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CROSS-SECTION ANALYSES AND BANK DYNAMICS®

by

Donglid D. Hester and James L. Plerce

Econometric studies of financial behavior have been pro-
duced in record numbers during the past five years. With few ex-
ceptions these studies have examined aggregative quarterly data of
the United States from 1929 forward. They frequently are based on
simultaneous cquations models which may have as many as 80 stochasg-
tic relations. These studies have greatly inereased cur knowledge
of and respect for the financial mechanism. In the present paper
we have no intention of deprecating this very rewarding activity.
Rather, we believe these contributions can be considerably enriched

if they are supplemented with results from cross-section studies.

In this paper an aggregative model should be understood
to consist of variables such as those appearing in the statistical

series of The Burvey of Current Business or The Federal Reserve

Bulletin. A cross-section model consists of data concerning indi-

vidual decision making units, households, banks, insurance companies,

This research was financed in part by a grant from the National
Science Foundation. The analysis and conclusions are solely the
responsibility of the authors and do nct necessarily reflect views
of the Board of Governors of the Federal Reserve System.



ete. Aggregative variables are measured only once each time period.
Measurements on a decision making unit may refer to one ¢r many in-

dividual time periods.

We shall argue that aggregative models of economic acti-
vity are seriously deficient if they are not capable of being repre-
sented in cross-section models. Tests of hypotheses and discrimin-
ation between hypotheses can be executed at very low power using
ageregative data. More importantly information about the time path
of a variable's response to a shock can be estimated only very in-
accurately with aggregative data. If models are to prove useful
for policy, accurate estimation of dyrnamic structural parameters

is essential.

In section 1 some common problems of macro-econometric
estimation are surveyed. The second section contains a vpartial
review of recent macro-financial models of bank behavior and sug-
gests where a less aggregative approach might have proved illumin-
ating. Section 3 outlines a model of bank portfolioc behavior
which we are estimating with cross-section data. The last section
reports estimates of the structure of this model and exhlbits its

macro-ccononmic properties.

1. Common Problems of Macro-Econometric Estimation

In formulating macro-theories of finance, economists

implicitly or explicitly think in terms of decision making



units.}/ There is, of course, an important difference between

E/ Not everyone mesy agree that macro-models need heve a correspond-
ing micro-counterpart. Such persons skate on thin ice unless
they specify what additional criteria they substitute for the
logiecal foundations which deseribe micro-behavior. A "gocd fit"
or statistical "significance' is not enough; the curse of macro-
econometrics is that nearly all specificatlions fit well.

modeling the behavior of, say, a single bank and modeling the be-
havior of an aggregate like the banking system. Micro econometric
studies are useless for macro-analysis unless a rigorously specified

method of aggregation exists.g/ Correspondingly, the application of

§/ For discussions ¢f the aggregation problem see H. Theil, Linear
Aggregation of Economic Relations, Amsterdam: North-Holland Pub-
lishing Company, 1954 and H. A. John Green, Aggregation in Econo-
mic Analysls:; An Introductory Survey, Princeton: Princeton Uni-
versity Press, 196k,

economic theory to macrc-economic model building is meaningless un-
less a bridge between micro-and macro-behavioral relations can be
establlished. Therefcre, the case for or against the use of micro-
econometric results in model building does not hinge on the feasi-
bility of aggregation. There are, of course, seriocus questions
which can be raised about the feasibility of aggregation, but in
this paper we shall assume that aggregation is possible. Tn passing

we note that authors of macro-econcmetric studles discussed in the



next section do not explain what assumptions they employ to insure
that aggregation is possible. Nonlinearities abound in their equa-

tions.

Apsrt from aggregation, five prinecipal hurdles are in the
path of empirical macro-economic investigators: a) sparsity of
observations, b) multicollinearity, c) auto-correlation of error
terms, d) errors-in-variables, and e) misspecification. These hur-
dles also disturb cross-section investigators, but for the most
part they are less disruptive. ZIErrors-in-varisbles is a serious

problem for both groups and will not be discussed further.

No doubt the most critical weakness is the small number
of observations available to macro-investigators. As time passes,
moreover, the appropriate specification of a model will change be-
cause of varying institutions, technology and regulations. There-
fore the informational content of available macro time series is
very limited. Researchers collectively appear to have responded
to this problem in three ways. First, measure variables more fre-
gquently. This solution is only a partial cure which greatly increases

the problem of suto-correlation of error terms discussed below.

Second, when a major structural change is known to have
occurred, investigators of'ten attempt to use data bhoth before and

after the change by introducing a "shift" dummy variable in the in-
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volved behavioral equations.é/ This device will be successful only

é/ Eg. see 5. Goldfeld, Commercial Bank Portfolio Behavior and
Economic Acfivity, Amsterdam: North-Holland Publishing Company,
1066, p. 4l.

if it is correct to assume that a change caused a vertical shift
in behavicral relationships. This agsumption is clearly in error
if lagged endogenous variables exist in these relstionships; then
the time path implied by coefficients estimmated for lagged endo-
genous variables is some average of that recorded when shifts oc-
curred and when they did not occur. Estimeted speeds of adjust-

ment will be unreliable.

Third, existing time series are used repeatedly by the
same and more insidiocusly by different investigators. No new in-
formation exists in reworked time series. A very strong possibility
exists that model builders focol themselves into attempting to ex-
plain pure stochastic variables with exogenous variables which happen
by chance to be correlated with stochastic variables during the

short period studied.

The fact that the United States has generated values of
most economic measures which are highly intercorrelated over time
makes the pauvcity of macro-economic observations all the more grievous.
Most macro-econometric equations consist of comparatively few vari-

gbles. In part this specification follows from the comparative



simplicity of our models. Probably a more important explanation,
however, is that standard errors of coefficients blow up to intol-
erable levels when the number of highly correlated variables rises.
If intercorrelation is not perfect amcng wvarlables, inecreasing the
sample size will permit an investigator to obtain arbitrarily ac-
curate estimates of & parameter. A promising approach to overcom-
ing the effects of mmlticollinearity in macro models is to marry

. . . . I
cross-sectilon and time-serieg estimates of structural parameters.-/

&/ An excellent example of the use of cross-section data in an
aggregative model to overcome problems of multicollinearity
is reported in J. Tobin, "A Statistical Demand Function for
Food in the U.S.A.," Journal of the Royal Statistical Society,
Volume CXIII, Part II (1950), »p. 113-1k1.

Even if no marriage is intended, single period cross-secticn studies
are especially useful because they permlit investigators to identify
the relation between cross-sectlon varylng variables like income

and cash balances when interesi rates and other time varying vari-

ables are frozen.

Collectively, multicollinearity and the small number of
available observations make estimation of macro-econcmetric models
unavoidably inaccurate. Parameter estimates may be unbiased in
single equation models or consistent in simultaneous edquations
models, but the power of statistical teststo discriminate among

competing hypotheses is weak.



Autocorrelation of error terms, the third hurdle, also
hampers accurate estimation because it implies that time-series ob-
servations are not independent. If no lagged endogenous variables
are present, then the existence of autocorrelation implies that
the number of degrees of freedom is less than the number of obser-
vations. The power of tests to discriminate among competing hypo-

theses is further weakened.

However, a principal feature of many recent macro-models
has been the inclusion of lagged endogencus variables in structural
equations. Investigators using this specification argue that a) for-
mation of expectations and/or frictions of adjustment are important
and b) optimal policy implementation must exploit this dynamiec struc-
ture. Initially specifications were of a form which implied that

the effects from a shock declined exponentially as time passed.éj

2/ L. M. Koyck, Distributed Lags and Investment Analysis, Amster-
dem, North-Holland Publishing Company, 195L.

In recent years more intricate lagged operators which need not in-
corporate lagged endogenous variables have attracted many investi-

gators.é/

é/ 5. Almon, "The Distributed Lag Between Capital Appropriations
and. sixpenditures," Econometrica, Vol. 33, No. 1 (January 1965),
pp. 178-196,




It is easy to agree that dynamic behavioral characteristics
of a model are important for policy formation. However, the popular-
ity of these estimation methods is quite surprising in light of the
fact that verious authors have pointed out that with lagged endo-
gencus variables estimates are biased and, in the presence of auto-

. . . . 8 .
correlation, 1ncons1stent014wh/ Furthermore, conventional statis-

Z/ L. Hurwicz, '"Least Squares Blas in Time Series,"” Statistical
Inference in Dynamic Economic Models, edited by T. C. Koopmans,
Cowles Commission Monograph 10,{New York: Jchn Wiley and Sons,

1950, )pp. 365-363.

§/ Z. Griliches, "A Note on Serial Correlatiocn Blas in Estimates
of Distributed Lags,” Econometrica, Vol. 29, No. 1 (January

1961),pp. 65-73.

tical tests appear to be very weak in discriminating among guite

different lagged operatorsog/ Feasible techniques for consistently

9/ Z. Griliches, and N. Wallace, "The Determinants of Investment
Revisited," International BEconcmic Review, Vol. 6, No. 3 (Sep-
terber 1965), pp. 519-325.

estimating such operators place a heavier demand on economic theory

than prescntly seems justifiedulg/

EQ/ Cf. L. D. Taylor and T. A. Wilscn, "Three-pass Least Squares:
A Methed for Estimating Models with a Lagged Dependent Variable,'
Review of Bconomics and Statisties, Vol. XLVI, No. 4 (November
1964), po. 329-3L6 and K. F. Wallis, 'Lagged Dependent Variables
and Serially Correlated Resicuals: A Reappraisal of Three-pasgs
Least Squares,” mimeographed, 1966.

1
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In the third section of the present paper we argue that,
at a micro level, economic theory leads to rather specific descrip-
tions of the timing of bank portfolic adjustment. Estimating the
implied behavioral relation from cross-section data does not re-
quire the use of either lagged endogenous variables or other arbi-

trary lagged operators.

Tne final hurdle for macro econometricians concerns the
specification of a model. If model specification were, as in prin-
ciple it should be, dependent solely upon theory then both micro
and macro quantitative studies would be equally vulnerable to mis-
specification. In practice most investigators admit that they
experiment with alternative specifications when estimating models.
It is trite, but important, to observe that this form of experi-
mentation disslpates the value of data in discriminating among
competing models. It is perfectly legitimate for an investigator
to report his prior belief's about behavioral parsmeters or to es-
timate eguations repeatedly with small changes in specification
until the data yield results which conform to his prior beliefs.

On the other hand it borders on fraud for an author to suggest that
his estimated standard errors or tests of hypotheses are not serious-
ly contaminated by experimentation. It matters little whether the
experimentation was performed consclously by one investigator or un-

consciously by several.

The main control against incorrect inferences in classical



statistleal theory is the possibility of replicating results from
independent evidence. Precisely this replication is not possible
with macro dats. If theories are capsable of being tested with
cross-section data, the possibility of safeguarding our common
analytical framework is vastly enhanced. Cross-section samples
of decision making units can in practice often be replicated re-

peatedly.

Of course, crogs-section models must be carefully speci-
fied if they are to prove useful. JFor example, Professor Kuh has
suggested that it may be guite risky to use cross-section results

in time-series applicationsuiif To protect against misspecifica-

1/ E. Kuh, "The Validity of Cross-Sectionally Estimeted Behavior
Ejuations in Time Series Applications,"” Econometrica, Vol. XXVII,
No. 3 {April 1959} pp. 197-21k,

tion owing ©o the existence of “firm effects” he recommends that
rectangular arrays of data be collected which record the value of

a firm's varisbles in a number of different time periods. Professor
Kuh surely is right in stating that micspecified models yield in-
consistent estimators of parameters in the true structure. However,
he did not conclude and should not be misinterpreted to be saying
that investigators should emphasize macro-economic time series at

the expense of other data.

Orecutt and Watts have reported performing Monte Carlo
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experiments on a model of a primitive economy at different levels

of disaggregationnigj They considered samples of rectangular arrays

12/ G. H. Orcutt and H. W. Watts, "Consequences of Data Aggrega-
tion over Components for Prediction of the Effect of Policy
on Eeonomic Aggregates,” mimeographed preliminary paper read
at the First World Congress of the Econometric Scoecilety, Sep-
tember, 1965.

of consumersand generated data for each observation with an assumed
set of structural parameters. They considered a number of differ-
ent assumptions about the stcchastic terms in their model and report-
ed that it was quite difficult to obtain relisble estimates of the
assumed structure when data were highly aggregated. Less aggrega-
tive data yielded more satisfactory results. In thelr paper and in
earlier papers by Orcutt a very persuasive argument against relying

on aggregative data was developedn}é/ It may not be feasible in

1/ G. H. Orcutt, "Micro Analytic Models of the United States
Economy: Need and Development,” American Economic Review,
Supplement, Vol. LII, No. 2 (Mey 1962), pp. 229-2L0.

the near future to estimate full-blown micro structures, but greater

reliance on micyro data has much to offer researchers.



- 13 -

2. BSome Remarks on Recent Macro Monetary Research

The discussion in gsction 1 suggests that it is often
difficult to learn about aggregate behavior from aggregative time-
series data. Recent attempts to obtain quantitative information
on the role of the commercial banking system in the monetary mechan-
ism provide excellent examples of the difficulties involved. We
will indicate where micro-ecconcmetric models can eliminate some

of the problems.

Aggregate bank behavior has been analyzed directly in
empirical studies of money supply functions and in analyses of bank
demand for major earning assets. Bank behavior is also implicit in
indirect "market equaticns" such as term structure relations. We
shall confine cur attention to those published studies concerned

directly with bank behavior.

There is no general agreement in the literature about
the nature of the lag structure for money supply models. de Leeuw
finds evidence of a long lag between an initial reserve injecticn

and subsequent bank holdings of desired earning assets.é/ His re-

Y Frank de Leeuw, "A Mcdel of Financial Behavior," The Brookings
Quarterly Model of the U.S., edited by Duesenberry, J., et.al.,
(Chicago: Rand McNally, 1965), pp. k76-482.

sults indicate that banks achieve only 4.6% of their total excess
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reserve adjustment within one quarter and only 27% of their total
borrowing response within that quarter. Goldfeld's estimates on
the other hand indicate that for reserve city banks there is no lag
in adjustment to desired excess reserve positions and that for these
same banks some 40% of total borrowing response is achieved in one

2/

guarters’ For country banks, 60% and 30% of the total response of

2/ Stephen Goldfeld, Commercial Bank Behavior and Econcmic Activity,
{Amsterdam: North-Holland, 1966), Chap. 5.

excess reserves and borrowing respectively are achieved in the first
quarter. The studlies by Teigen, Rangarajan and Severn found no evi-
dence from guarterly data of a lag in the response of the money supply

to a permanent change in unborroved reservesnéi—ﬁ/ Brunner and Melt-

é/ R. Teigen, "Demand and Supply Functions for Money in the U.S.,"
Econometrica, Cctober 1964, and "A Structural Approach to the
Impact of Monetary Policy, ! Journal of Finance, Vol. XIX, No. 2
(May 196&), pp. 28L4-3008.

Y C. Rangarajan and A. Severn, "The Response of Banks to Changes
in Aggregate Reserves," Journal of Finance, Vol. XX, No. 4, Decem-
ber, 1965), pp. 651-664.

zer have not stressed the role of lags in their recent econometric

analyses of the money supply functionoz/

2/ K. Brunner and A. Meltzer, "Scme Further Investigations of De-
mand and Supply Functions for Money,'" Journal of Finance, Vol.
XTX, No. 2 (May 1964), pp. 240-83.
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As noted in the previous section, a basic difficulty of
aggregate studies of the money supply function is that the exlstence
of multicollinearity induces researchers to construct bank portfolio
equations which have very few variables. A bank is often assumed
to be concerned only with the allocation of its assets between ex-

cess reserves and earning assetsoé/ Borrowing from the Federal Re-

§/ For an explicit and detailed treatment of a micro economic basis
for an aggregate money supply funetion see K. Brunmer, “"A Schems
for the Supply Theory of Money," International Economic Review,
Vol. 2 (Jenuary 1961), pp. 79-109.

gserve is the principal endogenous liability. This 1is clearly a

gross simplification of behavior. At any point in time, a commer-
cial bank will be observed to hold many kinds of assets other than
excess reserves. If either relative rates of return on avallable
assets or relative costs of liabilities are relevant to portfolio
decisions, the parameter estimates of money supply models are sus-

pect.

Studies which examined aggregate bank portfolio decislons
have generally found evidence of long lags in bank portfolio adjust-
ments. For example, Goldfeld using a Koyck-type distributed lag
formulation, estimated that banks achieve only 16% of their total

commercial loan response in the first quarter following a shock.I/

U Goldfeld, op.cit., p. 133.
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Bank holdings of U.S. Government securities and municipal securities

have been estimated to respond even more slowly than loans.g/

8/ Ibid., p. 132, and de Leeuw, op.cit., p. 477

It is clearly important to obtain accurste estimates of
the dynamic properties of bank portfolio equations. In practice
for various reasons macro-investigators have imposed simple spe-
cifications to obtain estimates of the lag structure. The exis-
tence of a large body of individual bank data makes this research
strategy unnecessary. With a sufficiently large sample, lag struc-
tures can be estimated empirically without employing indefensible,

a priori specificationsog/

2/ The means by which these direct estimates are obtained are dis-
cussed in sections 3 and k.

In section 4 an individual bank is found to adjust its
cash position within a few months. Interest earning liquid assets
are a sufficiently close substitute for cash that the bank shifts
rapidly out of excess reserves and into these assets after a reserve
injection. It then gradually sells off part of these liquld assets
to obtain more profitable investments. In short, we are able to

estimate parameters of a bank portfolio model which are consistent
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with micro-thecry.

A cormon assumpbion of macro-models is that all assets
are gross substitutes. An increase 1n the expected rate of re-
turn of one asset will induce an investor to hold less or at least
nec more of other available assets. This assumption 1s not readily
verifiable but it is frequently used in macro portfolio studles to

Jjudge the plausibility of empirical results.

There is no way for thecry to tell us whether or not as-
sets are gross substitutes. The application of the concept of gross
substitutability to model testing &s a maintained hypothesis may
lead to serious misspecification. These specification problems need
not arise in micro-econometric analysis. For a single cross section,
market rates of interest are constant across banks and need not be
explicitly accounted for. When micro bank data are analyzed over
time, micro-ecconometric analysis encounters the same problems from
interest rate multicollinearity and underidentification that macro-

analysis does.

Micro-econometric analysis enjoys a further advantage
over its macro counterpart because it provides a direct means of
testing for differences of behavior among banks according to their

size, location, reserve classifilcation, etcoigj These difference

39/ To the extent to which there are behavioral differences among
banks, the results of the macro-models are biased. Goldfeld at-
tempts to account for some of the differences by distinguishing
between reserve city and country banks in his analysis. See
Goldfeld, op.cit., pp. 131-136.
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can have important implications for monetary policy; the speed and
magnitude of the banking system's response is likely to be influenced

by such differences.

Concern over behavioral differences among banks leads us
tc a central problem for micro-investigators, that of aggregeticn.
What may be true for an individual bank mey not be true for the
banking system. A single bank may be able to adjust its cash posi-
tion quickly but the banking system may not. A reduetion of excess
reserves for one bank will produce an increase in reserves for a-
nother bank; long lags may in fact exist because of the way that

single banks interact.

Simulation experiments provide a convenient means of de-
terming the consequences of aggregation across banks. Given reli-
able micro estimates and specific assumptions about the interrels-
tions among clements in the banking system, simulation technigues
can be used to iImprove our knowledge of the monetary mechanism.
The results of some simple but illuminating simulation experiments

are reported in section 4.
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5. A Model of Bank Portfolio Behavior

In this section a theoretical structure is advanced which
leads to a rather specific description of the timing of bank port-
folio adjustments. These dynamic considerations are then embedded

in a verifiable model of bank portfolio behavior.

A typical commerclal bank holds a large number of differ-
ent assets in 1ts portfolioc ranging from cash tc term loans and
conventional mortgagesu Each asset has a unique set of character-
isties, e.g., its liguidity, reversibility, predictability of return,

1
etca—/ It is convenient initially te focus the anelysis on the

l/ The treatment of asset characteristics is essentially an ela-
boration of that provided by James Tobin, in his unpublished
book con monetary theory, Ch. II, "Properties of Assets." For
an application of asset liquidity characteristics to commercisl
banks see J. Plerce, "Commerclal Bank Liquldity," Federal Re-
serve Bulletin, Vol. 52, No. 8 (August 1966), pp. 1093-1101.

egse with which assets can be bought or sold under the assumption
that the expected rates of return and covariances of return for

these assets,exclusive of trading costs, are given.

Fach asset has & "full value" determined by its own and
competing market yields. The speed and ease with which this full
value price can be realized is assumed to be a continuous function
of (1) the amount of time available between the decision to sell

(buy) it and the actual sale (purchase) and {2) the number of units
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t0o be bought or sold. In general, the less time available bhetween
decision and action and the greater the number of units to be trad-
ed, the greater will be the deviation between realized price and

full value price. In the present paper attention is restricted to

the first argument of this full value realization function.

The ease of purchase and sale clearly differs among assets.
Cash can be exchanged for cash instantanecusly at zero cost. Trea-
sury bills can be purchased or sold quickly at low cost. Wilthin
wide limits, the dealer's fee for bills is insensitive to both the
size of the transaction and the time available between order and
delivery. Transaction fees for other U.5. chernmenﬁ securities
are higher than those of bllls. In general, the longer the maturity
of the security, the greater is the dependence of the dealer's fee

on the time available for delivery and on the size of the transaction.

Mortgages can be acquired quickly and in volume only if a
bank is willing to incur high promotional expenses and/or make rate
concessions. A secondary market exists for some types of mortgages
but the prices in these markets are sensitive to the timing and
volume of mortgage sales. While the purchase of other loans involves
the same sort of costs of rapid and extensive acquisition as mort-
gages, there is no organized secondary market for these assets.

Prior to maturity, the current realizable value of these assets
is essentially zero. They can, of course, be used as collateral

for borrowing.
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Consider now the expected rate of return on an asset, r ,
which 1is adjusted to include trading costs. The relationship be-
tween r and colender time is shown in Figure 3-1 for three hypo-
thetical asscts. OSpecifically the figure shows what rate of return
an investor would realize if 1in period zeroc he decided tc acquire
an asset for delivery in pericd t to be held until reriod n .

The valus of n represents the bank's planning horizon, i.e., the

maximum number of perilods into the future which it considers when

formulating portfolic plans.

Figure 3-1
i
r t
4//f”'—ﬁ —t%
!
-1 a
4/’/,3"'—*/ i ai
rate cf return ///”,... !
edjusted for '
trading costs S |
/ t=n

time

In terms of the previcus discussion, a, , a

1 and &a, may be

e’ 3
considered to be Treasury bills, bonds, and long maturlity locans,

resnectively.

The costs assoclated with rapid placement of new funds

i5 an irportant element in analyzing bank portfolio behavior. These
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costs are important for two reasons. First, as Filgure 3-1 suggests
it simply 1s not profitable to acquire 11liquid assets the moment
funds are deposited in a bank. Second, because deposit flows are
uncertain, banks must be prepared to experience withdrawals. A
simple Bayesian argument suggests that the longer a deposit stays
in a bank the lower is the probabllity that it will be withdrawn

in the next time period. As the probability of withdrawal declines,
the importance of asset ligquidation costs lesgsens. Both reasons
provide & solid basis for relating irndividual bank assets to a

sequence of previcus deposit levels.

The analysis which follows presents a dynamic portfolic
model which 1s consistent with the framework developed gbove. A
bank is considered to have two categories of deposit liabilities:
demand balances, d , and time deposits, s . The level of each
is defined over the previous t - i periods (i =0, ..., b~1) .
The bank's deposit history is given by the two lxn vectors

D, = (4 a

. pr Gy s oo t—n+1)and 8, = (St’ Si.q> et st—n+l) .

For later reference, the following notation is used for changes in

deposit levels: d, = (d, - 4 )

£ £ t-l) > By = (s, - St-l) where lower

case letters refer to matrix elements.

Let At be a kx1 vector of the values of the k assets

held by the bank at the end of period t , A = see B

g = (o k)

Finally let Ct be a scalar which measures the level of the bank's



- 23 -

other liabilities plus capital and reserves at the end of periocd

t . The balance sheet identity requires that

(3-1) STa, =4 +s5 +0C .

Given this budget constraint, banks are assumed to oper-

ate in a world in which:

(a) they are price takers;

(b) they are subject to Government regulation;

(c) they all face the same expected rates of return and
covariances of asset returns at a given point in
time;

(&) their deposits are subject to random variation.

Given these conditions and the vectors Dt and St > the desired

composition of the asset portfolio is a function of expected rates

of return on the k assets and of thelr covariances of return.

The hypothesis to be tested ig that at a point in time

(3.2) A, =ab +8 §t tyC +E

t t t
where
o4 is a kxn matrix of coefficients
B is 2 kxn matrix of coefficients
D is a nxl vector of demand deposits of the form

it

t .
dit-n+2’ dit-n+1)"'1t describes

(dis Qg g oes
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the changes in demand deposits over the previcus
n-1 periocds and the level of accounts in period
t-nt+l .

of
is a nxl vector/saving and time accounts of the

9p13]

it
same form
. 2
Y is & kx1 vector of coefficlents
Et is a kxl wvector of error terms with expected value

ZT0.

2/ Note that the sum of coefficients in each columm of « and B
is necessarily unity. The sum of elements in 4 1is also unity.
These restrictions are a consequence of the balance sheet identi-

ty.

An importeant assumption of this model is that banks make

no effort to forecast or anticipate future deposit levels.é/ They

2/ We are alsc vorking on a second model which represents banks
as attempting to forecast future deposit flows. This model
will be descrived in a forthcoming monogravh.

recelve new funds, simultaneously hold them In liguid form, and

then gradually allocate them to higher yielding, less liquid assets.

The behavior depicted in eqguation (3-2) can be conveniently
exhibited by considering a bank's demand for loans. For simplicity,

assume that the bank's only liability 1s demand deposits, and that
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three periods are required for full adjustment of the portfolio.

Then:

(3-3) L, = bl(dt - dt_l) + bz(dt_ﬂl - dt_e) + b5 bon blL C, + €

n
o
[oR
+
o’
o
+
o
ol
+
o'

=
(]

+

m

The coefficient b5 represents the "steady state" frac-

tion of demand deposits held in the form of loans. If demand de-
posits should rise to a new level in pericd t + 1 and remain there,

the change inloans will bhe bl of the increase in period + 4+ 1 ,

b of the increase in t + 2, and b of the increase in period

2 5
t + 3, and thereafter. This behavior is best thought of as a
strategy which maximizes some function of discounted future net in-

cone .

The basic rationale for this behavior lies in the dilscus-
sion of the ease and speed of asset acquisitions and sales. If a
bank were to receilve an increase in the level of 1ts deposits,and
even 1f it knew with certainty that the funds would not be withdrawn,
it would not attempt to place them immediately in illiquid form.
Figure %-1 implies that a rapid shift of funds into certain assets
can be very expensive. In the three asset world of this figure,

a bank would first hold a2ll its funds in al » then shift all the

funds into as at some value of 1 = 1*2 , and finslly shift the
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funds into =& g 1= i* . If the size of these transactions did

3 3
not affect the asset ylelds there would be three discrete movements

in the portfolio.g/

E/ This discussion assumes that there are unique optimal rates of
asset sales and purchases which are functions of time and of
the size of transactions. The derivation of these optimal rates
and of the implied optimal portfolic is difficult. We hope to
obtain a partial sclution for this problem in our larger study.

The rate at which nonmarketable assets can be liquidated
is determined by the rate at which they mature. For our model to

represent a stable relationship between At and 5£ » 1t 1s neces-

sary to assume that bank response to rises in deposit levels is the
same a8 to declines. This assumption will be tested in subsequent

research.

At any given point in time, & and B are assumed to
be constant across banks. It cannot be assumed reascnably that they
are constant over time, however. Variations in interest rates, con-
ventlions of portfolio management, etc. will influence the allocation
of deposglt liabllities among the k assets. It is conceptumlly
possible to modify the model by specifylng o and B as a func-

tion of interest rates. In this more general form we have:

I

(5_1"') at ft(rl’ resy rk.)

B, = gt(rl, Ceey rk) .



The estimation of ft and g, is difficult. The rele-

vant interest rates are unobgerved expected rates of return on the
k assets. However, in empirical work shifts in portfolio compo-
sition over time can be studied in a rough sort of way by pooling
successive cross sections and then allowing a separate intercept

for all but Lthe last cross secticn.
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k., Estimation and Simulation of the Micro Model

In this section, an application of our micro.model to a
sample of New England commercial banks is described. We shall very
summarily report and interpret the resulting parameter estimates,
but emphasize their significance for understanding macro-behavior.
Five simple simulation experiments are reported which shed light
on the timing of bank portfolio adjustments in responsze to open

market purchases of securities from the publiec.

The sample of 187 banks is drawn from a population of
approximately 270 member banks in the First Federal Reserve (Boston)
Districet. Data concerning individual banks were collected from
daily deposit reports asnd quarterly call reports oﬁer the period

Januvary 6, 1960 through July 7, 196h,£/ Eleven consecutive call

i/ Data were coded to prevent identification of individual banks.
We are indebted to John Arena of the Boston Federal Reserve
Bank for help in effecting the transfer of data. Transfer and
coding operations were performed at the Computation Center at
Massachusetts Institute of Technology, Cambridge, Massachusetts.
We are grateful to the Center for providing technlcal assistance
and financial support in the form of computor time.

reports beginning with the April 12, 1961 call are analyzed below.
Deposit information was converted into weekly and "monthly" aver-

ages of daily deposit levelsog/

2/ Throughout this section for obvious reasons a "month" refers
to a period of 4 consecutive weeks and not calendar months.
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The sample of 1,926 bank-call observations was drawn in a quite
complicated manner which will be fully described in a forthcoming
monograph by the present authors. Briefly, bank observations were
deleted 1) for all calls after a merger in which a bank partici-
pated, 2) if a bank had no demand deposits in a week, 3) if a bank
had zero time deposits in a week and then subseguently received
time deposits, 4) if irreconciliable discrepencies arose when merg-
ing deposit and call report tapes, and 5) in the cases of about

ten banks when permanent tape read redundenciles resulted or other

nonrecoverable tape handling errors occurred.

Several further remarks are necessary to appreclate the
results below. First, to aveld "firm"effects, all variables are
measured about individual bank means. When bank means were not
deleted, the model yielded quite plausible results, but some in-
dividual parameter values were erratic. An analysis of variance

revealed that bank means were very significant in all regressions.

Second, because individual bank means have been removed,
coefficients in individual regression eguations are unique only
up to an additive transformation. For purposes of exposition, co-
efficients have been standardized to go through the mean value of
one bank in the sample. Subject to the balance sheet constraints
noted in the previocus section, additive transformations of coef-
ficients are possible and reflect different individual bank port-

folioc preferences.,
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Third, while the model in pection 3 suggested that a bank's
call report asset variables should be regressed on g sequence of pre-
vious deposit changes, it did not specify how long the sequence should
be. The sequence should be long enough so that addition of more dis-
tant lageed . deposit changes do not greatly improve the fit of in-
dividual regressions or, equivalently, so that the coefficient on
the most distant change equals the coefficient of the level of de-
posits existing before that change. WNo sharp test of the cut-off
time is obvious for the criterion depends entirely upon what asset
or assets are considered. In practice we found that, with the pos-
gible exceplion of mortgage loans, most change coefficlents were
osclllating about equilibrium levels after about 45 weeks. To be
safe, in Tables 4-1 and 4-2 one full year of deposit histories are

reported.

Fourth; in a small number of banks massive deposit changes
were observed in a few scattered weeks. For example, a bank may
find its demand deposits have grown %00% in one week and declined
by 250% in the following week. These large changes are unlikely
to be viewed by banks in the same way as smaller changes. A crude
adjustment procedure was devised to sccount for this heterogeneity
of deposit changes. If a weekly percentage depcosit change, X ,
fell outside the range -20% < X < 25% the bank's deposit change
for that week was assumed to be its average weekly deposlt change
during 1960. The difference between thie imputed value and the

observed value was returned to the regression in a dummy "overflow"
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variable. If a bank experienced nc large change or the large change
disappeared the overflow variabley value was zero. To conform with
the notation in the previous section the overflow varlable was add-
ed to capital as well. Therefore, the portfolio impaect of such de-
posit overflows is the sum of the overflow coefficient and the capi-
tal coefficient in each regression. This procedure worked satisfac-
torily for the majority of large change situastions, but for a small
number of banks the overflow variables were nonzero over a long
string of consecutive weeks. This procedure will be further refined

in subsequent work.

Finally, to avoid inefficiency resulting from heteroske-

dasticity all variables for a bank were deflated by the bank's total
cach Cay
assets on April-—32y-306l.

The results of this analysis are reported in Tables 41,
L2, and L-3. Columns of these tables must be read together because
the coefficients come from the same regression. In Tables L-1 and
k-2 the first three coefficients refer to recent weekly changes, the
next twelve coefficients refer to previous monthly changes, and the
last coefficient concerns deposit levels at the bank one year earli-
er. Given the objectives of this paper we have not bothered to re-
port standard errors or t-values in the tables; an asterisk indicates
only that the value of an estimated coefficient is two or more stan-
dard errors from zero. No asterisk or F values are reported for
"other assets” because these coefficients were cobtained from an

identity or, equivalently, by pooling a number of regression coef-
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fielents of some other minor bank assets. A very brief discussion

of the major conclusions from these tables follows:

1) The percentage of demand deposits reaching the bank
at different dates held as cash conforms to the expected pattern
but is larger than our a priori expectations. Almost all banks in
the sample are small country banks which had a reserve requirement
of 12%; estimated marginal excess reserves agalnst demand deposits
are about 13%. The percentage of time deposits reaching the bank
on different detes held as cash is erratic as expected, but in the
long run appears quite unexpectedly to be negative for this bank.
The estimated marginal negative exXcess reserves against time de-

posits is also about 13%02/ The surprising feature of these results

é/ The use of the term marginal should be stressed. When no bank
means were estimated, the implied cash holdings against time
deposits were about 6% as expected.

is that the difference between the marginal ."desired reserve re~
guirement" for demand and time deposits is estimated to be about
33% or five times the difference in the legal reserve requirements.
Two promising interpretations of thls finding lnvolve the existence

of a size aggregation effect and/or a liquidity effect.
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Table 41

Demand Deposit Changes and Portfollo Composition

CASH ST&LOCS MORTS C&T CONSUM  BILLS 1-5' 5| OTHER
3 || -os" .0%3 -.03% 092" .105% 221* Cl103%) 191
a1 -302" .009 -.035% L1537 .135% .293* 032 | .11
N 311% .020 -.026%  160% .125% 197" 060 | .153
a_|{-310" o2 —owst ¥ 8% as6* Los2 | .087
3, ||.287" 034" -.o54%  L158% .13 % 326%  -.029 | 135
35_5 226" .00L -.0268*%  ,125% 137 .338% .026 175
I, |j-96"  .o36"  -.0367 89 . 3wt Logo) Lok
q5 (|9 -.003 -oow¥ o 18% ae® 33 Lol0 | .172
T ¢ ||-216F .002 -.011 .154% .186* o8y * 027 | .1h2
o .259% .o4o® e B T - 177 .186% .121% .070
T 8 .255% .015 -.020 157 ,188% 175 .060 | .172
‘m_9 253% .042* -.016 157 ,202% .211% 008 | 143
T 10 .238%  ~.000 .009 .169% 216" .102" .108%| .158
C .283% .087* -.021 .155% .251% .010 .109%| .126
& 1o 2757 .080* -.006 .169%* .2450% .021 .109% .112
Lo .2u8% .059% 013%  LaT® .256% .053% .064* .133
:

ey g
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TABLE k-

2

Time Deposit Changes and Portfolio Composition

Sm—lO

Sm-ll

Sp-12

o
Df\'\"ﬁ l)_‘,

CASH
.190
.009
131
.305
.06l

-.09k

088
-.078
-155
063

-.04k3

-.007
-.006
-.188%

-.081

ST&LOCS
.188%
.190%

-.060

-,058
.068
162%
065
.108
037

-.01lh
.058

o147

.081
.085

097

087

MORTS
-.003
073

.016
~.020

.025

051
.056
.086
.063
(167

.065

-179
167

187

195

.161

277

.182

.156

287

C&I

124
.129
204

. 206%*

o57¥*
257
27h*

.026

. 139
,182%

191

CONSUM
.020
<147
.300
.208*
175%
054
214
.180
.182
.080
.129

. 262

- .Ooki-
. 283

.18,%

BILLS
s6*
hr*
.160
.191
.185
.107
654%
.216
Okl
.182
191

.068

.043
.148
041

.038

1-5's
.180
.104
.068
.080
.024
246
126
.069
L1489
.096
071

.01k

057
.009
.005

.026

OTHER
. 205
04T
.181
.088
.300
.288

-.020
.265
326
373
.189

461

. 186
480
. 4o3

.360
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TABLE 4-3

Dummy Values, "Capital" and Portfolio Composition

Time
Dummies

h12-61
6~30-61
9-27-61
12-30-61
3-26-62
6-30-62
9-28-62
12-28-62
3.-18-63
6-29-63

Overflow
Demand

Time

CASH

.015
.011
01k
034
.016
011
.011%
025
.023%

.008%

~-.010

-.002
.20k*

242

0235

ST&LOCS

-.005
.001
.003

-.008%

-.002
.003

005~

-.008%

002

.005%

-.006

- nooll'

*

037

135
016

12.003% 5.874*

MORTS

-.009
-.007

.008%

L006%

*

I

007

,006%

.006*

-.005
-.005%

-.00%¥

- 259

.010

11.847*

o

C&lL CONSUM BILLS

.00k -.016°  .o1T*
002 -.011%  Lowe*
.00k -.014* .01y *
.003  -.015% .005

003 -.012F  Lomn*
.00h  -.006% .011¥
.001  -.010% .013%
.00%  -.011°  .002

,002  -.012%  Loou

L0035  -.005 -.002
¥*

.002  ~.001 .029

,011 .013 .030%

J196°  Leke® o6y

051 A7k .178
.019 .016 036

.006% 7.909%  8.139%

1-5's

.020
.021%
.025%
.016%
.00k4

-.002

-.006
.003

-.004

-.000

-.008

-.007
.100

155

.030

6.773*

.018
.029
.030
.023
.016
.015
.006
.002
.006

.005

.005
.OLbL

Jd12
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The first interpretation is a consequence of the facts
that small banks in our sample have larger percentages of their de-
posits as time deposits that they have distinetly less predictable

demand deposits than larger banksuﬁ/ If correct this interpretation

E/ The statement about deposit predictability refers to unpublished
results we have obtained when estimating autcoregressive deposit
forecasting equations for individual banks.

may partly account for the inability of Goldfeld and investigators
working on preliminary versions of the FRB-MIT aggregative model
to explain the distribution of deposits and assets among reserve

city banks, country banks, and nonmember banks.z/

5/ Cf. Goldfeld, op.cit., pp. LL47-1L8.

The second interpretation rests on the fact that bank
assets, whether financed by demand or time deposits yield a siz-
able, predictable cash flow. It 1s quite possible that the cash
flow from assets financed by new time deposits is sufficient to
permit a bank to reduce its marginal cash holdings without increas-

ing its "ligquidity risk" exposure.

If correet, this interpretation suggests that time de-
posit reserve requirements do not directly constrain the volume

of bank deposits, but merely =zct as a tax on bank profits. A con-
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clusion for research on banke seems to be that excess reserves is
a quite inadequate measure of bank ligquidity protection; gross cash
flow variables must be incorporated in models of bank behavior.

Further research on this result is c¢learly important.

2) The percentage of a bank's assets invested in state
and local securities, intermediate maturity (1-5 year United States
Treasury obligations) securities, and other residusl assets was not
very regularly related tc either demand or time deposits flowing
into the bank on different dates. After about 44 weeks, however,

a bank's share of these assets was not particulary affected by de-
posit flows. Apparently banks purchase these assets when the mar-

ket seems "right" but typically within about eleven months.

3) Among loan variables, mortgages were only slightly
related tc demand deposit flows. Speéifically, the equation in
Table 4-1 suggests that no appreciable relationship exists between
mortgage holdings and deposit flows for approximately 23 weeks
and then a gradual, somewhat erratic investment in this asset which
perhaps continues for more than the reported number of time periods.
Time deposit flows begin to affect mortgage holdings after ahout
15 weeks and by about the 40th week have reached near equilibrium
levels. A very similar mortgage adjustment pattern was reported
by one of us when this model was appiied to a sample of mutual sav-

ings banksaé/

é/ D. Hester, "A Model of Portfolic Behavior Applied to Mutual
Savings Banks," mimeographed paper read at the First World
Congress of the Econometric Society, 1965.
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k) Flows of demand and time deposits affect commercial
and industrial loans quite rapidly with near equilibrium percentages
of each type of deposit being obtained in about 19 weeks. Demand
depoelts flow increasingly into consumer loans with egquilibrium
levels being reached only after about 45 weeks. Time deposits ap-
pear as consumer loans both earlier and much less regularly than

demand deposits.

5) Demand deposits flow into treasury bills increasingly
until about the 19h week. After 19 weeks the percentage of demand
deposit flows appearing as treasury bills declines to a long run
equilibrium of about 5% for this bank. Time deposits are again less
regularly related to treasury biil holdings with peaks occurring

in the first two weeks and between the 16th and l9th weeks.,

6) Table k-3 shows the values of coefficients of dummy
time variables; each coefficient should be read as measuring the
difference between a bank's portfolio on the call of the indicated
date and the "Saxon" call of December 20, 1963. We interpret these
coefficients as measuring the collective effect of interest rates
and other nondeposit fiow determinants on portfolic composition.
Apart from some consplcuous seasonal variations, the interesting
and statistically significant changes in this period appear to be:
1) a shift into mortgages, 2) a shift out of bills, 3) a shift out
of intermediates, and 4) a shift into other assets. During the
same period, interest rates, with the importent exception of mort-

gages were steady or rising; short and intermediate term rates rose
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relative to long term rates. It is remarkable that in every case
the First District banks were moving against interest rates; that
is, they were shifting into assets when rates pald on these zssets
were falling. Superficially it appears that bank portfolios were
better characterized as determining rather than determined by in-

terest rateSOZ/ If this interpretation is accepted then the spe-

Z/ The statement is superficiazl because Tobin and Brainard have
persuasively argued that in theory one must be very cautious
in predicting how movements in Iinterest rates affect portfolio
composition. Furthermore, our mapping of dummy variable coef-
ficlent values with interest rate movements is surely not iso-
morphic; the specification of the model is incomplete. See J.
Tobin and W. C. Brainard, "Financial Intermediaries and the
Effectiveness of Monetary Controls," American Fconomic Review,
Vol. LII, No. 2 {May 1963), pp. 383-400.

cification of bank portfolioc equations in some macro models is de-
fective, for such equations are charscterized as demand equations

with quantities as dependent variables,§/ Whether rates of interest

§/ Cf. Goldfeld, op.cit., pp. 131-133.

are dependent or independent variables, 1t should be clear thal
macro-models which require that bank portfolios respond with some

time pattern to changes in demand deposits, time deposits, and
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interect rates are misging important behavioral elements.gf

2/ We interpret Morrison to be saying something similar when he
introduces hig concept "transitory potential deposits." OF.
G- R. Morrison, Liguidity Preferences of Commercial Banks,
(Chicozo: University of Chicago Press, L960),pp. 16-18.

The coefficients reported in Tables 4-1 and 4-2 corres-
sond guite well to theoretical expectstions gboutl the behavicr of
g single vanl. What is the macro-counterpart of this micro-struc-
ture? For brovity, threoughout the remainder of this paper atten-
tion 1s restricted to the demand depusit ccoefficients. Our discus-
sion thercfore is conditicnal and explicitly ignores potentially
L ans zhifos beiveen demand and time depesits. The analysis
is conditicnal in a second sense in that possibly important inter-
ost rate offeets which may accompany monetary policy operations
are ignored. Flnally, to make the analysis more compact only four
benlz aceets will ke zstudied: cash; bills; the szum of mortgages,
cormereial and industrial loans, and consuner loans; and all cther

bank acsets

To - zemine the macro-structure, a monetary sector consist-
ing of up 1o three banks was ctudied with & series of simulatiom
experirents. Dank portiolio equations were constructed for the
Tour assel modcl from coefficients reported in Table 4-1. The ox-
periments rere designed to show how different assumptions about

the ormanizeticn and operation of the banking system affected the
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time path of the system's response to an exogenous deposit injection
of &1 billion. It is assumed that bank purchases of investments and
loans are paid for with ecurrency. Specific experiments are, of course,

quite arbitrary and a number of interesting structures remain tc be
studied.lg/

}9/ One minor ineliegancy appears in the experimental results re-
ported in Tables h-l and 4-5. In Table L4-1 the first three
coefficlents refer to weekly changes, the next twelve refer
To monthly changes. An existing macro-simulation computer
program could be employed for all experiments only if coef-
ficients referred to monthly changes. Therefore the Tirst
three weekly change coefficients were averaged end called
a "month." The story in Table k-4 is not affected by this
approximation.

Experiment 1 considers a primitive system consisting of
an isolated bank which has no contact directly or indirectly with
other banks. Apart from a transitory, predictable flowback from
bank loans and investments which is implieit in the estimated para-
meters, all funds lent or invested by the bank leak out into cur-
rency hoards, foreign countries, or nonbank intermediaries. No
money multiplier exists. The simulation merely traces through the
structural parameters and the system is in equilibrium after 13
months. The injection produced an equilibrium increase in loans

of GLL43 million end a 248 million increase in bank cash.

The second experiment considers a sophisticated highly

bank-oriented system where a single multibranch bank serves the



Table L-4

Simulated Response of the Banking System to an Injection of 51 Billicn in Demand Deposits

—8-’-{-

Calendar _

time Exporinent 1 Experiment 2 Experiment 3 Small Bank Experiment % Large Bank
(in 4 weel| A CASH A LOANS A CASH A TOANS A CASH A LOANS A CASH A LOANS A CASH A LOANS
ronths) | (nillionc) (millions)| (millicns) (millions)|(millions) (millione)|{millions) (millions) (millions) (millions)

1 369 205 369 225 369 205 o] 0 369 205

i 226 250 677 547 504 Lol 113 78 h51 390

7 216 329 807 &12 629 695 148 136 511 601

10 253 343 917 1115 760 900 166 193 585 729

13 275 403 596 1356 &é2 1131 180 238 636 879

16 248 443 953 1563 688 13%9 184 280 616 1003

19 248 L3 038 1668 921 1472 185 306 618 1055

22 248 443 990 1723 ko 1565 156 320 619 1083

25 248 4Lz 992 1749 958 1628 166 326 620 1096

28 248 443 997 1762 970 1672 167 330 622 1102

31 248 443 998 1771 979 1705 188 332 623 1107

3k 248 43 999 1777 985 1728 188 333 624 1110

37 2k8 k3 999 1781 989 174N 188 334 62k 1112

Lo 248 k43 1000 1783 992 1756 188 335 62 1113

L3 243 Lh3 1000 178k 994 1765 188 335 62l 111k

L6 248 L3 1000 1785 996 1771 188 336 62k 111%4

49 248 L3 1000 1786 997 1775 188 336 62k 1114

Equilibrium 2u8 Lk3 1000 1787 1000 1787 188 336 624 1115
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entire economy. All funds lent or invested by the bank in one month
are redeposited with 1t in the next period; no leakage of cash exists
except into bank vaults. In equilibrium the injection produced a
$1,787 million increase in loans. The response is slower than in the
first experiment; seventeen months pass before loans reach 909, of
thelr equilibrium value. Bank cash adjusts to 90% of its equilibrium
value in about 10 months. In equilibrium the money supply will have
increased by $4,033 million; 90% of this change will cecur in approxi-
mately 1L months. All estimated lags are probably positively biased
(too 1ong);a monopoly bank can largely ignore deposit unpredictability.
Lags in bank portfolio adjustment are partly attributable to the

exlatence of depesit unpredictability.

Figure 4-1 shows the values of the components of the bank-
ing system's portfolio on different dates resulting from experiment
2. The diagram suggests that aggregate system time paths need not
be monotonic, but perhaps could be approximated quite well with relatively

simvle lagged operators.

The third experiment considers a sophisticated, less bank-
oricnted system where a single large bank agaln serves the economy.
It differs from experiment 2 because only 50% of incremental currency
in the nonbanking sectors finds its way back into the bank during

the subsequent month.gé/ An interpretation is that 1ncremental

li/ "Incremental’ in this paper refers to the difference between
the level of currency held by the nonbanking sectors on some
datc and the level observed immediately before the injection
occurred.




Figure h-1

The Simulation of Experiment 2
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currency flows back and forth smong nonbank intermediaries or in-
dividuals for some time before being redeposited in the bank. The
long run equilibrium properties of this experiment are identical
to those of experiment 2; however, the timing of portfolio adjust-
ments differs. In this regime bank cash takes 16 months and bank
loans take 24 months to adjust to 90% of their respective equili-
brium values. It appears therefore that as the degree of nonbank
intermediation increases, the speed and sharpness of bank response

to monetary policy actions are diminished.

The fourth experiment considers a banking system consist-
ing of three banks, all characterized by the same portfolio equa-
ticns. One bank receives the deposit injection and also receives
50¢ of all secondary deposits which the banking system creates.

The other two banks receive no initial injectlion but each receives
25¢% of the sccondary deposits. This hypothetical distribution of
secondary deposits is assumed to reflect the location of economic
activity and to be invariant over the simulation. An interpreta-
tion of this arrangement is that the first bank is a large money
market bank and the other two are hinterland institutions. As in
experiment 2 all funds lent or invested by the system are redeposited
during the following month. The long run equilibrium properties

are again ldentical to those of experiment 2.

Increasing the number of banks does not affect the timing
of the response of the banking system in this model. 1In reality,

of course, it would tend to slow down adjustment relative to experi-
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ment 2 beceause the risk of deposit drain to an Individual bank is
an increasing function of the number of banks. Because the struc-
ture used in the simulation experiments was estimated from actual
banks, we think that results are an unblased representation of the
banking system. To be sure the average bank in the sample is small;
it is possible that a sample of large banks would yileld different

1]
parameter estimates.égy We also nave made no allowance for the

o
12 At one point we broke the sample into two groups depending

upon whether banks had more than 25 millicn dellars of deposits
on January 6, 1960. The estimated parameters from the two
samples were not appreciably different. In an analysis of
covariance, of ten assets studied only state and local secur-
ities, long term bonds, and residunal miscellaneous assets were
significant of the .05 level.

geographic distribution of banks zacross the country.

However, as shown in Table Y-k the timing of the response
of the money market bank differs from that of the hinterland banks.
The big bank has reached 90% of its long run loan position after
16 months and 90% of its long run cash position after 9 months.
Hinterland banks reach 90% of their equilibrium loan position after
19 months and 90% of their equilibrium cash after 1l months. This
suggests why model builders have such difficulty in describing de-

posit flows among reserve city, country, and nonmember banks.lé/

1/ Cf. Goldfeld, op.cit., pp. Lh7-148.




Simple lagged operators will not capture this complex interbank ad-

Justment.

Until this point, simulation experiments have explicitly
identified deposit flows with portfolio changes in a given month.
This identification is tenuous if the average maturity of loans
and investments ig less than one month or if loans are partially
repald within a month. In such instances a bhank may make two or
more loans within a month; presumably funds lent a number of times
within a month will be redeposited with other banks In the system
during that month. B8Such "gquick turnover" of assets will speed up
the rate at which the system moves toward an equilibrium. An ap-
proximation to this process can be studied with simulation experi-
ments If one assumes that deposit flows are some multiple of in-
crements to nonbank publiic currency holdings. In a sense quick
turncver is the opposite of experiment 3 above where nonbank in-
termediation was assumed to keep funds temporarily out of the bank-
ing system. Experiment 5 reported in Table L4-5 shows how guick

turnover will affect the timing of bank portfolio responses.

The three bank system of experiment 4 is studied with
three different specifications, a nine~day turnover, a two-week
turnover, and a one-month turnover. The nine-day and two-week
caseg exhibit "overshooting"” which is a consequence of the deposit
flow approximation. In the nine~day case, system loans reach a 90%
adjustment to equilibrium after 15 months; cash adjusts by the second

month although overshooting causes it to fluctuate ocutsilde of the



Table Lk-5

Experiment 5

Ca%iigar a) Nine Day Turnover b) Two Week Turnover c) One Month Turnover
(in L week A CASH A LOANS A CASH A LOANS A CASH A LOANS
months ) {millions) (millions) (millions) {millions) (millions) (millions)

1 369 205 369 25 369 205

i 91 739 802 669 677 547

7 1002 1021 952 1009 807 872

10 1013 1254 1002 1252 917 1115

13 1107 1511 1057 148l 996 1356

16 1095 1735 1008 1682 383 1563

19 999 1808 98l 1747 588 1668

22 968 1820 989 1772 990 1723

25 960 1785 992 1772 992 1749

28 958 1753 1000 1772 997 1762

31 991 1752 100k 1778 998 1771
3k 1019 1765 1001 1783 999 1777

37 102k 1784 1000 1786 999 1781

40 1018 1800 999 1787 1000 1783

43 1004 1803 999 1786 1000 1784

L6 990 1795 1000 1786 1000 1785

L9 986 1785 1000 1786 1000 1786
Equilibrium 1000 1787 1787 1000 1787

1000




90% range occasionally until the fourteenthmonth. In the two week
case system loans also reach a 90% adjustment to equilibrium after
15 months; system cash reaches 90% of its equilibrium after 6 months.
In the one month case, which is identical to experiment 2, system
loans require 17 months and system cash requires about 10 months

to reach 90% of equilibrium values. Quick turnover greatly acceler-
ates the movement of the system toward cash equilibrium, but the

timing of lecan response is quite unaffected.

In conclusion, this paper has argued that while aggregate
financial econometric studies have been very useful, micro-financial
model building 1s a particularly promising research area. In the
last two sections a micro-model of bank portfolio behavior has been
reported which sheds considerable light on & number of current issues.
This model is presently incomplete and does not yet incorporate in-
terest ratesg satisfactorily. Two points raised in this paper deserve

reemphasis here.

1. One of the most disturbing findings in a number of
recent macro-financial models is the extremely slow response of
banks and money markets to policy induced shocks. Biased and in-
consistent estimates of lag structures are a conseguence of the use
of lagged operators in the presence of aufocorrelation. Using the
miecro-structure reported in this section, a number of simulation
experiments indicated that unless the economy is not bank-oriented
{experiment 3) it is very unlikely that banks take more than 68

weeks to reach a 90% =zdjustment of all components of their portfolios.
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Bank cash adjusts considerably faster. Moreover a number of other
institutiocnal features, CD's, the federal funds market, and inter-
est rates, were not explicitly examined in the model. Because these
festures tend to increase the speed of bank adjustment to shocks,

we conelude that a conservative upper bound for the time necessary
for banks to respond to policy actions is on the order of five

guarters.

2. Micro-studies are uniquely fortunate in belng able
to incorporate information from both portfolio and interviews direct-
ly in formulating verifiable hypotheses. Consequently correct speci-
fications of stochastic relations are more likely to result than
in the case of macro-mcdels. Most importantly, the danger of con-
tamination from reanslyzing a gilven set of data is greatly reduced

because replication of samples is usually possible in micro studies.



