would suggest partial
offsetting if their signs are consistent with prior expectations, while
coefficients opposite in sign to the expectations mentioned above would
suggest overcompensation by the Bundesbank.2°

It will be noted that movements in the shock variables fx and g do not
change the desired free reserve ratio A* in our model, but rather cause the
actual value to deviate from the desired level. If these shocks are absorbed in

'8The Bundesbank also considers these two variables (it refers to them as ‘market factors’) to
be of great importance for the explanation of the fluctuations in the actual values of 4; cf, ¢.g.,
‘Erliuterungen zur Liquiditdtsanalyse der Bundesbank', Monatsberichte der Deutscaen
Bundesbank, Juli 1970, p. 35,

"®Changes in the required reserve ratio r have been considered to be a significant means by
which the effects of capital inflows on bank reserves have been neutralized [cf, eg., Porter
(1972)]. Yet the simple cocfficients of determination, using monthly data, R*(r,, fx,-)), R*(r,.8, - )
j=0,1,2 are generally insignificant. The only exception is the period January 1960-June 1966,
for which we found R¥r, fx,_)=01, r’(r,, fx,-5)=013, values which are rather low but
significant. Using quarterly data, we found significant and slightly larger coeflicients of
determination for this period; the values were R3(r, fx)=0.27, and R*(r,g)=0.19.

29Another logical possibility would be coefficients of the expected sign but larger than unity in
absolute value. Such a finding would suggest that Bundesbank action regularly tended to
exacerbate the shock rather than offset it, and we view such a finding as unlikely.



R. Richier and R.L. Teigen, CB behavior and monetary policy in an vpen econemy 393

free reserves in the same manner as changes in the required reserve ratio, one
might expect that variance terms similar to the required reserve ratio
variance R should play a role in determing A*. We have not constructed our
model in this way for the following reasons: First, changes in the required
reserve ratio, especially those arising from policy intiatives, are mach more
visible to the banks and, in a sense, are felt more wideiy and immediately
than movements in fx or g. A sharp increase in the reserve requirement, for
instance, will immediately hit all banks and force immediate adjustment by
all those without an adequate free reserves cushion. Second, the processes
generating changes in fx and g over time are quite diffcrent irom the process
generating r (and also quite different from each other), as can be seen by
comparing figs. 2 and 3 with fig. 1. In particular, within the subperiods we
have used for our regression analysis, the fx series is a random process with
a variance which does not vary a great deal within each of these
subperiods.?! If fx is a stationary random process with roughly coastant
variance, it should not play a role in the determination of A* parallel to that
played by R (beyond appearing implicitiy in the intercept of the ,.* function).

The variable g also exhibits approximately constant variance over the
sample subperiods, so there again is no basis for calculating a variance
variable for use as a determinant of A*. In contrast to fx, however, g follows
a very predictable pattern dominated by seasonal movements reflecting flows
of government expenditures and tax receipts. In principle, the banks ought to
be able to anticipate rather closely the effects on the system’s free reserve
position of movements in g Whethzr or not they react systematically by
adjusting other parts of their portiolios will depend on a cost-benefit
calculation. We have argued above that the costs of adjustment are likely to
be high, and we view the banks as most likely absorbing movemenis of g as
well as fx in their free reserves buffer. _

To summarize, we treat desired free reserves as de.ermined by the ‘own
yield® R (proxied by a variable representing the expected variance in the
required reserve ratio) and an opportunity cost variable i, the long-term
interest rate. The actual free reserve ratio differs from the desired level duc (o
changes in the required reserve ratio r and to other shocks, here comprised
of changes in the foreign exchange holdings of and in net government
deposits at the Bundesbank (fx and g, respectively). We assume that banks
respond to changes in R and i within the space of one quarter, so that thcre
is, e.2., no dynamic stork-adjustment process going on. Current changes in fx
and g evoke no behavioral response but are absorbed in {ree reserves.
Whatever action is taken by the Bruadesbank in response to these shocks is
assumed to be done within the space of one quarter also. The complete

2'We have tested for randomness with a ‘runs’ test which produc- 1 a finding of randomness
for fx in each of the three subperiods 1960-1966. 1966-1972, and 1973-1980 at the‘ﬁ percent
confidence level. For a description of this test, see any textbook on non-parametric statistics.
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hypothe;is may be su.amarized as follows:
A=f(R,i,r, fx,8), (2)

where f,>0, f,<0, f3<0, and the signs of the coefficients of fx and g
cannot be deduced a priori.??

4. Empirical results

We have fitted eq. (2) to the relevant quarterly data for the period 1960~
1980.2 Due to a number of international and domestic structural changes
which occurred in the first part of 1973, separate regressions were done for
the period 1960-1972 and for the period since 1973, These changes include
the collapse of the fixed-exchange-rate system (with ths USS$/DM rate
allowed to float as of March 19, 1973); considerable turbulence in financial
markets during the first few months of the year; the introduction in June of a
new definition of free liquid reserves by the Bundesbank, as mentioned
earlier; and abrupt changes during these months in the Bundesbank’s policy
stance (see fn. 6 above for a brief discussion). This wa: a period of great
uncertainty and of rapid acclimatization by the banks to radically changed
circumstances.”* We decided to omit the data for January-June 1973 from
our tests on the grounds that they do not provide usefu! evidence for or
against our hypothesis, given these considerations. Thus we treat 1973.111-
1980.1V as a separate subperiod. In addition, in our regressions on the data
over 1960-1972, application of the Chow test for stability of the structure
generating the data indicated that a structural change had occurred after the

22Other authors have discussed the role of buffer stocks as a means of reducing uncertainty
and avoiding high adjustment costs, and in the banking literature there has heen stress laid on
the banks’ need to provide accommodation for customers and, in general. to foster their
relationships with customers over some longer-run horizon ard thus to preserve their
trustworthiness. Within the broadest context, our hypothesis could be interpreted as a particular
instance of ‘uncertainty avoidance’ as defined by Cyert and March (1963, p. 102), or of *bounded
rationality’ [Simon (1975)] or, if one prefers, as the result of some kind of search-theoretical
reascning. In the more particular context of commercial bank decision making, Cagan (1969, p.
260) has noted the need “...to put more emphasis on the long-run goals of successful bank
management’, and has stated that ‘Banks rightly concern themselves with their posiien in the
market over the long run and at all times wish to accommodate the loan demand of their
regular cusiomers’ (1969, p. 240). Baltensperger (1980) emphasized the imjortant rol: of
uncertainty, adjustment costs, and informational problems in the decision-making process of the
banking firm. As we have stressed, the avoidance of uncertainty and related costs of portfolio
adjustmaent is central to our hypothesis.

>*We have also done regressions using monthly data. The results were generally similar to the
quarterly results, and are not reported here,

**For a detailed description of this period see Schlesinger (1977) and Report of the Deutsche
Bundesbank for the Year 1973. It should be added that the Bundesbank started its new quantity-
oriented policy in 1975 (see Report of the Deuische Bundesbank for the Year 1975).
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second quarter of 1966 — precisely in the center of the 1960-1972 span.?’
This shift is most likely attributable to the increase in foreign exchange
inflows in the latter part of the 1960s, coupled with a more activist policy
stance on the part of the Bundesbank. As a consequence of th.se
developments, the: commercial banks apparently modified their own
behavior. Therefore we provide separate estimates for 1960.1-1966.11 and
1966.111-1972.1V as well as for 1973.111--1980.1V.

The results of our estimates are reported in table 1. Each of the fits shown
there is quite satisfactory by the usual criteria: the signs of the estimated
coefficients are in accord with prior expectations, most of the coefficients are
significant, and the order of explanation is high. It will be noted that the
regrossions do not include lag terms in the determirants of the desired free
rescive ratio A*, viz. the interest rate i and the ‘own yield’ R. This is due to
our presuinption that specialized financial institutions like commercial barks
adjust their portfolios rather 1apidly in response to changes in the causal
variables in question. However, the Durbin-Watsor. statistic for eq. (2.1)
indicated the presence of serially correlated regression residuals, so that
equation was re-estimaied using an autocorrelation procedure which epabled
us to test for autccorrelation up to the third order.*® Eq. (2.1) snowed
evidence of first-order autocorrelation, while no autocorrelation was evident
in the other equations.

The estimates reported in table 1 are bas>d on scasonally unadjusted data.
Alternative regressions including seasonal dummy variables as well as the
explanatory variables shown in table 1 were run. However, these regressions
were generally somewhat inferior in quality to those done without seasonal
dummies, and are not reported here.?’

I$Reference is 10 the test presented in Chow (1960). The test rgjects the null hypothesis that
the data were generated by an unchanged structure at the | percent confidence level.

26We used the Rth-order Autoregressive Leust Squares (RALS) program developed by Hendry
{1972 « brief description of the procedure is given n Schlieper and McMahon (1977, pp. 241fT).

Introducing scasonal dummy variables affects n. ac of the qualitative results except those
relating to the net government deposits variable (g) In the second and third subperiods. none of
the seasoral dummy variables have significant coeTicients. and use of these dummics results in
tower -values and smaller estimated coefficients fo- the other explanatory variables (in absolute
value ierms) than those cited in table 1 as well as lcwer R? values and (for the third subperiod) a
substentially reduced Durbin-Watson statistic ard insignificance for the g variable In the
estimate over the first subperiod. all of the seasonal durimies have significant cocfficients while g
becortes insignificant. A third-order autoregressive scheme appears in the residuals of this
regression, the t-ratios and the other estimated coefficients increase somewhat in absolute value
(indicating, among other things, a substantially greater degree of overshooting by the
Bundesbank in - sponse to foreign exchange in.pulses than is shown in table 1), and the R? value
rises slightly. These results suggest that use of the seasonal dummies may introduce
multicollinearity into these estimates, especially with regard to the net governuent deposits
variable, which itsclf has a pronounced scasonal pattern. Since we expect g to be wausal with
respect to A, it seems both logical a priori and rational on the basis of the results ascussed
above to preler the estimates which were obtained without seasonal dummies.
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In general, then, the results provide strong empirical support for our
hypothesis. Let us now look at some of the details. The estimates show that
the long-term interest rate exerts a negative and significant effect on the free
reserve ratio during the 1960s; and indeed. the data on elasticities in table 2
indicate that the elasticity of 4 with respect to i rose considerably in the
latter part of the decade (a period during which the average value of i also
rose, from 6.33 percent during 19601966 to 7.58 »ercent in 1966-1972). After
1973, however, the interest-rate coefficient becomes insignificant and also is
greatly reduced in absolute value. We believe this may be a consequence of
the sharp reduction in free liquid reserves which occurred at the time of the
movement to flexible exchange rates in 1973, With foreign money market
instruments no longer included, the mean value of i fell frcm 0.098 ii. the
1960-1972 period to 0.0068 during 1973-1980. With a much smaller free
rcserve cushion available, and with net free reserves being sometimes even
negative, opportunity costs as expressed by i probably ceased to be of any
real importance to the banks.

Table 2

Elasticities of the net free liquid reserve ratio with respect to
its dewerminants, bused on quarterly regression resulis
(calculated at the means).

Elasticity of 4 with respect to

i R r Jx g
1960.1- ~-1.795 0033 098 -0.005 -0.002
1966.13
1966.111- —~3462 0132 039 0.042 —*
10721V
1973111 wen® 1.562 --4.485 0.027 -0013
1980.1V

*Elasticity not calculated because regressnon coeflicient is
mmgmﬁcant A tabulation of the regression variable means s
found in the appendix. In cases where the mean of the
independent variable is regative (as for fx and g during 1973~
1980), the sign of the elasticity agrees with the sign of the
regression coefficient.

The estimated coefficients for the expectations variable R are always
significant (and increasingly so with the passage of time) and are positive as
expected The elastnmty of A with respect to this variable is very small during

6, & period when monetary policy was relatively quiescent and when

u .s ratio did not ~hange very much or very often. However,
the size ot the coefficient of R increases in the later subperiods; this, along
with the substantial rcductzon in the average value of 1 mentioned earlier,
produced a fourfold rise in the clasticity of 4 with respect to R in 1966-1972
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as compared with 1960-1966, and a further twelvefold increase in 1973-1980
as compared with 1966-1972.

While movements in the interest rate and the degree of uncertainty about
the future cause the desired free reserve ratio to change, changes in the
required reserve ratio (*) and in holdings by the Bundesbank of foreign
exchange and of net government deposits relative to total commercial bank
deposits (fx and g) will cause the actual free reserve ratio to deviate from its
desired value. All of the subperiod coefficient estimates for r are negative, &s
expected, and highly significant. The elasticity of tlie free reserve ratio with
respect to this variable has also risen very sharply in 1973-1980 as compared
with the two preceding subperiods. However, the coefficient estimate is rather
stable in the latter two subperiods, indicating that somewhat less than half of
an impulse originating in a change in r shows up as a change in the net free
reserve position of the banks. In the first subperiod, approximately the entire
shock was buffered in this way.?®

As to the variables fx and g, it has already heen explained that the
coefficient signs will depend on whether the Bundesbank has been less than
completely successful in its offsetting operations, or whether it has in fact
overcompensated. In the period 1960-1966, there were no serious foreign
exchange problems; the negative and significant coefficient estimate for fx
suggests that the Bundesbank tended to overcompensate, on the average, for
the disturbances that did occur. During 1966-1972, the Bundesbank
apparently was able ounly partially to offset the effects on bank reserves of the
much larger changes in its foreign exchange position that took place; the
significance of the regression coefficient implies systematic action was taken.
According to our estimates, an increase in the Bundesbank’s foreign
exchange holdings of DM 1 in this period increased free liquid reserves by
68 Pfennig; only one-third of the impact on bank reserves is offset. But in the
most recent period, a much higher fraction ~ about three-fourths - is offset.*?

During 1960-1966 the Bundesbank responded systematically to changes in
net government deposits, according io our results, and was able to offset
about one-third of the effect on reserves of changes in these deposits. The
degree of offset apparently increased somewhat in more recent years. Our
results indicate that the response coefficient was insignificant for the 1906
1972 period, but became significant again in 1973-1980,

?®The estimate of —1.225 for the value of the » coefficient in eq. {2.1) is not significantly
different from - 1. ; ;

*Note that our approach is quite different from the offsetting capital flows concept as
applied, €.g., by Brunner (1973), Kouri and Porter (1974), and Neurnann (1978). Papers like these
are based on structural models of the menetary sector, while free reserves, the focus of our
paper, are only one component of the monzy supply function Direct comparison of the results
may therefore be very misleading. With these reservations in mind, we note that our results
usually indicate some offsetting, even during 1966.11[-1972.1V though duriag that perio¢ the
degree of offsetting achieved was rather small.
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5. Conclusions and implications for policy

We have shown that movements in the free liquid reserve ratio of the West
German commercial banks can be explained very satisfactorily over the
whole period 1°60-1930 by a single behavioral hypothesis (though the
behavioral coefficients change in value in the mid-1960s, due probably to the
increased impor ance of international monetary disturbances and the more
active policy stance adopted by the Bundesbank; and in 1973, again because
of marked changes in the international monetary environment and in the
focus of Bundesbank policy). The determinants of the desired free reserve
ratio appear to have heen a measurc of opportunity costs (the long-term
bond rate), which how:ver has becomc considerbiy less important in recent
years than earlier; and a measurc of uncertainty about the future which we
interpret as a proxy for the expecied ‘own yield’ on free liquid reserves. This
latter variable has increased very considerably in importance over the sample
period and its use is probably the main innovation in our work.

To explain differences between the desired (lorg-run) and actual free
reserve ratios, we used the actual required reserve ratio and changes in
Bundesbank holdings of foreign exchange and of net government deposits at
the central bank. As cxpected, movements in the required reserve ratio were
related inversely to the free reserve ratio, ceteris paribus. Our results show
that the Bundesbank has had mixed success in its attempts to neutralize the
effects of the other disturbances on free reserves. but in the most recent
subperiod it has been able to offset about three-fourths of the effect of
foreign exchange disturbances and about one-half of the effect of changes in
government deposits.

Our findings have a further interesting implication for the conduct of
monetary policy in the Federal Republic. It has been the Bundesbank’s
practice (o attempt to influence free reserves and the money supply chiefly by
active use of the required reserve ratio; and fig. 1 shows that the pattern of
movement in r has not been very stable. Our results suggest that, in a sense,
this strategy may be partially scif-defeating: we found that changes in the
variance over time of the required reserve ratio mduced changes in the
banks’ desired free reserve position and presumably in the supply of moncy
and credit. Thus an activist policy — that is, a policy under which the
variance of the required meserve ratio changes frequently — will cause
changes in the desired free reserve ratio and in the variables which depend
on it. To put it in the opposite way: ceteris paribus, our findings show that
the variance of he iree reserve ratio. and presumably eventually of the
money supply, would be reduced ir the movements of the required reserve
ratio were kept within a given constant range. Most specificallv, for given
values of the other variables determining the desired free reserve ratio, and
abstracting from the eftects or shor's, a particular free reserve target could in
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principal be achieved by keeping the variance of the required reserve ratio
within the appropriate range.

Appendix 1: Means of regression variables (quarterly data)*

i R r fx g n
1960.1- 006328  0.93465-107¢  0.08859 0.00190 0.00026  0.11030
1966.11 (0.0049)  (0.0195) (0.0157) (0.0105) (0.0055)  (0.0223)
1966.111-- 0.07581 0.63676'10"*  0.07372 0.00522 0.00029  0.08507
19721V (0.0070)  (0.0050) (0.0179) 0.0137) (0.0047)  (0.0307)
1973.111- 008144  0.6765310"*  €.08881 —0.00070 —0.00018  0.00683
1980.1V (0.0150)  (0.0C80) 0.0152) (0.0095) (0.0045)  (0.0084)

*The numbers in parentheses are standard deviations.

Appendix 2: Notation and data sources

D —Demand deposits (Monthly Report of the Deutsche Bundesbank
(MORE: Table 1.2).
DTSF —Total volume of non-banks’ deposits (equal to the sum of D, T, S,

F).

F —Foreign deposits (1960-1968 including Deutsche Bundestank)
(MORE: Table 1.2).

FR  —Free liquid reserves.

(1) Jan. 1960-Dec. 1972 (net free reserves) equal to the sum of

—excess reserves (banks’ central bank balances less the
required minimum reserve),

—domestic. money market papers (Treasury bills and
discountable Treasury bonds of the Federal Government, its
special funds and the Lédnder Governments, Storage Agency
bills, prime bankers' acceptances, bills . with Limit B
accorded to the Export Credit Company, mobilization and
liquidity paper to the extent that it is included in the
Bundesbank’s money market regulating arrangements),

— foreign money market investments, and

— unused rediscount quotas, minus

— lombard credits.

[MORE (Dec. 1972): Table 1.3.] -~
(2) July 1973~Dec. 1980 (net: free reserves) equal to the sum of

— eXCESS reserves, -

—domestic money market papers, and

— unused rediscount quotas,® minus
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— lombard credits (including special lombard credits),” minus

— trade bills Lought under repurchase agreements ¢n the open
market.®

(a) (Deutsche Bundesbank, unpublished).
(b) MORE: Table I1.1.a).
(3) July 1973-Dec. 1980 gioss free reserves) equal to the sum of
~— EXCess reserves,
-~ domestic money market papers, and
— unused rediscount quotas.
(Deutsche Bundesbank, unpublished.)
FXBB —Net foreign assets of iie Deutsche Bundesbank (MCRE: Table
IX.6.A).
AFXBB —Quarterly changes in FXBB, AFXBB,=FXBB,- FX3B,_,, t=
1,... 7, where t denotes the quarter; FXBB,, FXBB, | are the
quarterly averages of monthly data of :he respective quarter 2, — 1.
GXBB —Net central bark balances of German public authoritics (Federal
Government, Linder Governments, Equalization of Burdens
Fund and ERP Special Fund) equal to: Current deposits of
German public authorities minus cash advances to German public
authorities by the Deutsche Bundesbank. (MORE: Table I1.1.)
AGX BB —Quarterly changes in GXEB, AGXBB,=GXBB,—GXBB, |, t=
1,..., T, where t denotes the quarter; GXBB,, GXBB, , are the
quarterly averages of monthly data of the respective quarter ¢,t—1.

i —Yield on bonds in circulation (MORE: Table VLt; monthly
averages).
r —Average reserve ratio (MORE: Table IV.2.c; monthly averages) (in

March 1978 the method of computation was changed: Reserve
requirements before subtraction of deductible vault cash balances).

S —-Savings deposits (MORE: Table 1.2).

T —Time deposits (MORE: Table 1.2).

A —FR/DTSF, where FR, DTSF are the quarterly averages of
monthly data of the respective quarter.

Ix —AFXBB/DTSF, where DTSF is the quarterly average «f montkly

data of the respective quarter (equal to the denominator DTSF of
quarterly A).

2 -~AGXBB/DTSF, where DTSF is the quarterly average of monthly
data of the respective guarter (equal to the denominator DTSF of
quarterly A).

R —var(r)=1N-1-Y¥d(.-;. ,—F-,), calculated on a monthly
basis where N =18 (months),

- 1
L ‘N“ g: Feej1.
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Remarks — MORE: Monthly Report- of the Deutsche Bundesbank. Table

~umnbers refer to-MORE December 1979:: If not otherwise specified,

— monthly data are always end-of-month data,

— quarterly data are always quarterly averages of monthly data, as specified,
of the respef'tlve quarter x,
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